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Approach

The Center for Transportation & the Environment (CTE) was engaged by Cascades East Transit
(CET) to evaluate the feasibility of transitioning Cascade East’s fixed-route fleet to zero-
emission battery electric vehicles. The analysis of this fleet transition was conducted in five

major parts:

(1)

(2)

3)

(4)

(5)

Market Assessment: CTE developed a high-level comparison of battery electric
cutaways and buses (BEB) relevant to Cascade East’s fixed-route operations to help
Cascades East evaluate which options would be most viable.

Operational Review: CTE evaluated Cascades East’s current operations to
determine the feasibility of operating BEBs in its system. This analysis was based on
a screening-level assessment of Cascade East’s transit service. The screening-level
assessment is designed to evaluate the general potential for replacing current transit
vehicles with zero-emission technologies. This assessment is conservative by design,
so any operations deemed feasible in this analysis are expected to be feasible, but
more detailed modeling or testing of specific buses and operational strategies
involved should be completed before making significant investment in buses or
infrastructure.

Fleet and Maintenance Review: CTE summarized the operational challenges and
differences Cascades East might face when adopting BEBs instead of conventional
vehicles, such as maintenance issues, cold weather impacts on operations, on-route
issues, and range limitations of battery electric technology.

Facility and Equipment Review: CTE modeled charging infrastructure and
operations to determine the power, energy, and costs required to charge BEBs at
Cascades East’s facilities. Three primary charging scenarios were analyzed:
1) overnight depot charging only, 2) overnight and midday plug-in charge (with
electric heaters on buses), and 3) overnight and midday plug-in charge (with diesel
heaters on buses).

Financial and Economic Analysis: CTE evaluated the fleet and infrastructure capital
costs, as well as the operational costs of incorporating zero-emission vehicles into the
CET fleet. The high level cost analysis was conducted for the three primary scenarios
previously described in the facility/equipment review plus an additional scenario for
a fuel cell electric bus (FCEB) for a technology comparison.

Center for Transportation and the Environment 4



1.0 Market Assessment

1.1 Vehicle Market Assessment

CET’s current fleet is comprised of primarily 15-foot and 35-foot buses. To help evaluate vehicle
options in the battery electric transit market, CTE conducted a market survey to compile
information on battery electric bus technologies, in both the 35-foot and minibus (buses less than
30-foot in length) classes.

1.1.1 35-Foot Buses

There are six OEMs currently offering 35-foot battery electric transit buses. Some specifications
for each manufacturer are listed in Table 1.

Table 1. 35" Low Floor Battery Electric Transit Bus Specifications by OEM

Energy Storage OEM Reported Gross Vehicle

Ranges Range Weight Rating

ARBOC 350 - 437 kWh 210 - 230 miles 33,000 Ibs.
391 kWh 170 — 196 miles 43,431 Ibs.

444 — 518 kWh Not Reported 45,000 Ibs.
444 KWh 150 — 210 miles Not Reported
225 — 450 kWh 95 - 240 miles 42,000 Ibs.
350 - 440 kWh 174 — 220 miles Not Reported

1.1.2 Minibuses

Battery electric minibuses are more recent additions to the battery electric vehicle market as
manufacturers catch up to operator needs. It is important to stay up to date with the market, as
manufacturers have been filtering in and out of the developing market relatively quickly over the
past few years. Table 2 presents specifications for battery electric minibuses currently on the
market.

Table 2. Battery Electric Minibus Specifications by OEM

Gross Vehicle
Weight Rating

Energy Storage OEM Reported
Ranges Range

127 kWh 120 miles 14,500 Ibs.

118 kWh 120 — 150 miles 14,330 Ibs.

125-157 kWh 100 - 160 miles 14,500 — 19,500
Ibs.

160 kWh 150 miles 22,500 Ibs.

127 kWh 105 miles 14,500 Ibs.

70-156 kWh 80 — 160 miles 14,500 Ibs.

Optimal EV 113 kWh 125 miles 14,500 Ibs.

SEA Electric 88 -100 kWh 130-180 miles 14,000 — 19,000
Ibs.

Center for Transportation and the Environment 5



Zeus Electric Chassis 175 kwh 150 miles 16,001 — 22,300
Ibs.

Seating capacity is an important factor to consider when evaluating vehicle options. Not all
OEMs presented in Table 2 might support a configuration (e.g., seating capacity) analogous to
current CET minibuses. Specific configuration requirements would need to be confirmed prior to
proceeding with any new manufacturer.

1.2 Charging Market Analysis

Three options exist for BEB charging technology: plug-in charging, overhead pantograph
charging, and wireless inductive charging. Any of these types of chargers can be used to charge
BEB:s either at the depot or on-route. Typically, plug-in chargers are primarily used to charge
buses at the depot, and overhead conductive or wireless inductive chargers are used to charge
buses on-route. However, the appropriate charging technology and approach will depend on
CET’s ultimate electric fleet size, charger power, route characteristics, and available space.

1.2.1 Plug-In Charging

Plug-in chargers are a common choice for BEB charging, especially for overnight or mid-day
depot charging. Most transit agencies utilizing depot charging have one charger per bus or one
shared between two buses. Most 120 kW+ plug-in chargers have multiple dispensers that can
charge several buses sequentially, which helps limit peak demand. It is also common for
agencies to consider installing extra plug-in chargers to provide redundancy if there is a
maintenance issue.

CET will need lower power chargers, around 60 kW, for the smaller minibus vehicles (less than
30 feet in length) and higher power chargers, around 150 kW, for the 35-foot buses. This is
because larger buses have higher capacity batteries with higher kW charging limits compared to
minibuses. There are numerous charger manufacturers currently offering chargers that could be
used for CET’s electric operations. Table 3 provides a look at charger manufacturers offering
plug-in chargers in the 60kW and 120+kW range. Figure 1 and Figure 2 are visuals of the two
most common plug-in charger configurations.

Table 3. Charger OEM Plug-In Charger Offerings

50kW-60 kW Plug-In Charger 120kW-180 kW Plug-In Charger

Offerings Offerings
(for smaller minibus vehicles) (for regular sized transit buses €.qg., 35%)

>
o)

B
BTC Power
ChargePoint
Heliox
Proterra
Siemens
Tritium
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~50-60kW

for smaller
vehicles

(e.g., minibuses)

~150kW
for larger
vehicles
(e.g., 35 ft)

Charging cabinet with remote dispenser(s)

i [ <=180 kW

a. Sequences power to
each dispenser

b. Splits power among
dispensers

l. 3 1- ~
Figure 2. Plug-In Charger with Remote Dispensers (2+Buses Per Charger)

Dimensions of plug-in chargers depend on the style, power levels, and manufacturer. Generally
speaking, the cabinets of the integrated chargers depicted in Figure 1 range up to 2.5 feet deep, 3-
7 feet wide and 6-8 feet high. In the case of the chargers with separate cabinets (as in Figure 2)
the charge cabinet is generally narrower (3-4 feet wide) since it does not have to accommodate
the dispenser and cable. Dispensers can be wall mounted or pedestal mounted, so the dimensions
vary depending on the option selected. The dispenser box itself normally measures about 1 foot
deep, 2 feet wide, and 2.5 feet high. If mounted on a pedestal, the total dimensions are closer to

Center for Transportation and the Environment 7




1.5 feet deep, 2 feet wide, and 6 feet high—depending on the OEM. Another feature of the
remote dispenser option is that the farthest dispenser can be up to 500 feet away from the
cabinet, and the distance between each dispenser can be up to 100 feet or more. This range
provides flexibility to place the equipment in different locations within the depot to
accommodate the existing layout of the facility.

1.2.2 Overhead Pantograph Charging

High-power pantograph charging is an option that can extend vehicle range beyond what
standard plug-in chargers can provide. At this time, this type of charging can only be performed
on the larger transit vehicles, as smaller minibuses and cutaway vehicles are not currently
designed to accept overhead charging. These types of chargers provide higher power and are
designed to be used for multiple, shorter charging opportunities at convenient layover locations
throughout the day. Pantograph chargers are often used as a daytime supplement to overnight
depot charging. Depending on the route, and in ideal situations, on-route chargers can be used to
either eliminate or minimize the need to charge buses overnight at the depot. Typical rated power
levels for this type of application are 300kW and higher, with up to 600kW available in the
market and 450kW becoming an increasingly popular choice by transit agencies. Lower power
pantograph chargers (150kW or less) are also available and can be used as an option for longer
charge periods available at depot locations. Charger manufacturers that currently offer
pantograph chargers include ABB, Heliox, Proterra, and Siemens. Figure 3 shows a typical
pantograph charger offered by ABB.

Figure 3. ABB HVC Pantograph On-Route Charger

Center for Transportation and the Environment 8



1.2.3 Inductive Charging

Inductive chargers may also be used for high-powered, on-
route charging, although the maximum realized power
level for inductive chargers has not yet reached those of
high-powered conductive (pantograph) chargers. Inductive
chargers are built into the roadway, and they have no
moving parts, which may lower regular maintenance
requirements. However, there may be significant costs if
removal, repair, or parts replacement is necessary.
Furthermore, proper alignment is critical for achieving
maximum charging power.

Wave and Momentum Dynamics are the two main
inductive charger OEMs currently in the market. Note that  Figure 4 Wave Inductive Charger
inductive chargers also have requirements for additional

secondary equipment to be added to the bottom of the vehicle to accept the charge and transmit
the energy to the battery. As with overhead charging, this type of charging is not currently
available for smaller cutaway or minibus vehicles. Figure 4 shows the typical profile of an
inductive charger.

1.2.4 Summary of Primary Charging Options

Table 4 below contains a summary of the three primary types of BEB chargers, their typical
installation and use cases, and their corresponding advantages and disadvantages.

Table 4. Primary Charging Configurations

TYPICAL INSTALLATION ADVANTAGES DISADVANTAGES
Plug-in e Used to charge buses for e Lower unit cost e Slower charging
Charging a few hours (usually e Additional e Identifying available space for
overnight or between chargers can be equipment with large-scale
blocks) added for deployments
e One or two buses per redundancy e Require staff to plug and
charger with one or unplug the buses

multiple dispensers
e Power: 50 to 125+ kW

Overhead e One charger serves e No manual e Higher capital costs and
Pantograph multiple buses connections construction costs per
Charging e Charging for 5 to 20+ e Faster charging charger
minutes at higher power times e High power charging may
e Power: ~175- 600 kW result in higher peak demand
e Not all OEMs offer overhead
pantograph charging

Wireless e One charger serves e No manual e Higher capital & construction
Inductive multiple buses connections or costs per charger
Charging e Power: 50 to 250 KW moving parts

Center for Transportation and the Environment 9



e Could be used by e Charging efficiency varies
multiple vehicle based on bus alignment
types o Not all OEMs offer it

Three primary considerations to keep in mind as CET establishes a zero-emission fleet are the
required charging power, the required charging speed (i.e., time available to charge), and facility
layout and space limitations. Based on the scenarios studied for CET, there will be a mixture of
minibuses and 35’ buses charging overnight at the depot. The bus model, with its associated
electrical design and battery management system, determines the limit of the charging power that
can be used to charge the battery. Deciding the exact power to choose within that limit can
depend on how fast the charging needs to take place. 150kW and 60kW are common power
ratings for larger transit buses and minibuses, respectively. The feasible routes using plug-in
charging in this study all have enough time to charge within the existing schedules such that a
higher power charger like a 450 kW rated pantograph would most likely not be necessary at the
depots. Note in the Operational Review in the next section that using higher power chargers at
mid-day only results in a few more blocks becoming feasible—not enough to justify the higher
costs of pantograph chargers at the mid-day charging locations.

Specific depot designs or associated space limitations can sometimes dictate charger type or
equipment layouts. Some agencies find that there is more space and less operational disruption
when chargers are located outside in the bus yard. However, in cases where the preference is to
have chargers located within the maintenance building because of extreme weather environments
or the like, variations on charger layouts can be employed to solve space constraint issues.
Having a separate charger cabinet with remote dispensers gives an agency flexibility on locating
the various components to fit the space. For example, if there is not much space where vehicles
are parked, having only the dispenser is more workable than having either an integrated
cabinet/dispenser or these separate components co-located. If there is limited space inside a
maintenance building, an overhead reel can be used to extend the charge cable down to the bus
and avoid the need for a ground or wall-mounted pedestal.

Based on the number of currently feasible routes for CET using plug-in chargers, the maximum
number of depot chargers required is eleven (at Bend Operations, and fewer than that are
required at other locations. For such a relatively low number of chargers, CTE suggests
evaluating facilities for adequacy in housing those depot plug-in chargers first. A future
deployment may start to involve on-route chargers, which would require settling on appropriate
locations for those units based on route design, timing, and the space and power requirements at
those locations. Normally by the time on-route charging is employed, the benefits in terms of
additional range and feasibility justify the additional cost to incorporate the infrastructure.
Inductive chargers are much newer and less common in the U.S. market, so CTE would
recommend that CET evaluate pantograph-style chargers first for on-route charging. However, if
space constraints are present or aesthetics in the station design (e.g., mobility hub) requiring a
lower profile is a concern, inductive chargers are certainly worth evaluating.

Center for Transportation and the Environment 10



2.0 Operational Review

The operational characteristics of BEBs are significantly different than internal combustion
engine (ICE) buses due primarily to the BEB’s lower range, condition-dependent range
variability, and longer refueling time (i.e., recharging). Due to these factors, successful fleet
transitions require an operational analysis to evaluate how zero-emission buses can be used
within a service structure originally designed around fossil fuel-powered ICE buses. CTE
reviewed CET’s operations and fleet composition and conducted a screening-level analysis to
evaluate the feasibility of operating electric buses in CET’s operations. The methodology and the
results of the operations review are detailed in the following sections.

