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Executive Summary
Florida transit agencies continue to be under pressure to reduce operating costs and to run
a more sustainable and environmentally friendly fleet in the urban environment. Pressure on
agencies to procure and on the Florida Department of Transportation (FDOT) to fund
alternatively fueled transit vehicles has escalated with the rapid development in compressed
natural gas (CNG) and battery electric vehicle technologies in recent years. However, higher
reliance on alternative fuels and propulsion technologies has increased both capital and
operating costs for some fixed route operators, and has created challenges for the
widespread adoption of advanced transit technologies.
Both transit agencies and FDOT can benefit from recent data on the performance of
alternative fuel buses, as well as various explicit and implicit costs associated with operating
alternative fuel transit vehicles, allowing the evaluation of advantages and limitations of the
different alternative propulsion technologies.
FDOT previously engaged the Center for Urban Transportation Research (CUTR) at the
University of South Florida (USF) to establish a reporting system, and CUTR has been
collecting and reporting transit fleet performance and cost data to FDOT on a regular basis
since 2012. FDOT is interested in continuing regular data collection, monitoring, and
evaluation of field data on the performance and operating costs of alternative fuel transit
vehicles currently used in Florida and nationwide. Additionally, FDOT is interested in
obtaining a more detailed knowledge about the hidden costs of training agency staff to
handle alternative fuel vehicles, and of the maintenance and fueling infrastructure
investment requirements for operating alternative fuel bus fleets.
CUTR sent requests to all the fixed route transit agencies in Florida for their assistance in
collecting the data. Researchers asked agencies to report on their entire fleet, both
alternative and traditionally fueled, and to report on a quarterly basis. During five calendar
quarters in 2018 and 2019, CUTR was able to collect relevant maintenance and cost data
from 11 of the 27 Florida fixed route transit agencies. Additionally, CUTR researchers met
with the leadership of five Florida agencies (including one group session that involved not
only a transit agency, but also other heavy-duty non-transit CNG fleets) and one out-ofstate agency to investigate the training and infrastructure costs associated with operating
alternative fuel buses.
The data collected from Florida transit agencies during the course of the project cover 1,297
fixed route buses and 177 demand response vehicles. More than 69.0% (899 buses) of the
reported fixed route sample consists of regular diesel buses, 16.8% (218 buses) are diesel
hybrid buses, 13.1% (170 buses) are CNG buses, and 0.5% (6 buses) are electric. The
majority of diesel, diesel hybrid, and CNG buses are 40 or 35 feet in length, while all electric
buses are 35 feet long.
Current data indicate that a 40-foot diesel hybrid bus demonstrates 23.4% better fuel
mileage, 5.8% higher parts cost per mile, but also 33.7% lower labor cost per mile,
resulting in 12.4% lower total cost per mile than a comparable diesel bus. Forty-foot diesel
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hybrid buses also cost 63.0% more to acquire than diesel vehicles of the same size. The
data indicate that CNG vehicles provide significant improvements in costs per mile, but
lower (or similar) fuel mileage compared to diesel buses. Forty-foot CNG buses demonstrate
72.0% lower parts cost per mile, 64.5% lower labor cost per mile, and 0.5% lower fuel
mileage than comparable diesel buses. Additionally, 40-foot CNG vehicles cost 42.4% more
to acquire than diesel buses of the same size. Overall, 40-foot CNG vehicles demonstrate
the lowest overall operating cost per mile, including the lowest parts, labor, and fuel costs
of all propulsion types.
Electric buses demonstrate the highest fuel economy among 35-foot buses of different
propulsion types, exceeding the fuel economy of both diesel and diesel hybrid buses by
more than three times. However, electric buses have the highest parts and labor costs per
mile of the compared propulsion types. Thirty-five-foot CNG buses have the lowest parts
and labor costs per mile, but also the lowest fuel economy of the four propulsion types:
diesel, diesel hybrid, electric, and CNG. Thirty-five-foot diesel hybrid vehicles demonstrate
8.6% higher fuel mileage and 7.0% lower parts and labor costs per mile than comparable
diesel buses. Thirty-five-foot CNG buses have 13.0% lower fuel economy and 65.2% lower
parts and labor costs compared to diesel buses of the same length. Thirty-five-foot electric
vehicles demonstrate 248.3% better fuel economy and 53.9% higher parts and labor costs
than comparable diesel buses.
The data indicate that 35-foot CNG buses have the lowest parts and labor costs per mile
and the lowest overall cost of all the propulsion types. Thirty-five-foot electric buses have
the lowest fuel cost but the highest parts and labor costs, resulting in overall operating
costs that are higher than CNG and diesel hybrid buses, but still lower than diesel.
CUTR collected a limited data sample on paratransit vehicles covering 177 demand response
vehicles. Of the reported paratransit fleet, 41.8% (74 vehicles) are diesel, 29.9% (53
vehicles) are gasoline, 16.9% (30 vehicles) are propane, and 11.3% (20 vehicles) are CNG.
The analysis indicates that CNG paratransit vehicles demonstrate 34.3% lower fuel mileage
and 2.6% lower parts and labor costs per mile than comparable diesel vehicles, but also
cost 37.5% more to acquire. Gasoline vehicles have 9.8% lower fuel economy, 20.2% lower
parts cost, and 39.8% lower labor cost per mile than comparable diesel vehicles, and cost
26.6% less to purchase. Propane paratransit vehicles demonstrate 28.5% lower fuel
economy, 61.2% lower parts cost, and 45.4% lower labor cost per mile compared to diesel
paratransit vehicles, but cost 4.8% more to acquire.
The comparison of 23-foot paratransit vehicles (the most common paratransit vehicle size)
indicates that propane vehicles have the lowest combined parts and labor cost per mile, but
also the lowest fuel economy of the compared propulsion types. Diesel vehicles demonstrate
the highest parts and labor cost, but also the highest fuel mileage of the compared
propulsion types.
A 23-foot propane paratransit vehicle in the current sample has 21.0% lower fuel mileage,
but also provides 68.2% lower parts cost and 43.7% lower labor cost per mile than a
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comparable diesel vehicle. Additionally, a 23-foot propane vehicle costs 6.9% more to
acquire than a diesel vehicle of the same size. Twenty-three-foot gasoline paratransit
vehicles demonstrate 4.7% lower fuel economy, 38.8% lower parts cost, and 39.4% lower
labor cost per mile than comparable diesel vehicles, and the acquisition cost is 21.1% lower.
Transit agencies converting their fleets to alternative fuels often face various challenges
related to the performance of propulsion technology, access to alternative fuel and
maintenance procedures, as well as the availability of skilled mechanics and other logistical
issues. Meetings with the leadership of Florida transit agencies revealed that the most
common technical problems with CNG buses operating in Florida included malfunction of
spark plugs, cracking or melting of pistons, failure of catalytic converters, failure or breaking
of exhaust manifolds, and carbon buildup on valves. In all cases, the higher temperature of
CNG-operated engines was thought to have caused the failures.
Overall, the data collected from the agencies running CNG transit vehicles indicate that CNG
vehicles require more preventive maintenance compared to diesel vehicles, but also have
fewer unscheduled repairs. Additionally, CNG burns cleaner, potentially increasing engine
longevity, and does not need expensive diesel exhaust after-treatment. No significant
technical issues with electric or hybrid electric buses were reported by the agencies.
Transit agencies planning to switch to alternative fuels need to also plan for employee
training. Adequate training provides the tools for personnel to make an alternative fuel
program successful. The surveyed Florida agencies operating CNG vehicles trained various
types of employees, from bus operators and maintenance mechanics to managers.
Sometimes the training was provided by vendors at no cost to the agency as part of the
vehicle purchase contract or fuel purchase arrangement.
In general, training can take place on agency premises and can be performed by an
in-house or invited outside instructor, or in an outside training facility. When an agency
invites an outside instructor to train at the agency, the agency typically pays the instructor’s
wages and travel costs. Such costs may vary from $5,000–$6,000 to $12,000–$15,000 per
training course. In general, CNG training costs per bus operator may vary from $2 to $61 in
explicit costs, $7 to $16 in implicit costs (e.g., wages), and $18 to $72 in total (explicit and
implicit) training costs. In-house technician training runs about $200 per technician in
explicit costs and $75–$355 in implicit costs (technician wages), for an average total cost of
$280–$560 per employee. Off-site training may cost from $1,200 to $1,700 in explicit costs
and $300 to $1,000 in implicit costs per employee, depending on the type of employees
being trained. Electric bus–related training is often provided by OEMs and little cost data
associated with that training was provided by the surveyed Florida agencies.
Operating alternative fuel fleets often requires maintenance facility modifications to address
the safety standards associated with alternative fuels. The investment amount for facility
modifications to service alternative fuel buses depends on a number of factors, including
fleet size, building age, roof structure type, whether the facility was initially designed for
alternative fuel use, and minimum code requirements versus maximum safety. The cost of
modifying maintenance facilities to accommodate CNG typically ranges from $45,000 to
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$100,000 per bay, but can run as high as $200,000 per bay. Literature research indicates
that the average cost for modifying a four- to five-bay garage for CNG ranges from $75,000
to $80,000 per bay. Modifications to maintenance facilities for electric buses are typically
minor if needed at all; existing facilities, especially those suited for diesel hybrids, may be
capable of accommodating battery electric buses.
Transit agencies converting fleets to alternative fuels can decide to invest in their own
private fueling station or can rely on a public fueling facility. The average cost of a CNG
fueling facility can range from $1 million to $6 million, while on-route fast-charge electric
chargers cost from $350,000 to over $2 million and the cost of depot electric charges
typically averages $30,000–$70,000. Due to the high cost of constructing fast-fill CNG
stations, the Florida transit agencies surveyed for this project employ public-private
partnerships where private fuel providers construct, operate, and maintain the CNG fueling
infrastructure at no out-of-pocket cost to the agency.
The intent of this analysis was to contribute to the ongoing evaluation of the costs and
benefits of investing in advanced transit technologies. The resulting data can assist policy
makers in weighing the advantages and limitations of alternative propulsion technologies
and comparing them to traditionally fueled transit vehicles. Research efforts should continue
to improve the reliability of the current analysis by collecting more fleet data on the
performance and costs of alternative fuel vehicles from transit service providers, both in
Florida and outside of the state.
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Chapter 1
Introduction
Background
Florida transit agencies continue to be under pressure to reduce operating costs and to run
a more sustainable and environmentally friendly fleet in the urban environment. Funding
made available through the federal economic stimulus effort known as the American
Recovery and Reinvestment Act of 2009 (ARRA) has aided growth in the acquisition of
alternative fuel transit vehicles. Some Florida agencies received funding through the Transit
Investments for Greenhouse Gas and Energy Reduction (TIGGER) grant program (part of
ARRA), while others used regular transit capital funds. Typically, the Florida Department of
Transportation (FDOT) funds 50% of the nonfederal share of bus capital acquisition.
Pressure on agencies to procure and on FDOT to fund alternatively fueled transit vehicles
has escalated with the rapid development in compressed natural gas (CNG) and battery
electric vehicle technologies in recent years.
Higher reliance on alternative fuels and propulsion technologies has increased both capital
and operating costs for some fixed route operators, and has created challenges for the
widespread adoption of advanced transit technologies. Additionally, the variety of advanced
technologies available often makes it difficult for transit agencies to choose the one that will
best fit their needs. Finally, low diesel prices erode the fuel cost advantage of alternative
fuel vehicles, reducing the economic incentive at least in the short term.
Both transit agencies and FDOT can benefit from recent data on the performance of
alternative fuel buses, as well as various explicit and implicit costs associated with operating
alternative fuel transit vehicles, allowing the evaluation of advantages and limitations of
different alternative propulsion technologies.
FDOT previously engaged the Center for Urban Transportation Research (CUTR) at the
University of South Florida (USF) to establish a reporting system, and CUTR has been
collecting and reporting transit fleet performance and cost data to FDOT on a regular basis
since 2012. FDOT is interested in continuing regular data collection, monitoring, and
evaluation of field data on the performance and operating costs of alternative fuel transit
vehicles currently being used in Florida and nationwide. Additionally, FDOT is interested in
obtaining a more detailed knowledge about the hidden costs of training agency staff to
handle alternative fuel vehicles, as well as the maintenance and fueling infrastructure
investment requirements to operate alternative fuel bus fleets.
These data are intended to assist decision makers at the local and state levels considering
investment in alternative fuel transit technologies. The results of this research were shared
with the transit community through the Florida Transit Maintenance Consortium (FTMC), the
Transit Maintenance Analysis and Resource Center (TMAARC), and the Transit Research
Inspection Procurement Services (TRIPS) program.
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The Center for Urban Transportation Research, established in 1988, is nationally recognized
and serves as an important resource for policy makers, transportation professionals, the
education system, and the public. With an emphasis on developing innovative,
implementable solutions to transportation problems, CUTR provides high-quality, objective
transportation expertise in the form of technical support, policy analysis, and research
support that translates directly into benefits for project sponsors.

