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Abstract

As part of FTA’s effort to promote continuous safety and operational
improvements in the public transit industry, Guidebook for Deploying Battery
Electric Buses was developed to provide bus transit agencies with leading
transit industry practices for performing these activities. The supporting
research report, Procuring and Maintaining Battery Electric Buses and Charging
Systems - Best Practices, is as a resource for the industry that offers a summary
of industry reports highlighting the challenges and opportunities with battery
electric bus (BEB) deployments and the outcomes of federally sponsored
deployments, existing standards from the American Public Transportation
Association (APTA) and the Society of Automotive Engineers (SAE), as examples,
and lessons learned through case studies. It also includes a series of findings
associated with BEB and charging station procurements, system efficiency and
interoperability considerations, and maintenance standards and guidelines.
Additionally, the Safety and Security Certification of Electric Bus Fleets - Industry
Best Practices supporting research was conducted to give bus transit agencies
helpful information on the requirements of a Safety and Security Certification
(SSC) program to verify the unique identified risks that will be introduced to

a transit agency as a result of initiating a BEB fleet transition. The findings are
useful to transit agencies as tools to identify likely challenges that should be
considered before embarking on the transition to bus fleet electrification, such
as specific language to include in procurements to reduce challenges associated
with part availability, and battery warranty ambiguity.
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Executive Summary
Purpose

As part of FTA’s effort to promote continuous safety and operational
improvements in the public transit industry, this guidebook was developed

to provide bus transit agencies with leading transit industry practices for
deploying battery electric buses. The supporting research report, Procuring and
Maintaining Battery Electric Buses and Charging Systems - Best Practices, is an
industry resource that offers a summary of industry reports highlighting the
challenges and opportunities encountered during battery electric bus

(BEB) deployments. It also discusses the outcomes of federally sponsored
deployments, existing standards from the American Public Transportation
Association (APTA) and the Society of Automotive Engineers (SAE), and lessons
learned through case studies. Also included are findings associated with BEB
and charging station procurements, system efficiency and interoperability
considerations, and maintenance standards and guidelines.

Additionally, the Safety and Security Certification of Electric Bus Fleets - Industry
Best Practices supporting research was conducted to give bus transit agencies
helpful information on the requirements of a Safety and Security Certification
(SSC) program to verify the unique identified risks that will be introduced to a
transit agency as a result of initiating a BEB fleet transition. With FTA’s adoption
of the Safety Management System (SMS) framework,! shifting from a reactive to
a proactive approach, change management programs such as SSC are critical to
ensuring risk is identified and mitigated proactively.

This guidebook will assist transit agencies in identifying likely challenges that
should be considered before transitioning bus fleets to electrification, such as
specific language to include in procurements to reduce challenges associated
with part availability, and battery warranty ambiguity. When considered
together, the findings provide a compilation of best practices in terms of
procurement language, training, interoperability, resiliency, and change and
safety risk management approaches.

Methodology

With an understanding that agencies need specific guidance that is succinct
yet detailed enough to be valuable, the main findings were extracted from the
Procuring and Maintaining Battery Electric Buses and Charging Systems - Best
Practices and Safety and Security Certification of Electric Bus Fleets - Industry
Best Practices reports to develop the Guidebook for Deploying Battery Electric
Buses. Additionally, Appendix A contains “Recommended Expanded Request
for Proposal (RFP) Language for Providing Training for Zero-Emission Buses”

Lhttps://www.transit.dot.gov/regulations-and-guidance/safety/office-system-safety
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EXECUTIVE SUMMARY

from the International Transportation Learning Center’s final report Providing
Training for Zero Emission Buses: Recommended Expanded RFP Language.

Conclusions and Findings

Guidebook for Deploying Battery Electric Buses was developed to support
transit agencies as they implement BEB deployments through an integrated
Safety Management System (SMS) process. The guidance and findings
presented in this document are not intended to be prescriptive. All transit
agencies should develop procurement, maintenance, and comprehensive SSC
programs tailored to their unique operating environments and characteristics.
The combined findings from peer agencies provides insight to allow transit
agencies to learn from others and avoid similar difficulties or prepare for the
challenges ahead.

Safety and Security Certification is a risk-based process paralleling the project’s
life cycle and schedule. While the process is often misunderstood, SSC acts in
the best interest of the bus agency to ensure all hazards and vulnerabilities

are appropriately mitigated, and any calculated risk is reduced to the lowest
practical level. As such, the evolving dynamics of the battery electric market
demand that agencies implement a robust verification process through SSC to
identify and mitigate BEB-specific hazards. While most BEB components are
similar to conventional fuel alternatives, new considerations must be made
that may not have been incorporated into existing or past BEB and associated
infrastructure procurement processes.

