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EXECUTIVE SUMMARY

In 2016 Foothill Transit’s Executive Board set a goal of transitioning its fleet to 100% electric by 2030.
To work toward this goal Foothill Transit hired Burns and McDonnell to better understand the challenges
in growing the fleet and develop solutions. The scope of this study is to bolster this initial plan by
providing route-based energy analysis and charging optimization, equipment market analysis,
infrastructure and yard layout assessments at Foothill Transit depots, utility grid interconnection
assessments, the development of a renewable energy integration and backup power plan, and a financial
analysis of the fleet conversion. This report summarized the findings and recommendations and
formulates an actionable work plan that Foothill Transit can use to work towards its goal of a reliable and

sustainable 100% electric bus fleet.

The study assumes that Foothill will transition its fleet of approximately 373 buses to an all-electric fleet
by 2030. The proposed study plan assumes that the fleet will be comprised of both 40 ft single deck 540
kwh BEBs and 864 kWh double deck BEBs. The Study made various assumptions regarding available
battery operating capacity, battery performance impacts and efficiency impacts for cold weather
conditions and heavy loading conditions respectively. Battery degradation was assumed as well to

validate that the BEB operating plan would be feasible under all conditions and all years.

Based on the detailed route analysis conducted in this Study, Foothill Transit will be able to transition to a
fully electrified fleet in the future, but it will require changes to its existing operations and bus
procurement plan. Based on the analysis conducted, approximately 60% of the single deck bus blocks are
feasible with the 540kWh BEBs and less than 50% of the double deck blocks are feasible with an 864
kWh battery BEB. The median energy use for single deck BEBs under worst case conditions is 2.94 kWh
per mile while the double deck BEBs are 3.3 kWh per mile, with a high variation between the different
blocks. To maintain operational feasibility, Foothill’s total fleet peak vehicle requirement (PVR) will
need to increase. Many of the existing blocks will need to be split and adjusted in the future. To maintain
an existing minimum reserve ratio of 15 percent, Foothill will need to purchase additional BEBs.

In order to support the proposed plan, Foothill will require charging equipment to be installed at each of
the depots over the next 10 to 12 years. Various charging equipment sizes and quantities were considered
in the study to minimize the total PVR and total number of chargers and dispensers. The lowest cost
charging plan is to utilize 325 kW overhead charging at each of the depots. Daily operational timetable
models were developed for each depot to validate that the BEBs could be charged with 325 kW chargers.

Foothill Transit 1 Burns & McDonnell
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The proposed operating plan assumes that Foothill will conduct the majority of BEB charging during low-

cost off-peak hours.

Prior to developing site infrastructure plans, the Study team conducted a comprehensive market
assessment and survey of charger vendors and bus manufacturers. Using the proposed charging power
requirements and available charging equipment, the project team developed an infrastructure development
plan for each depot based on the most recent fleet replacement plan. Dual port charging coupled with
J3105-1 pantographs was assumed to maximize the utilization of each charger and minimize total
infrastructure costs. The total infrastructure cost to Foothill over the next 12 years is estimated to be $120

million without rebates or subsidies.

The two existing depots’ operations will need to change as the fleet transitions from CNG fueling to BEB
charging. The project team prepared hourly models and layouts of how buses would operate within the
depot in the future to validate that Foothill Transit’s operators could charge the total PVR of 320 BEBs
(130 at Pomona and 190 at Arcadia) with 95 chargers (40 at Pomona and 55 at Arcadia). The existing
layouts and operating procedures will need to gradually change as the fleet is electrified.

The impacts of the additional load on the electric grid were quantified and provided to SCE, the local
electric utility. Under SCE’s current programs, SCE will fund all distribution system upgrades and line
extension upgrades up to the new Foothill charging equipment. The layouts were developed and reviewed
with SCE representatives in order to best utilize SCE capital investment. As part of the SCE Fleet Transit
Ready program, the study plans for SCE to fund its own site infrastructure at a cost of $12 million.

Foothill could also potentially receive up to $6 million in rebates for the 95 chargers proposed.

As Foothill Transit transitions to a 100 percent electric fleet, the proposed plan includes provisions for
obtaining renewable power both onsite and offsite with a goal of reaching 100 percent renewable power
supply. Based on the available footprint at Arcadia and Pomona depots, roughly 5 percent of Foothill’s
power supply can be generated from onsite canopy solar. The balance of Foothill Transit’s renewable
power will need to be obtained from SCE through their state RPS and other economical offsite contracts.
While SCE transitions to 100 percent renewable by 2045, Foothill can secure other contracts. Procuring
renewable power offsite could have other financial benefits such as additional LCFS credit revenue.

As detailed within this report, a future BEB fleet will include new onsite charging infrastructure costs and
more costly BEBs. These incremental costs will be partially offset with lower bus maintenance costs and
lower energy costs. Under a base case scenario which assumes no incentives or rebates are available in

the future, Foothill Transit will pay over $15 million per year more on average over the next 25 years. If

Foothill Transit 2 Burns & McDonnell
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the existing California HVIP rebate of $110,000 per BEB, SCE 50% charger rebate, and California LCFS
credits historically valued at $100 per Ton continue to be available, the incremental cost to convert from

CNG buses to electric buses could be closer to $6.3 million per year.
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1.0 INTRODUCTION

1.1 Scope of Work

Foothill Transit has set the goal to advance towards a 100% electrified bus fleet by 2030. To work toward
this goal Foothill Transit has planned to purchase battery electric buses (BEB’s) and install the necessary
charging infrastructure on an annual basis until all existing compressed natural gas (CNG) buses are
replaced. The scope of this study is to bolster this initial plan by providing route-based energy analysis
and charging optimization, equipment market analysis, infrastructure and yard layout assessments at
Foothill Transit depots, utility grid interconnection assessments, the development of a renewable energy
integration and backup power plan, and a financial analysis of the fleet conversion. This report
summarized the findings and recommendations and formulates an actionable work plan that Foothill

Transit can use to work towards its goal of a reliable and sustainable 100% electric bus fleet.

1.2 Organization of Report

This report is divided into 13 sections. Each section is briefly explained below.

e Section 1.0 — Introduction

This section describes the scope of this project.

e Section 2.0 - Foothill Transit Background and Electrification Plan

This section provides background on Foothill Transit’s bus operations and fleet transition plans.

e Section 3.0 — Study Assumptions and Technical Parameters
This section outlines assumptions that were made to perform the route analysis and charging

optimization scenarios.

e Section 4.0 - Route Analysis Scheduling and Charging Optimization
This section reviews the block data provided by Foothill Transit and combines it with terrain data to
create an energy-based analysis of each bus route. Once the energy needs are established, feasible and
non-feasible blocks are assessed. Non-feasible blocks are adjusted to create feasible blocks. Lastly,

peak vehicle requirements are established for each depot based on different charging scenarios.

e Section 5.0 - Route Prioritization and Electrification Planning
This section describes the requirements on how Foothill Transits” CNG buses can be successfully

transitioned to BEB’s to create a 100% electrified bus fleet by 2030. A phased plan is provided
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showing how Foothill will need to adjust its routes and number of buses over the next decade.

e Section 6.0 - Bus Equipment Market Analysis
This section provides an overview of the different electric buses and charging equipment that is

available in today’s market.

e Section 7.0 - Charging Equipment Market Analysis and Selection
This section presents the results from a request for information (RFI) conducted by the project team
on existing charging equipment that is available from reputable charger original equipment
manufacturers (OEMSs). A scoring matrix was created and based on responses from the RFI and the
charging requirements established in Section 4.0 of this report. Recommendations are presented on

the best charging equipment options and OEM’s for Foothill Transit.

e Section 8.0 - Depot Physical Layout Assessment
This section presents an assessment on the current configuration of Foothill Transit’s depots and how
buses operate at each depot and considerations for a future electrified state. This section provides
options for future charging equipment and the recommended future depot charging infrastructure

layouts based on the charging and equipment requirements established in Section 4.0 and 7.0.

e Section 9.0 - Depot Infrastructure Phasing and Development
This section provides options and recommendations for a phased transition to reach full electrification
by 2030. The year by year civil, electrical, and charging equipment is described for each depot along
with total installed costs by year. The phasing and development plan is based on Foothill Transit’s
fleet replacement schedule provided in March 20109.

e Section 10- Depot Operational Assessment
This section presents a plan on how to charge BEBs at a full-scale electrification at each depot and
how future depot equipment configurations and operations may need to be altered to fully support

operating and charging a fully electrified bus fleet from each depot.

e Section 11- Utility Grid Infrastructure Assessment
This section reviews the local electric utility, Southern California Edison, infrastructure servicing the
Foothill Transit depots and discusses how future capacity will be added, who will be responsible, and
what programs are available to support the installation of charging infrastructure.
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1.3

Section 12.0 - Renewable Energy Supply and Back Up Power Plan

This section provides an analysis of the potential options Foothill Transit can use to deploy renewable
energy power supply, both onsite and offsite, along with a plan to achieve a 100% electrified fleet
powered by 100% renewable energy. This section also provides the back-up power assessment and

plan so that Foothill Transit can continue to operate its electrified fleet during various scenarios.

Section 13.0 - Fleet Electrification Life Cycle Cost Analysis
This section assesses the financial impacts from transitioning to an electric fleet as compared to
continuing to operate a CNG bus fleet. The incremental costs and benefits associated with a 100%

fleet transition are estimated to determine the total net benefit or cost to Foothill Transit.

Sources of Data

The data for this project was collected from the sources listed below.

Foothill Transit provided block data that represents each route that is currently serviced. The block
data was provided for the time period between June 24%, 2018 and January 26" 2019. This block data
was used to analyze each route, create energy-based scheduling and charging scenarios, and to

determine whether routes would be feasible for BEB’s.

Publicly available data from electric bus and charging OEM’s. This data was used to inform

assumptions on battery sizes and peak charging power.

Technical specifications were provided by charging equipment OEM’s. This data was used to
evaluate suitable charging technologies that meet the needs of BEB’s that will operate on Foothill

Transit routes.
Onsite interviews of Foothill Transit staff and surveys of Foothill Transit depots.

SCE provided data on its local distribution system and available programs for EV charging

infrastructure.

Renewable energy provided non-binding proposals for offsite wholesale renewable power supply.
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1.4  Statement of Limitations

In the preparation of this report, the information provided to the project team by Foothill Transit, bus and
charger OEM’s, Southern California Edison, and renewable energy suppliers was used to make certain
assumptions with respect to conditions which may exist in the future. While Burns & McDonnell believes
the assumptions made are reasonable for the purposes of this report, Burns & McDonnell makes no
representation that the conditions assumed will, in fact, occur. In addition, while Burns & McDonnell has
no reason to believe that the information provided by the sources previously listed and on which this
report is based, is inaccurate in any material respect, Burns & McDonnell has not independently verified
such information and cannot guarantee its accuracy or completeness. To the extent that actual future
conditions differ from those assumed herein or from the information provided to Burns & McDonnell,

actual results may vary from those forecasted.
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2.0 FOOTHILL TRANSIT BACKGROUND AND ELECTRIFICATION PLAN

Foothill Transit is leading the charge among transit agencies as it embarks on a journey to electrify its
entire bus fleet by the year 2030. In this section, the background of Foothill’s plan to deploy electric buses
will be briefly described as well as an overview of bus routes, depots, key statistics, transition plans, and

other goals that Foothill Transit is aiming to achieve in the next decade.

2.1  Foothill Transit Background

Located in eastern Los Angeles County, Foothill Transit serves 22 cities and unincorporated areas of Los
Angeles County with a fleet of 373 buses that support 39 local and express routes. Foothill Transit has
been leading the way in transit bus electrification since 2010. It was the first transit agency in the United
States to deploy three 35 ft. in-route fast-charge BEBs and two overhead charging stations at the Pomona
Transit Center operating on Line 291 between the cities of La Verne and Pomona. In 2014, Foothill

Transit acquired 12 additional 35 ft. in-route fast-charge BEBs to fully electrify Line 291.

In 2016, Foothill Transit announced its initiative to completely electrify its bus fleet by the year 2030. By
2017, Foothill Transit had installed an in-depot charger at the Pomona yard and in-route charging stations
at Pomona Transit Center and Azusa Intermodal Transit Center for opportunity charging. while adding 14
40 ft. extended range BEBSs to operate on Line 280 between the cities of Azusa and Industry. Today,
Foothill Transit has 33 BEB’s in operation and has placed an order for two 42 ft. double-deck battery
electric buses, which is slated to be delivered late spring 2020. The two pilot double-deck buses will be

deployed on the commuter express route transporting customers to downtown Los Angeles.