Project Goals
The main objective of this project was to continue the regular collection of maintenance,
parts, and energy usage data of heavy-duty transit fleets in Florida (including fixed route
and paratransit), and attempt to collect similar data from fleets outside of Florida to expand
the data sample and variety of alternative propulsion technologies in the analysis.
Another objective included creating a statistically reliable database of transit fleet operations
and maintenance costs to assess investment in energy-efficient public transportation
vehicles. Researchers explored the explicit and implicit costs of training transit agency staff
to handle alternative fuel fleets, and evaluated the cost implications of modifying
maintenance facilities to accommodate alternative fuels and of investing in fueling
infrastructure to support alternative fuel bus fleets. The results of this research will provide
policy makers with recent and reliable data on fuel and maintenance savings resulting from
investments in nontraditionally fueled heavy-duty buses.
The project also encouraged and improved agency participation in the data collection effort
by simplifying the data submission process and creating value to the agencies participating
in the analysis.
Sharing research results with the transit community was another important goal of this
evaluation. The project facilitated the dissemination of knowledge to Florida’s transit
professionals regarding the performance and costs of alternative fuel transit vehicles, as
well as common issues and best practices, through the use of networking and by promoting
information exchange through the Advanced Transit Energy Portal (ATEP) and other
appropriate information channels.
In addition, the project called for assisting transit agencies and FDOT with researching and
addressing specific issues related to operating alternative fuel vehicles or other advanced
propulsion technologies in transit fleets. While implementing the project, CUTR coordinated
with FDOT, TMAARC, FTMC, and TRIPS to ensure effective industry dissemination and the
identification of research and technical assistance needs.
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Chapter 2
Research Approach
During the course of the project, CUTR continued collecting data from fixed route transit
service providers on the performance of alternative fuel vehicles in their fleets using a
previously established reporting tool. The data collected included agency name, service
type, unit number, vehicle description, vehicle length, power plant, fuel type, duty cycle,
date placed in service, date removed from service, acquisition cost, life-to-date mileage,
life-to-date fuel usage (expressed in actual units of fuel used), life-to-date parts costs, lifeto-date labor costs, and warranty status. Researchers assembled the data collection tool in
the form of a brief spreadsheet for ease of reporting. To facilitate data collection, agencies
were offered the option of reporting data in any other format that was more convenient to
them.
CUTR sent requests to all Florida fixed route transit agencies for their assistance in
collecting the data. Researchers asked agencies to report quarterly on their entire fleet,
both alternative and traditionally fueled. Agencies were given the options of submitting data
by e-mail to the principal investigator (PI) or uploading data through the Advanced Transit
Energy Portal (ATEP) website. Regular reminders were sent in coordination with TRIPS and
TMAARC program management. CUTR staff also maintained contact with the agencies,
addressing their questions and concerns.
Despite these efforts and the support of the FDOT project manager, as well as outreach
through FTMC, response to data requests was less than ideal. During five calendar quarters
in 2018 and 2019, 11 of the 27 Florida fixed route transit agencies provided relevant
maintenance and cost data for their fleets. These agencies included the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Central Florida Regional Transportation Authority (LYNX, Orlando)
Collier Area Transit (CAT)
Escambia County Area Transit (ECAT)
Jacksonville Transportation Authority (JTA)
Lake County Connection (Tavares)
Lee County Transit (LeeTran)
Manatee County Area Transit (MCAT)
PalmTran (Palm Beach)
Pinellas Suncoast Transit Authority (PSTA)
Regional Transit System (RTS, Gainesville)
StarMetro (Tallahassee)

Five of the agencies reported their data consistently throughout the project period, while the
others reported sporadically and did not cover most of the calendar quarters. Nevertheless,
having regular reporting by a few of the state’s larger transit agencies with a significant
number of vehicles made it possible to assemble the dataset covering a large portion of
Florida’s fixed route fleet.
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CUTR used the collected data to analyze the costs involved in operating alternative fuel
vehicles in Florida’s transit fleet. Every quarter, the PI sent analysis results to the project
manager in quarterly summary reports that compared field performance and costs across
different transit propulsion technologies. After submission to the project manager, the
quarterly analysis results were posted on the ATEP website, making the results available to
the transit agencies.
Researchers also attempted to collect operating and cost data for the demand response
vehicles operating in Florida. The same reporting tool was used. Requests were sent to all
fixed route agencies directly operating or contracting out paratransit service. During the
project period, CUTR collected data for 177 demand response vehicles in the state. Of these
vehicles, only 76 were reported relatively consistently and with complete cost and
performance data as requested. The incomplete data received for the remaining 101
paratransit vehicles prevented the same level of analysis as for the fixed route fleet.
During the project, CUTR researchers met with the leadership of five Florida transit agencies
(including one group session that also involved heavy-duty non-transit CNG fleets) to
discuss the training and infrastructure costs associated with operating alternative fuel
buses. Additionally, the PI visited one out-of-state transit agency to investigate its
experience with battery electric buses. The list of agencies visited is provided below.
Florida Agencies
Jacksonville Transportation Authority, Jacksonville, FL
Central Florida Regional Transportation Authority, Orlando, FL
Pinellas Suncoast Transit Authority, Saint Petersburg, FL
StarMetro, Tallahassee, FL
Hillsborough Area Regional Transit, Tampa, FL
Non-Florida Agency
Foothill Transit, West Covina, CA
These agencies were selected due to their valuable experience with operating CNG and/or
battery electric buses. Individual summaries of each site visit are provided in Appendix A.

Challenges and Limitations
The greatest challenge in performing the analysis was the availability of data. Only 11 of
Florida’s fixed route transit agencies provided data on fleet performance and costs during
the project period. Reporting consistency was also a problem. Of the 11 reporting agencies,
only 4 reported data every quarter and the remaining 7 provided data only in some quarters
throughout the project duration.
Despite repeated attempts, and considerable effort dedicated to data collection, researchers
were unable to obtain data from some of Florida’s major agencies, including Miami-Dade
Transit (MDT) and Broward County Transit (BCT). Given the size of these agency fleets,
their data would have significantly improved the reliability of the analysis.
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The collected data revealed a limited number of alternative fuel vehicles in Florida’s transit
fleet. Of the 1,297 fixed route vehicles reported to CUTR during five calendar quarters of
2018 and 2019, a total of 394 (or 30.4%) were alternative fuel vehicles, including 218
diesel hybrids, 170 CNG, and 6 electric buses. The low number of observations, especially
for electric and CNG buses, limits the reliability of the analysis, which should be interpreted
with caution.
The only alternative propulsion technology consistently reported and with enough fleet
vehicles for reliable comparison was diesel hybrid. Therefore, it was not always possible to
compare performance between multiple alternative technologies on the market. The only
reliable comparison that could be performed was between diesel and diesel hybrid vehicles.
While the amount of data on the fixed route fleet was mostly adequate, researchers were
unable to obtain a significant-size sample for demand response vehicles. The paratransit
fleet data reported to CUTR covered only 177 vehicles. With such a small data sample, it
was practically unfeasible to make any reliable estimates regarding the life cycle costs of
operating alternative fuel paratransit vehicles in Florida.
The above challenges limited the amount and reliability of the analysis that could be
performed for this project. The results presented in this report should be treated with
caution, recognizing that the analysis is based on a limited amount of data. As more data on
the performance and maintenance costs of both fixed route and demand response
alternative fuel vehicles become readily available, the reliability and robustness of the
analysis will improve.
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Chapter 3
Costs Analysis of Alternative Fuel Buses
CUTR researchers made repeated attempts to collect performance and cost data for both
fixed route and paratransit vehicle fleets. Recognizing the difference between the two types
of service, the costs are reported separately for each type. Since cost data for the
paratransit fleet was limited, the analysis presented in this report focuses primarily on the
fixed route fleet. The paratransit fleet analysis should be interpreted with caution due to the
limitations of the data on which it is based.
During the project, covering five calendar quarters in 2018 and 2019, some agencies
reported data every quarter, while others reported only in certain quarters. To perform the
current analysis and to overcome the limitations of inconsistent reporting, researchers
assembled a dataset that included all the vehicles reported over the entire project duration,
regardless of whether they were reported each quarter. Since the agencies were asked to
provide fleet statistics on a to-date basis, the latest quarter in which the agency reported
was used for the final analysis. The 11 agencies listed in Chapter 2 provided fleet operation
and maintenance cost data for at least one quarter during the project period.
The data assembled from these agencies covers 1,297 fixed route buses and 177 demand
response vehicles. The summary statistics are based on the cost data reported sometime
during 2018 and 2019, although not necessarily for each quarter of the project period.

Fixed Route Fleet
Table 3-1 presents a summary of the physical characteristics of the fixed route transit fleet.
Table 3-1. Fixed Route Fleet Summary
Power Plant
CNG

Diesel

Diesel Hybrid

Gasoline
Electric
Total Fleet

Length
29’
35’
40’
60’ Articulated
28’
29’
30’
31’
32’
35’
40’
60’ Articulated
29’
31’
35’
40’
60’ Articulated
16’
22’
35’

6

Number of
Buses

3
18
139
10
8
53
34
3
1
211
583
6
9
1
69
131
8
2
2
6
1,297
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More than 69.0% (899 buses) of the reported fixed route sample consists of regular diesel
buses, while 16.8% (218 buses) are diesel hybrid buses. CNG buses account for 13.1% of
the reported fixed route fleet. Figure 3-1 presents a comparison of the diesel, diesel hybrid,
and CNG fixed route fleets by vehicle size.
Diesel Fleet by Vehicle Size
0.7%

0.9%

5.9% 3.8%

Diesel Hybrid Fleet by Vehicle Size
3.7%

0.3%

CNG Fleet by Vehicle Size

4.1% 0.5%

5.9%

1.8%

10.6%

0.1%

31.7%

23.5%
64.8%

28'

29'

30'

60.1%

31'

32'

35'

40'

60' ARTIC

29'

31'

81.8%

35'

40'

60' ARTIC

29'

35'

40'

60' ARTIC

Figure 3-1. Fleet composition by vehicle size – diesel, diesel hybrid, and CNG
More than 64.0% of the diesel fleet sample are 40-foot buses, while 23.5% are 35-foot
buses. Twenty-nine-foot buses represent 5.9%, 30-foot buses represent 3.8%, and larger
60-foot articulated buses account for 0.7% of the diesel fleet sample.
Similar to the diesel fleet, 40-foot buses represent the majority of the reported diesel hybrid
vehicles, over 60.0%. Thirty-five-foot buses account for 31.7% and 29-foot and 60-foot
articulated buses account for 4.1% and 3.7% of the diesel hybrid fleet, respectively.
The majority (over 81.0%) of CNG buses are 40 feet in length, while 35-foot buses and
60-foot articulated buses account for 10.6% and 5.9% of the CNG fixed route fleet,
respectively.
Table 3-2 presents a detailed cost and performance comparison of transit buses. For
comparison purposes, reported vehicle acquisition costs have been adjusted using the
Consumer Price Index (CPI), reported by the US Bureau of Labor Statistics (BLS), and are
presented in constant 2019 dollars.
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Table 3-2. Cost and Performance Comparison of Fixed Route Fleet
Fuel Cost
per
Mile*

Total
Operating
Cost per Mile

3
3.8
$441,735
4.38
$0.499
18
1.7
$549,257
3.81
$0.079
$0.043
$0.601
CNG
139
1.9
$603,263
4.04
$0.078
$0.075
$0.538
10
1.7
3.45
$0.105
$0.208
$0.635
8
0.2
$186,310
6.78
$0.336
$0.063
$0.435
53
8.6
$258,532
5.82
$0.181
$0.139
$0.570
34
9.8
$351,773
4.30
$0.482
$0.279
$0.671
3
7.1
$345,939
5.28
$0.090
$0.198
$0.566
Diesel
1
4.7
$333,658
5.05
$0.393
$0.259
$0.590
211
9.4
$385,407
4.38
$0.258
$0.181
$0.697
583
8.6
$423,705
4.02
$0.278
$0.211
$0.755
6
7.0
$729,509
2.90
$0.488
$0.530
$1.036
9
6.8
$642,027
6.36
$0.245
$0.218
$0.467
1
7.2
$682,927
6.27
$0.197
$0.248
$0.475
Diesel
69
7.1
$674,464
4.75
$0.270
$0.212
$0.591
Hybrid
131
5.3
$690,565
4.96
$0.294
$0.140
$0.612
8
5.2
$992,244
3.68
$0.216
$0.329
$0.811
2
0.4
$50,835
11.65
$0.010
$0.080
$0.205
Gasoline
2
0.4
$244,100
4.50
$0.039
$0.712
$0.504
Electric
6
3.9 $1,153,828
15.24
$0.060
$0.013
$0.351
Total Fleet
1,297
* Calculated based on nationwide average prices for fuel (reported by the US Department of Energy).

$0.912
$0.829
$0.690
$0.948
$0.834
$0.928
$1.326
$0.854
$1.242
$1.207
$1.251
$2.053
$0.931
$0.920
$1.066
$1.047
$1.356
$0.295
$1.255
$1.137

Power
Plant

Length

Number
of
Buses

Average
Age
(Years)

Average
Acquisition
Cost

Fuel
Mileage
(MPG)

Parts
Cost per
Mile

Labor
Cost per
Mile

29’
35’
40’
60’ Artic
28’
29’
30’
31’
32’
35’
40’
60’ Artic
29’
31’
35'
40’
60’ Artic
16’
22’
35’

The data show that diesel hybrid buses have a significantly higher acquisition cost and lower
or comparable operating cost per mile compared to diesel buses. At the same time, hybrid
buses provide better fuel economy than diesel buses. For example, current data indicate
that a 40-foot diesel hybrid bus demonstrates 23.4% better fuel mileage than a 40-foot
diesel bus (4.96 mpg for diesel hybrid vs. 4.02 mpg for regular diesel). In addition, 40-foot
diesel hybrid buses have 5.8% higher parts cost per mile than diesel buses of the same size
($0.294/mile for diesel hybrid vs. $0.278/mile for diesel), but also 33.7% lower labor cost
per mile ($0.140/mile for diesel hybrid vs. $0.211/mile for diesel), resulting in 12.4% lower
total cost per mile ($0.434/mile for diesel hybrid vs. $0.496/mile for diesel). Forty-foot
diesel hybrid buses also cost 63.0% more to acquire than diesel vehicles of the same size.
Based on the current data sample, CNG vehicles provide significant improvements in costs
per mile but lower (or similar) fuel mileage compared to diesel buses. Forty-foot CNG buses
demonstrate 72.0% lower parts cost per mile, 64.5% lower labor cost per mile, and 0.5%
lower fuel mileage than comparable diesel buses. Additionally, 40-foot CNG vehicles cost
42.4% more to acquire than diesel buses of the same size. Figure 3-2 illustrates the
comparison of performance and costs of 40-foot diesel, diesel hybrid, and CNG buses.
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Performance & Costs - 40-foot Buses
6.00
5.00
4.00
3.00
2.00
1.00
0.00

MPG

Parts Cost/Mile

Labor Cost/Mile

Diesel Hybrid

CNG

Diesel

Figure 3-2. Comparison of performance and costs –
40-foot buses
Vehicle age often plays an important role in how a vehicle performs. Newer vehicles
typically perform better, demonstrating better fuel economy and operating costs per mile.
This is true for vehicles of all propulsions. Additionally, the differential in performance
between propulsion types may vary for different age vehicles. Figure 3-3 shows the
comparison of fuel mileage by vehicle age for 40-foot diesel, diesel hybrid, and CNG buses.