CET’s existing fleet consists of 35-foot buses and 15-foot buses. CET’s current service is
comprised of a variety of route types:

¢ Bend Fixed Routes: fixed routes in City of Bend that run year-round

e Community Connectors: fixed regional routes serving the local communities

e Recreational Services: seasonal fixed routes

¢ Bend Dial-a-Ride: paratransit service in City of Bend

¢ Rural Dial-a-Ride: curb-to-curb shared rides to the general public

e Deviated Flex Routes: hybrid of fixed and demand response routes

CET has a variety of planned routes that were also included in the operational review. Note that
all but one of the Deviated Flex Routes studied are considered future service. Planned routes also
include four additional Bend Fixed Routes, three additional Recreational Service routes, and two
additional Rural Dial-a-Ride routes.

CTE used its screening model to analyze CET’s transit service and determine which of the
agency’s service blocks could be run by battery electric buses or minibuses.! The analysis
reflects sensitivity to different temperature conditions, bus loading, and auxiliary component
usage. CTE’s screening model is based on available bus specifications, CET’s block statistics
and schedules, local weather conditions, and the monitored data from other zero-emission bus
fleets. These inputs are used to build a model that can estimate the energy required to complete
each of CET’s blocks in the operating conditions anticipated in CET’s service environment.

For the purposes of the screening assessment, CTE developed generic bus specifications based
on the market analysis and operational data collected by CTE partners. These specifications were
used to evaluate the energy required for each block compared to the energy storage capacity for
each bus type. CTE uses generic specifications in these analyses, rather than specifications from

1 Blocks are the service that a single bus does from leaving the depot to returning.
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a specific vehicle model, to ensure that the results are not specific to a particular original
equipment manufacturer (OEM) and are representative of the general state of battery electric bus
technology available at the time of analysis. There may be specific buses that have better
capabilities, based on testing, than the generic bus modeled below, but these specific vehicle
models are not yet proven in service nor consistent across all OEMs. Continual developments in
the market will require this analysis to be updated periodically to remain accurate as BEB
capabilities improve.

To develop generic bus specifications, CTE researched available options for 35-foot and
minibus-class BEBs. The bus specifications used were based on BEB models currently available
under the Federal Transit Administration (FTA) Buy America program in 2021, all relevant
minibuses currently available in the U.S., and operational data collected from vehicles in service
in conditions similar to Bend, Oregon.

Table 5 shows the current nameplate battery capacities considered for both the 35-foot bus and
minibus modeling.

Table 5. CTE Generic Bus Model Nameplate Energy Storage Capacities

Minibus 160 kWh 117 kWh
35’ Bus 445 kWh 338 kWh

The nameplate capacity is the total amount of energy the battery can store on a bus. The
nameplate capacity is different than the service energy available for BEBs. The service energy is
the amount of energy available to be used by the bus in service. The service energy capacity is
significantly less than the nameplate capacity listed for a given BEB due to unusable capacity
designed into the battery by the OEM as well as an additional service reserve set aside for
planning purposes.

Bus manufacturers often limit the actual useable capacity of the battery to 80%—-90% of the full
nameplate capacity. This limitation is set for a few reasons: (1) charging and discharging the
battery to the extremes can shorten the life of the batteries; (2) regenerative braking (regen) may
not be possible when the battery is at a high state-of-charge (SOC), which results in different
braking feel, and (3) full power and voltage may not be available at low states of charge resulting
in loss in performance and accessory functions (also called “derated performance”). The
specifics of performance derating should be discussed with BEB manufacturers to ensure clear
understanding of the bus’s behavior at low state-0f-charge.

Furthermore, in BEB operational planning, CTE sets aside an additional amount of energy called
service reserve to minimize the risk of buses running out of energy if there is an unexpected
issue on route (e.g., a detour, excessive traffic). In this study, CTE defines reserve energy as the
energy needed to provide 10 miles of range for a given vehicle. Subtracting reserve energy from
the usable capacity yields the service energy available for daily service when the batteries are
new. See Table 6 for the derivation of the energy values used in this study for each vehicle type.

Center for Transportation and the Environment 12



Table 6. CTE Generic BEB Model Energy Storage Specs

Minibus

Nameplate Capacity 160 kWh 445 kWh

Usable Capacity (%0) 80% 80%
Usable Capacity (kWh) 128 kWh 356 kWh
Reserve Energy 11 kWh 18 kWh
Service Energy 117 kWh 338 kWh
2.2.2

Temperature Considerations

CTE ran the screening model in both nominal (72°F) and strenuous (19°F) conditions. CTE ran
one scenario assuming that CET’s battery electric buses would be equipped with auxiliary diesel
heaters that reduce the impact on range caused by cold weather conditions, as well as one
scenario without the use of diesel heaters.? Section 3.1.2 provides more information on the
impacts of including diesel heaters on BEBs.

2.2.3 Screening Model Results

The screening model evaluates feasibility by comparing the estimated range of energy
consumption that is calculated for each block via the model to the service energy capacity of the
buses. The range of energy consumption for each block is developed using a multivariate
assessment for each bus model that incorporates driving duration, block distance, and ambient
temperature to determine the energy consumption under nominal conditions and under strenuous
conditions.

When modeling CET’s operations, the first round of modeling (Scenario 1) considered only
overnight depot charging for the blocks. If a block was determined to be unfeasible in Scenario
1, then a second scenario was evaluated that incorporated overnight depot and midday depot
charging for those blocks that have adequate layovers in their schedule to accommodate one
additional charging session at midday (Scenario 2). These layover durations ranged from half an
hour to seven hours, depending on the block. For the depot charging scenarios (Scenarios 1 and
2), all minibuses were modeled to charge using 60 kW chargers while 35-foot buses were
modeled using 150 kW chargers. The larger bus batteries have higher kW charging limits
compared to minibuses.

If a block was determined to still be unfeasible after the overnight and midday depot charging
scenario, the third modeling scenario considered a midday charging scenario with a higher power
charger at mid-day layover times. For Scenario 3, 35’ buses were modeled to charge overnight

2z Supplemental heaters fueled with biodiesel also present a potential option. It is best to check with
the specific heater manufacturers as to whether or not they recommend biodiesel be used, as the
suitability could vary between different heater models.
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using a 150 kW standard plug-in depot charger and at mid-day using a high power 450 kW
overhead charger (such as those typically used for on-route charging). The model did not
consider high-power overhead charging for the blocks running minibuses because pantograph
capability for smaller buses has not yet been developed. The three scenarios are summarized

below:

e Scenario 1: Overnight Depot Charge Only
o Minibuses: charged overnight with 60 kW charger
o 35’ Buses: charged overnight with 150 kW charger
e Scenario 2: Overnight + Midday Plug-in Depot Charge
o Minibuses: charged overnight and midday with 60 kW charger
o 35’ Buses: charged overnight and midday with 150 kW charger
e Scenario 3: Overnight + Midday High-Power Pantograph Charge at Depot
o Minibuses: charged overnight with 60 kW charger and not charged midday
o 35’ Buses: charged overnight with 150 kW charger and midday with 450 kW

charger

For the Bend Dial-a-Ride, Rural Dial-a-Ride, and Deviated Flex blocks, CTE assumed that the
HVAC and other auxiliary functions were operating for 50% of the total time the buses are
scheduled to be in service. This was done because those route types can vary significantly from
day to day and it is not realistic to assume the bus is turned on for the entire block duration, as
there are multiple driver breaks, shift changes, and dwelling periods.

Table 7 displays the feasibility results for each modeling scenario. Table 8 lists the estimated
depot charge times that would be required for the feasible blocks from Scenario 2.
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Table 7. CET Feasible Block Results

Overnight Charging Overnight + Midday Depot Charging Overnight + Midday High Power Charging
Only Scenario
Block ID Block ID Midday Overnight Block ID Midday Location | Overnight Location
Location Location
Bend Fixed
Routes
IM-F RT 22 Redmond Ops Redmond Ops M-F RT 22 Redmond Ops Redmond Ops
M-F RT 26 (Redmond — Redmond Ops Redmond Ops M-F RT 26 (Redmond — Redmond Ops Redmond Ops
Prineville) Prineville)
lM-F RT 28 (Redmond-Sisters) |Redmond Ops Redmond Ops l\/I-F RT 28 (Redmond-Sisters) Redmond Ops Redmond Ops
IM-F RT 29 (Bend-Sisters) Bend Ops Bend Ops l\/I-F RT 29 (Bend-Sisters) Bend Ops Bend Ops
Community [M-F RT 30 (La Pine - Bend) _[Bend Ops La Pine fM-F RT 30 (La Pine — Bend) _ Bend Ops La Pine
Connectors Sat RT 20 (Madras-Warm Madras Madras Iiat RT 20 (Madras-Warm Springs) Madras Madras
Springs)
Sat RT 22 (Redmond-Madras)  |Redmond Ops Redmond Ops at RT 22 (Redmond-Madras Redmond Ops Redmond Ops
Sat RT 26 (Redmond-Prineville) |Redmond Ops Redmond Ops at RT 26 (Redmond-Prineville)  Redmond Ops Redmond Ops
Sat RT 29 (Bend-Sisters) Bend Ops Redmond Ops ISat RT 29 (Bend-Sisters) Bend Ops Redmond Ops
Sat RT 30 (La Pine-Bend) La Pine La Pine ISat RT 30 (La Pine-Bend) La Pine La Pine
IMt. Bachelor — 1 (Winter) Bend Ops Bend Ops I\/It. Bachelor — 1 (Winter) Bend Ops Bend Ops
Recreational IMt. Bachelor — 2 (Winter) Bend Ops Bend Ops I\/It. Bachelor — 2 (Winter) Bend Ops Bend Ops
IMt. Bachelor — 3 (Winter) Bend Ops Bend Ops fvit. Bachelor — 3 (Winter) Bend Ops Bend Ops
IMt. Bachelor — 4 (Winter) Bend Ops Bend Ops I\/It. Bachelor — 4 (Winter) Bend Ops Bend Ops
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IMt. Bachelor — 5 (Winter) Bend Ops Bend Ops '\/It. Bachelor — 5 (Winter) Bend Ops Bend Ops
IMt. Bachelor — 6 (Winter) Bend Ops Bend Ops I\/It. Bachelor — 6 (Winter) Bend Ops Bend Ops
IMt. Bachelor — 1 (Summer)* Hawthorne Station  |Bend Ops I\/It. Bachelor — 1 (Summer)* Hawthorne Station Bend Ops
I\/It. Bachelor — 2 (Summer)* Mt. Bachelor Bend Ops
JRide the River-1 IRide the River-1 N/A Bend Ops l?ide the River-1 N/A Bend Ops
IRide the River-2 IRide the River-2 N/A Bend Ops l?ide the River-2 N/A Bend Ops
IRide the River-3 IRide the River-3 N/A Bend Ops l?ide the River-3 N/A Bend Ops
ILava Butte ILava Butte N/A Bend Ops I_ava Butte N/A Bend Ops
IRuraI DAR-Sisters IRuraI DAR-Sisters Sisters Bend Ops Rural DAR-Sisters Sisters Bend Ops
IBend DAR-Sun-1 IBend DAR-Sun-1 Hawthorne Station  [Bend Ops Bend DAR-Sun-1 Hawthorne Station [Bend Ops
IBend DAR-Sun-2 IBend DAR-Sun-2 Hawthorne Station  [Bend Ops Bend DAR-Sun-2 Hawthorne Station Bend Ops
Demand IRuraI DAR-Culver/Metolius* IRural DAR-Culver/Metolius*  |Madras Madras Rural DAR-Culver/Metolius* Madras Madras
Response IBend DAR-Sat-1 IBend DAR-Sat-1 Hawthorne Station  [Bend Ops Bend DAR-Sat-1 Hawthorne Station [Bend Ops
IBend DAR-Sat-2 IBend DAR-Sat-2 Hawthorne Station  |Bend Ops Bend DAR-Sat-2 Hawthorne Station Bend Ops
IBend DAR-Sat-3 IBend DAR-Sat-3 Hawthorne Station  [Bend Ops Bend DAR-Sat-3 Hawthorne Station Bend Ops
IBend DAR-Sat-4 IBend DAR-Sat-4 Hawthorne Station  |Bend Ops Bend DAR-Sat-4 Hawthorne Station Bend Ops

* = future service; some information may be subject to change.

Feasible with Overnight Charging Only

| Feasible with Overnight and Midday Depot Charging w/ Electric Heat

Feasible with Overnight and Midday Depot Charging w/ Diesel Heat
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Table 8. Estimated Midday Depot Charge Times Needed for Feasible Blocks

. . Midday Depot Layover Time Midday Depot Charge Time Required

N/A N/A
Ride the River-2 N/A N/A N/A
Ride the River-3 N/A N/A N/A
Lava Butte N/A N/A N/A

Rural DAR-Sisters Sisters 0.5 not required

Bend DAR-Sun-1 Hawthorne Station 0.5 not required
Bend DAR-Sun-2 Hawthorne Station 0.5 not required
Rural DAR-Culver/Metolius* Madras 0.5 not required
Bend DAR-Sat-1 Hawthorne Station 0.5 not required
Bend DAR-Sat-2 Hawthorne Station 0.5 not required
Bend DAR-Sat-3 Hawthorne Station 0.5 not required
Bend DAR-Sat-4 Hawthorne Station 0.5 not required
* = future service; some information may be subject to change.