Managing the recognized gaps in the Safety Risk Management processes of SSC
requires agencies to employ several operational strategies to mitigate unwanted
risks. For example, the current code does not specify specific BEB fleet fire
protection requirements. More specifically, nationally recognized codes such

as the National Fire Protection Association (NFPA) and International Fire Code
(IFC) do not provide the direct language typically used to prescriptively design
Fire Life Safety (FLS) systems that would adequately mitigate unacceptable
hazardous conditions. This results in inconsequential conditions in past design
and installation phases of the procurement’s life cycle.

In preparing this guidebook, the literature reviews, surveys, data analysis, and
reports led to many valuable findings and identified challenges that agencies
should consider when transitioning their fleet to BEBs. This guidance will be
most beneficial to agencies considering or planning their next BEB procurement
in the near future. The literature review revealed common themes that occurred
throughout various agencies during BEB procurement. The recommended
practice themes include:

FEDERAL TRANSIT ADMINISTRATION 2
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SsC

Procurement

Coordinating with utility providers
Necessary facilities considerations
Charging infrastructure

Parts and batteries

Training

Operations
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Required Elements and Resources
for BEBs

An examination of existing standards, recommended practices, and guidance
documents associated with the procurement or maintenance of battery electric
buses and charging systems revealed certain requirements for BEB testing and
purchasing when utilizing FTA funding. In addition, there are many resources
available to support transit agencies implementing a BEB program.

FTA Bus Test Reports - Altoona Testing

All buses must pass FTA Bus Testing in accordance with Section 317 of the
Surface Transportation and Uniform Relocation Assistance Act of 1987
(STURAA). The 1991 Intermodal Surface Transportation Efficiency Act (ISTEA)
amended section 317 of STURRA by explicitly adding alternative fuel buses to
those required to be tested, and adding braking performance and emissions
to the set of tests to be performed at the bus testing facility.? The Altoona Bus
Testing Center has had facilities in place for testing and repairing vehicles that
use battery-power electricity since 1997.2 The energy economy test that is
performed on battery electric buses at Altoona provides accurate comparable
energy consumption data on battery electric transit buses produced by
different manufacturers. The test measures the energy consumed by a

Source: AdobeStock_421570091

2https://www.transit.dot.gov/research-innovation/program-history
3https://www.altoonabustest.psu.edu/
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SECTION

vehicle as it is operated on a chassis dynamometer over three driving cycles
representative of typical transit operation.*

Low and No-Emission Component
Assessment Program (LoNo-CAP)

FTA offers competitive funds to support the introduction of low- and
no-emission transit buses into transit system fleets through voluntary
component assessments to document the maintainability, reliability,
performance, structural integrity, efficiency, and noise of the tested
components.®

APTA Standards Guidelines, Reports,
and Resources

Standard Bus Procurement Guidelines -
APTA BTS-BPG-GL-001-13 (Rev.2.2)

In August 2022, the APTA Standard Bus Procurement Guidelines® were updated

to include a battery electric bus option that uses depot-based charging and/

or on-route charging. The guidelines provided in this document are designed

to assist agencies through the decision-making process of battery electric bus
procurement, noting that there is not a one-size-fits-all model, particularly as
this technology continues to evolve. The BEB related sections in the Technical
Specifications are highlighted below, while the full Standard Bus Procurement

Guidelines are available online.

« TS Section 5.10 Fire Suppression. No fire suppression system is needed for

battery electric buses.

1

« TS Section 5.11 Respect for the Environment. The contractor should provide

a plan for reuse or recycling of replaced battery cells, modules, and/or
physical packs.

+ TS 7.3.1 Acceleration (Hybrid or Battery Electric Coach). Braking application

and performance should be consistent and the performance may be

reduced at extreme state of charge (SoC) or temperatures. However, any

reductions should be smooth and predicable. Additionally, the system
should be programmable to allow optimization of acceleration and
deceleration rates. Manufacturers should supply performance data.

« TS Section 8.1.5 Altoona Fuel Economy Tests (Battery Electric). The Altoona

Energy Economy and Range Test is conducted to determine if the operating

range between charging passes or fails in comparison to the minimum

“https://www.altoonabustest.psu.edu/bus-tests/Fuel-Economy.aspx
*https://www.transit.dot.gov/research-innovation/lonocap
Shttps://www.apta.com/wp-content/uploads/APTA-BTS-BPG-GL-001-13_R2_1.docx
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SECTION | 1

defined range. The agency should define minimum operating range and
time between charges as the default recommended practice, and the OEM
(original equipment manufacturer) provided solution in terms of range and
time between charges as alternative.