2.2 Bus Depots

Foothill Transit operates its bus fleet out of two depots. The Arcadia depot, located in Arcadia, CA
operates both single deck 40 ft and 35 ft buses and articulated 60ft. buses. The Pomona depot, located in
Pomona, CA operates single deck 35 ft and 40 ft buses. Figure 2-1 presents the existing Arcadia depot
while Figure 2-2 presents the Pomona depot. A summary of the existing bus fleet as of March 2019 is

provided below:

o Arcadia Depot Existing Fleet
0 176 40ft CNG buses
0 14 40ft extended range battery-electric buses
0 3 35ft extended range single deck
o 30 60ft Articulated CNG buses

e Pomona Depot Existing Fleet
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0 13440 ft CNG buses
0 14 35 ft fast-charge battery-electric buses
0 240 ft fast-charge battery-electric buses

Figure 2-1: Arcadia Bus Depot
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2.3 Bus Routes
Figure 2-3 provides an overview of the bus routes Foothill Transit operates today along with terminal

stops along the routes.

Figure 2-3: Overview of Foothill Transit Bus Routes
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2.4 Key Statistics

The following list summarizes some key metrics for Foothill Transit.

e Busesin service: 373 (340 Compressed Natural Gas or CNG and 33 electric)

e Routes: 32 local and 7 express routes

e Areaserved: 327 square miles of the San Gabriel and Pomona Valley

o Ridership: On average, more than 40,000 per weekday, and approximately 12.5 million a year

o Comparative size: Medium-sized municipal operator in Los Angeles County, second in fleet size
only to regional provider Metro

¢ Funding: 16.6% from farebox revenue, 75% from Los Angeles County Proposition A and C funds
and Measure R and M funds, California State Transportation Development Act (TDA) and State
Transit Assistance (STA) funds

2.5 Fleet Transition Plans
The following tables outline the bus replacement schedules for single and double deck buses at Arcadia

and single deck buses at Pomona as provided to the project team as of March 2019.
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Table 2-1: Arcadia Single Deck Bus Transition

MEG Year Fleet glanned 2019 2020 ‘ 2021 ‘ 2022 | 2023 | 2024 ‘ 2025 | 2026 | 2027 | 2028 ‘ 2029 | 2030
Z. Retirement
H 2004 1400-1474 2018 22
t 2006 1500-1509 2018 10 10
s
£ 2009 1700-1729 2023 30 30 30 30 30
] 2013 2100-2163 2027 22 22 22 22 22 22 8 6 g
[ 2016 2016-2017 2030 2 2 2 2 2 2 2 2 2 2 2 2
5 2016 2400-2029 2029 a0 30 30 30 30 30 30 30 30 30 30
o 2017 2500-2529 2030 30 30 30 30 30 30 30 30 30 30 30 30
2017 2600-2613 2032 12 12 12 12 12 12 12 12 12 12 12 12
2018 14005 Replacement 2030 28 28 28 28 28 28 28 28 28 28 28 28
2019 2800- 2802 3 3 3 3 3 3 3 3 3 3 3 3
= 2020
K] 2021
13 2022
g 2023 1700-1800s & 2001-2003 Repl, 2037 Legend 30 30 30 30 30 30 30 30
£ 2025 2004-15 & 21005 Replacement 2039 E CNG Buses : 8 B 8 8 G 8
E 2026 19005 & 21005 2040 | Electric Buses - Single Deck 6 6 6 6 6
c 2027 21005 Replacement 2041 3 3 8 8
EI 2029 2300 & 2400s Replacement 2043 Articulated Buses : 30 30
o 2030 25005 & CNG Replacement 2044 Retirement Date 56
2031 2016-2017 Replacement 2045 Purchased Buses
2032 2600s Replacement 2046
Year 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030
# CNG buses (single decks oniﬂ 150 140 140 140 110 110 102 9% 88 £ 58 28
# e-buses (single decks only 17 17 17 17 47 47 55 61 &9 69 95 155
Sum Single Deck buses at this yard 167 157 157 157 157 157 157 157 157 157 157 183
Sum Single Deck buses at this yard excluding Operating Spare Ratio {20%] 135 131 131 131 131 131 131 131 131 131 131 153
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Table 2-2: Arcadia Double Deck Bus Transition

Planned
> MFG Year Fleet R T 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
2
c
g 2006 1600-1629 2022 30 | 30 [ w [ 2 |
c
m
c
1]
=
L
3
[ %)
Z- 2019 Double Decks 2033
E 2021 1600s Replacement 2035 0 0 0 0 0 0
5 2022 16005 Replacement 2036 0 0 0 0
= Legend
E CNG Buses :
E : Electric Buses - 5ingle Deck :
E Electric Buses - Double Deck
K] ; Articulated Buses 3
a | Retirement Date
Purchased Buses
Year 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
# CNG buses (double decks only) 30 30 20
# e-buses (double decks only) 2 2 12 32 a2 32 32 32 32 32 32 32
Sum Large Capacity buses at this yard 32 32 32 32 32 32 3z 3z 32 32 3z 3z
Sum Double Deck buses at this yard excluding Operating Spare Ratio (m{ 27 27 27 27 27 27 27 27 27 27 27 27
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Table 2-3: Pomona Single Deck Bus Transition

MFG Year Fleet R::iar:':::nt 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
g. 2004 1400-1474 2018 9
'E 2009 1800-1811 2023 12 12 12 12 12
g 2009 2001-2003 2023 2 2 2 2 2
E 2012 1800-1913 2026 14 14 14 14 14 14 14 14
"E 2013 2004-2015 2027 12 12 12 12 12 12 12
E 2013 2100-2163 2027 42 42 42 42 42 42 42 42 42
5 2014 2200-2229 2028 30 30 30 30 30 30 30 30 30 30
bt 2015 2300-2329 2029 30 30 30 30 30 30 30 30 30 30 30
2017 2600-2613 2032 2 2 2 2 2 2 2 2 2 i 2 2
2018 1400s Replacement 2030 5] 6 6 6 6 6 5 G 6 [ 6 3]
E‘ 2023 1700-1800s & 2001-2003 Replacement 2037 14 14 14 14 14 14 14 14
B 2025 2004-15 & 2100s Repl 2039 Legend 12 12 12 12 12 12
5 2026 1900s & 2100s Replacement 2040 CNG Buses 14 14 14 14 14
E 2027 21005 Replacement 2041 Electric Buses - Single Deck 42 42 42 42
; 2028 2200s Replacement 2042 Electric Buses - Double Deck 30 30 30
4 2029 2300 & 2400s Replacament 2043 Articulated Buses I 30 30
% 2030 25005 & CNG Replacement 2044 Retirement Date i 8
0 Purchased Buses
2032 2600s Repl t 2046 : :'
Year 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
# CNG buses (single decks only) 134 134 134 134 122 122 122 108 66 36 6 6
# e-buses (single decks only 16 16 16 16 28 28 28 42 24 114 144 152
Sum Single Deck buses at this yard 150 150 150 150 150 150 150 150 150 150 150 158
Sum buses at this yard excluding Operating Spare Ratio (20% 125 125 125 125 125 125 125 125 125 135 1325 132
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2.6 Renewable Energy Goals
Foothill Transit’s goal is to power its future electric bus fleet from 100% renewable energy resources. The
renewable energy will come from a combination of onsite and offsite sources. Section 12 of this report

will discuss options and strategies to achieve this goal.

2.7 Fleet Reliability and Resiliency Goals

In order to maintain fleet reliability and resiliency, Foothill Transit recognizes the need to maintain power
reliability at each of its depots under various circumstances. Section 12 of this report discusses the
proposed plan to maintain fleet reliability. Additionally, Foothill Transit recognizes the need to operate its
electric bus fleet under all operating conditions, such as cold weather and heavy passenger loading.
Section 3 and 4 of this report discuss the requirements Foothill Transit must consider to adequately

charge and operate an electric bus fleet while considering these operating conditions.
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3.0 STUDY ASSUMPTIONS OF TECHNICAL PARAMETERS

In this section all assumptions of the technical parameters used for developing route analysis and charging

optimization based on the energy requirements of BEB transit buses is listed and discussed.

3.1 Reference Bus Selection

In order to create a route-based energy analysis and charging profile, several assumptions regarding
technical parameters had to be determined. These assumptions and technical parameters include the bus
type, battery capacity, passenger number, total weight, and energy consumption of an electric bus. For the
analysis two single deck 40’ reference buses, named S1 and S2, and two double deck reference buses,
named D3 and D4, were selected based on Foothill Transit’s operational needs and currently available or
soon to be available models from North American electric bus manufacturers. Figure 3-1 shows the
manufacturer, battery size, and the selection of S1 and S2 from available or soon to be available single
deck electric buses. In this figure, the buses with overnight charging concept are marked by ONC, and
those with opportunity charging concept by OPC. Figure 3-2 shows the manufacturer, battery size, and

selection of D3 and D4 from available or soon to be available, double deck electric buses.

Figure 3-1: 40" Single Deck Bus Availability
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Figure 3-2: Double Deck Bus Availability
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Table 3-1 summarizes the specifications of the reference electric buses that were selected for the analysis.

Table 3-1: Summary of Specifications for Electric Buses S1, S2, D3, and D4

Reference Battery Passengers
Bus Type Size Capacity Curb Weight Number Total Weight
s1 40 Single 440 kWh 30,000 Ibs. 40 passengers 37,200 Ibs.
Deck
s 40* Single 540 kWh 31,500 Ibs. 40 passengers 38,700 Ibs.
Deck
D3 Double Deck 864 kWh 37,000 Ibs.? 60 passengers 47,800 Ibs.
D4 Double Deck 660 kWh 37,000 Ibs. 60 passengers 47,800 Ibs.

These electric buses were selected as they meet the operational needs specified by Foothill Transit with
respect to passenger capacity without limiting Foothill Transit to a specific manufacturer. The passenger
numbers represent a robust worst-case scenario and are assumed to be constant for each route service
journey. These numbers are also expected to be higher than usual for Foothill Transit’s workload
requirements. The total weight of the reference bus types is calculated as the curb weight plus the

passengers’ weight. Passenger weight is assumed to be 180 pounds per passenger. Two different battery

! The curb weight of reference buses D3 and D4 is assumed to be equal for the analysis that was completed for this
project.
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sizes were chosen to evaluate how energy capacity will impact Foothill Transit operations as electric

buses are scaled to 100%.

To complete an energy-based route analysis based on Foothill Transits daily operations, energy
consumption of the reference buses was estimated. This included an estimation of auxiliary power

consumption.

3.2 Usable Battery Capacity

The battery capacities of the reference bus types in Table 3-1 refer to the installed battery capacity.
However, the usable battery capacity is different and influenced by many factors. One of the main factors
is the battery aging. The end of life (EOL) of a battery is usually specified as a decrease of the original
capacity by 20%. The overall electric bus and charging systems need to be implemented and designed in a
way that allows the electric bus to perform its required duties prior to the battery reaching its EOL. The
boundary state-of-charge (SOC) ranges for the analysis for this project are assumed to be between 0 to
5% and 95 to 100%. Therefore, the usable battery capacity results in 72% of the installed battery

capacity. Figure 3-3 represents the usable capacity of batteries for new and aged batteries.

Figure 3-3: Usable vs. Installed Battery Capacity
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3.3  Auxiliary Power Consumption

The main auxiliary power consumer in a BEB is the heating, ventilation, and air conditioning (HVAC)
system. According to Foothill Transit’s requirements, in heating mode the HVAC system needs to be able
to maintain an interior temperature of 75 °F when the outside temperature is t 40 °F. In cooling mode, the
HVAC system needs to maintain an interior temperature of 62 °F when the outside temperature is 110 °F.

These requirements represent worst-case conditions for the HVAC system. The resulting auxiliary energy
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consumption depends on the type of the HVAC system that is installed on the bus. A conservative
approach was taken for the energy based scheduling and a HVAC system consisting of an electric heater
and air conditioning unit was assumed. The resulting HVAC consumption is shown in Table 3-2. The

heating power requirement will be considered as worst-case for the energy consumption analysis.

Table 3-2: Summary of HVAC Assumptions

Auxiliary
Consumption Auxiliary
Ambient Set (continuous) Consumption
Temperature | Temperature | for a 40'Single Deck (continuous)
(continuous) | Inside Bus Bus for a Double Deck Bus
Heatin 40 °F 75 °F HVAC: 12 kWh per hour HVAC: 17 kWh per hour
g Other: 2 kWh per hour Other: 2 kWh per hour
AC 110 °F 62 °F HVAC: 7 kWh per hour HVAC: 12 kWh per hour
Other: 2 kWh per hour Other: 2 kWh per hour

3.4  Operations Planning Parameters

The operations planning parameters assumed for the analysis shown in this report include, the choice of
bus routes variants, auxiliary power consumption during dwell times and a detour buffer. The energy
consumption simulation for each bus line is discussed in section 4.2.1 and considers the main routes
without shortenings. The main route is defined as the most operated route variant for each bus line.
During operation, many blocks have dwell time at dedicated layover sites. During dwell time, the HVAC
system is assumed to switch off after the first 20 min. Finally, an energy buffer for detours is included in
the analysis. This buffer allows the BEBs to maintain a SOC reserve such that the BEBs do not arrive at
the depot with a SOC of 0%. The specified detour buffer for each block is 0.5 hours.
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4.0 ROUTE ANALYSIS SCHEDULING AND CHARGING OPTIMIZATION

The route analysis was conducted by reviewing Foothill Transit’s current operations and assessing the
suitability of each individual bus route to be operated with BEB’s. An energy scheduling profile was
established, using Foothill Transit block data, to determine the energy consumption for each bus route.
Using the energy consumption for each route and assumptions on the technical parameters for each
reference bus type, charging profiles and schedules were created and optimized to determine how many

BEBs would be required to support Foothill Transits operations.