Feasible with Overnight Charging
Only
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2.2.3 Electrification Feasibility Summary

The Community Connectors and Recreational Services routes have the most blocks that are
feasible with electric buses while Bend Fixed Routes and Deviated Flex Routes prove difficult to
serve using electric buses. Table 9 provides a detailed summary of the feasibility of each
scenario for each of CET’s route type.

Table 9. CET Block Feasibility Summary

With Electric Heat With Diesel Heat
Overniaht Overnight + | Overnight + Overnight Overnight + | Overnight +
vernig Midday Depot Mlt_jday Depot vernig Midday Depot Ml_dday Depot
Charge Only Charge High-Power Charge Only Charge High- Power
Route Type Charge Charge
Bend Fixed Ve
Routes! 0
Communit
y 10 of 15 10 of 15 12 of 15
Connectors

Recreational

Services? 100713

12 of 13 11 0f 13 12 of 13

Deviated Flex

Routes®

Bend 6 of 15 60f 15 6 of 15 6 of 15 6 of 15 60f 15
Dial-a Ride

Rural 20f 11 20f 11 20f11 20f11 20f 11 20f 11
Dial-a-Ride? ° 0

'Four Bend Fixed Routes are planned for future service and are not currently implemented in CET’s service.

2Three Recreational Service Blocks are planned for future service and are not currently implemented in CET’s service.
3Three Deviated Flex Blocks are planned for future service and are not currently implemented in CET’s service.

“Two Rural Dial-a-Ride Blocks are planned for future service and are not currently implemented in CET’s service.

2.2.4 Midday On-Route Charge Scenario Consideration

As seen in Table 9, the Overnight and Midday Depot High-Power Charge scenario does not
provide much improvement in block feasibility as compared to the Overnight and Midday Depot
Charge (lower power) scenario. Because of this finding, CTE did not consider the midday high-
power depot charge for the remainder of the study. Instead, CTE added a scenario incorporating
overnight plug in charging and on-route high-power charging. The distinction is that for an on-
route charge scenario, buses would experience multiple shorter charging opportunities at
convenient layover locations throughout the block instead of one high-powered, longer midday
charge at the depot.

Center for Transportation and the Environment 18



Of the blocks determined to be unfeasible following each of the three rounds of initial modeling,
21 of them are operated using full-size transit buses. For these blocks, CTE determined the
amount of total on-route charge time that would be needed over a given service day (shown in
Figure 5 and Figure 6) to make the blocks feasible with electric buses, assuming a 450 kW
overhead on-route charger. It was assumed that these vehicles would also be charged to 100%
state of charge (SOC) overnight each service day. The blocks running minibuses were not

considered for on-route charging given the current charging constraints of those types of
vehicles.
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Figure 5. Daily On-Route Charge Time Required to Make Additional CET blocks Feasible (450kW-rated Chargers, Electric

Heaters on the Buses)

450
400
350
300
250
200
150
100
50
0

Block Distance (miles)

M-F RT 1/7* M-F RT 2 M-F RT 3 M-F RT 24 M-F RT 31 SATRT 31 REC-WSGOV
Block ID

* = future service  pmm Block Mileage == Hours of On-Route Charging Needed with Diesel Heat

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Block Duration (hours)

Figure 6. Daily On-Route Charge Time Required to Make Additional CET blocks Feasible (450kW-rated Chargers, Diesel

Heaters on the Buses)
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3.0 Fleet and Maintenance Review

Agencies should plan for certain operational measures and considerations when deploying
battery electric vehicles in a fleet because of their differences from internal combustion engine
vehicles. The sections below help summarize some of those differences and provide a summary
of best practices to consider.

With present-day technology, the possible range of battery electric buses is less than the range of
internal combustion engine (ICE) buses, particularly in cold weather. Because of this limitation,
battery electric buses often cannot accomplish some of the service blocks that have been planned
around ICE buses. To further complicate BEB operations, the range of BEBs can vary
significantly between routes due to energy-draining factors like topography, passenger loading,
speed of route, and ambient temperatures.

Agencies seeking to deploy BEBs should identify feasible routes based on modeling or testing to
provide confidence that the buses can complete the required service. This modeling or testing
should be completed on a block-by-block basis to incorporate route characteristics rather than
simply relying on a universal mileage limit. Additionally, blocks should be evaluated during
different seasons to account for seasonal variability. Seasonal variability can impact range on
each block by around 60% between summer and winter in northern climates. Adjusting the
deployment strategy for these seasonal variations can significantly increase utilization of electric
buses and the associated savings and environmental benefits.

As described in the Operational Review section, CTE modeled midday charging sessions to
address range limitations of BEBs in CET’s service. For any blocks that were not feasible with
only overnight charging, CTE added midday charging at existing layover points for CET’s
blocks. The addition of midday and/or on-route charging sessions reduces the risk of a vehicle
running out of charge. With the addition of this charging solution, the number of CET blocks that
were feasible was more than two times that of using overnight depot charging only.

It is important to note that CTE’s screening model developed for this study is only a preliminary
step in developing a concrete plan to transition to battery electric buses. To ensure successful
deployments of battery electric buses as laid out in the plan, CTE recommends modeling or
testing specific buses on planned routes and developing charge and charge rate models prior to
making a major investment.
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Cold weather reduces the range of battery electric buses. The loss of efficiency is due mostly to
the large energy demand of cabin heat and the windshield’s defroster. In a diesel bus, waste heat
from the combustion engine is used for this heating whereas a BEB requires energy from the
battery to drive an electric heater. On-board diesel cabin heaters can help mitigate these range
impacts; however, experience with diesel heaters in the field indicates that they do not mitigate
all seasonal range impacts.

Research by CTE and Stark Area Regional Transit Authority (SARTA) demonstrated the
impacts of cold temperatures on BEBs with and without auxiliary diesel heaters.2 The research
indicates that a fleet of 40-foot BEBs without diesel heaters saw a 63% reduction in range at
10°F compared to 60°F while a fleet of 40-foot BEBs with diesel heaters under comparable
environmental conditions saw only a 26% reduction.

Some zero-emission buses are not designed to maintain operator and passenger comfort in
temperatures below 20°F. If using one of these buses, auxiliary diesel heaters may be necessary
to improve comfort of the vehicle in cold temperatures. CTE’s screening-level analysis
considered feasibility both with and without the use of auxiliary diesel heaters.

In addition to heating requirements, warming up the buses and batteries after cold winter nights
can consume a large amount of energy. This “preconditioning” can take roughly an hour and
uses considerable energy even when using a diesel heater because diesel heaters are not designed
to heat the batteries or defroster. To avoid losing range from energy spent to precondition the
buses, CTE recommends planning to precondition the buses while still plugged into the chargers
to ensure the preconditioning energy comes from the charger rather than the buses’ batteries. It is
important to know that operators should be aware that without proper management,
preconditioning can lead to excessive energy consumption as a result of pre-conditioning
overnight.

The need to precondition buses is largely reduced when buses are stored indoors; however, buses
stored indoors will still benefit from preconditioning. Finally, it is worth noting that air
conditioning energy requirements can also impact range in both fuel cell electric buses and
battery electric buses. The study previously cited identified a 10% reduction in range from 60°F
to 80°F.

Although the addition of diesel heaters on BEBs is not the most ideal option from an emissions
perspective, they add the benefit of being able to run BEBs on more CET blocks now rather than
later in the future. It is important to note that BEBs equipped with diesel heaters are still
considered to be zero-emission vehicles.

3 Henning, Mark, Andrew R. Thomas, and Alison Smyth. "An Analysis of the Association between
Changes in Ambient Temperature, Fuel Economy, and Vehicle Range for Battery Electric and Fuel Cell
Electric Buses." (2019): 1.
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The most concerning issue for many BEB operators is the possibility that a bus runs out of
energy on route. Fortunately, there is ample warning before batteries run out of energy. CET
should ensure buses have sufficient energy on board before departing the midday or overnight
charger. This assurance can be as simple as defining a minimum SOC of the batteries that is
necessary prior to departure for each trip. If the SOC is below the target, CET may need to
dispatch an alternate vehicle or delay the pullout until the target SOC is reached. While these
alternatives are not ideal, this approach will minimize the possibility of running out of energy on
route.

Portable chargers are another option for mitigating energy loss on route. Portable chargers are
comprised of a mobile charger and a diesel generator to power the charger. These systems
generally involve a high level of cost and complexity. Additionally, given the charge rates of
mobile equipment, these systems would likely take at least 30 minutes to recharge a bus to a
level sufficient to return to the depot. Ultimately, an on-call towing service may be a preferable
option to portable charging.

Finally, BEBs are comparatively new technology compared to ICE buses. Vehicle designs and
manufacturing techniques are still being refined in the zero-emission bus industry, which creates
some risk for failures on route. To mitigate these risks, CET should ensure its operators are well-
trained regarding what to do in the event of an error light or shutdown; that its maintenance staff
are well-versed in the repair of common problems; and that staff have adequate support from the
vehicle manufacturers to rapidly address breakdowns and service issues.

Many BEB deployments are still in early stages, so maintenance data for aging fleets is sparse.
While BEBs may have lower maintenance costs due to fewer moving parts, actual maintenance
costs will become more apparent as the BEB industry matures. Propulsion-related maintenance
of a BEB fleet may be lower than a fleet of ICE buses, given that BEB propulsion systems are
more efficient and have fewer moving parts than internal combustion engines. In addition, the
lack of an internal combustion engine negates the need for oil changes while the use of
regenerative braking typically lengthens the life of brake pads.

Maintenance costs may be higher for initial BEB deployments as the maintenance staff learns
how to troubleshoot and repair unfamiliar systems in BEBS, such as high voltage systems and
electrified components. As CET’s BEB fleet grows, so will the ability to anticipate issues and
prevent them with proper maintenance. Comprehensive tracking of maintenance history will be
useful for CET to predict maintenance needs, stock spares, and budget for maintenance costs.

When planning to deploy battery electric buses, CET should ensure that adequate OEM-provided
training is included in the final bus contract language. The contract should include clear
requirements for training hours, aids, materials, tools and diagnostic equipment.

CET should plan to arrange training in the following areas:
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Operation of battery electric buses including detecting and resolving in-service
problems and emergencies to minimize delays;

Maintenance of components or assemblies, which includes high-voltage and gaseous
fuel safety training (as needed), inspections, lubrication, adjustments, repairs, and
replacements normally performed at the maintenance shop,

Special tools and test equipment used during maintenance,

First responder training for the local first responder organizations to provide
guidance on how to address an incident with a BEB.

CET should identify operations and maintenance staff that require training and should work with
the OEM to develop the internal training requirements and program materials. Training is
recommended for all staff at CET to familiarize them with BEB operations.

The OEM typically provides operator training to agency trainers who can then train additional
staff. Training should consist of both classroom and hands-on activities and should cover the

following topics at a minimum:

General BEB orientation

Normal operating procedures
Emergency operating procedures
Moving a BEB with a problem (fault)

Revenue service preparation

A combination of courses from the bus OEM and individual component manufacturers typically
completes maintenance training. Maintenance training from component OEM’s is also typically
provided to an agency’s maintenance trainers, as well as specifically identified key maintenance
staff who are expected to work on the BEBs.

Maintenance training should address the following BEB components at a minimum:

Multiplex systems

Propulsion system

High-voltage systems

Chargers

Air system and ABS

HVAC

Entrance and exit doors

Wheelchair ramp

Brake systems and axles

Front and rear suspension and steering

Body and structure
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e Towing and recovery

Upon delivery of the first BEB, the bus OEM will typically provide final operation and
maintenance manuals in both hard-copy and electronic versions. CET should coordinate with the
bus OEM and its subcontractors to provide training for local first responders, as required.

The following table provides an estimate of the number of training hours that are typically
provided by the equipment OEM as part of the bus purchase. Note that specific high-voltage
training is not typically provided by the bus OEM; however, familiarization with the high-
voltage systems of the BEBs and safety precautions for working in a high-voltage environment
are typically included in the OEM’s Operator and Maintenance Training.

Table 10. Typical Training Hours and Topics Provided by Bus OEM

Description Quantity
Hrs.
BEB Orientation 4-8
Operator Training 8-16
Maintenance Training 32-48
Depot Charger Maintenance Training 16 - 32

Bus OEMs may also work with manufacturers of specific components (e.g., propulsion system,
HVAC, doors, ramp) to provide further specific training, as necessary.

3.4 Batteries

3.4.1 Operational Considerations

As discussed earlier in Section 2.2.1, for battery electric buses it is common for manufacturers to
recommend or allow the operator to access only 80%—-90% of the full nameplate capacity of the
batteries, known as the usable capacity. The reader may recall that this limitation is set for a few
reasons: (1) charging and discharging the battery to the extremes can shorten the life of the
batteries; (2) regenerative braking may not be possible at high states of charge, resulting in
different braking feel when regenerative braking is not engaged, and (3) full power and voltage
may not be available at low states of charge, resulting in loss in performance and accessory
functions. The specifics of this performance derating should be discussed with BEB
manufacturers to ensure clear understanding of the bus’s behavior at low state-of-charge (SOC).

Additionally, CTE advocates incorporating a reserve energy (also called a “service reserve”) in
BEB operational planning to minimize the risk of buses running out of energy if there is an
unusual issue on route (e.g., a detour, excessive traffic). CET could alternatively design and
implement contingency plans to respond to vehicles unexpectedly running low on energy in the
field. Over their service life, BEB batteries are anticipated to lose some energy storage capacity.
Typically, operators plan to replace batteries at the typical warrantied 80% of their original
capacity (i.e., defined as the “end-of-life” condition). Batteries can be used as they degrade past
the end-of-life point as long as the ensuing range limitations are accommodated. As such, when
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planning for BEB operations it is important to consider the realistic service the buses will be able
to perform as the batteries degrade.