MPG by Vehicle Age - 40-foot Buses
6.1

5.7
5.0

4.7 4.7
3.8
3.5

MPG

3.9
3…

<1

1

5.1
4.8
4.4

5.0
4.5

3.5

2

3

Diesel

4.8
4.2

4.9
4.1

4
5
6
Vehicle Age (Years)
Diesel Hybrid

4.8
3.9

5.2

3.9

3.8

3.8

7

4.8

8

9

10

CNG

Figure 3-3. Comparison of fuel mileage by vehicle age – 40-foot buses
The data show that the largest differential in fuel mileage between 40-foot diesel and hybrid
buses is for nine-year-old vehicles. A nine-year-old 40-foot hybrid bus demonstrates 58.8%
better fuel economy than a diesel bus of the same size and age. At the same time, fouryear-old 40-foot hybrid buses have 11.7% better fuel economy than diesel buses of the
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same size and age. The data show that despite variability from year to year the differential
in fuel mileage between diesel hybrid and diesel buses generally increases for newer
vehicles, indicating relatively faster improvements in the fuel efficiency of newer hybrid
buses compared to diesel buses.
CNG buses typically provide lower fuel efficiency than comparable diesel or hybrid buses.
The data show that the fuel mileage differential between CNG and diesel buses generally
decreases for newer buses. For example, a three-year-old CNG bus demonstrates 20.6%
lower fuel mileage than a comparable diesel bus. At the same time, a less-than-one-yearold 40-foot CNG bus demonstrates 7.9% lower fuel mileage than a comparable diesel bus.
Since 40-foot CNG buses in the current data sample are relatively new (three years old or
younger), little meaningful vehicle age comparison can be performed between CNG and the
other propulsion types.
The differential in costs per mile is also dependent on vehicle age. Despite large variability,
sample data show that the difference in parts cost per mile between diesel hybrid and diesel
buses decreases for newer buses, in favor of diesel. The differential in parts cost between
one-year-old diesel hybrid and diesel buses is lower than between seven-year-old buses.
One-year-old 40-foot diesel hybrid buses demonstrate 2.5% lower parts cost per mile than
comparable diesel buses, while seven-year-old 40-foot hybrid buses demonstrate 42.8%
lower parts cost per mile than diesel buses of the same size and age.
Labor costs reveal a similar trend, demonstrating a reduction in diesel hybrid advantage
over diesel buses in recent years. Less-than-one-year-old 40-foot hybrid buses show 58.3%
lower labor cost per mile than comparable diesel buses, while three-year-old diesel hybrid
buses demonstrate 78.8% lower labor cost per mile than comparable diesel buses.
CNG vehicles, on the other hand, show a clear increase in both parts and labor cost
differential for newer buses compared to diesel vehicles. One-year-old 40-foot CNG buses
demonstrate 91.6% lower parts cost and 81.8% lower labor cost per mile than diesel buses
of the same size and age. At the same time, three-year-old 40-foot CNG buses demonstrate
55.0% lower parts cost and 80.4% lower labor cost per mile than diesel buses of the same
size and age. Figures 3-4 and 3-5 present the comparison of parts and labor costs per mile,
respectively, between 40-foot buses of different propulsion types and ages.
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Parts Cost per Mile

Parts Cost per Mile by Vehicle Age - 40-foot Buses

<1

1

2

3

Diesel

4
5
6
Vehicle Age (Years)
Diesel Hybrid

7

8

9

10

CNG

Figure 3-4. Comparison of parts cost by vehicle propulsion
and age – 40-foot buses

Labor Cost per Mile

Labor Cost per Mile by Vehicle Age - 40-foot Buses

<1
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3

Diesel

4
5
6
Vehicle Age (Years)
Diesel Hybrid

7
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CNG

Figure 3-5. Comparison of labor cost by vehicle propulsion
and age – 40-foot buses
For many agencies, fuel is the major part of overall operating costs. The current analysis
does not directly track how much different agencies spend on fuel, and fuel purchase
schemes vary from agency to agency. Some agencies buy at current prices, while others
have long-term contracts at a fixed price (or a fixed markup). To eliminate differences in
fuel purchase contracting among the agencies, this analysis uses the nationwide average
price of fuel to calculate fuel costs. The US Department of Energy reported the following
nationwide average prices for the observed period: $2.98 per gallon for diesel, $2.27 per
gallon for gasoline, $0.12 per kilowatt-hour (kWh) for electricity, $2.19 per diesel gallon
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equivalent for CNG, and $2.91 per gallon for propane. Figure 3-6 shows the comparison of
operating costs per mile for 40-foot diesel, diesel hybrid, and CNG buses, including
maintenance and fuel costs and excluding operator expense.

$1.400

Operating Costs per Mile - 40-foot Buses

$1.200
$1.000

Fuel

$0.755

$0.800

$0.612

Labor

$0.600
$0.400
$0.200
$0.000

$0.538

$0.211

$0.140

$0.075
$0.078

$0.278

$0.294

CNG

Diesel

Diesel Hybrid

Parts

Figure 3-6. Operating cost comparison – 40-foot buses
The graph demonstrates that of the three power plants, CNG buses have the lowest parts,
labor, and fuel costs per mile, as well as the lowest overall cost. Diesel buses have the
highest labor and fuel costs per mile, and the highest overall cost of the three power plants.
Thirty-five-foot buses are the second most popular size vehicles for all types of power plants
in the data sample. Figure 3-7 presents the fuel economy comparison and Figure 3-8 shows
the parts and labor cost comparison of 35-foot diesel, diesel hybrid, CNG, and electric
buses.

Fuel Economy - 35-foot Buses
15.24
16.00

Miles per Gallon

14.00
12.00
10.00
8.00

4.38

6.00

4.75

3.81

4.00
2.00
0.00

Diesel

Diesel Hybrid

CNG

Electric

Figure 3-7. Fuel economy comparison – 35-foot buses
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Total Cost per Mile - 35-foot Buses
$0.786
Diesel

$0.800
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$0.700

$0.511

$0.600

$0.475

Diesel Hybrid

$0.500

CNG

$0.228

$0.400
$0.300

Electric

$0.200
$0.100
$0.000

Total Cost/Mile

Figure 3-8. Parts and labor cost comparison – 35-foot buses
Electric buses demonstrate the highest fuel economy among 35-foot buses of different
propulsion types, exceeding both diesel and diesel hybrid by more than three times.
However, electric buses also have the highest parts and labor costs per mile of the
compared propulsion types. Thirty-five-foot CNG buses have the lowest parts and labor
costs, but also the lowest fuel economy of the four propulsion types. Thirty-five-foot diesel
hybrid vehicles demonstrate 8.6% higher fuel mileage and 7.0% lower parts and labor costs
per mile than comparable diesel buses. Thirty-five-foot CNG buses have 13.0% lower fuel
economy and 65.2% lower parts and labor costs compared to diesel buses of the same
length. Thirty-five-foot electric vehicles demonstrate 248.3% better fuel economy and
53.9% higher parts and labor costs than comparable diesel buses.
The graph below combines all the operating costs, including fuel, to show the overall cost
comparison of vehicles with different propulsion types. Figure 3-9 presents the comparison
of operating costs, excluding bus operator, for 35-foot diesel, diesel hybrid, CNG, and
electric buses.

Operating Costs per Mile - 35-foot Buses
$1.400
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$1.000
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$0.800
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$0.351
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$0.400
$0.200
$0.000
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Diesel Hybrid

$0.228
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Figure 3-9. Operating cost comparison – 35-foot buses
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As illustrated in Figure 3-9, 35-foot CNG buses have the lowest parts and labor cost per mile
and the lowest overall cost of the compared propulsion types. Thirty-five-foot electric buses
have the lowest fuel cost but the highest parts and labor cost, resulting in overall operating
costs that are higher than CNG and diesel hybrid buses, but still lower than diesel. Thirtyfive-foot diesel vehicles have the highest fuel cost and the highest overall operating costs of
the four propulsion types.
Average vehicle age contributes at least partially to the difference in fuel mileage and costs
per mile. In addition to being more efficient than diesel buses, hybrid buses are newer, with
an average age of 6.0 years as reported by the transit agencies. Similarly, CNG buses in
this data sample are typically new vehicles, with an average age of 1.9 years. The average
age of electric buses is 3.9 years. For comparison, the average age of diesel buses operated
by the reporting agencies is 8.7 years. Newer vehicles typically perform better and cost less
to operate than older vehicles.
Table 3-3 presents a comparison of performance and costs between buses with different
power plants at an aggregate level. For proper comparison, reported vehicle acquisition
costs have been adjusted to constant 2019 dollars using CPI.
Table 3-3. Aggregate Comparison of Different Transit Vehicle Power Plants
Number Average
Average
Fuel
Parts
Labor
Fuel
Total
of
Age
Acquisition Mileage Cost per
Cost per Cost per
Operating
Buses
(Years)
Cost
(MPG)
Mile
Mile
Mile
Cost per Mile
CNG
170
1.9
$588,696
4.02
$0.078
$0.073
$0.543
$0.709
Diesel
899
8.7
$398,502
4.25
$0.276
$0.201
$0.728
$1.223
Diesel Hybrid
218
6.0
$683,158
4.96
$0.283
$0.167
$0.591
$1.040
Gasoline
4
0.4
$147,468
8.07
$0.029
$0.501
$0.367
$0.897
Electric
6
3.9 $1,153,828
15.24
$0.060
$0.013
$0.351
$1.137
Total Fleet
1,297
7.3
$469,595
4.40
$0.252
$0.179
Note: Articulated buses were excluded as outliers from the calculation of acquisition costs, fuel mileage, and costs
per mile.
Power Plant

The data show that diesel hybrid buses regardless of size on average have 16.6% better
fuel economy, 2.5% higher parts cost, and 16.7% lower labor cost per mile than regular
diesel buses. Hybrid buses also cost on average about 71.4% more to acquire than
comparable diesel vehicles.
CNG buses regardless of size on average show 5.4% lower fuel mileage, 71.9% lower parts
cost, and 63.6% lower labor cost per mile than diesel buses. CNG buses also have a 47.7%
higher acquisition cost than diesel vehicles.
Electric buses demonstrate 258.4% better fuel economy, but also 58.6% higher parts and
labor costs per mile than diesel buses. Electric buses cost 189.5% more to purchase than
diesel vehicles.
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Figure 3-10 shows the comparison between buses of all sizes with different power plants.
Acquisition Costs - All Buses
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Figure 3-10. Comparison of buses with different power plants – all vehicle sizes
Figure 3-11 summarizes total operating costs, including parts, labor, and fuel costs per mile,
for diesel, diesel hybrid, CNG, gasoline, and electric vehicles.
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Figure 3-11. Comparison of operating costs between different power plants
The data show that CNG vehicles have the lowest parts and labor costs and the lowest
overall operating costs per mile of the compared propulsion types. Diesel buses in this data
sample demonstrate the highest fuel cost and overall operating costs per mile if vehicle size
is not considered. Electric buses regardless of vehicle size have the lowest fuel cost but the
highest parts and labor costs per mile of all other propulsions. The overall operating costs of
electric buses are higher than CNG, diesel hybrid, and gasoline vehicles, but still lower than
diesel vehicles.
These results should be interpreted with caution since some cost differential may be
attributed to vehicle age rather than performance. For example, the average age of diesel
hybrid buses is 6.0 years, of CNG is 1.9 years, and of electric is 3.9 years. These types of
vehicles are younger than diesel buses (average age 8.7 years). In addition, agencies often
prefer alternative fuel vehicles for bus rapid transit (BRT) routes that typically entail higher
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speeds and fewer stops. Therefore, duty cycle differences rather than propulsion technology
may account for some of the performance variation between diesel hybrid, CNG, electric,
and regular diesel buses. Finally, the estimates for alternative propulsion technologies are
based on a limited number of data points, limiting the robustness of the analysis. As
researchers collect more data on the performance and maintenance costs of alternative fuel
transit vehicles, the reliability of the analysis will improve.
Weighted Comparison
One potential flaw of the methodology used for the analysis could include employing simple
averages for calculating fuel mileage and costs per mile. This approach ignores the
differences between miles driven by each bus and may result in incorrect calculations,
especially when the miles driven by different types of buses vary significantly. Using
weighted averages for calculating MPG and costs per mile accounts for the mileage
difference. Calculating weighted averages assigns higher weights to the calculated
parameters based on higher mileage, thus allowing them a higher influence on the final
estimate. Table 3-4 presents a detailed performance and cost comparison of transit buses
where the calculated parameters (MPG and costs per mile) are weighted by the miles driven
by each bus.
Table 3-4. Fixed Route Cost and Performance Comparison – Weighted Parameters*
Power Plant

Length

Number
of Buses

MPG
(Weighted)

29’
35’
40’
60’ Artic
28’
29’
30’
31’
32’
35’
40’
60’ Artic
29’
31’
35’
40’
60’ Artic
16’
22’
35’

Parts Cost
per Mile
(Weighted)

Labor Cost
per Mile
(Weighted)

3
4.39
18
3.64
$0.077
CNG
139
4.07
$0.094
10
3.45
$0.103
8
6.85
$0.334
53
5.23
$0.175
34
4.44
$0.328
3
5.27
$0.092
Diesel
1
5.05
$0.393
211
4.28
$0.235
583
3.95
$0.227
6
2.88
$0.474
9
6.38
$0.239
1
6.27
$0.197
Diesel Hybrid
69
5.04
$0.268
131
4.87
$0.237
8
3.67
$0.230
2
11.10
$0.010
Gasoline
2
4.50
$0.039
Electric
6
12.97
$0.094
Total Fleet
1,297
*Miles driven by each bus are used as weights in calculating group averages.
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$0.043
$0.087
$0.203
$0.051
$0.134
$0.283
$0.197
$0.259
$0.137
$0.158
$0.508
$0.218
$0.248
$0.158
$0.126
$0.340
$0.080
$0.706
$0.013

Total Cost
per Mile
(Weighted)
$0.411
$0.196
$0.181
$0.306
$0.385
$0.335
$0.498
$0.289
$0.652
$0.387
$0.396
$0.982
$0.457
$0.445
$0.420
$0.363
$0.570
$0.090
$0.745
$1.054
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The use of weighted averages slightly changes the analysis results, most notably for 40-foot
and 35-foot hybrid and CNG buses, reducing the cost advantage compared to diesel buses.
Forty-foot diesel hybrid buses demonstrate 23.3% better fuel mileage than comparable
diesel buses when accounting for mileage driven (compared to 23.4% when miles driven are
not considered). Additionally, when weighted averages are used, 40-foot hybrid buses have
4.0% higher parts cost per mile than similar diesel buses (compared to 5.8% higher costs
when simple averages are used) and 20.0% lower labor costs per mile than diesel buses of
the same size (compared to 33.7% lower labor costs when simple averages are used). The
use of weighted averages has a more defined effect on CNG buses. Forty-foot CNG buses
demonstrate 3.2% better fuel economy than comparable diesel buses when accounting for
miles driven (compared to 0.5% when simple averages are used). When weighted averages
are used, 40-foot CNG buses also show 58.7% lower parts cost and 44.7% lower labor cost
per mile than diesel buses of the same size (compared to 72.0% lower parts cost and
64.5% lower labor cost when simple averages are used). Figure 3-12 shows the comparison
between 40-foot diesel, diesel hybrid, and CNG buses using weighted averages to calculate
fuel mileage and costs per mile.
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Figure 3-12. Weighted cost and performance comparison – 40-foot buses
Table 3-5 presents an aggregate analysis of the entire fixed route fleet using weighted
average calculations.
Table 3-5. Fixed Route Aggregate Comparison – Weighted Parameters*
Parts Cost
Labor Cost
Total Cost
per Mile
per Mile
per Mile
(Weighted)
(Weighted)
(Weighted)
CNG
170
4.03
$0.093
$0.084
$0.188
Diesel
899
4.10
$0.231
$0.154
$0.394
Diesel Hybrid
218
5.04
$0.252
$0.149
$0.399
Gasoline
4
6.19
$0.027
$0.451
$0.478
Electric
6
12.97
$0.094
$0.013
$1.054
Total Fleet
1,297
4.20
$0.227
$0.150
$0.386
*Miles driven by each bus are used as weights in calculating group averages.
Power Plant

Number
of Buses

MPG
(Weighted)
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The analysis shows that when accounting for miles driven, diesel hybrid buses of any size
generally have 23.2% better fuel economy than diesel buses (5.04 mpg for hybrid vs. 4.10
mpg for diesel). Diesel hybrid buses also have 9.4% higher parts cost and 3.2% lower labor
cost per mile than diesel buses. CNG buses demonstrate 1.5% lower fuel economy, 59.8%
lower parts cost, and 45.5% lower labor cost per mile than diesel vehicles. Electric buses
regardless of length on average have 216.6% better fuel economy, but also 167.5% higher
parts and labor costs compared to diesel vehicles. Figure 3-13 graphically demonstrates an
aggregate comparison between buses of different propulsion types regardless of vehicle size
using weighted parameters.
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All Buses
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10.00
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Electric

$0.188

Gasoline
Parts & Labor

Figure 3-13. Weighted comparison – all propulsion types and bus sizes

Paratransit Fleet
The collected data sample during the course of the project contains 177 paratransit
vehicles. Of the reported paratransit fleet, diesel vehicles account for 41.8% (74 vehicles),
gasoline vehicles account for 29.9% (53 vehicles), propane vehicles account for 16.9% (30
vehicles), and CNG vehicles account for 11.3% (20 vehicles). Figure 3-14 presents the
reported paratransit fleet composition by vehicle power plant.