4.1  Current Operations

The current operation scheme (June 2018 — January 2019) provided by Foothill Transit contains blocks
that consist of schemes such as a depot-out journey, one or more route services, empty journeys, and a
depot-in journey. Foothill Transit currently operates CNG buses and BEBs out of both Arcadia Yard and
Pomona Yard for different days of the week. From the operation scheme, the number of ‘active buses’,
which are described as buses operating outside the depot, can be calculated for each depot and type of day

as shown in Figure 4-1.

For Arcadia Yard, there are three different day types according to the operation scheme. Each curve in
Figure 4-1 represents the number of active buses for Weekdays, Saturday, and Sunday. For Monday
through Friday, the number of active buses is equal throughout the day because the operation scheme for
each weekday day is the same. For Saturday and Sunday, the curves indicate that there are different
operation schemes for each day. For Pomona Yard, there are two additional day types resulting from
blocks that are operated only on these days. The weekday curve shows a typical shape with two maxima,

one in the morning and one in the evening.

The maximum number of active buses operating out of the Arcadia and Pomona Yards are 163 and 123
respectively. The type of day with the most active buses in operation is Friday for both the Arcadia and
Pomona Yards. Therefore, Friday is the crucial day for the magnitude of the forecasted load profiles. This
day type is further analyzed in this section.

Foothill Transit’s bus fleet presently consists of single deck buses that include 40 ft CNG buses, 35 ft
BEBs and articulated 60 ft CNG buses for the express route known as the ‘Silver Streak’. According to
Foothill Transit’s plans, the present 40 ft CNG buses and a majority of the 35 ft BEBs will be replaced by
40 ft BEBs in the future. The articulated 60 ft buses will be replaced by battery electric double deck buses

according to Foothill Transit’s procurement plan.
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Figure 4-1: Active Buses by Day and Over Time for Arcadia and Pomona Yard
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4.2 Detailed Route Analysis

Foothill Transit’s operations planning data was used to complete a detailed route analysis. The dataset
was enriched with elevation profiles and allowable speeds for each bus route. The enriched dataset
allowed for the operations planning data to be analyzed in detail for the particular bus routes. The data of

each bus route and the data blocks which represent them are described in the sections 4.2.1 and 4.2.2.

42.1 Bus Lines

Foothill Transit’s operations planning data provided contains 37 %Iines that are both city routes and
intercity routes. This is reflected by different journey distances and average travel speeds for each bus
line. Figure 4-2 represents the journey distances of the bus lines according to the operations planning data.
Some bus lines have different route variants and thus different journey distances. This is reflected in
Figure 4-2 by the varying curves for the minimum, average, and maximum distance of the routes. The
journey distances in Figure 4-2 incorporate only service trips. In general, the journey distances of the
intercity lines 493 to 707 are higher than that of the city lines 178 to 492 and 851 to 854.
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Figure 4-3 shows the average speed of the Foothill Transit bus lines. It is worth noting that the average
speed of the intercity lines is higher than that of the city lines due to the intercity routes having longer

freeway sections compared to the city lines which have short or no highway sections.
Figure 4-2: Journey Distance for Foothill Transit Bus Lines
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Figure 4-3: Average Speed for Foothill Transit Bus Lines
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4.2.2 Route Data Blocks

The operations planning data contains 846 blocks. This breaks down to 520 blocks that are operated from
Arcadia Yard and 326 blocks that are operated from Pomona Yard. Figure 4-4 shows the distances of the
blocks operated from each yard. Note that the x axis does not show each block ID operated from each

yard and that the blocks are sorted by ascending distance. The mileage of the blocks varies from 17 to
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345 miles including both service and deadhead trips. On average, the share of service mileage versus total

mileage equates to about 73% at the Arcadia Yard and roughly 70% at the Pomona Yard.

Figure 4-4: Block Distances for Arcadia and Pomona Yard
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Another aspect of Foothill Transit’s operation planning data is that several blocks contain multiple lines
in a single block. These are known as “interlining” blocks. Buses that are used for “interlining” services
change line numbers during operation of these blocks. On average, there are two different bus lines per a

single block. However, this can vary from one to 6 bus lines per a single block.

4.3 Energy Consumption Analysis

The energy consumption of the reference bus type listed in Table 3-1 was determined based on the route
data described in Section 4.2 and on the assumed technical parameters detailed in Section 3.0 for worst
case conditions. Many of the assumed parameters such as HVAC energy consumption and passenger
numbers correspond to the worst-case conditions that are required for the technical feasibility assessment

of the current operating blocks.

The energy consumption was evaluated for every single block of the current operation scheme. Complete
blocks were analyzed including both service trips and deadhead trips from and to the depots. The

aggregated results depicted by the reference bus type are shown in Figure 4-5 and Figure 4-6.
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Figure 4-5: Estimated Energy Consumption for Reference Bus S1 and S2
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Figure 4-6: Estimated Energy Consumption for Reference Bus D3 and D43
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The energy consumption of the single deck reference buses S1 and S2 varies significantly due to varying
bus route characteristics such as urban and highway routes and height profiles of each bus. The lower
margin of energy consumption is approximately 2 kWh/mile while the upper margin is around

3.6 kWh/mile. The median energy consumption for bus S1 is at about 2.8 kWh/mile and for bus S2 it is
about 2.9 kWh/mile. Due to the larger energy capacity and heavier weight of bus S2, the energy
consumption of bus S2 is higher than that of the bus S1.
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The energy consumption of the double deck reference buses D3 and D4 varies less than the single deck
buses because double deck buses mainly operate on the Silver Streak line which mostly consists of
highway driving. The lower margin of efficiency is approximately 3 kwh/mile while the upper margin is
3.4 kWh/mile. The median energy consumption for both buses D3 and D4 is at about 3.3 kWh/mile.
Assuming the same weight for buses D3 and D4, as shown in Table 3-1, leads to the energy consumption
of these buses being the same. However, the battery capacities of D3 and D4 are different resulting in

different route block feasibility.

4.4  Technical Feasibility of Current Operating Blocks

The technical feasibility of current operating blocks was analyzed by evaluating the energy consumption
for each bus type and operating block. A block is considered feasible if the battery capacity of the
particular reference bus type is sufficient to operate a block. The usable battery capacity incorporates

battery aging and a 0.5 hours detour buffer as discussed in section 3.0.

Figure 4-7 demonstrates the number of feasible blocks at Arcadia Yard for single deck buses and double
deck buses. For single deck buses, over 60% of the blocks are feasible for bus S1 and S2 between
Monday and Friday. Operating blocks with buses S1and S2 is more challenging on Saturday and Sunday.

Less than half of the blocks on these day types are feasible.

For the double deck buses, 50% of blocks are feasible for bus D3 and 40% of the blocks are feasible for
bus D4 between Monday and Friday. The number of feasible blocks is reduced on Saturday and Sunday.
The limited number of feasible blocks with double deck buses is attributed to the long blocks on the

Silver Streak line.
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Figure 4-7: Feasible Blocks at Arcadia Yard
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Figure 4-8 demonstrates the number of feasible blocks at Pomona Yard for single deck buses. The results
are similar to Arcadia Yard. About 55% of the current blocks are feasible with the bus S1 and about 70%
are feasible with the bus S2 from Monday to Friday. Less than half of the current blocks are feasible with

buses S1 and S2 on Saturday and Sunday.

Figure 4-8: Feasible Blocks at Pomona Yard
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4.5 Adjusting Non-Feasible Blocks

The feasible blocks from the current operation scheme can be operated by the considered reference bus
types. The non-feasible blocks have to be adjusted in order to enable a BEB to operate the block. The
approach for adjusting the non-feasible blocks is to split these blocks according to energy constraint while
maintaining the general block structure. An example of splitting the blocks for the Silver Streak line is
shown in Figure 4-9. The long non-feasible block with ID 789785 is split into two separate shorter blocks

that are feasible for a reference bus type.

Figure 4-9: Splitting Non-Feasible Blocks into Two Feasible Blocks
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Bl Service
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block 789785007837

block 789785007827

This approach adjusts the current operation scheme to allow a BEB to operate the blocks while
maintaining the general structure of the current blocks. BEBs need to recharge the energy that is
consumed after operating the blocks at the depot. During charging, the bus is unavailable for route
service. This means that another bus must provide or continue the service. Therefore, charging time is
unproductive time that impacts the efficiency of operations, the PVR for BEBs, and the number of
chargers that are needed to support the BEBs. It is assumed that the BEBs will start recharging
immediately after returning to the depot and that the battery is recharged to the maximum usable SOC.
The charging time is included in the analysis in order to determine the peak vehicle requirement and the
required number of chargers. The charging time depends on the energy consumed by the BEB and the

power output of the installed depot chargers.

Based on the current technical and commercial limitations for plug-in charging standards, both 150kW
and 325 kW depot chargers were considered. These higher charging powers were considered due to the
need to quickly recharge the buses during the middle of the day and high energy use requirements. The
150-kW charger level was considered because it represents the current technical limit for cable and plug
solutions that can be plugged in manually. The 325-kW charger level was also considered because it is
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technically feasible through utilization of the SAE J3105 overhead charging standard and it can be
provided by more than one supplier as outline in Section 7.0 of this report. These charging powers are
examined in the subsequent analysis in section 4.6 and discussed in Section 6.0 and 7.0 of this report. The
results in terms of PVVR and charging quantities from both feasible blocks and adjusting non-feasible

blocks are shown in the following subsections in 4.6 for different charging strategies.

4.6 Charging Scheme Optimization

This section discusses the process to optimize the charging behaviors of BEBs operating on Foothill
Transit routes based on the feasible and adjusted non-feasible blocks. The charging behaviors were
assessed with no smart charging and from this baseline, the charging was optimized with smart charging

to demonstrate the difference in infrastructure requirements by utilizing smart charging schemes.

4.6.1 Non Optimized Charging

It is possible for BEBs to run on an adjusted operation scheme that includes splitting non feasible blocks
to create feasible blocks. Due to splitting blocks and accounting for required recharge time of the
reference bus types, the number of active buses during the daytime will change. Therefore, the peak
vehicle requirement (PVR) may be higher when compared to the original operation scheme that is shown
in Figure 4-1. The number of active buses during the daytime, PVVR, and the required number of chargers

are examined for the adjusted operation scheme.

Figure 4-10 shows the number of active buses when running on the adjusted operation scheme on Fridays
from Arcadia Yard. Friday was selected since it has the most operating blocks. Active buses are
considered to be either driving or charging. Figure 4-10 assumes that reference bus S2 will be used with

charging supported by 150kW or 325kW charging infrastructure.

There is a noticeable offset between the ‘driving’ curve and the ‘charging’ curve because the buses charge
after returning to the depot. The ‘driving’ and ‘charging’ curves represent the sum of the required buses

for each hour of the day. The maximum value of this curve provides the PVR for each yard.

From Arcadia Yard, more than 200 S2 electric buses must be deployed to operate all feasible blocks when
using 150 kW chargers. When using 325 kW chargers, the PVR of S2 electric buses reduces to 160 due to
shorter charging durations. This PVR reduction of 40 buses represents a savings to Foothill Transit of

nearly $36 million.

The number of chargers that is required can be determined from the maximum number shown on the

‘charging’ curve. Around 75 chargers are needed if 150kW chargers are used and around 40 chargers are
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needed when using 325kW chargers. It is critical to use chargers with higher power outputs to reduce the
charging time. Foothill Transit will require less BEB to support its operations if charging durations are
reduced by using higher output chargers. The increased unit cost of the 325 kW chargers when compared
to the 150 kW chargers is offset by the significant reduction in the total quantity of chargers and

supporting electrical and structural infrastructure.