« Section TS 8.2. Agency Operating Profile (Battery Electric Bus). In addition
to the Altoona defined tests, the bus must also meet the agency operating
profile. The proposer must validate the proposed bus will meet the agency
operating profile, under maximum loads at a GVWR (gross vehicle weight
rating), using sound mathematical modeling and simulation or empirical
methods. Proposers should also demonstrate the agreement of their
mathematical models against Altoona results.

O Itis assumed that buses will start at maximum SoC and will not
deplete below minimum standard SoC during operations. Minimum
standard SoC will allow for reserve battery capacity that the bus can
draw upon to reach the closest charging point.

o Normal conditions are defined as an ambient temperature of 68°F and
a SLW (safe working load) bus weight. Worst case conditions are based
on agency defined ambient temperatures (based on NOAA.com or
weather.gov) and a bus weight of GVWR.

O The agency should define the operating profile characteristics for each
route inclusive of:

= Average nominal route speed in mph

= Average worst case route speed in mph

= Average miles between stops

= Maximum required trip duration

= Average required trip duration

= Distance from depot to start of route

= Longest distance from depot

= Average miles per day

= Longest miles per day

= Minimum layover time for charging during the day

= Average layover time for charging during the day

= Available depot charge time in hours

= Minimum depot charge time required for full charge in hours
= Maximum number of buses required to operate daily

When developing the RFP document, agencies should require responding
contractors to provide the following narratives with their technical proposals:

O Narrative of methods used to validate the performance meets agency
operating profile worst-case conditions in terms of expected range,
fuel economy, and auxiliary loads.

O Projected performance on agency profile when the battery reaches
end of life, including expectations of battery life, end of life battery
capacity, and end of life bus range.

FEDERAL TRANSIT ADMINISTRATION 6
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o Description of recommended and required charge strategies, on-route
charging requirements, bus blocking requirements, or other bus
operational requirements necessary to meet the agency operating
profile.

o Description of the flexibility to place the proposed bus and its charging
solution on any agency route.

o Section TS 9.3.2 Propulsion System Description (All Electric). The electric
propulsion system of the electric bus should conform to SAE J2910 and
SAE J2344 to the greatest extent practical. The propulsion system should
not be supplemented by any onboard range extender such as internal
combustion engines, gas turbines, and/or hydrogen fuel cells. The OEM
should ensure the suitability of the bus structure for the electric propulsion
to be operated safely within the design profile for the service life of the bus
without structural failure. High-voltage devices should be labeled in such
a way that the labels are visible when access doors are open or closed to
protect both emergency and maintenance personnel.

0 The proposal should include a detailed description of the propulsion
system, including a written narrative, block diagram, layout
illustration including wiring, and detailed electrical schematic for
the high-voltage system. The proposer should provide a list of the
applicable industry standards.

« Section TS 9.3.5 Energy Storage System. The energy storage system (ESS)
should be designed for commercial use and be capable of operating in the
transit environment. The ESS should be proven safe and designed/sized
to ensure performance and compatibility with charging and other related
requirements. The ESS should comply with ECE R100 Revision 2, UN/DOT
38.3, and/or SAE J2464 requirements for lithium batteries. For non-lithium
batteries, the ESS should comply with similar applicable standards.

When developing the RFP document, agencies should require responding
contractors deliver the bus with a tested, installed, and functioning ESS
charged with sufficient usable energy to be delivered and maneuvered
around the agency’s property. The design of the ESS and the components
should be described in the proposal, along with maintenance and periodic
charge requirements for cell balancing. The proposal should also include
warranty terms, battery life and associated factors, and a cost cycle
analysis. Additional details about recommended ESS capacity, safety,
battery containers, battery management systems, battery thermal
management, and battery charging are included in the complete linked
Standard Bus Procurement Guidelines.”

Thttps://www.apta.com/research-technical-resources/standards/procurement/apta-bts bpg-gl-001-13/
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« Section TS 19.1 Emissions (All-Electric). The bus should not have any EPA-
regulated exhaust emissions except as noted in TS 55.1, “Auxiliary Heater.”

« Section TS 42. General Electrical Requirements.

Preparing to Plug In Your Bus Fleet

Designed as a guide for working with local electric companies, the 2019 APTA
report Preparing to Plug In Your Bus Fleet: 10 Things to Consider® provides 10 key
considerations for transit agencies that are looking to electrify their bus fleets,
shown in Figure 1-1.