Paratransit Fleet by Power Plant
16.9%

11.3%

CNG
Diesel

29.9%

41.8%

Gasoline
Propane

Figure 3-14. Paratransit fleet by vehicle power plant
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Table 3-6 presents a summary of aggregate performance and costs of paratransit vehicles.
Vehicle acquisition costs have been adjusted to constant 2019 dollars using CPI.
Table 3-6. Comparison of Paratransit Vehicles of Different Power Plants
Power Plant
CNG
Diesel
Gasoline
Propane
Total Fleet

Number
of
Buses
20
74
53
30
177

Average
Age
(Years)
2.8
4.4
2.7
2.4
3.4

Average
Acquisition
Cost
$137,920
$100,322
$73,677
$105,118
$97,405

Fuel
Mileage
(MPG)
6.37
9.70
8.74
6.93
8.57

Parts
Cost per
Mile

Labor
Cost per
Mile

$0.174
$0.139
$0.067
$0.142

$0.277
$0.167
$0.152
$0.210

Fuel
Cost per
Mile
$0.348
$0.325
$0.339
$0.640

Total
Operating
Cost per Mile
$0.719
$0.705
$0.630
$0.860

The analysis indicates that CNG paratransit vehicles demonstrate 34.3% lower fuel mileage
and 2.6% lower parts and labor costs per mile than comparable diesel vehicles, but also
cost 37.5% more to acquire. Gasoline vehicles have 9.8% lower fuel economy, 20.2% lower
parts cost, and 39.8% lower labor cost per mile than comparable diesel vehicles, and cost
26.6% less to purchase. Propane paratransit vehicles demonstrate 28.5% lower fuel
economy, 61.2% lower parts cost, and 45.4% lower labor cost per mile compared to diesel
paratransit vehicles, but cost 4.8% more to purchase. Figure 3-15 graphically presents the
performance and cost comparison of demand response vehicles with different power plants
regardless of vehicle size as reported by the agencies.

Fuel Economy - Paratransit
Buses
11.00

9.70

10.00

$0.20

8.00
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$0.139
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$0.10
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3.00

$0.30
$0.25

8.74

9.00

Operating Costs - Paratransit Buses

Parts Cost/Mile

Propane
Labor Cost/Mile

Figure 3-15. Comparison of paratransit vehicles with different power plants
Fuel cost is a major expense for many agencies, sometimes accounting for more than half of
all operating expenses, excluding vehicle operator. Adding fuel costs to the comparison
provides a more complete picture of the expenses involved in operating vehicles with
different propulsions. Figure 3-16 shows the comparison of operating costs, including parts
and labor and fuel, of paratransit vehicles with different power plants. Fuel costs were
calculated using nationwide average fuel prices published by the US Department of Energy.
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Operating Costs per Mile - Paratransit Vehicles
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$0.600
$0.500
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$0.380

CNG
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$0.291

$0.100
$0.000

Gasoline

$0.220

Propane

Figure 3-16. Operating cost comparison – paratransit vehicles
Gasoline vehicles demonstrate the lowest overall cost of all reported propulsion types.
Diesel paratransit vehicles have the lowest fuel cost per mile, but also the highest parts and
labor costs of the compared vehicle types. Propane vehicles have the lowest parts and labor
costs, but also the highest fuel cost, resulting in the highest overall operating costs per
mile. CNG vehicles demonstrate fuel cost higher than diesel vehicles, but also parts and
labor costs that are lower than diesel vehicles. As a result, the overall operating costs of
CNG paratransit vehicles are comparable to diesel vehicles (slightly higher).
In the current sample, propane and gasoline vehicles show the highest share of fuel cost in
overall operating costs (74.5% for propane and 53.8% for gasoline), while diesel vehicles
have the lowest share of fuel cost (46.1%) among the different propulsion types.
The most common sizes for paratransit vehicles in the current data sample are 22 feet and
23 feet. Twenty-three-foot vehicles account for 48.6% of the diesel paratransit fleet, 77.4%
of the gasoline paratransit fleet, and 100% of the reported propane vehicles. All reported
CNG paratransit vehicles are 22 feet in length. Table 3-7 presents a detailed cost and
performance comparison of paratransit vehicles of different propulsion types and sizes.
Table 3-7. Cost and Performance Comparison of Paratransit Vehicles
Number Average
Average
Fuel
Parts
Labor
Fuel Cost
of
Age
Acquisition Mileage Cost per
Cost per
per Mile*
Buses
(Years)
Cost
(MPG)
Mile
Mile
CNG
22’
20
2.8
$137,920
6.37
$0.348
22’
13
3.4
$84,282
13.15
$0.086
$0.239
$0.260
23’
36
5.2
$98,332
8.77
$0.212
$0.270
$0.332
Diesel
24’
5
4.8
$100,038
9.00
$0.234
$0.299
$0.344
29’
20
3.8
$114,400
9.31
$0.148
$0.306
$0.338
16’
2
0.4
$50,835
6.34
$0.009
$0.105
$0.358
17’
3
4.5
$50,665
12.16
$0.657
$0.315
$0.186
Gasoline
22’
6
3.5
$65,130
11.20
$0.045
$0.125
$0.320
23’
41
2.5
$77,569
8.36
$0.130
$0.164
$0.344
26’
1
6.6
$80,090
7.46
$0.059
$0.245
$0.304
Propane
23’
30
2.4
$105,118
6.93
$0.067
$0.152
$0.640
Total Fleet
177
*Calculated based on nationwide average prices for fuel (reported by the US Department of Energy).
Power
Plant

Length

20

Total
Operating
Cost per Mile
$0.719
$0.585
$0.694
$0.698
$0.792
$0.472
$1.158
$0.532
$0.617
$0.608
$0.860
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The data show that for 23-foot paratransit vehicles, propane vehicles have the lowest
combined parts and labor cost per mile, but also the lowest fuel economy of the compared
propulsion types. Diesel vehicles demonstrate the highest parts and labor cost, but also the
highest fuel mileage of the compared propulsion types.
A 23-foot propane paratransit vehicle in the current sample has 21.0% lower fuel mileage,
but also provides 68.2% lower parts cost and 43.7% lower labor cost per mile than a
comparable diesel vehicle, and costs 6.9% more to acquire. Twenty-three-foot gasoline
paratransit vehicles demonstrate 4.7% lower fuel economy, 38.8% lower parts cost, and
39.4% lower labor cost per mile than comparable diesel vehicles, and cost 21.1% less to
acquire. Figure 3-17 shows the comparison of fuel mileage and operating costs of 23-foot
diesel, gasoline, and propane paratransit vehicles.
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Figure 3-17. Operating cost comparison – 23-foot paratransit vehicles
Figure 3-18 presents the comparison of performance and costs of 22-foot diesel, gasoline,
and CNG paratransit vehicles.
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Figure 3-18. Performance and cost comparison – 22-foot paratransit vehicles
The data show that for 22-foot paratransit vehicles, the diesel power plant provides the
highest fuel economy and the second highest parts and labor costs per mile of the
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compared propulsion types. Gasoline vehicles of that size have the second highest fuel
mileage and the lowest parts and labor costs per mile; CNG vehicles have the highest parts
and labor costs per mile and the lowest fuel mileage compared to other propulsion types.
A 22-foot gasoline paratransit vehicle demonstrates 14.9% lower fuel mileage, 47.3% lower
parts cost, and 47.7% lower labor cost per mile than a comparable diesel vehicle, and costs
22.7% less to acquire. A 22-foot CNG paratransit vehicle demonstrates 51.5% lower fuel
mileage and 13.8% higher combined parts and labor cost per mile than a comparable diesel
vehicle, and costs 63.6% more to purchase. For 22-foot paratransit vehicles, gasoline
propulsion is clearly more favorable as it provides the lowest total operating costs per mile,
including maintenance and fuel costs.
Due to the limited amount of data reported, little further analysis could be performed for
demand response vehicles. As more paratransit data become available, the detail level of
the analysis will improve.
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Chapter 4
Training and Infrastructure Cost Analysis
There are five fuel and propulsion technologies that are commonly used on fixed route
transit buses as alternatives to conventional diesel: compressed natural gas (CNG), battery
electric vehicle (BEV), diesel hybrid electric vehicle (HEV), liquefied natural gas (LNG), and
hydrogen fuel cell (FC). While conventional hybrid-electric vehicles run on petroleum fuels
(diesel or gasoline) and technically are not alternative fuel vehicles (AFVs), they are often
lumped together with AFVs due to the improvements in fuel efficiency and emissions
reduction they provide.
There are currently 15 CNG models, 26 battery electric models, 12 hybrid-electric models, 3
LNG models, and 2 hydrogen fuel cell models of transit buses available on the market
(AFDC 2019). Some transit vehicles also run on propane (liquefied petroleum gas, LPG), but
propane is mostly used in smaller vehicles, such as cutaway buses and vans, rather than
larger buses (35-foot or 40-foot). Therefore, propane is more common for paratransit
operations than fixed route service.
The current section focuses mainly on CNG, battery electric, and hybrid-electric vehicles
since these are the technologies currently employed by Florida’s transit agencies. No transit
agency in Florida is currently running LNG or hydrogen fuel cell buses.

Alternative Fuel Buses in Florida
Most of the major transit agencies in Florida run alternative fuel vehicles or hybrids in their
fleets, and are listed below:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Broward County Transit (BCT)
Collier Area Transit (CAT)
Hillsborough Area Regional Transit (HART)
Jacksonville Transportation Authority (JTA)
Lee County Transit (LeeTran)
Central Florida Regional Transportation Authority (LYNX)
Manatee County Area Transit (MCAT)
Miami-Dade Transit (MDT)
Palm Beach County Transit (PalmTran)
Pinellas Suncoast Transit Authority (PSTA)
Gainesville Regional Transit System (RTS)
Sarasota County Area Transit (SCAT)
StarMetro (Tallahassee)
Volusia County Transit (Votran)

It is not uncommon for some of the agencies to operate several alternative fuel
technologies. HART, JTA, LYNX, MDT, and StarMetro operate CNG buses. BCT, PSTA, and
StarMetro operate battery electric buses, although the number of such vehicles is low. The
largest number of transit agencies operate hybrid-electric buses and include: BCT, CAT, JTA,
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LeeTran, LYNX, MCAT, MDT, PalmTran, PSTA, RTS, SCAT, and Votran. The data listed in
Tables 4-8, 4-9, and 4-10 were reported by the agencies for this project. Table 4-8 provides
more details about Florida’s fixed route CNG fleets.
Table 4-8. Florida’s CNG Fleets
Agency

Location

HART
JTA
LYNX
MDT
StarMetro

Tampa
Jacksonville
Orlando
Miami
Tallahassee

Number of
CNG Buses
60
88
88
130
9

Types of Vehicles
40’ Gillig Low Floor
35’ and 40’ Gillig
40’ Gillig, 60’ NABI, 60’ Nova, 60’ New Flyer
40’ New Flyer buses
29’ Gillig Low Floor, 35’ Gillig Low Floor

Most of the agencies currently operating CNG have committed to continue expanding their
CNG fleets. HART has a plan to convert 100% of its fixed route fleet to CNG and is doing so
in phases, following vehicle replacement cycles. JTA has a contract with Gillig to buy a total
of 100 CNG buses, and is scheduled to receive 10 more CNG buses in 2019. MDT ordered a
total of 300 New Flyer CNG buses; approximately 5 are being delivered per week
(Scheckner 2018).
In addition to fixed route vehicles, HART and StarMetro run smaller CNG vehicles in
paratransit service. HART operates 28 23-foot Champion Challenger CNG shuttles and 19
17-foot VPG MV-1 CNG vans. StarMetro operates 22 22-foot CNG cutaway buses in
paratransit service.
Three agencies reported having battery electric buses in their fleets. Table 4-9 summarizes
fixed route transit battery electric fleets and vehicles in Florida.
Table 4-9. Florida’s Transit Battery Electric Fleets
Agency

Location

BCT
PSTA
StarMetro

Plantation
St. Petersburg
Tallahassee

Number of
Electric Buses
5
2
4

Types of Vehicles
BYD
35’ BYD
35’ Proterra

All three agencies currently running electric buses have plans for expanding their electric
fleets. In addition to 5 battery electric buses recently purchased, BCT is planning to order
10 more for its fixed in-county routes (Barszewski 2018). PSTA plans to purchase 4
additional electric buses in 2019 and 10–15 in the next 10 years. StarMetro is also planning
to purchase 15 additional Proterra 35-foot battery electric buses in the next year,
conditional on funding availability. Table 4-10 summarizes Florida’s fixed route fleets
operating hybrid-electric buses.
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Table 4-10. Florida’s Transit Hybrid-Electric Fleets
Agency

Location

BCT
CAT
JTA
LeeTran
LYNX
MCAT
MDT
PalmTran
PSTA
RTS
SCAT
Votran

Plantation
Naples
Jacksonville
Fort Myers
Orlando
Bradenton
Miami
West Palm Beach
St. Petersburg
Gainesville
Sarasota
Daytona Beach