Figure 4-10: Number of Active S2 Buses from Arcadia Yard
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Figure 4-11 shows the number of active buses during different times of the day when using the adjusted
operation scheme with double deck reference bus D3. When using 150 kW chargers, 38 D3 buses and 25
chargers are required to enable operation. When using 325 kW chargers the number of required D3 buses
reduces to 30 and the number of chargers reduces to 15. As with the single deck buses, the reduction of 8
double decker buses provides roughly $10 million in bus procurement savings and reduced charging

infrastructure costs.
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Figure 4-11: Number of Active D3 Buses from Arcadia Yard
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Figure 4-12 shows the number of active buses deployed on the adjusted operation scheme for Pomona
Yard. Using 150 kW chargers requires about 140 S2 buses and 70 chargers. Using 325 kW chargers
requires about 130 S2 buses and 40 chargers. Similar to Arcadia Yard, this 10-bus reduction provides

roughly $9 million in bus procurement savings and reduced charging infrastructure costs

Figure 4-12: Number of Active S2 Buses from Pomona Yard
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It is worth noting that reference buses S2 and D3 utilizing 325 kW chargers were chosen to determine the

PVR that will be required to meet Foothill Transit operational needs. If buses with a smaller batter
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capacity are used, such as reference bus S1 and D4, or 150kW chargers are used, over 200 buses and an

increased number of chargers will be required.

Table 4-1 summarizes the BEB requirements based on adjusted bus schedules using non-optimized

charging. The preferred options for transitioning from CNG to BEB are highlighted in green.

Table 4-1: Summary of BEB Requirements for Conversion with Non-Optimized Charging

Electric Bus Type PVR PVR
and Charging Original Adjusted No. of
Yard Bus Size Power Schedules Schedules | Chargers
Arcadia | 40°single S1 (440 150 139 > >200 ~80
deck kWh) kW
Arcadia | 40°single S1 (440 325 139 > ~160 ~40
deck kWh) kW
Arcadia | 40°single S2 (540 150 139 > >200 ~80
deck kWh) kW
Arcadia | 40°single S2 (540 325 139 > ~160 ~40
deck kWh) kw
Arcadia | Double deck D3 (864 150 26 > ~38 ~25
kWh) kW
Arcadia | Double deck D3 (864 325 26 > ~30 ~15
kWh) kW
Pomona | 40°single S1 (440 150 123 > ~160 ~70
deck kWh) kW
Pomona | 40°single S1 (440 325 123 > ~143 ~40
deck kWh) kW
Pomona | 40°single S2 (540 150 123 > ~140 ~70
deck kwh) kW
Pomona | 40°single S2 (540 325 123 > ~130 ~40
deck kWh) kw

The analysis completed in this section of the report demonstrates that using 325 kW chargers instead of
150 kW chargers allows Foothill Transit to purchase 50 fewer S2 buses at Arcadia and Pomona Yards.

This equates to a cost savings of approximately $45 million at current net bus pricing. Similarly, using

325 kW chargers reduces the number of D3 buses by 8 for a cost savings of approximately $11 million

for a total savings to Foothill Transit of $56 million. Additionally, the depots cannot physically

accommodate an additional 58 buses which further necessitates the need to use higher powered charging
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equipment. The next section will discuss how the PVR quantities can be reduced by using optimized
charging scenarios.

4.6.2 Optimized Charging

In section 4.6.1 the required number of chargers was determined for non-optimized charging. Non-
optimized charging for this report is defined as charging buses immediately after returning to the depot.
The number of simultaneous charging sessions determines the number of required chargers. The goal of
the optimizing process is to move the charging phases, the time when a bus recharges, in order to

minimize the required number of chargers.

Figure 4-13 shows the number of chargers required for bus S2 to operate from Arcadia Yard. Non-
optimized charging is shown on the left and optimized charging is shown on the right. Non-optimized
charging results in about 40 chargers due to the midday peak between 12 p.m. and 2 p.m. when many
buses are returning into the depot. The charging phases during this midday peak cannot be moved due to

limited standstill times. This restricts the reduction of chargers to 33 units.

Figure 4-13: Non Optimized Charging Vs Optimized Charging for Bus S2 at Arcadia Yard
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Figure 4-14 shows the number of chargers that are required for bus D3 to operate from Arcadia Yard

when using non-optimized charging on the left and optimized charging on the right. Through
optimization, the evening peak of the charging curve is flattened. By optimizing the charging, 7 chargers

are sufficient instead of 15 chargers that would be required when using non-optimized charging.
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Figure 4-14: Non Optimized Charging Vs Optimized Charging at for Bus D3 Arcadia Yard
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Figure 4-15 provides the required number of chargers required for bus S2 from Pomona Yard when using

non-optimized charging on the left and optimized charging on the right. Around 40 chargers are needed

when using non-optimized charging due to the evening peak when many buses return to the depot.

Through optimization of the charging scheme, the required number of chargers can be reduced to around

20 units. This is achieved by flattening the evening peak charging curve by adjusting the charging phases

to latter hours in the day.

Figure 4-15: Non Optimized Charging Vs Optimized Charging for Bus S2 at Pomona Yard
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Table 4-2 summarizes the results of the charging scheme optimization without consideration for bus

logistical movement in the depot or avoidance of charging during expensive on-peak periods.
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Table 4-2: Summary of BEB with Optimized Charging

No. of
Chargers No. of
Electric Bus Type PVR (Non- Chargers
and Modified optmized (Optimized
Yard Bus Size Charging Power Schedules | Charging) Charging)
Arcadia 40° single S1 (440 325 ~160 ~40 > 32
deck kWh) kW
Arcadia 40° single S2 (540 325 ~160 ~40 > 33
deck kWh) kW
Arcadia | Double deck D3 (864 325 ~30 ~15 > 7
kWh) kW
Pomona 40° single S1 (440 325 ~143 ~40 > 17
deck kWh) kW
Pomona 40° single S2 (540 325 ~130 ~40 > 19
deck kWh) kW

4.6.3

In this optimization case, the methodology presented in subsection 4.6.2 was adjusted by adding the

Optimized Charging with an On-Peak Time Window

constraint of an on-peak electric rate time window between 4 p.m. and 9 p.m. The charging phases were
shifted from this time window to the evening hours after 9 p.m. or to the midday hours before 4 p.m. By
applying the on-peak time window, the charging phases can be shifted to hours when the price of
electricity is lower. Based on the current SCE electric vehicle (EV) time-of-use (TOU) rates, on-peak (4-
9pm) energy rates are 4 times higher than off-peak rates in the summer and 2 times higher in the non-
summer months. Shifting charging behaviors reduces Foothill Transit’s annual electricity costs at full
fleet electrification by nearly $2.5 million per year or approximately $62 million over 25 years without

accounting for inflation.

Figure 4-16 shows the number of S2 buses charging at Arcadia Yard when applying optimized charging
(on the left) and optimized charging with on-peak window between 4 p.m. and 9 p.m. (on the right).
During this time window, few charging phases occur that cannot be shifted to later or earlier hours.

Although the on-peak window is applied, the required number of chargers remains at 33.
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Figure 4-16: Optimized Charging with On-Peak Window for Bus S2 at Arcadia Yard
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Figure 4-17 shows the number of D3 buses charging at Arcadia Yard applying optimized charging (on the
left) and optimized charging with on-peak window between 4 p.m. and 9 p.m. (on the right). Shifting
charging phases from the on-peak window requires a greater number of chargers in the evening hours.

The required number of chargers increases from 7 to 10 chargers.

Figure 4-17: Optimized Charging with On-Peak Window for Bus D3 at Arcadia Yard
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Applying the on-peak window at Pomona Yard causes a similar effect of increasing the number of
required chargers. Figure 4-18 shows that 24 chargers are required when using an enforced on-peak

window compared to 19 chargers without applying the on-peak time window.

Figure 4-18: Optimized Charging with Enforced On-Peak Window for Bus D3 at Pomona Yard
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Table 4-3 provides an overview of the number of chargers required when applying the free time window
between 4 p.m. and 9 p.m. when deploying different bus types at Arcadia Yard and Pomona Yard. In
general, no charging between 4 p.m. and 9 p.m. requires a higher number of chargers compared to the
optimized number of chargers without applying this time window. However, optimized numbers of

chargers of both cases are still lower compared to the number of chargers using non-optimized charging.
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Table 4-3: Overview of Optimized Chargers with an Enforced On-Peak Time Window

No. of
Chargers
No. of No. of (Optimized
Electric Bus Type Chargers Chargers Charging incl.
Bus and (Non (Optimized Free Time
Yard Size Charging Power Optimized) Charging) Window)
Arcadia | 40 single | S1 (440 kwh) 325 ~40 > 32 36
deck kW
Arcadia | 40°single | S2 (540 kwh) 325 ~40 2> 33 33
deck kW
Arcadia | Double | D3 (864 kWh) 325 ~15 > 7 10
deck kw
Pomon | 40°single | S1 (440 kWh) 325 ~40 > 17 23
a deck kW
Pomon | 40°single | S2 (540 kWh) 325 ~40 > 19 24
a deck kW

4.7 Summary of Charging Scheme Optimization

The results of the charging optimization scenarios can be used as a benchmark for the minimum number
of chargers that Foothill Transit will need to support a fully electrified bus fleet. Installing the optimized
number of chargers can only occur if a significant effort is made to move vehicles from charging to
parking spots or by connecting multiple pantographs to a single charging unit. Furthermore, vehicle
scheduling must ensure every bus is connected to a charger for sufficient time to allow a complete charge.

In some charging scenarios, buses may require extra time to complete a cell balancing cycle.

The recommended scenario to use is the enforced on-peak window charging as this scenario shifts
charging to times when there is less demand on the electrical grid and lower electricity costs. In this
scenario, 43 chargers would need to be installed at Arcadia Yard and 24 chargers at Pomona Yard.
However, due to space constraints for moving buses from parking to charging spaces and to account for
operation constraints when scheduling bus charging, it is recommended that 55 325 kW chargers be
installed at Arcadia Yard and 40 325 kW chargers at Pomona Yard. The charger selection and quantities

are discussed further in sections 7, 8, and 9 of this report.
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5.0 FLEET ELECTRIFICATION PLANNING

According to the Foothill Transit BEB procurement plan, electric buses will be added to the Foothill
Transit fleet as CNG buses retire. A majority of the CNG buses will be replaced by BEBs by the year
2030 and the Foothill Transit operation will be close to 100% electrification by this year. The goal of this
section is to describe electrification concepts that can assist with the transition from CNG buses to BEBs
until the year 2030.

5.1 Electrification Phasing Method

A bus can operate on several blocks in one day. For example, one block could be operated in the morning
and a different block may be operated in the afternoon. Figure 5-1 shows an example of a block that
contains service trips, deadhead trips, and pauses. This particular combination of blocks is referred to as a
day course. A day course can consist of one or several blocks. A single bus can only operate one day
course per day. In this example, the bus operating day course X is operating the first block in the morning
and returning to the depot for a charging session. Once charging is completed, the bus operates the second
block and returns to the depot for a night charging session. The total number of day courses is equal to the

peak vehicle requirement (PVR) since one bus can only operate one day course.

Figure 5-1: Example Day Course

Block Block

Night charging phase

Day Course X I-Imrll T s

Chargrng phase-during the-day " [Deadhead Trip
| » | i MlPause
06:00 12:00 18:00 00:00 06:00 [llDelay Buffer

In the original (current) operation scheme by Foothill Transit, the day courses consisting of original
blocks are mostly operated by CNG buses. As BEBs gradually replace CNG buses, the conversion is
completed by aiming to keep the original day courses and PVR as long as possible. This can be achieved
by utilizing BEBs on the original day courses that are feasible without adjustments and to continue to use
CNG buses to operate day courses that require adjustments to work with BEB’s. Following this approach
allows Foothill Transit to delay adjusting the operation scheme, leading to a postponement of a higher
PVR. Following this approach results in three electrification phases which will be named A, B and C as

shown in Figure 5-2.
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Figure 5-2: Electrification Phases

Phase A . Phase B . Phase C

Today ~ 2030

100% electric

During Phase A, the original day courses from Foothill Transit’s current operation scheme are left intact
since they can be operated by CNG buses. The PVR also remains the same and no additional vehicles are
required. During the day, there is no dedicated charging phase between blocks of a day course. BEBs are
only deployed on feasible day courses and the CNG buses service the remaining day courses. An example

day course for Phase A is represented in Figure 5-3.

Figure 5-3: Example Day Course in Phase A

Original block Original block
[ : [ A | Night charging phase
Day Course x E 1 | | | Il Service Trip
T b [Mbeadhead Trip
Day Course y - [[charging at Depot
| i | | | IMPause
06:00 12:00 18:00 00:00 06:00 EllDelay Buffer

At the beginning of Phase B, the operation scheme changes to ‘new’ day courses. This change allows for
more of Foothill Transit’s fleet to be electrified by adjusting operating blocks and replacing CNG buses
with BEBs. Like Phase A, there is no dedicated charging time between blocks of a day course. In Phase
B, a day course can consist of both original and split blocks containing short charging phases during the
day as represented in Figure 5-4.