Engage with your electric company early and often

Minimizing fuel costs is the key to success

Electricity is delivered in real time and charging management
strategies may be necessary

Work with your electric company to ensure facilities are ready
for charging

Plan charging strategies prior to purchasing an electric bus

Choose charging solutions for your needs

Electricity as a fuel changes typical fuel availability
considerations

Transit agencies have many options to manage costs

Figure 1-1 Key considerations for fleet electrification

8 https://www.apta.com/wp-content/uploads/PreparingToPluglnYourBusFleet_FINAL_2019.pdf
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The appendix of the APTA guide includes a service evaluation template to
help transit agencies that are embarking on a fleet electrification project

and are ready to begin evaluating their electricity needs. It contains basic
questions related to location information, vehicle and operating profiles, and
charging infrastructure. Additional questions in the template ask if agencies
are considering connecting vehicles to existing building electrical service or
dedicating a separate electrical service to vehicle charging, and if they are
planning or interested in integrating on-site electricity generation.

Society of Automotive Engineers (SAE)
International Recommended Practice

SAE Recommended Practice J-3105 Electric Vehicle
Power Transfer System Using Conductive Automated
Connection Devices?®

This recommended practice was published in 2020 to promote the safe testing
and performance of mechanized conductive power transfer systems. SAE J-3105
was written for buses and heavy-duty vehicles, encompassing the general
physical, electrical, functional, testing, and performance requirements for
conductive power transfer for vehicles using an automated-charging device
connection to transfer DC power.

In addition to Recommended Practice J-3105, there are three supplemental
Recommended Practices that address requirements for a specific interface
defined in the supporting document. All three use the common requirements
outlined in SAE Recommended Practice J-3105.

SAE J-3105-1: Infrastructure-Mounted Cross Rail Connection - covers
the relevant interface requirements for an electric vehicle power transfer
system using a cross-rail design.

SAE J-3105-2: Vehicle-Mounted Pantograph Connection - covers the
relevant interface requirements for an electric vehicle power transfer
system using a conventional rail vehicle pantograph design.

SAE J-3105-3: Enclosed Pin and Socket Connection - covers the
relevant interface requirements for an electric vehicle power transfer
system using an enclosed pin and socket design.

° https://www.sae.org/news/2020/02/sae-j3105-promotes-safe-charging-for-buses-and-heavy-duty-
vehicles
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Best Practices for Implementing Battery
Electric Buses into Your Fleet (2019)°
This APTA Emerging Leaders presentation provides best practices for agencies

considering adoption of BEBs. Below is a summary of the best practices
identified by practitioners in the report.

Identify clear performance indicators to assess implementation and
operation of BEBs.

Understand where there is available funding (federal, state, and local
levels) and the associated requirements of the funding.

Know the needed infrastructure and limitations of that infrastructure.

A pilot program may help to understand and test operational demands and
procedures.

Plan for scalability.

Engagement with partners—including boards, public officials, and
utilities—is key before, during, and after BEB integration.

Communicate regularly with other transit agencies and share lessons
learned.

Establish relationships with BEB OEMs.

Demand management can reduce electricity costs and ensure that the plan
for charging optimizes utility pricing.

Plan ahead for facility expansions and upgrades to accommodate BEB and
charging infrastructure.

To extend BEB range, utilize opportunistic charging.

When analyzing BEB routes, ensure compatibility with optimal range and
performance criteria.

Ensure that the BEB and charging infrastructure procurement strategy
considers service demands and schedules.

Determine how BEBs will integrate with the agency’s fleet management
planning.

Plan for maintenance. BEBs need a higher storage capacity at maintenance
bays due to range and charging restrictions.

Institute training programs for maintenance staff, operators, and
emergency responders.

Develop programs that track efficient driving behaviors to maximize BEB
efficiency.

10 https://www.apta.com/wp-content/uploads/Group-5_Implementing-BEB.pdf
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Resiliency for Battery Electric Buses:
Best Practices & Future Strategies™

When planning to integrate BEBs into a fleet, agencies should consider the
resiliency of electricity as a primary fuel source. While grid resiliency continues
to improve through advancements in energy storage technologies and
efficiency improvements, planning resiliency strategies for ensuring continuity
of power availability continues to be necessary with the integration of BEBs.
Key considerations for BEB resiliency included in this APTA Emerging Leaders
presentation are:

« Plug-in depot charging can provide 40-125 kW of power, and charge time
may vary between one and eight hours. Depot charging requires less
upfront investment, incurs lower electricity chargers, and is less
impactful to operations should a charger go down, if there are chargers
available at the depot.

+ On-route fast charging delivers higher power (125-500 kW) with reduced
charge time (5-20 minutes per charge). On-route fast charging allows
buses to run on longer routes, requires smaller onboard battery packs, and
reduces the number of total chargers required to support a fleet compared
to depot plug-in charging.

« Diversifying the fleet by incorporating backup diesel and/or CNG buses
provides contingency in the event of power outage and operation
disruption of the BEBs.

« Ensure backup power
sources are available
at facilities, including
diesel or CNG-
powered generators.

+ Work with utilities
to set up multiple
connections to the
grid so bus chargers
may have access
to power if only
part of the grid is Source: Ado