Number of
Hybrid Buses
81
2
7
30
36
9
149
40
80
5
19
19

Types of Vehicles
40’NABI, 42’ NABI, 60’ New Flyer, 60’ NABI
35’ Gillig Low Floor
40’ Gillig
35’ Gillig, 40’Gillig, 29’ Gillig, 31’ ElDorado
35’ Gillig, 40’ Gillig, 60’ NOVA
29’ Gillig, 35’ Gillig, 40’ Gillig
40’ Gillig, 40’ NABI Low Floor, 60’ NABI, 60’ New Flyer
40’ Gillig, 40’ Gillig Low Floor
35’ Gillig, 40’ Gillig
40’ Gillig Low Floor
29’ Gillig, 35’ Gillig
35’ Gillig Low Floor

Common Issues with Alternative Fuel Buses
Transit agencies converting their fleets to alternative fuels often face various challenges
related to the performance of propulsion technology, access to alternative fuel and
maintenance procedures, as well as the availability of skilled mechanics and other logistical
issues. The current section of the report discusses common issues with AFVs identified by
Florida’s transit agencies. This section does not provide a full list of potential problems and
challenges, but rather highlights the most common issues reported by transit agencies
during in-person interviews or identified through literature research.
Compressed Natural Gas
The most common technical problems with CNG buses operating in Florida include
malfunction of spark plugs, cracking or melting of pistons, failure of catalytic converters,
failure or breaking of exhaust manifolds, and carbon buildup on valves. In all cases, the
higher temperature of CNG-operated engines (CNG burns much hotter than diesel) is
thought to have caused the failures.
Melting/cracking of pistons is suspected to be metallurgy-related, although vehicle
manufacturers did not share the exact causes of such failures. All piston failures occurred at
around 40,000–60,000 miles and affected 9-liter and 12-liter Cummins/Westport engines.
In all cases of pistons melting or cracking, vehicle/engine manufacturers worked with the
agencies and were able to resolve the issue by replacing aluminum pistons with steel ones.
Agencies also reported that spark plugs fail too often. Sometimes the spark plugs popped
up and damaged the engine block threads, causing expensive repairs. Some agencies chose
to preventively replace spark plugs every 6,000–8,000 miles to avoid the issue. One agency
concluded that spark plug failures were mainly caused by the use of less expensive, nonOEM spark plugs. Once the agency began using only OEM-recommended plugs, the failure
rate dropped dramatically. The spark plugs still needed to be replaced more often than on
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diesel vehicles, but the failure issue was essentially resolved. This highlights the importance
of using OEM parts when performing maintenance on CNG vehicles.
Some agencies experienced problems with exhaust manifolds on Cummins 8.9-liter CNG
engines. The manifolds warped, breaking the bolts or sometimes even breaking the engine
head. This issue was believed to be caused by a design flaw. Cummins now uses three-piece
manifolds and this seems to have solved the problem.
Agencies operating CNG buses highlighted the importance of having an adequate number of
in-house CNG tank inspectors to satisfy the inspection requirement of CNG fleets. CNG
tanks must be inspected regularly (at specified intervals), and after each accident at 5 mph
or higher. While there are liability issues associated with performing in-house tank
inspections, agencies relying on outside tank inspectors may face delays in certifying the
tanks and putting buses back into service. For example, an inspector may not be able to
come on short notice after a bus accident. Tank inspection can also be expensive. Agencies
outsourcing inspection can spend more on third-party inspectors than it would cost to train
and certify in-house inspectors.
While most of the agencies running CNG buses in Florida do their own maintenance
in-house, they also stated that it is difficult to find certified technicians to work on CNG
engines.
A few of the agencies experienced a problem with carbon buildup on valves and head gasket
failures of CNG engines. This problem mainly occurred on smaller CNG vehicles used for
paratransit service (e.g., Ford F-450 cutaway vans). The exact reason for the issue was
unclear, although generally suspected to be related to the higher temperature of CNG
combustion and long engine idling cycles for paratransit vehicles. Larger vehicles (buses)
typically did not experience the carbon buildup/head gasket failure.
Agencies that operate their own CNG stations emphasized the importance of daily filter
draining and weekly compressor maintenance to minimize compressor oil carryover that can
create maintenance problems. Upgrading station compressors was also suggested as a
measure to reduce fuel system contamination by oil.
Some agencies pointed out that fuel gauges on CNG vehicles often provide inaccurate
readings under different ambient temperature conditions, but the impact of these
discrepancies was minor. Smaller paratransit vehicles that have unpredictable routes and
may idle frequently were mostly affected. Larger vehicles typically were not adversely
affected by inaccurate gauge readings since fixed route buses usually have plenty of fuel to
complete their daily runs. Additionally, accurate fuel gauge reading can be addressed by
employee training.
One agency reported an issue with small fuel leaks on CNG buses. While the leaks
themselves were not significant enough to create problems for the vehicles, they triggered
the methane detection systems installed on buses. That created issues for the bus
operators.
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Overall, the data collected from agencies running CNG transit vehicles indicate that CNG
vehicles require more preventive maintenance than diesel vehicles, but also have fewer
unscheduled repairs. Additionally, CNG burns cleaner, potentially increasing engine
longevity, and does not require expensive diesel exhaust after-treatment.
Hybrid-Electric
No issues were reported with operating diesel hybrid-electric buses.
Electric
No issues were reported with operating battery electric buses.

Training Costs
Employee training is essential for the success of any alternative fuel program. Agencies
planning to switch to alternative fuels should build training expenses into their budgets at
the early stages of planning. Adequate training provides the tools for personnel to make an
alternative fuel program successful.
CNG-Specific Training
Surveyed Florida transit agencies that operate CNG vehicles trained various types of
employees, from bus operators and maintenance mechanics to managers. Bus operators
received training on CNG safety, including shutdown procedures in case of emergency.
Additionally, pedal response and even pedal angle on CNG buses can differ from diesel
buses, necessitating operator training.
Maintenance mechanics received training on safety, familiarity with CNG technology, and
CNG tank inspection certification. All maintenance employees as well as new hires typically
received safety training.
Bus operators usually do not fuel the buses, which are instead fueled by service attendants,
sometimes called “fuelers.” Introducing CNG buses into a transit fleet requires training for
service attendants on how to fuel CNG vehicles, as well as shutdown and start-up
procedures. Some surveyed agencies also provide basic training for managers to make
them familiar with CNG buses.
The surveyed agencies trained their own employees to handle CNG rather than hiring
persons with special skills or changing job descriptions. One exception was CNG tank
inspectors. While most surveyed agencies trained employees in-house to perform tank
inspection, one agency preferred to rely on third-party inspectors for liability reasons.
Another approach involved relying mainly on in-house tank inspectors and occasionally
employing outside inspectors who could come on a short notice to assist with tank
inspection or train employees.
Sometimes training is provided by vendors at no cost to agencies as part of a vehicle
purchase contract or fuel purchase arrangement (e.g., Gillig, New Flyer, Allison
Transmission, Clean Energy, Nopetro). Agencies typically try to take advantage of that
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opportunity. There are a few grants (e.g., FTA grants) that can provide funding for staff AFV
training. Otherwise, transit agencies converting fleets to alternative fuels need to cover
training expenses out of their operating budgets.
Operator training includes instruction on how to read and interpret fuel gauges. Fuel gauges
on CNG vehicles show lower fuel in low ambient temperature. Although this is not a major
issue in most cases, employees must learn to recognize how temperature affects fuel
gauges. This is more relevant for time-fill fueling than for fast-fill.
In general, training can occur on agency premises and can be performed by an in-house or
invited outside instructor, or in an outside training facility. When the agency invites an
outside instructor to train in-house, the agency typically pays instructor wages and travel
costs, which may vary from $5,000–$6,000 to $12,000–$15,000 per training course.
Depending on the number of people trained, this may result in a cost of $100 to $500 per
trained employee. For example, one of the surveyed agencies invited an outside instructor
to train maintenance mechanics on how to disassemble, maintain, and repair CNG vehicles.
The training cost a total of $12,300; 49 agency mechanics were trained at a cost of $205
per student.
When agencies send employees to outside training facilities that might be located in another
city or state, they pay student tuition, travel, and lodging expenses. This type of training is
understandably more expensive than in-house training. For example, sending 10
maintenance mechanics to an outside training facility to learn how to perform vehicle and
tank inspection cost one of the surveyed agencies approximately $17,000, or $1,700 per
trained mechanic.
Given the cost difference of in-house and outside training, agencies typically prefer in-house
for basic across-the-board training that covers a larger number of employees. Training at
outside facilities is reserved for more specialized skills and a smaller number of employees.
In general, CNG training costs per bus operator may vary from $2.00 to $61.00 in explicit
costs, $7.50 to $16.00 in implicit costs (wages), and $18.00 to $72.00 in total (explicit and
implicit). In-house technician training runs about $200 per technician in explicit costs and
$75–$355 in implicit costs (wages), for an average total of $280–$560 per employee.
Attending training at an outside facility may cost from $1,200 to $1,700 in explicit costs and
$300 to $1,000 in implicit costs per employee, depending on the type of employees being
trained. Table 4-11 summarizes average CNG training costs for different categories of
employees.
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Table 4-11. CNG Training Costs by Employee and Training Type
Type of
Employee

In-house Training
Explicit
Implicit
Total Costs
Costs
Costs

Outside Training
Explicit
Implicit
Total Costs
Costs
Costs

Bus Operator

$2.01–
$61.11

$7.53–
$16.12

$18.13–
$72.43

Maintenance
Supervisor

$136.67

$70.79–
$137.92

$207.46–
$274.59

Tech 1

$205.00

$74.70–
$355.24

$1,200.00–
$1,700.00

$300.00–
$600.00

$1,500.00–
$2,300.00

Tech 2

$205.00

$75.86–
$224.73

$279.70–
$560.24
$280.86–
$429.73

$1,200.00–
$1,700.00

$400.00–
$800.00

$1,600.00–
$2,500.00

Tech 3

$205.00

$92.36–
$178.94

$291.01–
$383.94

$1,200.00–
$1,700.00

$520.00–
$1,040.00

$1,720.00–
$2,740.00

Not all surveyed agencies track training costs, but for those that do, total CNG training
expenditures range from $18,500 to $33,500 per year. One agency reported spending a
total of $70,900 over the past three years for training mechanics and staff how to handle
and operate CNG buses, including $36,445 in trainer/school expenses and $34,455 in
student wages (implicit costs). An average implicit training cost varies from 24 to 184 hours
per trained employee.
Electric-Specific Training
Up to 40% of electric bus range depends on how the vehicle is driven. Therefore, bus
operator training is vital to ensuring electric buses are operated in the most efficient way. In
addition to training, some agencies consider installing equipment on vehicles that tracks
driver behavior, with the primary goal of identifying areas for improving fuel efficiency.
Training is often provided by OEMs and dealers, but also by industry providers. Sometimes
OEMs provide training at no cost to the agency as part of a vehicle purchase contract. Other
times transit agencies use their operating budgets to pay for training. There are also federal
grants that cover the cost of training personnel when purchasing new electric buses, such as
FTA’s Low-No grant.
Surveyed agencies that introduced electric buses into their fleets planned to train all
employees on handling electric buses. This included all operators and mechanics. One
agency stated that it is currently spending $3,500 per year per employee in training costs,
and expects to spend a total of about 32,000 hours for training next year due to the training
requirements for the newly acquired electric buses.
In general, electric buses differ only in electric components; all other components are the
same as on regular diesel buses and require the same maintenance. The strategy employed
by one of the surveyed agencies is to split preventive maintenance (PM) for electric buses
into regular and high-voltage. High-voltage PM is performed by a specially trained
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mechanic, while regular PM can be performed by any mechanic. This allows for a lower
number of mechanics that must be trained to perform high-voltage work on the vehicles.
However, this approach only works when the number of electric buses is relatively small.
Once the electric vehicle (EV) fleet expands, the agency may need to train all technicians to
handle high-voltage electric.
One form of training specific to electric buses is how to repair the composite body of an
electric bus. This training is currently provided by one of the vehicle manufacturers in a
facility outside of Florida, which may incur significant travel and lodging expenses for an
agency.

Maintenance Facilities
Alternative fuel transit vehicles often require maintenance procedures that are not typical
for traditionally fueled vehicles. The introduction of AFVs to Florida’s transit fleets may
necessitate modifications to agency maintenance facilities to address the additional safety
requirements associated with alternative fuels. Whenever possible, transit agencies try to
modify an existing maintenance facility that can be shared with traditionally fueled vehicles
rather than build new facilities exclusively for maintaining AFVs. These modifications can
vary from minor to extensive, depending on the type of fuel used and the specific
circumstances of an individual agency.
The amount invested in maintenance facilities suitable for servicing alternative fuel buses
depends on a number of factors, including fleet size, whether the facility was initially
designed for alternative fuel use, and whether the agency performs maintenance in-house
or outsources it. Retrofitting an existing facility for handling alternative fuel buses may be
significantly more expensive than designing a facility with alternative fuels in mind.
Transit agencies that operate CNG buses typically need to modify their maintenance
facilities to include proper ventilation, gas leak detection, and fire suppression systems.
Ventilation rates in a CNG maintenance facility should be high enough to disperse potential
gas leaks, and should generally be at least equal to six air exchanges per hour. It is also
recommended to design the system to increase ventilation rate upon detection of a leak
(ARCADIS Geraghty & Miller 1998). Since natural gas is lighter than air, it tends to
accumulate below the ceiling when leaked, therefore roof ventilators are recommended.
The main considerations for electric vehicle maintenance are related to handling batteries
and high-voltage electrical cables in battery electric and hybrid-electric buses. The regular
fire protection construction standards for vehicle storage, motor fuel dispensing facilities,
and repair garages (National Fire Protection Association [NFPA] codes 88A, 30A) are
applicable to battery electric and hybrid-electric bus maintenance facilities. In addition, the
garage should conform to NFPA 70 requirements regarding the safe installation and
handling of high-voltage electrical wiring and equipment (Chernicoff, Balon, and Raj 2003).
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Generally, the requirements for facilities accommodating gaseous fuels are much more
stringent than those for electric and hybrid-electric vehicles. Therefore, the costs of
retrofitting maintenance facilities to handle CNG buses are usually significantly higher.
The cost of modifying a maintenance facility for CNG depends on a number of factors,
including square footage, number of maintenance bays, age and condition of the facility and
its equipment, type of roof structure, presence of attached or nearby structures, climate,
and minimum code-required modifications versus maximum safety. Total cost typically
ranges from $45,000 to $100,000 per bay, but may run as high as $200,000 per bay.
Literature research indicates that the average cost for modifying a four- to five-bay garage
for CNG ranges from $75,000 to $80,000 per bay (Kelly and Melendez 2017).
Modifications to maintenance facilities for electric buses are typically minor. In some cases,
no modifications are even needed and the existing facilities (especially those suited for
diesel hybrids) may be able to accommodate battery electric buses.
All the surveyed Florida agencies perform bus maintenance in-house and in all cases
maintenance facilities were not designed to accommodate alternative fuels so they had to
be retrofitted.
Compressed Natural Gas
Maintenance facility modifications reported by the surveyed Florida transit agencies running
CNG buses included installing a methane detection system, alarm system, rooftop exhaust
system, a system that shuts down air conditioning in the facility, installing new ventilation
or improving the existing system, installing additional lighting, automatic doors, changing
wiring, and removing potential ignition sources. The modification costs varied significantly
from agency to agency depending on building design. For example, some retrofitting
required cutting a hole in the ceiling. When the maintenance facility is attached to other
buildings, installation of blast-proof barriers may be required, which can also be a significant
expense.
While most maintenance facility modifications went smoothly, one of the surveyed agencies
experienced a recurring issue with the methane detection system malfunctioning,
generating false positive alarms. The problem was eventually identified and fixed, but it
took approximately seven to eight months to address it.
For the surveyed Florida transit agencies, the cost of modifying maintenance facilities to
make them suitable for CNG buses ranged from $550,000 to $2.8 million. There are
different ways to pay for the required modifications, including grant funding, capital budget,
and public-private partnerships. The agencies relied on FTA’s bus and bus facilities grants as
well as alternative fuel and Low-No grants. One agency entered into a public-private
partnership with a fuel provider that performed the facility modifications. Under this
arrangement, the agency will pay for the modifications with a $0.40 per DGE (diesel gallon
equivalent) fuel surcharge over a 10-year period or until the contract amount is paid in full,
whichever comes first.
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Electric and Hybrid
Facility modifications required for electric or hybrid-electric buses are minor compared to
CNG. Surveyed transit agencies that operate hybrids or electric buses purchased insulated
tools for working on high-voltage electric systems, as well as installed cranes, scaffolding,
and fall protection required for servicing electric batteries located on top of buses. The
overall costs to retrofit maintenance facilities for hybrid and electric buses ranged from
$200,000 to $250,000.