Figure 5-4: Example Day Course in Phase B

Original block Split block Split block
\ , ) ! el
it ) A i | ‘
Day Cauree x | NN I S
1 ‘?_ Shortr asSeT lr 1T ‘ I:lDeadhead Trlp
S ] S M o S L | [ Charging at Depot
ging at Depo
| | S S
paycoursey — [INEENIN TIN50
06:00 12:00 18:00 00:00 06:00 [l Delay Buffer
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Finally, at the beginning of Phase C, the operation scheme changes to ‘final’ day courses. As in Phase B,
the day courses consist of original and adjusted blocks. However, in Phase C, the time at the depot
between blocks of a day course are sufficient to completely recharge a BEB. The feasible and split blocks
are again rearranged into day courses in order to minimize the PVR. Due to longer charging phases
between the blocks, the PVR increases in Phase C as shown in Table 4-1. During Phase C, all day courses

can be operated by BEB’s, thus successfully transitioning Foothill Transit’s bus fleet to 100% electric.

Figure 5-5: Example Day Course in Phase C

Il Service Trip
[TIDeadhead Trip
[FICharging at Depot

i | ficient r yhase |
pay cowse v IR EEEEEEEEEE - -

06:00 12:00 18:00 00:00 06:00 lDelay Buffer

Day Course x

5.2  Electrification Concepts for Transitioning to BEB’s

In this section conceptual plans describing how Foothill Transit can transition its current CNG bus fleet to
BEB’s are discussed for each bus type in operation and for each yard. This transition plan is based on
applying the methodology for prioritizing routes as discussed in Section 5.1 and by selecting buses and
chargers that can support Foothill Transit routes as discussed in Section 4. By applying this phased
strategy to the suitable BEB and charging infrastructure, Foothill Transit can move towards 100%

electrification over the next decade.

The PVR of BEBs are calculated based on worst-case scenario assumptions. The common operation
conditions for Foothill Transit may be less demanding. If operations are less demanding than the worst-
case scenario, the PVR may be lower. Furthermore, new BEB models may come into the market in the
coming years that have higher battery capacities or peak charging powers. Applying new BEB model
battery capacities may decrease the PVR. In the future, a reassessment incorporating technology

developments will be helpful to update the content of the electrification concepts presented in this section.

5.2.1  Electrification Concept for Double Deck Buses at Arcadia Yard
Figure 5-6 shows how double deck BEB type D3 can be placed into service over time. Figure 5-7 shows
the transition of double deck buses during the different phases. Since the double deck bus will only

operate on the Silver Streak line 707, it is the only route shown in Figure 5-7.
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Figure 5-6: Transition of Double Deck Buses at Arcadia Yard

Fleet Plan Electrification Phases Total after electrification in the actual year
Year Total after planned retirement Electrification | Peak Vehicle :::r‘:fs Th f CNG Buses E-Buses
CNG Buses E-Buses Phase Requirement m‘;“ max. E-Buses | In Operation | Spares | In Operation | Spares
2019 30 2 Phase A 26 17 24 6 2 0
Phase A 26 17 9 17 3 9 3
e e 12 { Phasec 30 0 30 18 2 12 0 )
2022 0 32 Phase C. 30 o 0 0 2
Depot: Arcadia Bus type: D3 (864 kWh)
Figure 5-7: Transition of Double Deck Buses Per Route from Arcadia Yard
End of Phase A End of Phase C
100% 100%
90% 90%
B0% B0%
705 705
6% 6%
50% 50%
0% BCNG 0% BCNG
0% m Electric 0% m Electric
20% 20%
10% 10%
0% 0%
707 707
Bus Line Bus Line
Day Type: Friday Bus tvpe: D3 (864 kKWh) Chargers: 325 kW
5.2.2  Electrification Concept for Single Deck Buses at Arcadia and Pomona

Figure 5-8 shows how single deck BEB type S2 can be placed into service over time. Figure 5-9 shows

the transition of single deck buses during the different phases for the different bus routes. Figure 5-10

shows how single deck BEB type S2 can be placed into service over time. Figure 5-11 shows the

transition of single deck buses during the different phases for the different bus routes.
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Figure 5-8: Transition of Single Deck Buses at Arcadia Yard

Feat Plan Electrification Phases Total after electrification in the actual year
CHG Buses E-Buses Phase Requirement w max. E-Buses | In Operation | Spares  In Oiperation = Spares
020 140 17 Phase A 138 75 63 11 19 | 17 o
2023 110 47 Phase & 138 75 63 91 19 I 47 0
2025 102 55 Phase A 138 75 63 a3 13 55 o
026 96 61 Phaze A 138 75 63 T 19 61 o
| W e [Emomowo e bR woo e
ws| s | s | eeec | w0 | o w | s [ o | = |
l2030| 28 155 | phasec | w0 | o | w0 | s | 2| 15 | o

Bus type: 52 (540 kown) || Gharaers: 326 kW

Figure 5-9: Transition of Single Deck Buses Per Route from Arcadia Yard
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Figure 5-10: Transition of Single Deck Buses at Pomona Yard
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Figure 5-11: Transition of Single Deck Buses Per Route from Pomona Yard
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6.0 BUS EQUIPMENT MARKET ANALYSIS

For this section, equipment that is commercially available for both EVSE and BEB’s was assessed. A list
of suitable EVSE for electric buses was compiled by reaching out to known EVSE manufacturers from
the light-duty segment, researching manufacturers from other publicly announced BEB projects, and
utilizing industry contacts. Information on currently available BEB’s was captured from the various
OEM’s based on the needs of the Foothill Transit fleet.

6.1 Survey of Charger Demographics

The charging equipment research focused on EVSE that is capable of charging at 50kW or more, with one
exception being a 25kW mobile charger. This unit was included as it could be used as a backup or
convenience charger in a depot environment. The reason for focusing on high power EVSE was to ensure
minimum recharging speeds that are practical for the range and schedule requirements that are necessary
to convert Foothill Transit’s routes to BEB’s as demonstrated within this report. A 50kW charger will
provide an equivalent of approximately 16 miles of range for every hour of charging, assuming an

average BEB efficiency of 3 kwWh per mile.

A survey was conducted to collect information from the various OEM’s. The initial survey found a wide
variety of at least 12 manufacturers offering chargers at various power levels while supporting both CCS
and J3105 connector standards. While most of the manufacturers were focused on conductive charging,
there were two manufacturers included in the survey that provide inductive wireless (J2954/2) charging

solutions.

Table 6-1 outlines information collected from the survey, such as connector type and power output, for a

variety of chargers.
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Table 6-1: List of Surveyed Charging Equipment

Manufacturer Model Connectors Maximum | Mount System
Power Style Architecture
Level (Ground /
(kw) Wall/
Overhead)
ABB Terra 53/54 CCS / CHAdeMO 50 Ground Integrated
ABB HP Overnight / Opp CCS /)3105-2 175 Ground Modular
Upgradable
ABB Flash Charging (TOSA) Proprietary overhead 600 Overhead Unknown
BTC Power 50 kW DCFC CCS / CHAdeMO 50 Ground Integrated
BTC Power 100-200 kW Modular DCFC CCS / CHAdeMO 200 Ground Modular
Upgradable
Chargepoint Express 250 CCS / CHAdeMO 62.5 Ground Modular
Upgradable
Chargepoint Express Plus CCS / CHAdeMO 500 Ground Modular
Upgradable
Delta DC City Charger CCS / CHAdeMO 100 Ground Integrated
Concurrent charging
Efacec QC Bus 90/ 150 CCS 150 Ground Integrated
Efacec QC 45 CCS / CHAdeMO 50 Ground Integrated
Efacec HV 175-350 CCS / CHAdeMO / 350 Ground Modular
J3105 Upgradable
Heliox 25 kW Mobile DC charger CCs 25 Mobile Integrated
Heliox 30/50kw DC CCS /J3105 50 Ground Integrated
Heliox 150/ 300 kw DC CCS /J3105 300 Ground Integrated
Heliox 450 / 600 kW DC CCS /J3105 600 Ground Integrated
Momentum 50 - 200 kw 12954/2 200 Ground Unknown
Dynamics
Proterra 60 kW Depot CCS /J3105 60 Ground Integrated
Proterra 125 kW Depot CCS /13105 125 Ground Integrated
Proterra 500 kW Depot / On-Route J3105 500 Overhead Integrated
Siemens Top-Down Panto (150/300/450/600 kW) J3105-2 600 Overhead Integrated
Siemens Bottom-up Panto J3105-1 120 Overhead Integrated
(60/120 kW)
Siemens Plug-In DC Charger CcCs 150 Ground Integrated
(30-150kW)
Signet FC 50-100K CCS / CHAdeMO 100 Ground Integrated
Upgradable
Signet PB 175 - 350kW CCS / CHAdeMO 350 Ground Modular
Upgradable
Tritium Veefil - RT CCS / CHAdeMO 50 Ground Integrated
Tritium Veefil - PK CCS / CHAdeMO 175 Ground Modular
Upgradable
Wave 50 - 250 kW 12954/2 250 Ground Unknown
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6.2 Different Types of Charging System Architecture

Designing for full depot electrification requires a charging system that is flexible and that can be
upgraded. To cover these needs, the EVSE survey focused on the ability for charging equipment to work
with different connector types and if the system architecture could be upgraded in the future. In general,
chargers with a peak power output of 200kW or less have a system design that is typically integrated into
a single unit that cannot be upgraded. Most charging systems that have a peak power output of 150kW or
greater are based on a modular design that includes a power cabinet that is separate from the dispensing
kiosk and connector. This allows multiple power cabinets to be combined to increase capacity at the site.
Commercially available systems can be expanded to a peak power output of 600kW at this time. Figure
6-1 provides an example configuration of a modular charging system that provides charge power to

multiple connectors.

Figure 6-1: Architecture of a Modular Charging System

6.3 Survey of BEB Market

Several requirements are considered when analyzing current BEB Manufacturers. These requirements
include, but are not limited to: the number of BEB models, nominal range (miles), operating range
(miles), battery size (kWh), supported charging standards, future supported charging standards, overhead
charging (fastest time empty to full), plug-in-charging (fastest time empty to full), DC charging voltage,
maximum charging power level (kW), and miles per hour of charging. Table 6-2 summarizes some key

findings from the BEB survey assessment.

Foothill Transit 6-3 Burns & McDonnell



In Depot Charging and Planning Study Final Bus Equipment Market Analysis

This study survey indicates there are only a handful of OEMs that can supply this information publicly
and are able to support mass production of BEB’s. The information collected is constantly changing as
more OEMSs enter the market or existing products are improved and offered. The mix of OEMs that were
included in this study include traditional bus manufacturers who are adding electric bus models to their
portfolio, as well as start-up companies entering the market with an initial offering. The evolving market

landscape offers an ever-growing set of choices.

It is important to mention that the OEMs contacted were unable to share data beyond what is publicly
available. As such this study is unable to include parameters such as maximum passenger load, available

auxiliary equipment, or real-world examples of range, impacts of climate, and efficiency for each OEM.

Assumptions on the type of BEB that Foothill Transit would require to convert to a fully electrified fleet
were made in Section 3. Figure 3-1 and Figure 3-2 also represent standard battery sizes from different

manufacturers of 40ft buses and double deck buses in addition to Table 6-2.
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Table 6-2: Summary of Available BEB's

Overhead
Battery Size Charging Charging Plug-in
Manufacturer Model (kwh) Compatibility Characteristics Charging Time
Catalyst 35ft 220-440 J1772 CCS & SAE 2.4hrs empty to full 1-3hr
Proterra 13105
Catalyst 40ft 220-660 J1772 CCS & SAE 2.4hrs empty to full 1-3hr
Proterra 13105
LSFe Not Overhead Pantograph 5-minute fast charge Not Advertised
Nova Bus Advertised per operating hour
35ft Transit 352 Not Advertised Not Advertised 2hrs
BYD
60ft Transit 652 Not Advertised Not Advertised 3.5hrs
BYD
Xcelsior 160-213 Siemens/ 32 minutes for 3.9hrs for 466
Charge 35ft ChargePoint/ABB 200kWh ESS (from kWh ESS
New Flyer 10%-90% SOC)
Xcelsior 213-466 Siemens/ 32 minutes for 3.9hrs for 466
Charge 40ft 200kWh ESS (from kWh ESS
New Flyer ChargePoint/ABB 10%-90% SOC)
Xcelsior 213-466 Siemens/ 32 minutes for 3.9hrs for 466
Charge 60ft ChargePoint/ABB 200kWh ESS (from kWh ESS
New Flyer 10%-90% SOC)
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7.0 CHARGING EQUIPMENT MARKET ANALYSIS AND SELECTION

After the survey of charging equipment was completed as described in Section 6, a Request for
Information (RFI) was issued to 15 manufacturers of EVSE. The goal of the RFI was to determine which
EVSE manufacturers and equipment would be best suited to meet the needs of Foothill Transit’s goals to
convert to a fully electrified bus fleet. In this section the summary of findings from the EVSE RFI is
provided as well as the criteria that was used for evaluating the EVSE options. A key component of
determining the best charging solutions also includes evaluating the constructability of different solutions
based on constraints of Foothill Transits’ depots. Lastly, recommendations for selecting equipment were
provided considering the scoring matrix compiled from the RFI, constructability of equipment within the
constraints of Foothill Transit’s depots, and the requirements to support Foothill Transits goals to a fully

electrified bus fleet.