For the screening-level analysis, CTE assumed a 445 kWh nameplate capacity battery for 35-foot
buses and a 160 kwWh nameplate capacity battery for the minibuses. If CET deploys vehicles with
significantly lower battery capacities than 445 kWh and 160 kWh for 35-foot buses and
minibuses, respectively, then the agency should be prepared for a lower number of feasible
service blocks than determined in this project and described in the Operational Review.

In the current BEB market, bus batteries are provided through the bus manufacturer. There has
not been a third-party battery market established at this point, meaning customers do not have
much of a choice other than the battery that the bus manufacturer provides with the purchased
bus. As the heavy-duty electric vehicle market continues to develop, customers may eventually
have more options to choose from. Another consideration is that when it is time to replace a
battery, the allowable replacement battery size may be limited by the dimensions of the space the
original battery was installed in. That is, it may not be possible to install a larger, potentially
higher capacity battery as a replacement if the form factor—the size and shape of the hardware—
is different than the original. This limitation is dependent on the state of technology at the time of
replacement. For instance, in future years, higher capacity batteries may potentially be developed
without a significant increase in physical size relative to the original.

Finally, an important part of any BEB design is the battery management system, which monitors
battery conditions and places controls on the charging process to protect the battery from
extreme conditions that may degrade it over time, such as high internal temperatures. Therefore,
it is important that the battery and its control system are compatible. In summary, there may be
additional battery replacement options in the future, but there will still be dependency on the bus
OEM to determine capability.

The upfront capital cost of deploying battery electric vehicles could be overwhelming for some
agencies due to the increased costs as compared to ICE transit vehicles. One way to alleviate
some of the upfront cost is battery leasing. Battery leasing allows customers to transfer some of
the upfront capital cost to an agency’s reoccurring operating costs. For transit agencies, capital
funding is often easier to come by than funding for operational and maintenance costs. If this is
the case for CET, battery leasing might not be of benefit for the agency. If leasing does seem to
be of interest to CET, it is important to have discussions with the BEB manufacturers to confirm
that it is an option and what the associated requirements are.

The usable capacity of BEB batteries will degrade over time. It is therefore important to ensure
that the technical specifications and contract documents with the BEB manufacturer establish
clear expectations for performance through the battery life, as well as details for warranty terms
and battery replacement guidelines. Most BEB manufacturers include standard battery warranties
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along with the purchase of the bus. These warranties usually guarantee a battery to 70-80% of
the nameplate capacity for either three to six years or up to 250,000-300,000 miles, whichever
comes first. Manufacturers also typically offer an extended battery warranty option that agencies
can purchase. Extended warranties typically add an additional six years and 250,000 miles of
guarantee for the battery. Prices for extended warranties differ across bus types and
manufacturers but typically range from $50,000 to $110,000 per bus.

If CET decides on purchasing batteries along with the battery electric buses, CTE recommends
considering the purchase of an extended battery warranty due to the current uncertainty in battery
lifespans. As BEB deployments mature and progress, there will be more data available on battery
life, which will help inform BEB customers on the typical life span of a battery.

3.4.5 Estimated Cost Comparison

This section describes the order of magnitude cost impacts to capital and operating budgets
associated with each battery option described above: 1) outright replacement, 2) leasing, 3)
extended warranty. Table 11 shows the impacts. Note that the replacement and lease figures are
based on an evaluation done by an agency in support of a 2018 grant application and were
specific to one particular bus OEM for typical heavy-duty BEBs at that time. Warranty costs are
representative of what CTE currently sees in the marketplace. Therefore, Table 11 should be
used for example comparative costs only and not for actual budgeting.

Table 11. Battery Financing Examples - Budgetary Impact per Vehicle (2018)

Description Impact to Impact to Net Impact
Capital Operating Budget
Budget
Battery Replacement $0 +$ 196,000 + $196,000
Battery Lease
(12-yr term) - $ 196,000 + $ 420,000 + $224,000
Battery Warranty +$75.000 $0 +$75,000

(Extended 12-yr)

Buying an extended 12-year warranty is generally expected to be the most cost-effective overall
option if capital funding is available to pay for the extra up-front cost ($75,000 per vehicle in this
example). Leasing can be attractive if there are significant constraints on capital funding because
the cost of a battery ($196,000 in Table 11) is deducted from the price of the bus. However, in
this case, the overall battery cost is then paid for using operating funds at the rate of $35,000 per
year over the 12-year term (in this example), resulting in a higher net cost. Note that foregoing
the extended warranty and replacing the battery outright is also an option which may have a
slight advantage over leasing from an overall net cost standpoint. This example presumes the
battery lives beyond the initial three to six year standard warranty term.
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4.0 Facility and Equipment Review

CTE assessed CET’s facilities in order to provide recommendations on charging strategy and
infrastructure to support an electric CET fleet. The results and recommendations of the facility
and equipment review are detailed in the following sections.

The goal of the infrastructure assessment is to determine the total number of chargers required
based on the charging schedule and total buses needing to be charged at each location during
different times of the week and year. The number of chargers required reflects the sum of the
maximum requirement at each facility over a typical week and over different seasons. It is
typical in other analyses to find that weekday activity represents the largest demand and can be
used as a proxy to determine overall charger requirements for the whole year. However, in the
case of CET, there is significant seasonal activity as well as many routes that only run specific
days of the week. Therefore, CTE performed a more granular analysis to more accurately
determine charger requirements.

Using the block feasibility results from the Operational Review, CTE conducted a charging
analysis for three primary scenarios: 1) overnight depot charging only, 2) overnight and midday
plug-in charge (with electric heaters on buses), and 3) overnight and midday plug-in charge (with
diesel heaters on buses). For each of these scenarios, CTE then estimated the maximum total
power supply needed for each location based on all chargers operating concurrently in a given
day. It is too early in CET’s planning process and out of scope for this study to confirm the
locations of suitable on-route charging locations based on the blocks that might run through
them. However, using reasonable assumptions, CTE added a fourth scenario to estimate the
additional equipment and power that might be required if on-route charging is considered in the
future.

The required power supply for charging buses is one of the primary design parameters for
facility modifications to support charging, and it can heavily influence the cost and complexity
of facility upgrades. The National Electric Code (NEC) and standard practice for electrical
design and permitting is to use the combined power of all installed electrical equipment (e.g.,
chargers) as the basis for the required power supply for design and permitting. As such, the
standard approach to charging infrastructure would be to construct enough power supply
infrastructure to power all chargers simultaneously. The number of chargers that need to be
powered simultaneously depends on the time required to charge compared to the time available
to charge each vehicle. In the overnight hours, there is enough time to provide two rounds of
charging, so the number of chargers can be optimized by having two separate rounds of charging
overnight. This approach also optimizes utility cost by minimizing the number of vehicles that
are charged simultaneously and therefore reducing power demand. Overnight charging is
described further in the “Charging Recommendations for CET Operations™ section.

The overall assumptions and definitions applicable to the information in the subsequent sections
are as follows:
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e CTE assumed the chargers for 35’ buses are rated at 150 kW and the chargers for 15’
minibuses are rated at 60 kW. On-route chargers for 35’ buses are rated at 450 kW.

e (TE assumed 10% for line losses between the meter and charger (the grid demand
reflected on the utility bill is slightly higher than what the charger delivers).

e “Max Power Required for Operation” is listed for reference and is the expected power draw
from the grid during normal operations under strenuous conditions. These conditions are
dependent on schedule and may not require all chargers to be operating simultaneously.

4.2 Overnight Depot Charging Only Scenario

As detailed in the Operational Review, 12 total blocks are feasible with only overnight depot
charging operations. For these blocks, CTE determined the maximum number of buses that
would require charging at each of CET’s facilities during a given overnight period. It was
determined that the Bend Operations Facility and Madras were the only locations that would
need chargers for this scenario; Hawthorne Station, the Redmond Operations Facility, and La
Pine locations would not need chargers. Table 12 details the number of vehicles that would need
chargers at each location, the corresponding number of chargers, and the power required. The
boxed-in totals to the right reflect the total number of chargers that would need to be purchased.

Table 12. Charger Requirements for Overnight Depot Charging Only

Overnight Location Bend Ops Madras Redmond La Pine Hawthorne Bamgl or TOTALS
35" Buses From Location 4

o o o 0o 53

Max Power Required for 467 67
Operation (kW

4.3 Overnight and Midday Plug-In Depot Charge Scenario (Electric Heat)

As detailed in the Operational Review, 27 total blocks are feasible with overnight and midday
depot charging operations and electric heaters on the BEBs. For these blocks, CTE determined
the maximum number of buses that would require charging at each of CET’s facilities during a
given day. It was determined that charging would be needed at Bend Operations Facility, La
Pine, Madras and Redmond Operations Facility. Table 13 details the number of vehicles that
would need chargers at each location, the corresponding number of chargers, and the power
required. The boxed-in totals to the right reflect the total number of chargers that would need to
be purchased.

Table 13. Charger Requirements for Overnight and Midday Plug-In Depot Charging (Electric Heat)

Overn_lght Bend Ops \EG[ES Redmond La Pine Hawthorne Mt Bachelor TOTALS
Location

35" Buses

From 6 1 3 1 0 0 11
Location
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15" Buses
From 3 1 0 0 0 0 4
Location
150 kW
Chargers 4 1 2 1 0 0 8
@ Location
60kW

Chargers 2 1 0 0 0 0 3
@ Location
Max Power
Required
{o]§ 800 233 333 167 0 0 1,533
Operation

4.4 Overnight and Midday Plug-In Depot Charge Scenario (Diesel Heat)

As detailed in the Operational Review, 29 total blocks (9 Community Connectors, 12
recreational, 8 demand response) are feasible with overnight and midday plug-in charging
operations and diesel heaters on the BEBs. For these blocks, CTE determined the maximum
number of buses that would require charging at each of CET’s facilities during a given day. It
was determined that charging would be needed at Bend Operations Facility, La Pine, Madras and
Redmond Operations. Table 14 details the number of vehicles that would need chargers at each
location, the corresponding number of chargers, and the power required. The boxed-in totals to
the right reflect the total number of chargers that would need to be purchased.

Table 14. Charger Requirements for Overnight and Midday Plug-In Charging (Diesel Heat)

Overnight
Location
35" Buses
From 8 1 3 1 0 0 13
Location

15' Buses

From 3 1 0 0 0 0 4
Location

Bend Ops Madras Redmond La Pine Hawthorne Mt Bachelor TOTALS

150 kW
Chargers @ 4 1 2 1 0 0 8
Location
60kW

Chargers @ 2 1 0 0 0 0 3
Location

Max Power

Required

for 800 233 333 167 0 0 1,533
Operation

(kW)

4.4 Charging Considerations and Recommendations for CET Operations

Three primary considerations to keep in mind as CET establishes a zero-emission fleet are the
charging power required, charging speed required (time available to charge), and facility layout
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and space limitations. Based on the scenarios studied for CET, there will be a mixture of
minibuses and 35’ buses charging overnight at the depot. The bus model, with its associate
electrical design and battery management system, determines the limit of the charging power that
can be used to charge the battery. Deciding the exact power to choose within that limit can
depend on how fast the charging needs to take place. 150kW and 60kW are common rated
charge powers for larger transit buses and minibuses, respectively. The feasible routes resulting
from this study all have enough time to charge within the existing schedules such that a higher
power (say, pantograph) charger would most likely not be necessary at the depots. Recall in the
Operational Assessment that using higher power chargers at midday only resulted in a few more
blocks becoming feasible, not enough to justify the higher costs of pantograph chargers at the
mid-day charging locations.

Specific depot designs or associated space limitations can sometimes dictate charger type or
equipment layouts. Some agencies find that there is more space and less operational disruption to
have chargers located outside in the bus yard. In cases where the preference is to locate chargers
within the maintenance building (because of, for example, extreme weather environments),
variations on charger layouts can solve space constraint issues. Having a separate charger cabinet
with remote dispensers gives an agency flexibility on locating the various components to fit the
space. For example, if there is not much space where vehicles are parked, having only the
dispenser is more workable than having either an integrated cabinet/dispenser or these separate
components co-located. If there is limited space inside a maintenance building, an overhead reel
can be used to extend the charge cable down to the bus and avoid the need for a ground or wall-
mounted pedestal.

Based on the number of currently feasible routes for CET, the maximum number of depot
chargers required is six depot chargers (at Bend Operations) and fewer than that at other
locations. For such a relatively low number of chargers, CTE suggests first evaluating facilities
for adequate space to house the depot plug-in chargers. A future deployment may involve on-
route chargers, which would require determining appropriate locations for those units based on
route design, timing, and the space and power requirements at those locations.

By the time on-route charging is typically employed, the benefits in terms of additional range
and feasibility justify the additional cost to incorporate the infrastructure. For on-route charging,
CTE recommends that CET evaluate pantograph charger technology first before looking to
inductive chargers. Inductive chargers are much newer and less common in the U.S. market.
Inductive chargers can be worth evaluating if space constraints exist or station design aesthetics
require a lower profile (e.g., mobility hub).

Recommendation #1: Start out with plug-in charging for the agency’s electrification
infrastructure. The Operational Review shows that CET can feasibly electrify numerous blocks
without high-powered chargers and without adjustments to current and near-term schedules and
operations. CTE recommends electrifying those blocks first and building out the associated
infrastructure to support them.