Fueling Facilities
Transit agencies converting fleets to alternative fuels can invest in a private fueling station
or rely on a public fueling facility. Fleets operating electric buses often prefer to own and
operate their own electric charging station(s). Due to the high cost of CNG station
construction, agencies running natural gas vehicles may prefer using a public station (often
with a priority fueling option) or may employ public-private partnerships or other
arrangements to construct/operate a CNG station at no (or minimal) out-of-pocket cost.
The cost of building and operating an alternative fueling facility depends on multiple factors,
including the type of fueling (time-fill vs. fast-fill) or charging (depot charging vs. on-route
charging), facility capacity, proximity to fuel (or electric) supply, financing and ownership
models, partnerships, and revenue sharing arrangements. Additionally, smaller fleets may
be able to use existing public-use alternative fuel stations rather than invest in a private
facility. The cost implications of these options differ significantly.
A search of relevant literature indicates that the average cost of a CNG fueling facility can
range from $1 to $6 million, of on-route fast-charge electric chargers from $350,000 to over
$2 million, and of depot electric chargers from $30,000 to $70,000.
While operations and maintenance costs for electric bus chargers might be relatively low,
backup electricity systems (e.g., generators) could pose extra costs. Depending on the
scope of the improvements, the cost of electrical infrastructure upgrades and backup
generation for a medium-sized electric fleet can run in the millions of dollars.
Compressed Natural Gas
The costs of CNG fueling facilities can vary significantly depending on the type of fueling
(fast-fill vs. time-fill), station capacity, and proximity to a gas main line. Fast fueling
requires powerful compressors and gas storage. Therefore, fast-fill CNG stations usually
cost more to construct than time-fill (or slow-fill) stations. Transit agencies can choose to
invest in a private fueling station or use a public station. In general, the main sources of
external funding available to transit agencies for constructing CNG fueling facilities include
alternative fuel grants and Low-No grants.
Most of the surveyed Florida agencies that run CNG buses enter into public-private
partnerships with fuel providers to construct and operate fueling stations or contract with
existing station operators for providing fuel. Only one surveyed agency owns and operates a
private CNG fast-fill station.
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Under a typical public-private partnership, a private fuel provider builds a CNG station at no
out-of-pocket cost to the transit agency. Based on the data obtained from the surveyed
Florida agencies, the cost of a public-private CNG station can be $3–$6 million. However,
typical terms involve a fuel purchase agreement over a period of 15–25 years where the
agency is required to buy CNG only from the station or to purchase a specified amount of
CNG per year (e.g., 500,000 DGE per year over 15 years). If the agreement does not
require a specified amount of fuel purchases, it usually includes an obligation by the agency
to purchase a certain number of CNG buses or maintain a certain size CNG fleet during the
contract period.
Most of the agencies in public-private partnerships running CNG buses have dedicated lanes
or priority fueling at the stations. A typical CNG station includes a private side dedicated
exclusively to the transit agency’s fueling and a public side that can be used by other fleets.
The terms of the partnership between fuel provider and transit agency may include a
revenue sharing arrangement from the public side of the station. For example, surveyed
Florida transit agencies receive $0.08–$0.65 from each DGE of fuel sold at the public side of
the stations.
In summary, CNG fueling stations cost significantly more than diesel fueling stations. An
average 12,000-gallon diesel tank with a dispenser may cost approximately $90,000–
$100,000. An average fast-fill CNG fueling station can cost $1.5–$2.5 million, depending on
the number of pumps, compressor, and storage configuration.
Operating large CNG bus fleets also involves logistical challenges related to fueling time. It
takes approximately 10–12 minutes to fuel a typical CNG transit bus at a fast-fill station.
CNG stations used by the surveyed Florida agencies allow them to fuel approximately 15–18
buses per hour, given that the stations typically have multiple pumps capable of fueling
several buses at the same time. This means large CNG fleets (70–100 buses) may need five
to six hours to prepare the entire fleet for the day.
Electric
The cost of electric vehicle charging equipment depends heavily on the type of charging and
availability of electrical infrastructure at the charging location. Depot chargers for electric
transit buses cost on average $60,000–$65,000 per charger, including equipment and
installation. Depot chargers provided by OEMs often come with a warranty covering parts,
labor, and inspection. Therefore, transit agencies installing new OEM depot chargers may
expect to have no maintenance expenses for the chargers during the warranty period, which
is usually a few years.
On-route chargers cost significantly more. Based on the information obtained from the
surveyed agencies, a typical (installed) on-route charger for electric buses can cost from
$850,000 to $1 million apiece, including approximately $350,000 for the charger itself
(equipment cost), $400,000–$500,000 for installation costs, and $175,000–$200,000 per
site for engineering, surveying, and site preparation.
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These estimates do not include land acquisition. If installing an on-route charger requires
purchasing land or installing transformers/upgrading the electrical system, the total cost of
electric charging infrastructure may be higher. Additionally, on-route chargers may cost
approximately $4,000 per charger year to maintain, including $1,200 for preventive
maintenance and $2,800 for equipment repairs.
Florida transit agencies converting to battery electric vehicles can take advantage of FTA’s
Low-No and other grants (e.g., BP settlement) to fund the construction of electric bus
charging infrastructure.