7.1  Summary of Findings from EVSE RFI

The RFI was sent to 15 companies and only 11 replied by the deadline set for the RFI and in the requested
format. Responses from the 11 companies, with relevant products and solutions, were compiled into a
single document and a scoring matrix was created. The scoring matrix weighed information from the
EVSE manufacturers based on equipment specifications, warranties, reliability and standards, customer
services, network support, and pricing. A summary outlining all equipment information from the vendors

and the scoring matrix was provided to Foothill Transit.

7.2 Initial RFI Results and Scoring Criteria

Based on the energy and charging requirements necessary for Foothill Transit to completely electrify its
bus fleet, as determined from the energy-based scheduling, detailed route analysis, and optimized
charging scenarios, the equipment evaluated was narrowed to equipment that could provide a charging
power level of 325kW.

The top four EVSE manufactures according to the initial results of the scoring matrix were Heliox, ABB,
BTC, and Tritium. Proterra and ChargePoint also received strong ratings; however, they have not

manufactured and installed chargers with a peak capacity of 325 kW at the time of this evaluation.

ABB and Heliox both offer EVSE with a peak power output greater than 300 kW and that can operate as
a pantograph connection following the J3105 standard. BTCPower and Tritium offer EVSE that have a
cable connection following the CCS1 standard. All of these manufacturers offer charging hardware with

300 kW to 450 kW power output, which is in line with the recommended 325kW charger size as
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determined from the charging optimization study. Table 7-1 summarizes the top ranked chargers with

greater than a 300-kW peak charging capacity.

Table 7-1: Summary of EVSE by Vendor

Tritium BTCPower ABB [1] Heliox [2]
Connection Standard CCS1/CCSs2 CCS1/CCSs2 J3105-1 J3105-1
Power Output 350 kW 350 kW 300kW 450kW
VeeFil PK L4-350M HVC 300P Opportunity
Model 350kW Stand Charger 450kwW
Alone UL
Charger Cost $110,000 $123,000 $200,000 $178,500
Pantograph Cost N/A N/A Included Included

[1] ABB 300 kW charger can provide peak charging up to 325 kW.

[2] Heliox pantograph cost is estimated based on ABB pantograph pricing.

[3] Charger and pantograph costs from the RFI are unit prices and do not reflect bulk discounts and are
representative prices only. Installation, commissioning, and other features vary by vendor.

7.3  Charger Constructability Constraints

Cable connected chargers operating in the 300-kW power class require the cables and CCS couplers to
have a liquid cooling system due to physical limitations of cable. This requirement adds auxiliary load to
each charger and causes the dispensers to become more complex. Since there is no readily available
overhead system for supporting liquid cooled cables in a safe and reliable manner, the dispensers will
need to be ground mounted and close to the bus charge port in an installation similar to a fueling station.
Based on these constructability challenges and the footprint challenges at the Foothill Transit bus depots,

the BTC Power and Tritium solutions are not viable for this type of installation at this time.

A pantograph-based system as provided by ABB or Heliox is the recommended path forward for Foothill
Transit based upon the need for 325 kW charging power and dense parking configurations in the depots.
The Heliox J3105 charger can currently be connected to two separate pantograph dispensers and power
them in sequence using intelligent switching. The ABB J3105 charger has a similar feature under
development for sequence charging of up to three pantograph dispensers. ABB has not provided a
timeline for when this feature will be ready. Example of these systems can be viewed in Figure 6-1 in

Section 6 of this report.
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7.4  Preliminary Recommendations for EVSE Selection

Based on the 325 kW charging requirements and charger constructability constraints assessment, it is
recommended that Foothill Transit use an overhead pantograph charging system employing either ABB
or Heliox 325 kW (or higher) chargers. Conceptual plans and designs should incorporate a 2 pantographs

per 1x325 kW dual port charger.

Based on the energy-based scheduling, detailed route analysis, optimized charging scenarios, and the
depot layout assessment, the minimum number of chargers required for Arcadia at full fleet electrification
at any one time is 55 x 325 kW chargers. These 55 chargers could be coupled with 110 pantographs above
110 parking spots. A similar configuration for Pomona would require 40 x 325 kW chargers and 80
pantograph power dispensers. This concept would require Foothill depot operators to move all 190 buses
at Arcadia and 130 buses at Pomona throughout the depot at night to use the limited number of chargers
and pantographs. It is assumed that existing depot fueling staff would gradually transition to moving

electric buses around the depot as the fleet electrifies resulting in limited staffing increases.

Based on the layout and depot assessments, which is described in Sections 8, 9, and 10 of this report, one
of the potential solutions would be to provide a pantograph power dispenser for each of the 180 bus
parking positions at Arcadia with approximately 90 x 325 kW dual port chargers. The Pomona depot
would have 65 x 325 kW dual port chargers and 130 pantographs for each of its 130 parking spots. This
solution would eliminate nearly all depot fueling staff but would require nearly twice as much

infrastructure. These configurations are explored and discussed further in Sections 8, 9, and 10.
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8.0 DEPOT PHYSICAL LAYOUT ASSESSMENT

This section of the report summarizes the depot physical layout assessment, provides a review of existing
policies and procedures, and identifies the footprints available for future charging infrastructure. These
assessments served as an input into the development of the physical infrastructure layout options prepared

for both Arcadia and Pomona yards which are also included within this section of the report.

8.1 Existing Depot Layout Assessment

The Arcadia Depot is the larger of the two depots and is home to 223 buses. The buses enter and exit via
Peck Road at the north end of the yard as shown in Figure 8-4. Entering buses turn right past the
administrative building and then left. The vault is located north of the maintenance building. The buses
then continue to the parking location. All of Foothill Transit’s articulated buses operate out of this depot,
and they park on the north side of the yard facing northward. Other buses park on the east side of the
yard, two deep and front to back facing eastward. When the yard is full, additional buses are parked in
travel lanes against the east wall, shown by the red box in Figure 8-4, facing north in two lines and against
the north wall facing west in two lines. Depot personnel fuel and clean the buses. Fueling occurs at the
northeast corner of the yard. There is an additional area for bus storage south of the maintenance
building. Electric buses that are not yet in service are parked here and are used for training operators.
While it is unclear in Figure 8-4, diagonal parking south of the maintenance building is two deep, front to
back. Employee parking, not shown in Figure 8-4, is along Peck Road west of the administrative

building.

The Pomona Depot has 150 buses. The buses enter and exit via East End Avenue at the south end of the
yard as shown in Figure 8-5. Entering buses stop at the vault, and then turn left at either the middle or far
lane, and then turn left into the next available parking space. The buses park two deep and front to back
facing westward. Fueling occurs at the southeast corner of the yard. Employee parking is along East End

Avenue, west of the administrative/maintenance building.

At both locations, employee parking is separated from bus parking.. Both sites are also constrained by
surrounding businesses and topography. During the site visits, the team asked if there are any bottlenecks
or constraints within the depot. There are no constraints to current bus operations within either yard. As
expected, existing protocols have been designed to ensure that buses pull out and pull in in an orderly

fashion.

Foothill Transit 8-1 Burns & McDonnell



In Depot Charging and Planning Study Final Depot Physical Layout Assessment

Aol bus pakng =

wsercusm|

s oo

EASTEND
5
|82

I

|

e, o ie
gl
Pl
f'UlllHHth
)

lf;i

4;2:.

g

Foothill Transit

8-2 Burns & McDonnell



In Depot Charging and Planning Study Final Depot Physical Layout Assessment

8.2 Depot Policies and Procedures Assessment

A bus operator’s workday includes “report time” for checking in with dispatch, obtaining any materials or
information needed for the day, and inspecting the bus. Report time takes about 20 minutes if the
operator is driving the bus from the yard. Operators are assigned to different buses on different days.
Articulated and electric buses are parked in designated sections of the yard. Depot personnel prepare a
map of where buses are parked to assist supervisors in directing operators to the correct bus; this
procedure will be automated with the new Automatic Vehicle Location (AVL) system. Once the operator
locates the correct bus, a brief pre-trip inspection is completed by the operator and the bus pulls out of the

depot.

Some buses stay out in service all day, while others return to the depot after the morning peak period and
go out again before the afternoon peak period. Approximately 75 percent of the buses at Arcadia stay out

all day, mostly in local service. Most buses at Pomona return in the midday.

When operators pull into the depot, they stop at the vault to have the farebox emptied, then park their bus
in the next available location in the yard and notify dispatch that they have returned to the yard. Depot
personnel clean, wash, and fuel the buses overnight. Buses are washed every other day unless there are
extenuating circumstances. Fueling occurs as the buses return and as depot personnel are available. The
existing depot personnel would presumably be available for coordination of overnight bus charging

activities in the future as the fleet transitions from CNG buses to BEB’s.

Foothill Transit has considered what policies and procedures would be most appropriate for an electric
bus fleet. The preferred procedure is to spread out charging throughout the day as buses return to the
depots. At the Arcadia Depot, the SCE pilot project concept will be to locate charging stations within the
bus parking area to the east to allow 14 buses, parked front to back, to charge from the new stations which
are proposed to be in the 2 northern most parking stalls. Going from 16 stalls to 14 stalls in this area of
the depot results in a 12.5% net reduction in parking stalls. If this same charging equipment layout
approach was used for the entire depot Foothill would likely lose nearly 15% of its parking when
factoring in additional buffer areas between charging equipment islands. Nothing has been planned for
Pomona yard at this time. A 15% reduction in parking will not be acceptable in the future for either
Arcadia or Pomona, particularly if additional vehicles are required in the future. As part of the depot
layout design process, the project team developed new layouts for charging and electrical equipment that

consolidated and/or elevated charging and other electrical equipment such that a 0%-5% reduction in
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parking is achieved at each depot at most. These layouts are discussed and presented later within this

section of the report.

8.3  Operational Limitations and Space Availability

The primary operational limitation to be considered in developing the conceptual incremental electrical
infrastructure road map is that travel lanes throughout the yard must be kept clear. As the number of
electric buses increases, the CNG fueling station can be downsized to fewer pumps. However, CNG
fueling will be required during the transition period from 2021 to 2032 or longer depending on how long
CNG buses are in operation. The available footprint at each depot is not large. The concept of charging in
the bus parking areas can be expected to reduce the number of parking spaces in order to fit the charging
equipment, although locating the charger’s overhead can reduce the footprint required for this
infrastructure. The proposed method of locating infrastructure overhead, to forgo additional losses of
parking space, was reviewed with Foothill Transit engineering, operations, vehicle technology, and

planning staff and determined the most feasible and cost-effective solution.

The new contractor operating the Pomona Depot has proposed a new parking scheme, shown in Figure
8-3 which has not yet been approved by Foothill Transit. Figure 8-6 highlights two areas within the
Pomona Depot where additional space may be available. CNG compressors are located at the northeast
corner of the yard. As the need for CNG is reduced during the transition period to all-electric operation,
some of this space may be usable for other equipment since the existing public fueling will require much
less gas compression. The project team asked about the availability of the support parking (space for 25
personal vehicles), at the south of the yard near the bus entrance/exit. The support parking is unlikely to
be available either for additional bus parking or for other purposes because this space is used by managers
and employees at the depot. Relief vehicles that are used to ferry operators to and from relief points on
the routes, are already being parked in the employee parking lot. The project team and Foothill staff also
considered eliminating the middle lane in the bus parking area and park buses four or five deep between
the outermost lanes. Foothill Transit acknowledged that this is approach is indeed possible but that it
would be a change to existing operating procedures used today. This approach was reviewed with Foothill
Transit engineering, operations, vehicle technology, and planning staff and determined the most feasible
and cost-effective solution to consolidate parking spots and add charging infrastructure to an already
space constrained Pomona depot. Additionally, the proposed approach of placing charging infrastructure
overhead would allow the co-utilization of an overhead structure to employ canopy solar within the

Pomona depot.
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EAST END AVENUE

At the Arcadia Depot, the transit agency owns the parcel of land north of the yard along Peck Road. The
southern portion of this parcel is striped for employee overflow parking and a portion is leased by Clean

Energy for public access CNG dispensers. The northern portion of this parcel is empty. The parcel could

Figure 8-3: Proposed Bus Parking Scheme Pomona Depot with CNG Fleet
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be used to support charging equipment, electric grid infrastructure, and on-site renewable power

integration; however, the distance from the charging equipment to the buses would require significant

underground infrastructure to reach the bus parking and would be much more costly. By moving the

charging infrastructure overhead, the project team and Foothill Transit staff determined that it would be

possible to maintain the existing depot layouts, incorporate additional charging infrastructure on the

ground and overhead, and maintain the same number of parking spots that exist today. Additionally, the

proposed approach of placing charging infrastructure (chargers and pantographs) overhead would allow

the co-utilization of an overhead structure to employ canopy solar within the Arcadia depot.
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8.4  Electric Bus Charging Equipment and Configurations
As mentioned previously in this report, there were several factors that led to the BEB charging equipment

selected for the project. These factors included:

e Overhead Charging: An overhead solution will be required to maintain bus parking capacities at both
depots due to the limited space availability as described previously within Section 8 of this report.