Recommendation #2: Initially pursue an overnight plus midday plug-in depot charging strategy,
with the buses having either electric or diesel heaters. There is substantial benefit in taking
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advantage of the additional opportunities for midday charging for those blocks that can support
it.

Recommendation #3: Schedule two sequential overnight charging sessions to optimize
overnight charging and reduce the overall electrical demand. To reduce the need for manual
intervention in the overnight hours to switch out vehicles, there is an option to have multiple
dispensers attached to one charger, where two buses can be plugged in at the same time and Bus
#1 charges while Bus #2 sits idle. Once Bus #1 is finished charging, the charger automatically
sequences to Bus #2 and begins charging that vehicle. This essentially allows half of the 35’
buses to charge early in the evening and the other half to charge automatically later in the
evening. Minibus chargers (60kW) may not have the automatic sequencing feature, but the same
result could be achieved with third-party charge management software.

Recommendation #4: Consider incorporating on-route charging in the future, potentially
utilizing mobility hubs for this purpose. If the scheduling and charging locations can be
coordinated, this can substantially increase vehicle range and make more blocks feasible. See a
more detailed discussion below.

High-powered pantograph chargers are an option for CET to use for their 35-foot buses. Some
CET 35-foot bus blocks that are not feasible with 150kW overnight and midday charging alone
could become feasible if supplemented with higher-powered charging on route. This strategy
was summarized in the Operational Review section. On-route charging provides sizeable range
improvements depending on specific routings and how often buses have an opportunity to go
through one or more centrally located on-route chargers. Recall Figure 5 and Figure 6 show the
blocks that are unachievable by plug-in charging alone (overnight depot and midday) and the
estimated charge time, using high-powered on-route charging, required to make the blocks
feasible. The blocks shown in Figure 5 and Figure 6 do not have one long mid-day charging
opportunity, so it is assumed that each route would need to have multiple shorter charging
opportunities at convenient layover locations throughout the day, totaling to the on-route charge
durations shown in order to become achievable with one BEB.

It is too early in CET’s planning process to confirm exactly where on-route chargers could be
located relative to the blocks that could run through them. Mobility hubs provide likely locations
and may be implemented in the South Downtown area of Bend, at the future Deschutes County
Central Library close to Cascade Village Mall, and near OSU-Cascades. See Figure 7 below
from CET’s 2040 Regional Transit Master Plan for other possible hub locations.
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Figure 7. Potential Mobility Hub Locations

Based on CTE’s experience with deployments at other agencies that utilize on-route charging,
the blocks that are most suited for this application see around five to six charging sessions
throughout the day, averaging five to fifteen minutes of charge time each session. Based on this
data, CTE used one hour of combined daily additional charge time as an assumption to estimate
potential infrastructure required for CET to employ on-route charging. The blocks from Figure 5
and Figure 6 that meet the criteria of one hour or less of total daily on-route charging are listed in
Table 15.
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Table 15. Additional Feasible Blocks if One Hour of Daily On-Route Charging Added

Additional Feasible Blocks Additional Feasible Blocks
(electric heating) (diesel heating)

M-FRT 1 M-F RT 1/7*

M-F RT 1/7* M-F RT 2
M-F RT 2 M-F RT 3
M-FRT 3

M-F RT 3/4*
M-FRT 4
M-FRT5
M-FRT 6

M-F RT 7/10

M-F RT 8*

M-F RT 9*

M-F RT 11/7

SAT RT 5/3

SAT RT 6/4

SAT RT 8/9

CTE used the guideline that up to four buses can share one on-route charger based on charge
times of up to 15 minutes each within a given hour in the daily schedule. For the electric heating
case, the number of maximum additional buses requiring on-route charging was determined by
the weekday schedule (twelve additional buses); the diesel heating case also determined the
maximum additional buses by the weekday schedule (three additional buses). The resulting
summary of on-route chargers required for each scenario and the associated maximum power for
all on-route chargers combined is shown in Table 16.

Table 16. Chargers Required to Incorporate On-Route Charging

Overnight + Midday Overnight + Midday
electric heat diesel heat
| Additional Buses |

Additional Buses 12

Additional Depot 6 2
Chargers (150kW @ 2:1)

On-Route Chargers 3 1

Required (450kW

O/R Charger Total 1.5 MW 0.5 MW
Power

These on-route chargers provide the additional energy required during the day above and beyond
any energy provided by overnight depot charging. This means that the additional buses also
require depot charging. The additional depot chargers required are also listed in Table 16. Per
CTE’s previous recommendations, the scenario assumes two dispensers for each depot charger,
taking advantage of two possible charging sessions per evening.
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When electrifying a bus fleet, it is critical to engage the local electric utility (or other electric
service provider) early in the project. The facility may require a service upgrade, such as a new
transformer and switchgear, depending on the level of electric service currently available at the
facility. More explanation of these components is in the following section, Charging
Infrastructure Components. Also, the location of the grid interconnection point for the facility
may impact decisions on where chargers and dispensers are located at the facility. In preliminary
conversations with Pacific Power, CTE presented preliminary power supply requirements, and
Pacific Power did not raise any issues with the anticipated needs. CTE recommends continued
close coordination with Pacific Power throughout the electrification process.

CET should complete Pacific Power’s EVSE Technical Assistance Application* as part of the
agency’s electrification planning. Upon approval of the application, Pacific Power will conduct
an on-site visit and assessment of CET’s facilities to collect information on existing features and
equipment. Pacific Power will then create a report that includes an electricity utilization
assessment, equipment assessment, site design assessment, preliminary site layout plan, and
preliminary project installation costs.

As a result of the assessment, Pacific Power may suggest one or more programs that can help
defray costs of an infrastructure project for electric buses. In discussions with Pacific Power,
they mentioned a few different options to help with infrastructure costs: credits that can be
applied to the total cost of an infrastructure project via a rate plan agreement (based on the size
of the project and total power required), competitive grant programs (e.g., “E-Mobility Grant™),
and an upcoming Make-Ready program that is under development. CTE recommends that CET
consult with the utility further for specific requirements and applicability of these possible
funding sources.

Charging infrastructure and layout will vary across different operators due to factors such as the
chosen charging technology (e.g., plug-in, pantograph, inductive), size of electric vehicle fleet,
real estate available, operational considerations, requirements from the electric utility, and other
considerations. Even with the potential variability, a charging station for BEBs will typically
include (1) a transformer, (2) switchgear, (3) a charger, and (4) a dispenser (see Figure 8).

4 Pacific Power’s EVSE Technical Assistance Application can be found via this website:
https://www.pacificpower.net/savings-energy-choices/electric-vehicles/charging-station-technical-
assistance.html
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Figure 8. Generalized BEB Charging Infrastructure Schematic

The photo in Figure 9, Panel A shows an example infrastructure setup where the transformer (left
side of picture) is next to a pad that has the switchgear (gray enclosures on right) installed in
front of a series of charger cabinets (taller structures behind the gray switchgear). This
arrangement represents one common setup where infrastructure is collocated in one separate area
and the dispensers are located in a different area where the buses are parked. Figure 9, Panel B
provides a closer look at a series of charger cabinets, which in this case are located outside the
wall of a depot building. The switchgear and transformer are in a nearby location.

N

Figure 9. Photos of Charging Equipment Layouts

As mentioned earlier, charger cabinets can either have dispensers built into them that plug
directly into the bus (Figure 10, Panel A), or there can be remote dispensers separate from the
cabinets. Separate dispensers can be in the following configurations: plug-in dispensers (in
Figure 10, Panel B, the charge cabinet is the structure on the left and the plug-in dispenser is on

the right), pantograph dispensers (Figure 10, Panel C) or inductive charge dispensers (Figure
10, Panel D).
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Figure 10. Photos of Different Dispenser Types

Depending on the number of BEB’s being deployed, CET may want to consider additional
infrastructure for a backup power system in the event of a power outage. CTE’s recommendation
is to work with the utility to understand frequency and durations of outages experienced at this
facility and compare that against CET’s risk tolerance of a power disruption. The existing
schedule and availability of spares both play a role here. For instance, the scenarios presented
here reflect less than 50% electric vehicles for any one fleet type (35” or minibus). With a large
number of traditional vehicles still available, some agencies may decide that there is adequate
coverage during a short emergency power outage if the frequency and length of outages are
typically low. This risk is for each agency to analyze and decide based on their own policy and
risk tolerance. Should an agency decide that further mitigation is required, a common solution is
an on-site backup generator. Figure 11, Panel A is an example of a backup generator (raised
structure on left, item on bottom right is a transformer), and Figure 11, Panel B is an example of
a transfer switch that would allow CET to switch from grid power to backup power.
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Figure 11. Backup Generator and Transfer Switch

4.6.2 Scalable
Recommendations for Future Mobility Hubs

If certain future mobility hubs are in appropriate locations to provide multiple passthrough
charging opportunities per day for routes listed in Table 15, then giving forethought to the
footprint of the required equipment is a useful exercise. Every transit center will have its own
unique design based on a number of factors. The number of buses requiring charging will be
dependent on location, bus routing, and the feasibility of the blocks moving through those
locations for electric bus service. Given the many variables yet to be determined, it is useful to
start with the assumption that the blocks listed in Table 15 represent the initial volume to be
expected to charge on-route at one or more mobility hub locations.

If this assumption is taken as true, then up to three on-route chargers will be required, either at
one location or split between multiple locations. A first step in assessing space requirements is to
estimate the generalized footprint required for one to three pantograph chargers at any one
location. As illustrated previously, the equipment required for charging can be positioned in
multiple configurations. Although the dispensers are different for on-route chargers than for
depot chargers, the types of support equipment associated with them are largely similar
(transformer, switchgear/switchboard, charger cabinets, etc.). One common configuration is to
collocate these items in one protected area that may or may not be adjacent to the pantograph
dispenser for the buses. There is some flexibility here because there is an allowable distance
between chargers and dispensers, sometimes up to 500 feet or more depending on the charger
and OEM.

By way of an example, Table 17 shows the typical rectangular footprint needed to house the
support equipment for the given number of chargers. This information comes from examples of
designs CTE has seen at agencies that have incorporated on-route chargers. Designs can differ
substantially, and many configurations can work, but it is useful to think of this area as
containing the following equipment: one or more banks of charging cabinets (e.g., for ABB, a
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bank of three adjacent cabinets is required to power each pantograph), switchgear and/or a
switchboard, a utility transformer, and a bank of equipment for charge management software (if
used).

Table 17. Approximate Footprint Required for On-Route Charging Equipment (Not Including Dispenser)

Typical Equipment Area Example Design
# On-Route Chargers Py Dimensions
1 500 27 x 18’
2 800 45’ x 18’
3 1,000-1,100 45’ x 23’

For the pantograph dispenser, expect each charge pole or mast to be about 3.5 ft. x 1 ft. at the
base with an 8 ft. x 8 ft. foundation, approximately 17 ft. high and with a 15 ft. outreach. For
planning purposes, based on current technology, up to three active chargers should cover CET’s
initial needs based on current technology and potentially feasible blocks. However, as stated
previously, this is highly dependent on charger locations, vehicle routing and schedule.
Depending on the overall activity, frequency and layover times expected at a particular location,
some agencies choose to have one or more additional chargers at each location for redundancy to
ensure no interruption in service if the primary charger goes down.

4.6.3 Other Equipment Considerations

Based on interviews with multiple transit agencies, CTE compiled a list of the most commonly
procured tooling specific to battery electric buses. Note that this input is for battery electric buses
in general and is not specific to any one OEM. Tooling typically includes:

e High voltage tooling

e Diagnostic testing equipment

o Lift tables or some attachment to existing lift tables for the vehicle to accommodate electric buses
and/or batteries

o Electronics warranty package (optional)

In addition to specific tooling, agencies procuring BEBs need to supply proper protective
equipment for their maintenance staff. Examples include high-voltage (utility lineman-style)
gloves and fire-retardant shirts, suits, and shoes. Finally, general safety equipment is required to
protect personnel working in or near electrically energized areas. This equipment includes
barriers and signage, voltage detectors, rescue hooks, and defibrillators.

Note that there will also likely be equipment and tooling and diagnostic devices that are specific
to certain component systems on a particular vehicle model, such as HVAC systems.
Furthermore, in the case of transit buses, some of these components may be located on the top of
the vehicle. As such, some kind of scaffolding system and/or an overhead crane may be required
in order to have the ability to repair, remove, and replace these components.
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5.0 Financial and Economic Analysis

Transitioning a fleet to zero-emission technology will have a significant impact on an agency’s
capital and operating budgets. Zero emission vehicles and supporting infrastructure are typically
50% - 100% higher in capital costs vs. ICE vehicles. Higher capital expense can be partially
offset with lower operating costs. For example, maintenance costs are typically 30% lower and,
if managed properly, the costs for electricity to recharge batteries is lower than diesel and
gasoline in many parts of the country. However, lifetime savings are not typically enough to
offset the incremental capital cost of zero emission vehicles.

Currently, there are some grant programs to help offset some capital costs. For example, FTA’s
Low or No Emission Program offers 85% funding on a zero-emission bus instead of the standard
80% on ICE buses. The grant also offers 90% on fueling infrastructure. Some states also offer
incremental cost share funding through voucher programs or the VVolkswagen Settlement fund.

The following section summarizes the results of a high-level financial and economic analysis of
CET’s fleet transition to zero emissions. The analysis includes capital costs for vehicles and
infrastructure as well as operational costs for fuel and maintenance. CTE also comments on other
ancillary costs to expect such as maintenance bay equipment, tooling, and training.