Foothill Transit (California) Experience with Electric Buses
Foothill Transit operates a total of 33 electric buses, including 14 short-range (35 miles)
fast-charge 35-foot buses, 2 short-range fast-charge 40-foot buses, 14 extended-range
40-foot (E2 Proterra) buses, and 3 extended-range 35-foot (E2 Proterra) buses. All of
Foothill’s electric buses are manufactured by Proterra. Extended-range buses have 440-kWh
batteries. The rest of the agency’s 376-bus fleet is CNG. Foothill Transit plans to switch
100% of its fleet to electric by 2030, which is consistent with the state goals. The agency
would like to electrify 69% of service blocks if the technologies allow it.
The primary reason for Foothill Transit to implement electric buses was to reduce harmful
emissions. With its Innovative Clean Transit program, the California Air Resources Board
(CARB) encourages transit providers to transition to zero-emission technologies.
The agency initially had some issues with the quality of Proterra’s electric buses, including
problems with doors, wipers, transmission, and chargers. Fit and finish of the early buses
was also poor. However, there were no issues with electric drive components or batteries.
During recent years, Proterra has addressed previous issues and newer buses exhibit much
better quality and design. The chargers for the buses were previously sourced through
AeroVironment or Eaton, but Proterra currently provides its own chargers, and Foothill
Transit has had no issues with them.
Training Costs Related to Electric Buses
In order to prepare employees to handle electric buses, Foothill Transit requires mechanics
and operators to go through training provided by Proterra. Mechanics were trained on safety
procedures, which included handling the high-voltage electrical systems of electric buses. As
part of the training, Proterra provided Foothill Transit a laptop with diagnostic software that
is used by mechanics to diagnose and address issues with electrical systems on the buses.
The agency did not have to hire anyone with special skills or change any job descriptions
once it introduced electric buses into its fleet. Instead, Foothill Transit was able to train its
personnel to perform all the required functions. Only certain mechanics at Foothill focus on
working on electric buses, so others do not have to receive the specialized training.
The safety training for bus operators, as well as the training of maintenance mechanics, was
conducted by Proterra at Foothill Transit premises (Proterra sent its representatives to
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perform the training) and at no cost to the agency. Foothill Transit performs continuous
employee training on a scheduled basis. All bus operators are currently trained to operate
electric buses.
The operators are trained to operate buses in the most energy-efficient way, which includes
proper acceleration techniques and the use of regenerative braking, and the agency tracks
driver performance using the ViriCity tracking system installed on its electric buses.
Operators are also trained to dock with the on-route charger, and this training can be
extensive. Proterra is currently moving away from the (proprietary) docking system and
switching to a pantograph charging system, using SAE J3105 standard. The pantograph
charging system is easier to use and should require less operator training.
Electric Bus Maintenance Facilities
Foothill Transit outsources bus maintenance to Keolis and TransDev. The agency has two
maintenance facilities to service its fleet, one located in the town of Pomona and the other
in Arcadia. Both facilities service all types of buses, including both CNG and electric. The
Pomona facility services older electric buses, while the Arcadia facility services newer buses
(2017 and newer). These facilities were constructed using an FTA grant with a 20% local
match. Both facilities (constructed in 1997 and 2002) were initially designed for diesel buses
and had to be retrofitted for CNG (when the agency transitioned to CNG) and later for
electric vehicles. No major modifications to maintenance facilities were necessary to
accommodate the electric buses.
Foothill transit works with Southern California Edison (SCE), which provided grants to install
the depot chargers. The utility company also provides a lower rate for charging battery
electric vehicles.
Electric Bus Charging Infrastructure
Foothill Transit uses a total of four on-route chargers, two at each of the two transit centers
located in Pomona and Azusa. The two chargers located in Pomona are enclosed in a
structure and cost approximately $2 million each, including equipment and installation. The
two in Azusa are freestanding structures located outdoors and cost approximately $700,000
each for both equipment and installation. All charger locations had adequate electric supply,
so no upgrades to the electrical system were necessary during construction.
The agency also did not have to purchase land for the chargers. The Cities of Pomona and
Azusa gave Foothill Transit land for constructing the on-route chargers. The most expensive
items during construction of the on-route chargers included the charging equipment and the
poles for charge heads.
During peak time, on-route chargers can charge eight to nine buses every 15 minutes,
providing 6–7 minutes of charging. Depot chargers can be used to provide opportunity
charging for extended-range buses. The agency has no plans for increasing the number of
on-route chargers since the current number is adequate for its current fleet of short-range
buses. In the future, Foothill Transit is planning to procure long-range electric buses that
will be charged in the depot overnight and will not need on-route charging.
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The current electrical grid in Southern California is reliable and Foothill Transit has never
experienced serious issues with electricity interruptions. The agency does not have backup
generators for electric bus charging equipment. Generators are only used to secure CNG
fueling in case of a power outage.
Foothill Transit owns and operates all the charging stations used for charging its bus fleet.
The agency used a combination of American Recovery and Reinvestment Act (ARRA),
federal, and local funds to finance its electric bus charging infrastructure.
Foothill Transit contracts with Proterra for on-route charger maintenance, since the chargers
are proprietary. The maintenance costs approximately $2,000 per month. In addition to the
on-route chargers, Foothill Transit uses 60-kw depot chargers that cost approximately
$50,000 for equipment and installation.
The agency currently charges vehicles as needed rather than managing charging. Charging
management, which schedules charging during off-peak hours, would be challenging given
that buses operate almost 24/7. Additionally, only eight to nine electric buses operate
during the peak period.
The Transportation Charge Ready program offered by SCE waives demand charges for
electric fleets for five years, and slowly brings demand charges back during the sixth year.
SCE also offers special rates for electric vehicles, including $0.08/kWh for off-peak charging
and $0.24/kWh for peak charging. Foothill Transit does not take advantage of the rate
program yet since its electric fleet is still relatively small and the potential benefits of
managed charging are limited. The agency uses its chargers (both on-route and depot)
throughout the day as needed. No scheduled charging is currently employed. Foothill Transit
pays $0.18/kWh for electricity and does not pay demand charges, which SCE waived for
three years.
Overall, the fuel cost for electric buses is still 39% higher than for CNG buses.
Recommendations for Implementing EVs
The main advice from Foothill Transit is to take it slow and not rush an electric bus
implementation process. Planning is extremely important for installing charging
infrastructure. If on-route charging is employed, agencies need to carefully plan charger
location and work with their electric utility companies to ensure adequate power is available
at the charger location. Site permitting may also take a long time (months or even years),
so agencies must plan ahead and prepare for that.
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Chapter 5
Evaluation of Special Alternative Fuel Projects and
Initiatives
During the course of the project, CUTR researchers were available to assist the project
manager in assessing special issues related to alternative fuels, advanced propulsion
technologies, emissions reduction, and fuel efficiency strategies that stem from grant
requests made by transit agencies to FDOT.
Under this task, CUTR provided relevant information to Escambia County Area Transit
(ECAT) for a cost comparison between electric, hybrid, and diesel buses to assist with
decision making, per the project manager’s request.
Additionally, CUTR worked with PalmTran to assist the agency in evaluating the cost
implications and environmental impact of switching to electric buses. Per the request of
PalmTran leadership, CUTR assisted with a side-by-side comparison of life-cycle costs of
diesel, CNG, and electric alternatives using the AFLEET tool developed by Argonne National
Laboratory. As of this writing, the analysis for PalmTran is not fully complete and the work
is ongoing.
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Chapter 6
Conclusions
The data collected from Florida transit agencies during the course of the project covers
1,297 fixed route buses, including 899 diesel buses, 218 diesel hybrids, 170 CNG buses, 6
electric buses, and 4 gasoline vehicles. The data indicate that for 40-foot buses (the most
common size), diesel hybrid vehicles demonstrate the highest fuel mileage of the compared
propulsion types, while diesel and CNG have comparable fuel economy. Forty-foot CNG
vehicles, however, demonstrate the lowest overall operating cost per mile, including the
lowest parts, labor, and fuel costs.
Electric buses demonstrate the highest fuel economy among 35-foot buses of the compared
propulsion types, exceeding the fuel economy of both diesel and diesel hybrid buses by
more than three times. However, electric buses have the highest parts and labor costs per
mile of all the propulsion types. Thirty-five-foot electric buses have the lowest fuel cost but
the highest parts and labor costs, resulting in overall operating costs that are higher than
CNG and diesel hybrid buses, but still lower than diesel buses of the same size.
Transit agencies converting their fleets to alternative fuels often face various challenges
related to the performance of propulsion technology, access to alternative fuel and
maintenance procedures, and the availability of skilled mechanics and other logistical
issues. The agencies operating alternative fuel vehicles need to invest in training staff to
operate and maintain the new technologies. Agencies planning to switch to alternative fuels
need to plan for training early on. They should build training expenses into budgets from the
beginning. Adequate training provides the tools for personnel to make alternative fuel
programs successful. The cost may vary depending on the type of training, the number of
employees trained, and whether it is performed in-house or at an off-site facility.
Additionally, transit agencies switching to alternative fuels may need to retrofit their
maintenance facilities to make them suitable for AFVs. The cost of modifications depends on
multiple factors, including the type of AFV technology, the age and configuration of the
building, type of roof structure, and the desire to achieve maximum safety versus ensuring
the minimum code-required modifications. Surveyed Florida transit agencies reported minor
modifications to their maintenance facilities.
Fueling infrastructure may represent a significant expense, especially for CNG vehicles.
Surveyed Florida transit agencies typically preferred public-private partnership
arrangements allowing no out-of-pocket agency costs for building/operating CNG fueling
facilities. Depot charging provides an economical option for battery electric buses, while the
cost of on-route charging infrastructure can be significantly higher.
It is suggested that efforts continue in collecting more fleet data on the performance and
costs of alternative fuel vehicles from transit service providers, both in Florida and outside
of the state. Particular efforts should be directed at reaching large out-of-state transit
agencies utilizing alternative fuel technologies, which are lacking in Florida. A significantly
larger data sample for CNG and battery electric technologies may be needed to improve the
reliability of the current analysis.
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The intent of the current analysis was to contribute to the ongoing evaluation of the costs
and benefits of investment in advanced transit technologies, rather than to provide
recommendations on the choice of a particular alternative fuel technology. No attempt was
made to provide a comprehensive comparative analysis of the existing advanced transit
technologies, and the results should be treated accordingly.
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Appendix A: Agency Meeting Summaries
Jacksonville Transportation Authority (JTA): October 30, 2018
JTA currently operates 88 CNG buses and 7 hybrids. The agency initially experienced
problems with pistons on CNG buses cracking or melting due to the higher operating
temperature of CNG. Gillig fixed that problem later by switching to different pistons. JTA
also had an issue with the maintenance facility methane detection system malfunctioning
(generating false positive alarms). The problem was identified and fixed eventually, but it
took approximately seven to eight months.
The agency is planning to expand its alternative fuel fleet. JTA will continue buying CNG
buses; it has an agreement with Gillig to purchase 100 CNG buses. The agency is scheduled
to get 10 more CNG buses in 2019. This is all part of a fuel purchase agreement with Clean
Energy. In the future, the agency plans to have a mixed fleet that will be approximately
50% CNG, along with electric and diesel buses.
JTA plans to have two electric buses by 2020 (conditional on available funding). The agency
plans to buy Gillig EVs. JTA intends to pay for EV charging infrastructure for the new electric
buses with a combination of grants and internal funds. The agency recently met with the
local utility (JEA) and verified that it has sufficient electrical capacity to accommodate JTA’s
electric fleet.
The agency is currently testing two electric autonomous vehicles that it plans to use on
downtown routes.
Training
JTA trained employees on CNG equipment familiarity and safety. The agency did not have to
hire anyone with special skills or change any job descriptions for employees handling CNG.
Bus operators received training on CNG safety. Maintenance mechanics received training on
safety, familiarity with CNG technology, CNG tank inspection certification, and hybrid
transmission training. All maintenance employees as well as new hires received safety
training.
The training was provided by Gillig, Allison Transmission, Clean Energy, CUTR, and JTA. The
agency paid for training out of its operating funds. All JTA employees received training
related to alternative fuels, and all new hires will also receive this training. In addition to
staff, JTA trained first responders to safely handle accidents involving AFVs.
JTA has 152 employees, 105 of which are technicians. Five technicians were certified to
inspect CNG tanks (technicians are certified for five years). The agency also uses an outside
CNG inspector who can come on short notice and assist in tank inspection or train
employees.
The training cost per employee varies from $1,150 to $1,475. To date, the agency has
spent a total of $33,450 on CNG training. The implicit cost of training varies from 24 to 184
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hours, with 1,312 total hours spent on training to date. There is a federal grant that
provides $35,000 for training staff to handle AFVs and JTA is taking advantage of that.
JTA recommends that agencies running CNG vehicles have an adequate number of
inspectors to satisfy the inspection requirements for CNG fleets (regular inspection of tanks,
plus inspection after each accident at 5+ mph, etc.).
Maintenance Facilities
JTA performs vehicle maintenance in-house. The agency entered into a public-private
partnership with Clean Energy, which also built a CNG fueling station, to modify vehicle
maintenance facilities to make them suitable for CNG. The agency modified two of its three
maintenance facilities, installing CNG detection sensors, exhaust fans, and so on. Clean
Energy paid for all modifications so there was no cost to JTA. The current modified facilities
can accommodate 100 CNG buses with room to expand.
The main grants available for maintenance facility modifications include a bus/bus facility
grant, zero-emission grant, and alternative fuel grant.
Fueling Facilities
JTA entered into a public-private partnership with Clean Energy to construct/operate a fastfill CNG station on its property. Clean Energy paid for constructing the station and will
operate it for 25 years (at no cost to JTA). After 25 years, Clean Energy will turn the station
over to JTA. At that time, JTA is planning to contract out station operation to a third party.
The station is located on JTA property, including all compressors and storage tanks, and has
two sides: public and private. JTA fuels on the private side, while other CNG fleets can fuel
on the public side. There are currently three CNG fleets using the public side of the station,
including primarily refuse haulers and delivery companies.
The station has four compressors (three are in use and one is a backup). The station has
three pumps for JTA to use and the agency can fuel as many vehicles as needed. This is
sufficient for the current/planned fleet, but the agency may need to add more CNG pumps
as JTA phases out its diesel fleet and converts to CNG. The average fill time for a CNG bus is
12 minutes, and the station allows three buses to fill at the same time. It takes a long time
to prepare the entire fleet for the day. Fueling is usually done after the public side of the
station closes, from 7:00 p.m. to 3:00 a.m. Clean Energy has stated they have enough
capacity to improve (lower) the fuel time.
JTA also receives a portion of the revenue from the public side of the station. The agency
receives $0.65 royalty from each DGE purchased on the public side of CNG station.
The main sources of external funding available to transit agencies for constructing CNG
fueling facilities include alternative fuel grants and Low-No grants.
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Central Florida Regional Transportation Authority (LYNX): October
16, 2018
LYNX uses biodiesel (B-5) in all its diesel fleet. The agency currently has 80+ CNG buses,
including 70 40-foot Gillig buses, 2 60-foot NABI buses, 6 60-foot Nova buses, and 10 60foot New Flyers. The buses were purchased in 2015.
Training
All LYNX employees received some type of training regarding CNG buses once they were
introduced into the fleet. Employees were trained on safety precautions and fuelers were
trained on how to fuel the buses, which are fueled by service attendants rather than bus
operators. The agency did not need to hire people with special skills once CNG buses were
introduced, but did add vehicle inspection to maintenance procedures.
Bus operators were trained in shutdown procedures in case of emergency. A total of 119
bus operators were trained in 2018. Fuelers also received training in shutdown and startup
procedures, and managers received training to make them familiar with CNG buses.
In 2016–2017, LYNX sent 10 maintenance mechanics to CNG inspector school at St.
Augustine to learn how to perform vehicle/tank inspection. The training was provided by
First Coast Technical College with the trainer coming from the National Alternative Fuel
Training Consortium (Morgantown, WV). It cost LYNX approximately $17,000 to train 10
people, including the course itself (40 hours) plus travel and lodging in St. Augustine. LYNX
paid the training costs out of its operating budget.
Sometimes vendors provide training at no cost to LYNX as part of a vehicle purchase
contract (e.g., Nopetro, New Flyer). In other cases, LYNX pays vendors (trainer costs and
travel) to come to its facility. In 2018, LYNX invited a trainer from Swagelok, a company
that manufactures gas and fluid system components, to train maintenance mechanics on
how to disassemble, maintain, and repair CNG vehicles. Forty-nine mechanics were trained
at a cost of $205 per student. The total cost to LYNX, however, was $12,300 (Swagelok
charged LYNX for 60 students, although only 49 attended).
The total explicit training cost in 2018 was $12,539 and student wages (implicit costs) were
$6,040, resulting in a total training cost of $18,579. In 2017, explicit costs (trainer/school)
were $11,045 and implicit costs were $13,010, resulting in a total of $24,055. In 2016,
explicit costs were $12,861 and implicit were $15,405, resulting in a total of $28,266.
During the three-year period from 2016 to 2018, LYNX spent a total of $70,900 for training
its mechanics and staff to handle/operate alternative fuel (CNG) buses, including $36,445 in
trainer/school expenses and $34,455 in student wages.
Maintenance Facilities
When initially constructed, LYNX vehicle maintenance facilities were not designed to
accommodate AFVs. The facilities had to be retrofitted to make them suitable for CNG
buses. LYNX installed methane detection systems, alarm systems, systems that shut down
air conditioning in the maintenance facilities, and rooftop exhaust systems. The total cost to
modify LYNX maintenance facilities to make them suitable for CNG buses was approximately
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$2.8 million. The work was performed by Nopetro, and LYNX paid for the modifications
through a fuel surcharge of $0.40 per DGE purchased under a fuel purchase agreement.
LYNX will pay the fuel surcharge until the contract sum is fully paid or for 10 years,
whichever comes first.
The current LYNX maintenance facilities can handle all the agency’s alternative fuel fleet and
can accommodate growth if the entire fleet is converted. LYNX recently applied for a Low-No
grant to purchase zero-emission buses but did not get it (probably because the agency
already has a significant investment in CNG).
Fueling Facilities
LYNX employed a public-private partnership to construct and operate a CNG fast-fill station,
entering into a 20-year fuel purchase agreement with Nopetro. Nopetro bought the land
(adjacent to the LYNX facility) with an agreement that LYNX will be a customer for 20 years.
Nopetro built the station at no cost to LYNX. The station is public and LYNX has three
dedicated (private) lanes for its fleet with the capability of adding an additional lane. Other
CNG fleets also fuel at the station. As part of the agreement with Nopetro, LYNX had to
initially purchase at least 25 CNG buses and is obligated to purchase only CNG buses for the
first five years after signing the agreement. Additionally, LYNX is obligated to purchase a
minimum of 500,000 DGE of CNG per year for 15 years.
Since the station is located across the street from LYNX, the agency has no challenges in
fueling its fleet off-site at a public station, which might adversely affect operations. The
station is capable of fueling CNG buses at a rate of 18 vehicles per hour (estimated fuel
time for each bus is no more than 10 minutes). The station has excess capacity and can
accommodate growth in the agency’s CNG fleet; it can currently fuel no less than 70 CNG
buses.
LYNX receives $0.85 from each DGE of fuel sold to third parties on the public side of the
station.

Pinellas Suncoast Transit Authority (PSTA): October 19, 2018
PSTA has a total fleet of 210 buses, of which 71 are hybrids. The agency is planning to have
89 hybrids in 2019. PSTA currently has two BYD electric buses (received recently), and
plans to have six electric buses by the end of 2019/beginning of 2020.
In the next 10 years PSTA plans to have approximately 22 electric buses and 150 hybrids.
The agency’s long-term plan is to move away from diesel and continue hybrid purchases,
but not to invest in CNG. PSTA envisions that up to one-third of its fleet will eventually be
electric.
Training
PSTA has run hybrid buses since 2009, so agency employees have been receiving regular
training on high-voltage systems. They also receive training provided by Allison
Transmission, and training focused on electric buses will be provided by BYD but has not
been scheduled yet. The agency did hire personnel with advanced technical knowledge and
experience in handling batteries (e.g., servicing hybrid buses) to handle its new EV fleet.
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Up to 40% of an electric bus’s range depends on the way the vehicle is driven, making bus
operator training vital. PSTA plans to train bus operators how to most efficiently operate
electric buses. Additionally, the agency will install a system on the vehicles to track driver
behavior, with the primary goal of identifying areas of improvement in fuel efficiency.
BYD will train maintenance mechanics to work on the agency’s electric buses. PSTA also
needs to train first responders how to handle accidents involving electric buses. For
example, firefighters need to know they cannot use an axe when an electric bus is on fire
due to the risk of electric shock.
Training is often provided by OEMs and dealers, but also by industry training providers.
Sometimes OEMs provide training at no cost to the agency, while other times PSTA uses its
operations budget to pay for training. There are also federal grants that can cover the cost
of training personnel when purchasing new AFV buses (e.g., FTA grants).
PSTA plans to train all employees on handling electric buses by the end of 2019. The agency
tracks all training activities and costs; overall, it spends approximately $150,000 per year
on employee training. PSTA consistently invests in personnel training. The agency has 48
technicians and spends approximately $3,500 per year per employee in explicit costs.
During PSTA’s last fiscal year, the agency spent more than 32,000 hours on training parts
personnel, facilities department personnel, and fuelers. The agency expects this number to
double next year due to training requirements for the new electric buses (implicit costs will
increase).
PSTA believes that training is essential for the success of any alternative fuel program.
Agencies planning to switch to alternative fuels should plan for training early on, building
training expenses into their budgets from the beginning. Otherwise, their program will likely
not succeed.
Maintenance Facilities
PSTA performs most of its maintenance in-house. The agency had to purchase insulated
tools and install the cranes and scaffolding required to service electric and hybrid buses. The
overall cost to retrofit its maintenance facilities for electric and hybrid buses was
approximately $250,000. The cost attributed to two electric buses was not significant,
probably around $50,000.
Fueling Facilities
PSTA currently has two depot chargers for two electric buses. Depot chargers cost
approximately $11,000 apiece, with the total including equipment and installation of
$63,000 per charger. The agency plans to install inductive on-route chargers to
accommodate its growing EV fleet. On-route chargers required for 22 electric buses are
expected to cost $6 million. Twenty-two EV buses will need approximately 4 MW of power,
so PSTA will need to upgrade its electric system. The agency will also need a new generator
for backup since the current one is not adequate, but does not yet know how this will be
addressed.
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In the near term, PSTA will install one 240-kW inductive on-route charger at USF’s St.
Petersburg campus. The inductive charging element will be embedded in the pavement. The
bus will drive over it for charging, alignment ensured by road marking and bus operator
training. The equipment for the on-route charger costs approximately $350,000 and the
installation approximately $500,000. The total cost of the installed charger is expected to be
$850,000 to $1 million.
Charging infrastructure represents a significant expense. For comparison, the cost of a
turnkey electric bus is approximately $850,000 per vehicle ($1.7 million for two buses), for
an on-route charger $850,000–$1 million, and a depot charger $63,000. PSTA used the
combination of an FTA formula grant (Low-No) and BP settlement funds for Pinellas County
($586,000) to pay for the on-route charger construction.
The agency is planning to do all primary charging at the depot and use on-route charging
only for opportunity charging, such as replenishing the energy consumed during one
round-trip.
The depot charger comes with a six-year warranty including parts, labor, and inspection.
Therefore, the agency does not have to plan for any maintenance expenses for depot
chargers for at least six years. As for the on-route charger, PSTA does not know yet how
much it will cost to operate. The agency will probably outsource station operation to the
equipment manufacturer (OEM).
BYD offers a data collection system on the bus as an option, but PSTA declined the system
and decided to go with a third party. ViriCity installed monitoring data hubs on the buses to
track data. The installed system tracks various data in real time (GPS based, refreshes
every five seconds), including state of charge, energy use, speed, consumption in service,
and emission produced/saved. The system also can forecast based on historic data (with
data for at least seven days). Additionally, PSTA paid for the feature that tracks driving
behavior, with the goal of ensuring that vehicles are driven in the most efficient way. The
system cost $1,000 per bus (for installing data hubs), plus a $2,000 per year subscription to
ViriCity service.
PSTA is hoping to manage its electric usage by encouraging efficient driving behavior and by
smart charging vehicles (off-peak, charging prioritization, etc.).