The depots cannot sacrifice parking spots or drive lane space for more ground mount chargers.

o 325 kW Chargers: A 325 kW charger will be required to meet fleet operation requirements and
minimize additional bus procurement as identified in the route analysis described in Section 4 of this
report. A charger with less power capacity will not be able to charge buses fast enough to meet

operational requirements.

e EVSE Availability: EVSE information compiled by vendor surveys as summarized in Section 7 of
this report indicated that limited options for 325 kW overhead charging exists today. At 325 kW,
cable reel charging is not feasible and is not recommended. Only ABB and Heliox OEMs provide
overhead pantograph J3105-1 solutions at this power level capacity with each having the ability to
support 2 ports and 2 pantographs per charger. Multiple bus manufactures are capable of providing
BEBs that support J3105-1 solutions at 325 kW of charge power.

Table 8-1 presents the electric charging equipment requirements at each depot. The base scenario assumes
a 2 pantograph per 1 charger solution at each site. The PVR and minimum number of chargers required is
based on the route analysis summarized in Section 4 of this report. Under the base scenario the 190 buses
in operation at Arcadia will need to be moved throughout the depot at night to use the 110 pantographs
and 55 chargers. Similarly, the 130 buses in operation at Pomona will need to be moved throughout the

night to use 80 pantographs and 40 chargers.

Table 8-1: Electric Bus Charging Equipment Requirements

Peak Vehicle No. of No of Chargers No. of
Requirement No of Chargers Pantographs Required Pantographs
Bus Type and  Charger Modified Required (Dumb (Dumb (Optimized (Optimized
Bus Size Size Power Schedules Charging) Charging) Charging) Charging)

Arcadia 40' S2 (540 kwh) 325 kw 160 40 80 36 72
Arcadia DD D3 (864 kwh) 325 kw 30 15 30 10 20
Arcadia Total 190 55 110 46 92
Pomona 40' S2 (540 kwh) 325 kw 130 40 80 36 72

While it is theoretically possible that the number of chargers could be reduced further, moving 190 buses

throughout the depot over an 8-hour period to use 55 dual port chargers via 110 pantographs will be
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challenging and will require depot operators to move nearly 26 buses per hour on average. The

operational challenges and bus movement timetables are further assessed in Section 10 of this report.

8.5 Proposed Depot Infrastructure Layouts

The project team prepared 2 bus depot layout alternatives for both Arcadia and Pomona depots. For each
site and layout alternative developed, the project team assumed that all charging equipment would be
elevated and consolidated in order to maintain the same number of parking spots within the existing
depots and minimize the number of service delivery points provided by Southern California Edison
(SCE). The chargers were located such that the specific charger serving each spot is between 50 and 100
feet from the proposed charging pantograph. For each layout, constraints such as turning radius and drive
lane space were also considered. For each site, 2 alternatives were developed in order to capture the range
of the investment required. The first alternative considered a high capital investment with zero depot
charging labor. The second alternative assumed a lower capital investment and a similar level of depot

bus fueling labor as today. These alternatives are summarized and presented in the following pages.

i.  Alternative 1 - High capital investment & no depot labor
»  One pantograph per bus; One charger per 2 buses
» No bus depot operators for charging or moving buses
e Pomona 130 PVR, 130 pantographs, 65x325 kW chargers, BOP and steel for 100%-yard coverage
* Arcadia 190 PVR, 190 pantographs, 85x325 kW chargers, BOP and steel for 100%-yard coverage

ii.  Alternative 2 - Low capital investment & existing depot labor - Recommended

»  Approximately one pantograph per 2 buses; Approximately one charger per 4 buses

e Each depot requires 5 to 6 operators to move buses but with ~60% capital

e Pomona 140 PVR, 80 pantographs, 40x325 kW chargers, BOP and steel for ~60% yard coverage
Arcadia 190 PVR, 110 pantographs, 55x325 kW chargers, BOP and steel for ~60% yard coverage

Figure 8-4 and Figure 8-5 presents Alternative 1 and 2 for Arcadia. Both layouts are organized similarly
to the existing layout but have several charging islands where SCE can deliver underground service to
their pad mounted transformers and switchboards with 480 V power serving the 325 kW chargers. Power
would then be delivered from the chargers to the pantographs in cable trays above the bus parking spots.
An overhead structure is planned to support the cable trays, the overhead pantographs, and future solar
arrays described later Section 12 of this report. Alternative 2 uses approximately 60% less infrastructure
but requires existing CNG fueling staff to move buses overnight. In both cases each charger would serve
two parking spots; however, Alternative 1 requires significantly more infrastructure. Once the charger
completes charging the first vehicle in position (A), the charger would switch over to the second vehicle
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in position (B) within 2 hours. With Alternative 2, once the buses in A position are charged a second set
of vehicles would be moved into the A position while B continues to charge with B vehicles following.
This would continue until all buses are charged. The operational assessment of the recommended

alternative, Alternative 2, is described in Section 10 of this report.
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Figure 8-4: Arcadia Depot Infrastructure Alternative 1 (High Capital + No Depot Labor)
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Figure 8-5: Arcadia Depot Infrastructure Alternative 2 (Low Capital + Existing Depot Labor)
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Figure 8-6 and Figure 8-7 present Alternative 1 and Alternative 2 for the Pomona depot. Both layouts for
Pomona are organized differently from the existing layout. The buses are arranged in rows of 4 or 5 to
consolidate parking and make room for the additional charging equipment platforms and pad mounted
transformers while allowing for no parking spots to be lost in the transition to an all-electric fleet. The
buses would arrive into the depot in both alternatives and file into the parking spots in a first in first out
operation pulling in from the west and then facing east while charging. Each alternative has either one or
three charging islands where SCE can deliver underground service to their pad mounted transformers and
switchboards, with 480 V power served to the 325 kW chargers. Power would be delivered in cable trays
from the chargers to the pantographs above the bus parking spots. An overhead structure is planned to
support the cable trays, the overhead pantographs, and future solar arrays. Alternative 2 uses
approximately 60% less infrastructure but requires existing labor to move buses overnight. In both cases
each charger would serve two parking spots; however, Alternative 1 requires significantly more
infrastructure. Once the charger completes charging the first vehicle in position (A), the charger would
switch over to the second vehicle in position (B) within 2 hours. However, under Alternative 2, once the
buses in A position are charged a second set of vehicles would be moved into the A position while the
buses in the B position continue to charge with B vehicles following the pattern of A vehicles once
charged. This would continue until all buses are charged. The operational assessment of the recommended

alternative, Alternative 2, is described in Section 10 of this report.
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Figure 8-6: Pomona Depot Infrastructure Alternative 1 (High Capital + No Depot Labor)
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Figure 8-7: Pomona Depot Infrastructure Alternative 2 (Low Capital + Existing Depot Labor)
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For both the Arcadia and Pomona depots, the cost to provide a pantograph connection point for every
operating bus and a dual port charger for every 2 pantographs is almost 70% more costly than the
alternative of providing nearly 1 charger and 2 pantographs for every 4 buses. The estimated cost in 2019
dollars (no inflation) to construct each alternative at Arcadia and Pomona is provided in Table 8-2. The
existing depot fueling labor that refuels the buses overnight today is expected to be able to transition from
fueling CNG buses to moving BEB’s from parking to charging areas over the next 10 years. It is
estimated that a total of 8 depot operators would be needed at Arcadia and 6 at Pomona, only over the
night shifts, at a cost of $100,000 per person (2019$). These alternatives’ costs are also considered and
summarized in Table 8-2. This cost analysis further supports the decision to pursue the low capital +

depot labor alternative.

Table 8-2: Electric Bus Charging Infrastructure Alternatives Cost Analysis

Alternate 1 Alternate 2
High Capital + No Low Capital + Depot
Labor Labor
Recommended
Arcadia Depot $102,880,000 $59,560,000
Peak Vehicle Requirement 190 190
Charging Stalls 190 110
Chargers 95 55
Pomona Depot $71,390,000 $43,930,000
Peak Vehicle Requirement 130 130
Charging Stalls 130 80
Chargers 65 40
Total Depots $174,270,000 $103,490,000
Peak Vehicle Requirement 320 320
Charging Stalls 320 190
Chargers 160 95
Arcadia Depot Operators 8
Pomona Depot Operators 6
Total Depot Operators 14
Depot Operator Cost Per Year $100,000
Total Depot Operator Cost Per Year $1,400,000
Total Depot Operator Cost 25 Year NPV $26,700,000
Total Capital + Labor Cost $174,270,000 $130,190,000
Foothill Transit 8-14 Burns & McDonnell
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9.0 DEPOT INFRASTRUCTURE PHASING AND DEVELOPMENT

Foothill Transit plans to convert the existing CNG bus fleet of Arcadia and Pomona to an all-electric bus
fleet over the next 12 years with a target of nearly 100 percent of its routes being fully electrified by 2030
and all CNG buses being removed from the site by 2032. The infrastructure phasing will need to coincide
with the procurement of buses as planned in the fleet replacement schedule provided by Foothill Transit
otherwise the buses will not be able to meet their routes. The cumulative number of electric buses by

depot is presented in Figure 9-1.

Figure 9-1: Foothill Transit Fleet Replacement Plan and Cumulative Electric Buses by Depot
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[1] Foothill fleet replacement plan as of March 2019

As presented in Section 8 of this report, the recommended infrastructure scenario is to use Alternative 2
which includes installing a total of 55 chargers and 110 pantographs at Arcadia and 40 chargers and 80
pantographs at Pomona. The timing of the when the infrastructure is needed is outlined in Table 9-1 with
a description of each infrastructure deployment option following.
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Table 9-1: Electric Bus Charging Infrastructure Requirements

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
Arcadia ebus Cummulative Additions 14 17 19 19 29 49 79 79 87 93 101 101 131 187 189 201 201
Pomona ebus Cummulative Additions - - - - - - 14 14 26 40 82 112 142 150 150 152 152
Total ebus Cummulative Additions 14 17 19 19 29 49 93 93 113 133 183 213 273 337 339 353 353
Arcadia New CummulativePantographs - - - - - 6 16 32 32 36 38 42 42 42 58 86 110
Pomona New CummulativePantographs - - - - - - - 8 8 14 20 42 56 72 76 76 80
Total New CummulativePantographs - - - - - 6 16 40 40 50 58 84 98 114 134 162 190
Arcadia New CummulativeChargers - - - - - 3 8 16 16 18 19 21 21 21 29 43 55
Pomona New CummulativeChargers - - - - - - - 4 4 7 10 21 28 36 38 38 40
Total New CummulativeChargers - - - - - 3 8 20 20 25 29 42 49 57 67 81 95
Arcadia Depot BUILD PILOT (14 buses) BUILD PH1 BUILD PH2
Pomona Depot BUILD PH1 BUILD PH2

[1] Based on Foothill fleet replacement plan as of March 2019

9.1 Depot Infrastructure Deployment Options and Plan
The deployment of this infrastructure can be executed by either a 2-Step Plan (Option 1) or a Year by
Year Plan (Option 2).

Under the 2-step plan, Foothill Transit would build out major civil and electrical infrastructure in two
phases. At Arcadia for example, all chargers and pantographs required between 2021 and 2026 would be
built in 2021. Similarly, all remaining infrastructure for the latter years would be constructed under a
separate contract in 2026. This approach would be the easiest to contract and manage and would enable
all infrastructure to be in place when buses arrive. However, it would require a significant amount of

infrastructure up front, at a large upfront cost, which would not be fully utilized until 2025.

Under the Year-by-Year plan, Foothill Transit would build out major civil and electrical infrastructure in
two phases at each site. The chargers and pantographs would be installed year by year to align with the
bus procurement plan. This approach would be slightly more complex but would result in right sizing the
infrastructure to the bus procurement requirements and reduce the amount of upfront capital spending. It
would further allow Foothill Transit to grow into electrification gradually and leave flexibility for new

technologies and to adopt lessons learned throughout deployment.