The high-level cost analysis represents the three scenarios previously described in the Facility
and Equipment Review plus an additional scenario that includes FCEBs. FCEBs are zero-
emission buses that utilize an on-board fuel cell to convert hydrogen to electricity that recharges
the batteries that power the bus. The main difference between BEBs and FCEBs is that FCEBs
have the ability to recharge the bus batteries while in motion, because of the on-board fuel cell,
while a battery electric bus must be taken out of service to recharge. Other than battery electric
technology, fuel cell technology is the only other proven technology deployed for transit that
produces zero tailpipe emissions. Based on the number of feasible blocks determined for the
primary scenarios described in the Facility and Equipment Review, for the cost analysis it was
assumed that the number of buses it would take to run those feasible blocks were replaced with
BEBs. The remaining number of buses in CET’s total fleet were then assumed to be replaced
with an ICE vehicle. A baseline scenario was also included in the cost analysis which provides a
comparison to CET’s current fleet composition.

The cost scenarios are as follows:
Baseline Scenario

BEB Overnight Depot Charging Only

BEB Overnight and Midday Plug-In Charging (Electric Heater)
BEB Overnight and Midday Plug-In Charging (Diesel Heater)
5. FCEB

Eal S

Note that all costs in the sections that follow are expressed in 2022 dollars, without inflation.

A BEB scenario that includes on-route charging was not included because additional information
is necessary to adequately estimate costs for on-route charging. To estimate costs for on-route
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charging, an agency must have more information on potential on-route charging locations and
whether these routes have adequate time and frequency of pass-through for charging at each
location.

5.1.1 Feasibility Summary

As an initial point of reference, Table 18 below shows a feasibility comparison across the
primary scenarios.

Table 18. Block Feasibility Summary

BEB
BEB Overnight BEB Overnight + Overnight +

Depot Charge Midday Charge Midday
Only (Electric Heat) Charge (Diesel
Heat)

Feasible

Blocks
All Vehicles Total 75 75 75 75
Blocks
0
% 16% 36% 39% 53%
Feasible
]
Feasible
Blocks . 8 . v
Minibus Total 31 31 31 31
Blocks
0
% 26% 26% 26% 0%
Feasible
]
Feasible
Blocks 4 19 21 40
35" Buses Total 44 44 44 44
Blocks
0
% 9% 43% 48% 91%
Feasible

The block feasibility total for the FCEB minibus scenario is 0% due to the fact that there is
currently no fuel cell electric minibus available on the market today, so it was not considered as a
feasible replacement for CET’s current minibuses. There is also currently no 35° FCEB on the
market today, only 40’ and 60’ options. CTE assumed the capabilities of a 35’ FCEB to be the
same as current 40’ FCEBs on the market today. Currently, FCEBs have a larger range than
BEBs which is why 91% of CET’s total 35” bus blocks prove to be feasible with FCEBs, which
is higher than the feasibilities of any of the BEB scenarios.

5.2 Capital Costs

CTE calculated the total capital cost, including both infrastructure and vehicle costs, for each
scenario assuming that every vehicle in CET’s fleet is replaced once with either a zero-emission
bus or an internal combustion engine bus, depending on the block feasibility of each scenario.
Assumptions used for the vehicle costs and the infrastructure costs are in the following sections.
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CTE created cost assumptions for this analysis for each bus length and technology type (i.e.,
battery electric and fuel cell electric). Key assumptions for the bus cost estimates are as follows:

e There are currently no 35’ or minibus FCEBs on the market. For cost purposes, CTE
assumed replacement of 35°-40° buses with 40° FCEBs, and minibuses are not replaced
with fuel cell minibuses.

e Electric vehicle costs are based on values CTE retrieved from various available state
contracts and OEM information. All values are the most recent available (generally 2021
or 2022) and based on vehicles with battery sizes equivalent to those assumed in CTE’s
feasibility/service assessment.

e Diesel and gasoline bus costs are based on costs from recent CET procurements.

e BEB costs include $75,000 estimated extended battery warranty, and FCEB costs include
an estimated $17,000 extended battery warranty. Typically, extended warranties are
designed to extend the battery warranty for the lifetime of the bus (i.e., 12 years for a 35’
bus). Note that warranties vary by manufacturer and capacity of the energy storage
system.

e For the scenario that includes a diesel heater, $20,000 is added to the bus cost to account
for the heater.

¢ No inflation or estimated future price changes are incorporated into the analysis. There is
speculation that bus pricing will come down with an increase in battery production,
however, this has yet to be realized. The industry has typically added more capacity and
capability to buses at the same pricing levels as opposed to decreasing bus pricing. In
addition, any potential decreases in cost due to economies of scale are offset by inflation.
As a result, the cost analysis assumes consistent pricing through the transition period.

Conventional wisdom dictates that the costs of BEBs will decrease over time due to higher
production volume and competition from new vendors entering the market. While initially this
was true as vehicles transitioned from research and demonstration to commercialization, costs
appear to have leveled out in recent years. However, it should also be noted that vendors have
added more battery storage over the same time period without increasing base costs.

The number of FCEBs sold to date is significantly less than BEBs. The cost of an FCEB is about
20% higher than a BEB due to the addition of a fuel cell, hydrogen tanks, and related fueling
systems. FCEB prices are expected to decrease over time as vehicle orders and production of fuel
cells increase; however, CTE does not currently have an adequate basis to lower the cost of
FCEBs from their current levels in the analysis.

Table 19 provides cost estimates for new vehicles used in the analysis. All bus prices are
exclusive of tax and configurable options.
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Table 19. Bus Cost Assumptions

Length BEB FCEB* Diesel/Gas
35 $815,759 $1,078,000 $220,000
Minibus $250,000 N/A $120,000

* there are no 35" FCEBs currently on the market, so 40° bus pricing is used here

5.2.2 Cost Assumptions for Infrastructure Capital Costs

To determine the infrastructure costs, CTE started with the charger purchase requirements that
were determined in the Facilities and Equipment Review. The costs to upgrade infrastructure
consist of the cost of the charging equipment, the costs to install and commission the equipment
and the associated design and construction costs for the facility. Infrastructure cost assumptions
are shown in the next section. There is also normally a cost from the utility to upgrade capacity
and for new service feed installation. It was noted in the Facilities and Equipment Review that
Pacific Power may offer partial or full subsidization of these fees depending on the results of
their EVSE Technical Assistance Review. Full coverage is possible based on the power capacity
required under the scenarios studied, but estimates are not made available by Pacific Power until
that review is complete. For this reason, these fees are not included in this cost analysis.

The cost assumptions used in determining infrastructure capital requirements are shown in Table
20 below. Note that in practice, some costs such as design and engineering fees may be charged
based on each individual project and are dependent on the specific characteristics at each
location. At this higher level of analysis, CTE utilized data from typical projects to average these
costs on a per charger basis. As was done for vehicles, CTE utilized information from various
state contracts and directly received from OEMs for other projects to estimate the cost of the
charging equipment.

Table 20. Charging Infrastructure Cost Assumptions

150kW 60kW Source

Charger w/ 2 dispensers $150,000 $65,000 State contracts/OEMs

. o Estimate based on other project
Design, construction, install $75,000 $32,500 experience
Total per charger cost $225,000 $97,500

For comparison purposes, in this cost assessment CTE also included the costs to install a
hydrogen fueling station for the FCEB scenario involving liquid hydrogen delivery. Unlike the
case of installing charging infrastructure, it is generally not practical or cost effective to install a
hydrogen station to serve just a few vehicles. In those cases (such as for pilot deployments of 10
or fewer vehicles) the accepted practice is to lease a mobile gaseous hydrogen fueling system.
Agencies generally opt to install equipment, including standard tank sizes, that can support fleets
in phased increments of typically 20-50 vehicles each. The FCEB scenario in this study specifies
31 vehicles would be required. As technology is improving rapidly and FCEB range is still
increasing, CTE expects that the number of CET blocks that FCEBs could support will increase
further. For this study CTE assumed, based on the data received, that the maximum number of
blocks served by 35 vehicles at CET is 44 (see Feasibility Summary earlier). So, in this case
CTE assumed the installation of one system at one location that can serve up to 50 vehicles.
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Unlike electric charging infrastructure, hydrogen fueling stations can be designed to allow for
multiple agencies to share access, or to allow for access to the public (i.e., private and
commercial vehicles). Note that the source of funding to build the station will dictate how the
station may be used.

The costs in Table 21 below assume that typical components of a hydrogen fueling station are
included, such as: liquid H2 storage tanks, liquid hydrogen pumps, vaporizers, high pressure gas
storage and dispensers. Safety upgrades to the maintenance facility are also required to
accommodate hydrogen fueling, such as hydrogen detection equipment that include sensors,
programming and installation of a monitoring panel, and the associated electrical upgrades.
Upgrades are required to each bay serving hydrogen vehicles —CTE assumed five bays in this
case.

Table 21. Hydrogen Infrastructure Cost Assumptions

ltem Cost Source

Hydrogen Station $5,034,000 FCEB deployment projects
Bay upgrades (5 bays) $1,000,000 FCEB projects ($200k per bay)
$6,034,000

5.2.3 Fleet and Infrastructure Capital Costs Results

Total capital costs for each scenario, based on the assumptions mentioned in the sections above,
can be seen in Table 22 below.

Table 22. Fleet Requirements and Costs

# ZEB TO;‘:'_IZEB Infrastructure Costs Total
e Capital

(out of 1,811,128
N ) ZEB ICE ZEB ICE | S0

# of # of total CET fleet
Baseline Fleet
(No ZEBs) == == == == $12.1M -- -- $12.1M

BEB Overnight Charge
Only + Diesel Fleet

BEB Overnight +
Midday Charge
(Electric Heat) + Diesel

4 4 34,450 $43M  $10.7M  $742,500 = $15.7M

11 4 400,204 $10.0M $9.2M $2.2M = $21.4M

Fleet

BEB Overnight +
Midday Charge (Diesel 13 4 468,147 $11.9M $8.8M $2.2M -- $22.9M
Heat) + Diesel Fleet

FCEB + Diesel Fleet 31

Cross referencing from Table 18, for the Overnight Charge case, 8 buses cover 12 (16%) of the
total blocks. For the Overnight and Midday Charge cases, 15 buses cover 27 (36%) of the blocks
using electric heat, and 17 buses cover 29 (39%) of the blocks using diesel heat. Finally, using

1,129,828  $33.4M  $5.3M $6.0M = $44.7M
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FCEB’s 31 buses cover 40 blocks (44%). This represents 91% of the blocks run by 35-ft buses
and 53% of the total blocks in the operation.

For battery electric buses, charging costs are determined by utility rate schedules, which
typically contain four primary cost categories. First, there is an energy cost based on the
kilowatt-hours (kWh) of energy used in charging the vehicles’ batteries. Second, there is a
demand cost which is defined by the rate of charging; that is, the power utilized by each charger
and the number of chargers that are operating at the same time. Demand and energy costs
typically represent the largest portions of the electric utility bill. Third, there is a fixed cost that
is a flat monthly meter fee—typically less than 1% of the total bill. Finally, there are taxes and
fees, with the fees typically being based on a percentage of one of the other metrics (demand or

energy).

Based on the demand requirements estimated by CTE, Pacific Power provided the team with the
detailed rate schedule information that would most likely apply to the scenarios studied. The
plans CTE deemed most likely applicable and appropriate for this initial planning are demand
based plans (i.e., not based on time of day/time of use). The plans used to determine fueling costs
are as follows:

e Schedule 28- applies if demand is 31 kW-200 kW

e Schedule 30- applies if demand is 201 kW-999 kW

Pacific Power is piloting a TOU rate plan (Schedule 29) and offers a high-demand plan
(Schedule 48, applies to 1000kW and over), both of which have time of use components that
could be considered in the future as operational experience and further growth occurs, but these
are out of scope for this study.

In the case of hydrogen, unit fuel costs are based on liquid hydrogen that would be trucked to the
site from one or more distribution centers, the location of which depend on the supplier chosen.
This is the most common sourcing that transit operators utilize today. Hydrogen costs are
generally high at this time due to the fact that the marketplace for hydrogen is still relatively new
and the fuel is, in most cases, trucked over long distances from relatively few distribution centers
across the U.S.; there are currently no distribution centers in the state of Oregon. This cost is
expected to decrease as the market expands and matures over time. There are other options for
hydrogen supply, including gaseous supply sources and on-site hydrogen generation, but these
are out of scope for this study.

Demand and energy requirements can vary substantially throughout the week and throughout the
year based on the operational schedule of the vehicles and the type of vehicles (and therefore
chargers) operating. The feasible routes determined by the operational analysis reflect a large
number of seasonal routes as well as variations in day of the week they are operated (e.g., every
day, weekday only, weekend only, specific days of the week). Furthermore, there are location
specific requirements depending on whether a vehicle is based there and charges overnight, if the
location supports mid-day charging of one or more vehicles, and if that charging occurs all year
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or only during specific seasons. As a result of weekday and seasonal variation, CTE studied the
demand and energy requirements for the different seasons as well as over each day of a typical
week. Furthermore, utility billing is typically structured by month, so CTE estimated both fixed
and variable costs during a month and then extrapolated that to ultimately express costs on an
annual basis.

Another thing to consider is that if the vehicle is operating under strenuous conditions, it may
require midday charging, but if it is operating under more nominal conditions, it may not. As
discussed previously, CTE planned for resources and infrastructure to support strenuous
conditions to ensure there is no disruption to the operation for those more difficult days.
However, for fuel cost purposes and longer term budgeting CTE finds that it is most accurate to
reflect what is typically experienced in most of the year, which trends more toward the nominal.
So, CTE used nominal conditions to determine typical charging activity at each location and the
associated fueling costs. Finally, in the scenario where a diesel heater is employed, CTE also
estimated the cost to use that fuel and include it as part of the overall fueling costs for that
scenario.