StarMetro: November 1, 2018
StarMetro’s total fleet includes 90 buses, 4 of which are electric and 40+ CNG (12 CNG
buses are fixed route, the rest are demand response). The agency plans to purchase 15
35-foot Proterra electric buses in May–July 2019, conditional on funding availability. The
electric buses will be used on the Florida State University (FSU) campus. Additionally,
StarMetro plans to purchase/install two more on-route chargers (also located on FSU
campus) and install five more depot chargers to accommodate an increased electric fleet.
One on-route charger accommodates approximately four to eight buses. With 19 EV buses
and three chargers, the agency will have to work on scheduling to ensure efficient use of
the chargers.
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After purchasing the 15 buses, StarMetro plans to buy 7 more electric buses (3 will be
additions to the fleet, while 4 will replace older generation buses). The agency sees the
future of its fleet as a combination of CNG and electric. It probably will not switch to 100%
electric due to the threat of hurricanes in Florida; no power means no bus charging.
StarMetro is owned and operated by the City of Tallahassee. The City contracted with
Nopetro to provide a CNG fueling station for natural gas vehicles, including several City
fleets and refuse haulers.
Training Costs
StarMetro trained its employees to handle CNG and electric buses. CNG training was
provided mainly by the vendors, Gillig provided training for technicians, and the agency
provided its own training.
StarMetro also took advantage of training offered by EV manufacturers/vendors. Proterra
provided bus operator training at no cost to the agency. StarMetro requires all new hires to
undergo this training as well. Additionally, a Proterra technician was stationed at StarMetro
for the first four years of electric bus operations (cost completely covered by Proterra). That
technician trained StarMetro employees, assisted with maintenance issues, and helped the
agency train first responders. To date, approximately 20 first responders have learned how
to safely handle EVs.
Operators are trained for both CNG and electric vehicles. Pedal response differs for both EV
and CNG buses, compared to diesel buses. Sometimes pedals are also angled differently for
individual buses and require different pressure.
In general, electric buses differ only in electric components, all other components being the
same as on regular diesel buses, and require the same maintenance. StarMetro splits
preventive maintenance (PM) of electric buses into regular and high-voltage PM. Specially
trained mechanics perform high-voltage PM, while any mechanic can perform regular PM.
Currently, StarMetro has one mechanic trained for high-voltage work and one is in training
for that. Once the EV fleet expands, the agency may need to train all techs to handle EVs.
As for CNG maintenance, StarMetro outsources tank inspection. Sometimes it is aggravating
not to have an in-house inspector because the agency has to work around the schedule of
an outside third-party inspector, which can lead to delays. Tank inspection is also
expensive; the agency has already spent more on a third-party inspector than it would have
cost to train/certify its own inspector. Despite these drawbacks, StarMetro is not ready to do
tank inspection in-house because of the associated liability.
Usually training takes one to three days (bodywork training requires three days), and takes
place at StarMetro. Occasionally, however, the agency sends employees to another location
if the training is hosted there or if it is cheaper than organizing it at StarMetro. For example,
the agency is sending one of its bodywork technicians to Texas to learn how to repair the
composite bodies of electric buses at training offered by Proterra. In most cases, training is
provided by vendors. If it is off-site, StarMetro pays transportation and lodging expenses for
mechanics attending the training. StarMetro does not track training expenses.
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Maintenance Facilities
StarMetro performs all maintenance on AFV buses in-house, except tank inspection for CNG
buses. The agency had to retrofit is maintenance facilities to make them suitable for CNG by
installing additional lighting, new ventilation, exhaust fans (by cutting holes in the ceiling),
and a new heating system. It was a significant expense to retrofit these facilities. StarMetro
estimates the total cost for all modifications was about $550,000 for a six-bay garage. Most
of the cost was covered by a federal grant, although the agency paid a small portion
(probably around $40,000).
StarMetro also plans to upgrade its electric bus facilities by adding scaffolding and fall
protection (to service the battery located on top of the bus). This has not been done yet.
The agency plans to add two more bays to service buses, and will need to move painting
booths to accomplish this. When that is done, the facilities will be barely sufficient to
accommodate the existing alternative fuel fleet. With future growth in its AFV fleet,
StarMetro may need to expand facilities further.
StarMetro is aware of the existing grants available for modifying maintenance facilities, and
has taken advantage of the Low-No grant in the past to pay for facility modifications.
Fueling Infrastructure
The City of Tallahassee contracted with Nopetro to provide natural gas for the City. Nopetro
built a fast-fill CNG station, costing $6 million, located less than two miles from StarMetro.
The station is also used by other City and government fleets, including school buses and
refuse trucks, but StarMetro has priority fueling at the station. The station has six pumps.
In the past, the station even had a dedicated lane for City vehicles, but that is no longer the
case. Nopetro has a fuel agreement with the City, not StarMetro, so the agency does not
know the exact details of that agreement.
The CNG station has sufficient capacity to fuel multiple fleets. However, it did experience a
fuel supply interruption during a recent hurricane primarily due to power loss (compressors
were down).
The City of Tallahassee also has its own utility company that provides electricity to electric
buses. StarMetro doesn’t know the cost of electricity since the agency receives it from the
City at no cost.
The first on-route charger currently used by StarMetro for its four electric buses was
constructed by Eaton, and was very expensive. The outside structure itself cost $1 million,
not including the charging equipment. The new installations are expected to be much less
expensive. StarMetro estimates the new chargers for its expanded EV fleet will cost
$350,000 apiece, plus $175,000 per site for engineering, surveying, and site preparation.
Installation may cost up to $400,000. The total cost (equipment and installation) is
expected to run approximately $900,000. The new on-route chargers will be located on the
FSU campus and installed turnkey by Proterra, which will probably outsource the work.
Depot chargers are expected to cost $60,000 apiece.
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To maintain an on-route charger, StarMetro spends approximately $4,000 per year ($8,136
for two years), including $1,244/year ($2,488/two years) for preventive maintenance and
$2,824/year ($5,648/two years) for equipment repairs.
StarMetro primarily relies on Leon County to provide fueling or restore power in the event of
an emergency. The agency has small generators to sustain StarMetro operations and fuel
diesel and CNG buses, but they are not powerful enough to charge electric buses. The
agency will need new generators that can at least slow-fill the electric buses.
Planning is extremely important for installing infrastructure. Agencies should think about
growth and carefully plan charger locations, making sure sufficient power is available by
working with the utility company. Permitting may also take a lot of time. It takes a year to
get everything ready.

Foothill Transit: April 24, 2019
Foothill Transit currently operates a total of 33 electric buses, including 14 short-range (35
miles) fast-charge 35-foot buses, 2 short-range fast-charge 40-foot buses, 14 extendedrange 40-foot (E2 Proterra) buses, and 3 extended-range 35-foot (E2 Proterra) buses. All
electric buses are manufactured by Proterra. Extended-range buses have 440-kWh
batteries. The agency’s remaining 376-bus fleet is CNG. Both CNG and electric buses have
Computer-Aided Dispatch–Automatic Vehicle Location (CD-AVL) systems installed on them
to track vehicle location and monitor use.
Foothill Transit plans to switch 100% of its fleet to electric by 2030, which is consistent with
California state goals. The agency would like to electrify 69% of service blocks if the
technologies allows it.
Foothill Transit’s primary reason for implementing electric buses was to reduce harmful
emissions. The California Air Resources Board (CARB) encourages transit providers to
transition to zero-emission technologies through its Innovative Clean Transit program.
The agency initially had some issues with the quality of Proterra’s electric buses, including
problems with doors, wipers, transmission, and chargers. Fit and finish of the early buses
was also poor. However, there were no issues with electric drive components or batteries.
Proterra has addressed most of these issues and newer buses exhibit much better quality
and design. The chargers for the buses were previously sourced through AeroVironment or
Eaton, but Proterra currently provides its own chargers, and the agency has had no issues
with them.
Training Costs
In order to prepare employees to handle electric buses, Foothill Transit requires mechanics
and operators to go through training provided by Proterra. Mechanics were trained on safety
procedures, which included handling the high-voltage electrical systems of electric buses. As
part of the training, Proterra provided Foothill Transit a laptop with diagnostic software that
is used by mechanics to diagnose and address issues with electrical systems on the buses.
The agency did not have to hire anyone with special skills or change job descriptions once it
introduced electric buses into its fleet. Instead, Foothill Transit was able to train its
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personnel to perform all the required functions. Only certain mechanics at Foothill work on
electric buses, so others do not have to receive the specialized training.
The safety training for bus operators, as well as the training of maintenance mechanics, was
conducted by Proterra at Foothill transit premises (Proterra sent its representatives to
perform the training) and at no cost to the agency. Foothill Transit performs continuous
employee training on a scheduled basis. All bus operators are currently trained to operate
electric buses.
The operators are trained to operate buses in the most energy-efficient way, which includes
proper acceleration techniques and the use of regenerative braking, and the agency tracks
driver performance using the ViriCity tracking system installed on its electric buses.
Operators are also trained to dock with an on-route charger, and this training can be
extensive. Proterra is currently moving away from the (proprietary) docking system and
switching to a pantograph charging system, using SAE J3105 standard. The pantograph
charging system is easier to use and should require less operator training.
Foothill Transit also plans to train first responders how to safely handle accidents involving
electric buses.
Maintenance Facilities
Foothill Transit outsources bus maintenance to Keolis and TransDev. The agency has two
maintenance facilities for servicing its fleet, one located in Pomona and the other in Arcadia.
Both facilities service all types of buses, including both CNG and electric. The Pomona
facility services older electric buses, while the Arcadia facility services newer buses (2017
and newer). These facilities were constructed using an FTA grant with a 20% local match.
Both facilities (Pomona constructed in 1997 and Arcadia in 2002) were initially designed for
diesel buses and had to be retrofitted for CNG (when the agency transitioned to CNG), and
later for electric vehicles. No major modifications to maintenance facilities were necessary
to accommodate the electric buses. The agency installed 60-kW depot chargers at the
Arcadia shop.
Foothill transit works with Southern California Edison (SCE), which provided grants to install
the depot chargers. The utility company also provides a lower rate for charging battery
electric vehicles. In addition to the utility funding, the agency also took advantage of FTA’s
Low-No grant to pay for minor modifications to the maintenance facilities, making them
suitable for electric buses.
Fueling Infrastructure
Foothill Transit uses a total of four on-route chargers, two at each of the two transit centers
located in Pomona and Azusa. The two chargers located in Pomona are enclosed in a
structure and cost approximately $2 million each, including equipment and installation. The
two in Azusa are freestanding structures located outdoors and cost approximately $700,000
each for both equipment and installation. All charger locations had adequate electric supply,
so no upgrades to the electrical system were necessary during construction. The chargers in
Azusa are located next to the metro gold line.
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The agency also did not have to purchase land for the chargers. The Cities of Pomona and
Azusa gave Foothill Transit land for constructing on-route chargers. The most expensive
items during construction included the cost of the charging equipment and the poles for
charge heads.
During peak time, on-route chargers can fuel eight to nine buses every 15 minutes,
providing 6–7 minutes charging. Depot chargers can be used to provide opportunity
charging for extended-range buses. The agency has no plans of increasing the number of
on-route chargers since the current number is adequate for its current fleet of short-range
buses. In the future, Foothill Transit is planning to procure long-range electric buses that
will be charged in the depot overnight and will not need on-route charging.
The electrical grid is reliable and Foothill Transit has never experienced serious issues with
electricity interruptions. The agency does not have backup generators for electric bus
charging equipment. Generators are only used to secure CNG fueling in case of a power
outage.
Foothill Transit owns and operates all the charging stations used for its bus fleet. The
agency used a combination of American Recovery and Reinvestment Act (ARRA), federal,
and local funds to finance its electric bus charging infrastructure.
Foothill Transit contracts with Proterra for on-route charger maintenance since the chargers
are proprietary. The maintenance costs approximately $2,000 per month. In addition to the
on-route chargers, Foothill Transit uses 60-kW depot chargers that cost approximately
$50,000 for equipment and installation.
The agency currently charges vehicles as needed rather than managing charging. Charging
management, which schedules charging during off-peak hours, would be challenging given
that buses operate almost 24/7. Additionally, only eight to nine electric buses operate
during peak period.
The Transportation Charge Ready program offered by SCE waives demand charges for
electric fleets for five years, and slowly brings demand charges back during the sixth year.
SCE also offers special rates for electric vehicles, including $0.08/kWh for off-peak charging
and $0.24/kWh for peak charging. Foothill Transit does not take advantage of the rate
program yet since its electric fleet is still relatively small and the potential benefits of
managed charging are limited. The agency uses its chargers (both on-route and depot)
throughout the day as needed. No scheduled charging is currently employed. Foothill Transit
pays $0.18/kWh for electricity and does not pay demand charges, which SCE waived for
three years.
Overall, fuel cost of electric buses is still 39% higher than for CNG buses.
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