Based on the capital spending constraints of Foothill Transit, the preferred and recommended method for
infrastructure deployment is to install all infrastructure using a year by year approach. Figure 9-2 and
Figure 9-3 present the Year-by-Year infrastructure deployment of Arcadia and Pomona respectively. Full

size versions of these layouts can be found as an Appendix to the report.
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Figure 9-2: Arcadia Depot Infrastructure Phasing Plan (Year by Year Deployment)
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Figure 9-3: Pomona Depot Infrastructure Phasing Plan (Year by Year Deployment)
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9.2 Depot Infrastructure Costs

For each depot, the project team prepared a bottom up cost estimate based on the scope and infrastructure
required. The scope and costs were determined by year by depot. Additionally, the scope was also
segregated between those infrastructure costs that will be directly paid by Foothill Transit, the installed
costs of the chargers paid by Foothill Transit that could potentially be partially funded by rebates from
SCE, and the cost of the electrical infrastructure that is eligible to be 100 percent paid for by SCE under
the Charge Ready Transit Program. The detailed quantities and costs by year by depot ($2019) are
provided as an Appendix to this report with the summary for each depot provided below. The total net
cost to Foothill for the Arcadia depot with inflation is $69.9 million ($53 million in $2019). The total net
cost to Foothill for the Pomona depot with inflation is $50.7 million ($39.9 million in $2019). The total
Foothill cost requirements of $120.6 million developed within this section serve as an input into Section
13 Fleet Electrification Life Cycle Cost Analysis of this report.

Figure 9-4: Arcadia Depot Infrastructure Cost (Year by Year Deployment)
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Figure 9-5: Pomona Depot Infrastructure Cost (Year by Year Deployment)
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10.0 DEPOT OPERATIONAL ASSESSMENT

The recommended depot charging infrastructure provides the charging capacity to allow Foothill Transit
to fully electrify its bus fleet by 2030. To validate that the proposed infrastructure plan is feasible from a
depot operations standpoint, a series of investigations and analyses was conducted to validate feasibility.

This section of the report summarizes the depot operational assessments conducted.

10.1 Review of Critical Operational and Non-Operational Concerns at Depots
Various critical various critical operational and non-operational concerns at the two depots were

considered. These items are reviewed and are summarized in the following subsections.

10.1.1 Critical Travel Lanes, Entrances, and Exits

Figure 8-1 and Figure 8-2 show critical travel lanes within the depots and entry/exit points. Preliminary
infrastructure plans for each depot retain or provide an acceptable alternative for each critical travel lane.
Buses will continue to enter and exit the Arcadia Depot via Peck Road at the north end of the yard. Buses

will continue to enter and exit the Pomona Depot via East End Avenue at the south end of the yard.

10.1.2 Remote Bus Storage Concerns

Overnight storage of all buses within bus depots is the preferred option in the transit industry. The
proposed charging layouts for electric buses in the Arcadia and Pomona Depots, represented in Figure 8-6
and Figure 8-7, have space for overnight storage of all Foothill Transit operating buses (190 at Arcadia
and 130 at Pomona). However, the movement of buses overnight may be of concern in specific areas of
the depot where bus movement may be impeded by spare buses parked along the easements. If spare
buses are parked in the maintenance shop overnight this may not be an issue similar to the existing depot
logistics. If additional buses are procured to meet a specified peak reserve ratio, those additional spare

buses may need to be parked elsewhere.

10.1.3 Bus Staging Concerns

The proposed layout of the Arcadia Depot is like its current layout. Foothill Transit does not consider the
proposed infrastructure at the Arcadia Depot to be a critical concern. At the Pomona Depot, the proposed
layout stores four or five buses in a single row, eliminating a center travel lane. This change reduces the
flexibility of assigning buses for morning pullout. The new Automatic Vehicle Location (AVL) system
will simplify the morning pullout process by providing dispatch with the location of each bus in the yard.

Foothill Transit does not consider the proposed change at the Pomona Depot to be a critical concern.
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10.1.4 Fueling, Charging, and Washing/Cleaning Concerns

Foothill Transit has no critical concerns regarding bus fueling, charging, or bus washing. The proposed
layouts retain space for CNG fueling during the transition to an all-electric operation. Once the transition
is complete, the CNG fueling space could be used for other purposes such as back-up power generation
which is described in Section 12 of this report. The one non-critical concern in this area is the need for

additional “spotters” who are used whenever a bus is backing up in the yard.

10.1.5 Space for Relief/Supervisor Vehicles and Employee Parking

The only major concern identified by the project team and Foothill Transit is related to adequate parking
space for employee and relief vehicles, especially at Arcadia Depot. Employees currently park in the
space reserved on the north side of Arcadia Depot where double-decker buses will be stored and charged.
This space should still be available during the day, but it has been raised as a concern. Foothill Transit
has approximately 30 relief vehicles that are used to bring operators to and from relief points on the
routes. Parking for relief vehicles is a concern at Arcadia Depot because most of the buses at Arcadia stay
out all day and thus require operator reliefs in the field. There are also vehicles that are used by

Supervisors.

10.1.6 Depot Operator Labor

The recommended infrastructure and operational plan will require the depots to continue to move buses
overnight. There are currently depot utility workers located at both depots that are responsible for moving
buses to the CNG refueling station overnight. As the bus fleet transitions to 100% electric buses, Arcadia
will need to maintain approximately 5 depot utility workers, per 8-hour night shift, that are moving buses
to and from staging areas to charging areas. This is based on a bus operator being able to move one bus
every 5 minutes from one side of the depot to the other which yields 60 buses moved per hour. Pomona
will require 4 depot utility workers per shift. This shift from CNG refueling activities to electric bus
movement activities will occur over the next 10 years. The day shift will not require depot utility workers
to move buses since there will be more than enough chargers available during the mid-day charging

periods.

10.1.7 Summary

There are no critical operational concerns, either currently or for the proposed charging layouts at the
Arcadia and Pomona Depots. Foothill Transit recognizes that storing four or five buses in a single lane is
a change from current procedures but does not view this as a concern. The only concern raised relates to

employee parking and parking for relief vehicles at Arcadia Depot.

Foothill Transit 10-2 Burns & McDonnell



In Depot Charging and Planning Study Final Depot Operational Assessment

10.2 Pomona Depot Charging and Operational Plan

The proposed charging infrastructure for the Pomona depot has been sized and designed to meet the

minimum fleet charging requirements based on the current and future fleet operational schedules. The

Pomona depot hourly operating schedule was considered with regards to how the buses would enter

through the depot, charge during the required charging cycle, and then move to a non-charging location

within the depot. In 2033, the Pomona depot flow of operations will consist of the following:

1.
2.

A -
B -

Buses enter and stop at the vault to empty the farebox

If a bus is not scheduled to be washed that night, it will proceed to its overnight parking space.

Buses will begin parking in Lane 1A, followed by 2A, 3A and so on through 8A and then the B lanes,

lined up facing east.

C-
D-

If a bus is scheduled to be washed, it will park temporarily in lanes 11-14.

Depot personnel will wash the buses and park them in the overnight parking spaces, moving from

south to north. In 2033, there will be 130 operating electric buses, 80 charging spaces in Lanes 1

through 16, and 40 chargers. The sequence of operations will be as follows.

4.1.

4.2

4.3.

4.4,

(9pm — 11 pm) The first 40 buses that arrive in the depot will be parked in the A lanes and will be
charged first while the next 40 that arrive will be parked in the B lanes. The first 40 buses that
arrive will charge first. The second group of 40 buses will not be charging but will be hooked up
to the pantographs ready to charge as they arrive.

(11pm - 1 am) At the end of the first 2 hours, the first 40 buses in the A lanes will be charged,
and the second group of 40 buses parked in the B lanes will begin charging for 2 hours. While the
40 buses in the B lanes are charging, the first group of 40 buses in the A lanes that are fully
charged will be moved to overnight parking in the north section of the depot while the third group
of 40 electric buses initially parked in the north section of the depot are moved into the A lanes
for charging.

(1am — 3am) At the end of the second 2-hour time block, the second group of 40 buses in the B
lanes will be charged, and the third group of 40 buses parked in the A lanes will begin charging
for 2 hours. While the third group of 40 buses parked in the A lanes are charging, the second
group of 40 buses in the B lanes that are fully charged will be moved to overnight parking in the
north section of the depot while the remaining buses are moved into the B lanes to prepare for
charging.

(3 am — 5am) The last 14 buses in the B lanes will be charged for the last two-hour time block.

The buses in the A lanes and B lanes will remain until dispatched in the morning.
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The graphical representation of the bus flow throughout the Pomona depot for hours 9 pm — 11 pm and 11
pm —1 am is provided in the following Figures. Hours 1 am - 3 am and 3 am - 5 am are similar.

Figure 10-1: Pomona Depot 2033 Charging and Operational Bus Flow (9 pm — 11 pm)

Bus Yard Time
21:00 - 23:00

A Row Charging

Charging Summary

Total buses charging - 40 buses
All “A” Rows (total of 8 rows) will
charge buses

PARKING STALL L

£ RIS R

L e it i A

U STAGIE N PREING
AL OB prOmE 2100

e i )

JTTTTT
E

POMONA CHARGING LAYOUT

Foothill Transit 10-4 Burns & McDonnell



In Depot Charging and Planning Study

Final

Depot Operational Assessment

Figure 10-2: Pomona Depot 2033 Charging and Operational Bus Flow (11pm — 1 am)
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10.3 Arcadia Depot Charging and Operational Plan

The proposed charging infrastructure for the Arcadia depot has been sized and designed to meet the

minimum fleet charging requirements based on the current and future fleet operational schedules. The

Arcadia depot hourly operating schedule was considered with regards to how the buses would enter

through the depot, charge during the required charging cycle, and then move to a non-charging location

within the depot. In 2033, the Arcadia depot flow of operations will consist of the following:
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1. A. Buses enter and stop at the vault to empty the farebox

2. B.Ifabusis not scheduled to be washed that night, it will proceed to its overnight parking space.

Buses will begin parking in Lane 1A, followed by 2A, 3A and so on through 16A. Once the north

depot A lanes are full, buses will proceed to lanes 17A to 29A and park facing east. Once the A lane

is filled with buses, additional buses entering the depot would proceed to fill the B lanes in a similar

order.

3. C.Ifabus is scheduled to be washed, it will park temporarily in the overnight parking area south of

the maintenance building.

4. D. Depot personnel will wash the buses and park them in the overnight parking spaces, moving from

east to west. In 2033, there will be 190 electric buses in operation, 110 charging spaces and 55

chargers. The sequence of operations will be as follows.

4.1.

4.2.

4.3.

4.4,

(9pm — 11 pm) The first 55 buses that arrive in the depot will be parked in the A lanes and will be
charged first while the next 55 that arrive will be parked in the B lanes. The first 55 buses that
arrive will charge first. The second group of 55 buses will not be charging but will be hooked up
to the pantographs ready to charge.

(11pm — 1 am) At the end of the first 2 hours, the first 55 buses in the A lanes will be charged,
and the second group of 55 buses parked in the B lanes will begin charging for 2 hours. While the
55 buses in the B lanes are charging, the first group of 55 buses in the A lanes that are fully
charged will be moved to overnight parking in the south section of the depot while the third group
of 55 electric buses initially parked in the south section are moved into the A lanes to prepare for
charging.

(1am — 3am) At the end of the second 2-hour time block, the second group of 55 buses in the B
lanes will be charged, and the third group of 55 buses parked in the A lanes will begin charging
for 2 hours. While the third group of 55 buses parked in the A lanes are charging, 25 of the
second group of 55 buses in the B lanes that are fully charged will be moved to the south section
of the depot while the remaining 25 buses parked in the south are moved into the B lanes to
prepare for charging.

(3 am — 5am) The last 25 buses in the B lanes will be charged for the last two-hour time block.
The buses in the A lanes and B lanes will remain until 5am. All buses will be charged before 5

am.

The graphical representation of the bus flow throughout the Arcadia depot is provided in the following

Figures.
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Figure 10-3: Arcadia Depot 2033 Charging and Operational Bus Flow (9 pm — 11 pm)
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Figure 10-4: Arcadia Depot 2033 Charging and Operational Bus Flow (11 pm — 1 am)
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As demonstrated in the figures above, the bus movements being conducted overnight to move buses from
parking to charging areas will require operators to closely monitor charging levels of the buses during
each two-hour period. The assumed size of the S2 bus is 540 kWh and it is planned to be charged with a
325-kW charger over a 2-hour time period. The bus operating schedule developed and presented in
Section 4 of this report assumes that buses never return to the depot with less than 10 percent state of
charge and charge up to 95 percent state of charge. The most energy that would be delivered into a bus
over each 2-hour time period is 459 kWh which provides an ample buffer to account for various charging

circumstances and bus movement delays overnight.

The peak charging requirements and bus charging logistics during the middle of the day at each depot are
different from the overnight c