A summary of the assumptions used to estimate fuel costs is as follows:

e CTE made distinctions in seasonal and daily operations to estimate the demand and
energy requirements throughout the year.

e Energy costs for the year are based on the total number of operational days expected
annually for each route, as provided by CET.

e Seasonal operations are based on the following definitions, derived from the number of
operating days provided and follow up discussions with CET. CTE assumed that seasons
do not overlap.

o Winter Recreational Routes: 6 months (service days are based on snowfall, which
may vary year-to-year)

o Summer Recreational Routes: 3 months

o During the remaining 3 months of the year not served by recreational routes, only
all-year routes operate

e For the scenario that involves a diesel heater, CTE assumed it operates for 3 months of
the year.

e When comparing against existing traditional vehicle fuel costs, CTE used the following
assumptions provided by CET

o Diesel vehicles: mpg = 8, cost per gallon = $3.82
o Gasoline vehicles: mpg = 5.5, cost per gallon = $3.63

¢ Inreality, the actual power delivered by chargers varies according to various battery
conditions (e.g., state of charge, temperature, etc.). CTE assumed average power
delivered from the charger is 130 kW for a 150 kW rated charger and 50kW for a 60kW
rated charger.
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e Actual grid demand and energy reflected on the bill is slightly higher than that delivered
by the chargers due to expected inefficiencies and losses in the system. CTE assumed
10% loss.

e For hydrogen, CTE assumed a nominal efficiency of 9.18 mi/kgH2 and a cost of
$8.00/kgH2

5.3.3 Fueling Requirements and Costs

A summary of the annual fueling costs for each scenario is provided in Table 23 below.
Table 23. Annual Fueling Costs

Total ZEB
# of ZEBs Miles Annual Fuel Cost
(out of

# Of # of 1,811,128 total TOta|
CET fleet
35 15 T ZEB ICIE Total |~ sumile

Baseline Fleet
(No ZEBs)

BEB Overnight
Charge Only Fleet $37,044 $926,635 $963,678 $0.53
& Diesel Fleet

BEB Overnight +
Midday Charge
(Electric Heat) &
Diesel Fleet

BEB Overnight +
Midday Charge
(Diesel Heat) +

- $954,999  $ 954,999 $0.53

11 4 400,204 $171,386 $751,078 $922,464 $0.51

13 4 468,147 $215,943  $718,635  $934,578 $0.52

Diesel Fleet

FCEB + Diesel Fleet [l = 1,129,828  $984,600  $405,068 $1,389,668 $0.77

Also note that individual utility bills are typically assessed per location. To assist in further
planning, please refer to Appendix A for a detailed breakdown of estimated costs by charging
location. The primary reason that ZEB fuel cost per mile is higher for ZEBs in the Overnight
Charge Only case is because of the way these particular electric rate schedules are structured
(which in this case is typical for the industry) relative to the operation of the buses. Over 85% of
the overall cost for fueling BEBs in this scenario is due to basic “fixed” costs and load charges,
which are both driven by the overall demand or power required from the chargers. And because
there are two separate locations, each one carries its own separate bill. The issue is that relative
to other scenarios, there are much fewer miles achieved relative to the number of buses, chargers
and locations required. Therefore, the load charges are not spread over enough miles to make the
cost per mile competitive with ICE vehicles. Notice that this situation improves significantly
when midday charging is incorporated due to the much larger number of miles achieved relative
to the energy and power required.
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5.4 Maintenance Costs

One of the expected benefits of moving to a ZEB fleet is a reduction in maintenance costs.
Conventional wisdom estimates that a transit agency may attain 30% to 50% in maintenance cost
savings for BEBs. This is due to the fact that there are fewer fluids to replace (no engine oil or
transmission fluid), fewer brake changes due to regenerative braking, and far fewer moving parts
than on a diesel, gas, or CNG bus. The savings in traditional maintenance costs may be offset by
the cost of battery or fuel-cell replacements over the life of the vehicle. For this analysis, it was
assumed that CET would purchase an extended battery warranty at a cost of $75,000 per 35-ft
vehicle, included as part of the purchase cost. For minibuses CTE assumed the battery will last
for the life of the vehicle (7 years). As a result, the cost mid-life battery replacements were not
considered in the maintenance costs for BEBs. In the case of FCEBs, which have smaller
batteries, CTE assumed a $17,000 extended battery warranty is included as part of the purchase
of the vehicle.

For vehicle types other than BEBs, CTE applied anticipated overhaul costs once per the lifetime
of each vehicle. For instance, it is anticipated that a fuel cell overhaul would be necessary at
some point during the 12-year life of a 35’ FCEB; therefore, a one-time charge is applied to the
total cost of ownership per bus. Similarly for a traditional (ICE) vehicle, engine and transmission
overhauls are expected. CTE used average overhaul costs reported by CET for the ICE overhaul
costs used for this analysis. Table 24 and

Table 25 below show a summary of both ongoing and one-time overhaul costs.

5.4.1 Maintenance Cost Assumptions

Table 24. Ongoing Maintenance Cost Assumptions

Type Cost/Mile Source
$0.29 NREL reports; industry experience (30% savings over ICE)

FCEB $0.56 Agencies with FCEBs (e.g., OCTA)

ICE (Gas/Diesel $0.42 CET,; agencies for which CTE tracks KPI’s

Table 25. Overhaul Cost Assumptions

Type Overhaul Scope Cost Source
BEB $75k warranty as part ~ Average of OEM quotes
SELEIY () EEEii of bus price for recent purchases

FCEB Battery replacement $17k warranty as part Prorated BEB warranty
of bus price quotes
Fuel cell replacement $40k per bus lifetime Fuel cell OEM
Transmission overhaul $11Kk per lifetime CET
Engine overhaul $36k per lifetime CET

5.4.2 Maintenance Requirements and Costs

Note that the numbers in Table 26 reflect only the annual, ongoing costs represented by Table 24
above. The overhaul costs resulting from the assumptions in Table 25 are incorporated in the
Total Lifecycle Cost Results in the next section.
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Table 26. Ongoing Maintenance Costs per Year

Total ZEB

# of ZEBs Miles Annual Maintenance Cost

(out of
1,811,128 total

#of 150 Bl ZEB ICE Total

Total
Cost/Mile

# of 35°

Baseline Fleet (No

ZEBs) - $760,674  $760,674 $0.42

BEB Overnight
Charge Only Fleet $ 9,894 $ 746,876 $ 756,770 $0.42
& Diesel Fleet

BEB Overnight +
Midday Charge
(Electric Heat) &
Diesel Fleet

400,204 $117,660  $592,588 $ 710,248 $0.39

BEB Overnight +
Midday Charge

e 13 4 468147 $137.635 $564052  $ 701,687 $0.39
Diesel Fleet
FCEB + Diesel 31 -~ 1129828 $632704 $286146  $918,850 $0.51

Fleet

5.5 Total Lifecycle Cost Results

The total lifecycle costs for each scenario can be seen in Table 27. Lifecycle costs include bus
and infrastructure capital costs, fuel costs, maintenance costs, and mid-life overhaul costs
assuming 12 years of life for the 35” buses and 7 years of life for the 15’ buses. All of the BEB
scenarios see a cost savings in maintenance costs compared to the baseline diesel fleet, while all
but one of the BEB scenarios see a cost savings in fueling costs. Although there are operational
savings expected with BEBs, it is not enough to overcome the incremental capital costs for buses
and infrastructure that come along with electrification, as seen by the cost results in the ‘Total
Cost per Mile’ column.

Table 27. Lifecycle Costs for Deployment Scenarios

#ZEB Lifecycle Costs
Total Cost
#of #of Bus Capital Infrastructure Fueling Costs Maintenance per Mile
35’ 15’ Costs Capital Costs 9 Costs

Baseline Fleet .
(No ZEBs) . $12.1M - $10.0M $10.9M $1.68/mile

ZIEE 4 4 $15.0M $742.500 $10.1M $10.6M $1.85/mile

Overnight
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Charge Only
+ Diesel Fleet

BEB
Overnight +
Midday

Charge 11 4 $19.2M $2.2M $9.6M $8.8M $2.02/mile

(Electric
Heat) +
Diesel Fleet

BEB
Overnight +
Midday
Charge
(Diesel Heat)
+ Diesel Fleet

18 4 $20.7M $2.2M $9.8M $8.6M $2.10/mile

FCEB +
Diesel Fleet

31 == $38.7M $6.0M $15.2M $11.3M $3.62/mile

5.6 Other Associated Costs

5.6.1 Tooling and Ancillary Equipment

In the Facilities and Equipment Review a number of examples were given regarding additional
tooling and ancillary equipment that may be needed for the maintenance bays. The primary
categories and sample budgetary amounts are included in Table 28 below. Note that this estimate
was derived for another project that served 5-10 vehicles of the same type. Clothing and safety
equipment are largely interchangeable, but there may be tooling that is specific to each bus type
(35’ vs minibus). An extra allowance is added for this in the table below.

Table 28. Tooling and Ancillary Equipment Costs

Clothing $4,000
Safety $12,000
Tooling $26,000
Subtotal $42,000
Tooling allowance for
additional bus types Sl L0
TOTAL $56,000

If the agency does not already have one or more methods to access equipment on the top of
vehicles, it is possible that either a scaffolding system with stairs would be needed or potentially
a gantry crane. This could add $150,000 - $200,000 to the overall budget depending on how
many units are needed. Note also that the agency may have its own guidelines regarding how
many tool sets are required given a certain number of buses being served. Therefore, depending
on the scenario chosen, the associated number of buses, and the amount of specialized
subcomponent tooling required, the total costs could vary from the amounts given above.
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Grant funding can potentially be used to pay for this type of equipment, but there are limitations
that agencies should be aware of when deciding whether to include these items in a budget for a
grant application. For instance, the FTA’s Low or No Emissions Grant Program requires funding
to be applied to items that are directly tied to the operation of the electric vehicles, which could
certainly be argued for this tooling and equipment. However, there is also a requirement for all
manufactured goods to be Buy America certified for 100% domestic content. Buy America
certification is commonly achieved through OEM’s for rolling stock such as buses and in some
cases larger manufactured goods such as chargers, but it can be harder for smaller items where
the sources may be harder to determine. Therefore, some agencies CTE has worked with opt to
exclude ancillary equipment from requested grant funding and account for the cost in the overall
project budget (but outside of the grant request).

5.6.2 Training

As mentioned in the Fleet and Maintenance Review, the proper training will be important for
CET operators and maintenance staff to have when introducing battery electric vehicle
technology into the fleet. Typically, there are a set number of training hours included by the bus
OEM as part of the bus purchase for operator and maintenance training. Beyond that set number
of hours, which differs across the various OEMs, additional training courses are typically offered
at additional prices. It is difficult to determine a total budget amount for training, due to the large
variety in training courses offered across different OEMs, as well as the differing price structures
across the OEMs. Some OEMs charge at a per course basis, while some charge at a per
additional hour of training or per person basis. Although a total budget for training will differ on
a case-by-case basis, some estimated price ranges are listed in Table 29. Depending on the length
of the training class and the OEM, overall training costs can differ widely. Based on estimate
class hours listed in Table 10, an Operator and/or Maintenance Orientation class could cost an
estimated $1,600 to $4,000 while a Maintenance Technical Training class could cost an
estimated $6,400-$16,800. CET may opt for a “train-the-trainer” approach if they have an
internal training program or may need to add $10,000 - $30,000 annually for OEM training
based on training needs and staff turnover.

Table 29. Training Cost Summary

Estimated Cost

Training Type Range per Hour of Source
Training per Class

Operator and/or Maintenance Orientation ~$200 - $250 State Contracts/OEM

Maintenance Technical Training ~$200 - $350 State Contracts/OEM

The additional operator and maintenance trainings are most often provided by the bus OEM. Bus
OEMSs may also work with manufacturers of bus specific components to provide additional
training for specific components on the bus, such as: HVAC systems, high voltage systems,
steering systems, brake systems, battery energy storage systems, and electronic systems.
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Compressed natural gas (CNG) buses are readily available and emit fewer emissions than their
diesel counterparts. The price of an average CNG bus of 35-ft length is about $470,000, which is
only 10-20% more expensive than the traditional diesel bus. However, the price CET pays for
their average diesel bus is much lower than average (reported at $220,000); therefore, the
premium for a CNG vehicle is much higher than average for CET. Furthermore, the cost to
install and operate the infrastructure to fuel the buses can be high. The cost of natural gas is
generally less than diesel. However, CNG buses are less efficient and resulting total fuel costs
are about the same as a diesel fleet. While the technology has matured significantly from the
challenges experienced with CNG buses in the 90’s, these buses require more engine
maintenance than diesel buses.

Diesel-electric hybrids generally have not provided the advantages originally envisioned.
Maintenance costs can be substantially higher than for other technologies because there are twice
as many drive system components as compared to a standard diesel bus. For instance, data from
an agency that has 29 hybrids of 35’ length show an average $0.60/mile maintenance cost, which
is higher than BEB, FCEB as well as ICE vehicles. Furthermore, there is an expected battery
replacement required during the life of the vehicle. Cost estimates for replacement batteries vary,
but according to CTE research the average expected cost for such a replacement is $50,000,
which is even more than the one-time fuel cell overall cost for an FCEB ($40,000). The average
price of 35” hybrid vehicles is $588,618, which is higher than CNG and even more of a premium
over CET’s diesel vehicles. The price is still (expectedly) lower than for zero-emission vehicles
(BEBs and FCEBS), but the improved fuel economy of hybrids has only provided marginal
benefit over traditional vehicles.

6.0 Conclusions and Recommendations

The intent of this report is to evaluate the feasibility of operating battery electric buses in CET
service and to guide CET through the requirements and options for incorporating battery electric
buses into the agency’s operations. As this is a high level study with a number of unknowns,
there are many necessary assumptions included in this analysis; it is important to understand that
operational results may vary from what is presented here. Additional elements not included in
this study include potential real estate costs to add charging infrastructure or charging locations,
specific training or hiring costs that depend on the current expertise of the workforce, and other
costs that depend on the particular technologies or equipment chosen in an eventual deployment .
The general conclusions from this analysis, however, can help guide CET with its next steps in
pursuing a transition to zero-emission vehicles.

Following are the primary feasibility conclusions resulting from this study:

The majority of CET’s current Community Connector and Recreational
Services blocks are feasible for BEB transition.

Center for Transportation and the Environment 51



With current technology, more than half of CET’s Community Connectors and
Recreational Services blocks could feasibly operate battery electric buses,
replacing diesel buses on a one-to-one basis, if both overnight and midday plug-in
charging are employed. These routes would make great starting points for battery
electric bus deployments.

Midday charging increases feasibility of service blocks.

Around 16% of CET’s service blocks are feasible with BEBs without any sort of
midday charging. The addition of midday charging increases the block feasibility
to roughly 35-40% depending on the type of heater chosen. Including midday
charging is also the more cost-effective scenario on a per-mile basis. Utilizing
depot charging only is easiest from an initial deployment standpoint, but over
time the fueling cost cannot be as effectively leveraged because of the lower
range and coverage that depot charging provides under current technology
capabilities. Of the scenarios reviewed in this study, both midday charging
scenarios provide the best balance of a more reasonable initial capital cost
combined with operating cost advantages over the traditional fleet.

Diesel heaters may provide additional benefit for some routes and warrant
further study.

This operational cost advantage of BEBs is somewhat enhanced when diesel
heaters are employed, even when considering the cost to purchase and fuel the
heaters. CET should discuss the tradeoffs of using diesel heaters, from both a
policy and a cost standpoint. One option could be to pilot buses with diesel
heaters on some of the routes that have more strenuous weather and altitude
environments to better assess the operational benefits of using diesel heaters.

High powered on-route charging improves the range of larger vehicles.
On-route charging has the potential to increase the number of CET 35-foot bus
blocks that are feasible with battery electric buses. CTE suggests that CET
consider this as an option for potential range extension and additional study. More
analysis is needed regarding the potential locations for on-route chargers, as there
are scheduling coordination and route optimization elements that should be
considered. It is too early in CET’s planning process to confirm exactly where on-
route chargers could be located relative to the blocks that could run through them,
but CET should consider mobility hubs as options.

Fuel cell electric buses are higher cost but could play a role for CET in the
future.

Fuel cell buses have longer range and may provide a solution for challenges due
to route lengths, climate, and overall operating conditions inherent to CET’s
larger vehicle operations. Hydrogen fuel cell technology is currently more
expensive, especially from a fueling and overall operating cost perspective. It is
expected that those costs will come down over time as the market matures further,
and technology is improving rapidly such that essentially all 35’ routes could be
covered by FCEBSs in the short to mid-term future. However, FCEB technology is
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not available for minibuses at this time, so the short-term need to replace those
vehicles cannot be satisfied immediately with FCEBs. It is important to note that,
based on current feasibility, BEBs also cannot meet the entire short-term
replacement need for minibuses.

Finally, there are other ways that can enable a larger percentage of the fleet to be
transitioned to zero-emission options. First, as overall technology continues to improve
and range increases over time, more blocks will become feasible with fueling operations
centered at one or more depots without as much need for additional fueling at other
locations (e.g., charging stations at either on-route or remote layover locations).
Furthermore, in the longer term a mixed fleet of BEBs and FCEBs may be an option that
could be beneficial to investigate further and enable FCEBs to potentially play a role in a
longer term fleet strategy.

The next sections detail some suggested next steps for CET to consider as they move
forward in their planning for fleet transition. Please refer to Appendix B for additional
information and recommendations on the transition planning process. That material
includes a best practices for transition planning as well as funding program and partner
references that may prove useful to COIC/CET in their continued efforts.

CTE recommends that CET consider commissioning a more detailed
implementation/transition plan to supplement the initial guidance provided by this report.
This type of transition plan would include a number of elements that would provide important
benefits for CET. First, route modeling would involve collecting sample data on CET’s routes
and provide a more accurate view of the implications of CET’s varied operational structure in
terms of block length, service types and route conditions (elevation, speeds, temperature
changes). This would also provide a more accurate indication of the vehicle performance
expected given CET’s actual conditions, rather than using proxy, higher level performance data
from other projects and similar agencies. Second, it would also include a year by year assessment
to show the direct impact of technology improvements and resulting (improving) feasibility
coupled with CET’s yearly fleet replacement schedule.

Another significant benefit of a full transition plan is that it makes use of more granular facility
information that may result in more detailed cost/benefit conclusions for additional operational
scenarios. For instance, as more details on mobility hub locations, sizes, and routes served by
them become available, CTE could do a more detailed on-route charging scenario, including a
more complete cost analysis. This is important since the results of the current study show that
on-route charging has the potential to be an attractive consideration for CET as part of a
deployment strategy. More granular information on vehicles, routing and facility options could
help CET narrow down technology choices even further. It could also include a mixed fleet
analysis of a combination of FCEBs and BEBs as a potential longer term option.
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Another next step and best practice is to monitor the marketplace for current and near-
term vehicle and charging technologies. CTE recommends revisiting transition plans every two
to three years to keep up to date with the evolving market and with CETs plans. At the very least
a regular technology update and interaction with other agencies is useful. Furthermore, it is fairly
common for vehicle OEMs to come to an agency’s facilities to do vehicle demonstrations. This
is a good way for planners and other personnel to learn about the offerings of various
manufacturers and see them first hand as well as ask direct questions of the representatives. CTE
also recommends that CET monitor the minibus market as it is less developed than the market
for the larger vehicles. More vehicle choices will likely be coming online that could help
alleviate CET’s challenge that fewer minibus blocks are currently feasible with 1:1 replacement
than for the blocks operated by larger vehicles. This can change rapidly with more vehicle
options and charging options that may be developed for these vehicles. For instance, today no
FCEB minibuses exist and no overhead/fast charging exists for battery electric minibuses, but
this could change in the near future.

As CET begins considering potential initial deployments in the shorter term, there are
particular vehicle and charging options that CTE recommends prioritizing. These are
summarized as follows:
e Plug-in charging options (including mid-day charging where possible) can be a good
place to start since the potential locations for depot chargers are already well known.
e CTE recommend taking advantage of mid-day charging opportunities.
e Consider replacing larger (~35’) vehicles initially since there are more Altoona tested
choices that would meet more of CET’s needs at this time compared to minibuses.
e Community Connectors and Recreational routes would be good places to start deploying
electric vehicles, beginning with the easier routes first and those with midday layovers.
e Inan initial deployment, CET could get one or more buses with diesel heaters to obtain
operating experience and assess cost/benefit, especially for the more strenuous routes that
run in colder weather

For these initial deployments, CET should take advantage of numerous federal and state
funding opportunities wherever possible. There are numerous funding mechanisms available
to help transition CET’s fleet to electric vehicles. Examples are listed below.
Federal Transit Administration (FTA) funding:
e Low or No (LowNo) Emission Grant Program (5339(c)): These annual FTA awards support
the purchase or lease of low or no emission transit buses and related equipment and facilities. A
new requirement of this program in 2022 is to demonstrate that a transition plan has been
developed for an agency’s fleet. The fact that this feasibility study is being accomplished serves
to help meet that requirement. FTA does not specify the scope of the required transition plan. It
is more important that the agency demonstrate that they have considered workforce development,
utility integration, and financial impacts in their planning efforts.
e Buses and Bus Facilities Program (5339(b)): These annual FTA awards fund capital projects to
replace, rehabilitate, and purchase buses and related equipment, as well as projects to purchase,
rehabilitate, and construct bus-related facilities.
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State Funding:

e Oregon Electric Mobility Grants: These grants are funded by the Oregon Clean Fuels Program
administered by the Oregon Department of Environmental Quality and are available to non-
residential customers in Oregon. They will cover up to 100% of the eligible costs associated with
studying, planning, promoting, and deploying electric transportation technology and projects.

Private Funding Opportunities (example sources in parentheses)
e  Utility programs (Pacific Power). Please see explanation in Facility and Equipment Review for
more information on options.
e Vehicle leasing and operating (ABM). See the section on “Battery Leasing” in the Fleet and
Maintenance Review for more information on the pros and cons of leasing mechanisms.
e Private vehicle/charging financing, i.e., Public-Private Partnerships (KPMG)

Regarding subscription models, the market is still a nascent one for electric vehicles, and as such
there is not much data proving their level of success over time. Ownership models have
generally proved successful if the agency can obtain the significant upfront funding for vehicles
and infrastructure, generally through a combination of local and grant (Federal or State) funding.
Fortunately, the amounts and types of grant programs have increased rather substantially in
recent years. In many cases, CTE has found that agencies have limited budgets for operational
funds, which may prove a challenge to adopting either subscription models or leasing programs.
CTE does expect further development in these areas, however, and depending on the particular
financial structure for CET, they may be worth investigating for potential suitability for future
deployments. Generally, any alternative funding model (i.e., P3, subscription, “charging-as-a-
service,” etc.) will end up costing the agency more over the lifetime of the vehicles. The benefit
to these approaches is that it may allow the agency to build out more infrastructure and transition
their fleet earlier than the ownership model.

Funding through the FTA has been increasing over the last number of years and can be a good
source of electric vehicle funding. Please see Appendix B for additional descriptive information
on these funding programs. Additional guidance on the Low-No program may be found in
Section 6.2.2 below. CTE would also suggest that CET apply for VW Settlement funding. These
funds can be applied to electric vehicles and can also be used as matching funds for FTA grants
(e.g., Low-No). Finally, CTE recommends further engagement with Pacific Power’s Technical
Assistance Program and other programs that in development.

In preparation for potential future applications for federal competitive grant programs, there are a
number of areas CET should focus on to ensure a competitive application. This list is not
exhaustive, and CET should refer to the FTA’s online material for the specific requirements for
particular grant programs. However, in CTE’s experience, the following areas are some of the
more important topics that have been part of the FTA Low-No grant program in recent years.
Other grant programs for transportation projects tend to have at least some of these elements in
common, so it is good standard practice to be prepared to discuss these topics, among others:
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Equity: Sections in these applications address environmental justice, reducing barriers to racial
equity and opportunity, and initiatives such as the Justice40 program. Therefore, CET should
consider their route structure and the extent that electric vehicles can serve underserved
populations and decrease pollution in those areas.

Workforce and jobs: FTA is increasingly putting more emphasis on workforce development
and providing jobs via federally-backed projects.

Budget: Having local financial commitment to these projects is important to meet local match
requirements and to show support for the project.

Other support and linkage with local /regional goals: It is important to show how electric
vehicles will support not only CET’s fleet plan but also local and regional goals (environmental /
climate change, improving rider experience, serving more of the population, etc.).
Demonstration of need: It is important to get old, dirty vehicles off the road (e.g., vehicles
due/overdue for replacement, with high mileage, fueled by diesel or other high emission fuels).
Demonstration of benefits: Estimating emissions reductions and health benefits resulting
from replacement and using a solid methodology to do so is a key consideration.

Effective partnering and implementation strategy: FTA wants to be confident that CET has
the capability (through partners and/or internal expertise) to successfully complete a
deployment project and make the best use of the FTA’s money. Naming partners (OEMs,
consultants, etc.) in the application is allowable for some federal programs (e.g., Low-No). It can
be beneficial in that it serves to meet federal competitive procurement requirements and can
potentially avoid lengthy procurement processes during the project itself. It can also streamline
the project management plan and timeline (also required in the application. It is certainly an
agency’s choice to use the procurement that works best for them, depending on how much
definition they have at the time of the application regarding the equipment they want for their
deployment.

Zero-emission fleet transition plan: FTA is now requiring that applicants submit a zero-
emission fleet transition plan that is a separate document from other local or regional planning
documents that agencies have. Applications are ranked higher is agencies are able to
demonstrate how their proposed project and fleet transition plan support the conversion of the
agency’s overall fleet to zero emissions.
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Appendix A: Annual Fueling Costs per Location by Charging

Scenario
Ovemight Charge Only
Total Annual Bend Ops Madras

Energy (kWh) 60,107 59,218 889
Max Seasonal Demand (kW) 400 5
Rate Schedule 30 2
Cost S 37,043.64 $ 32,047.25 $ 4,996.39
Miles 33,652 32,852 8
Cost/Mile S 110 $ 098 $ 6.25

Ovemight + Midday (Elec Heat)

Total Annual Bend Ops Madras Redmond Ops La Pine Hawthorne Mt. Bachelor
Energy (kWh) 760,306 433,046 13,067 202,047 112,147 a 0
Max Seasonal Demand (kW) 544 144 289 144 0 of
Rate Schedule 30 28 30 28 28 28]
Cost 5 171,386 5 84,057 S 13,857 S 53,274 § 20,197 & -
Miles 400,204 225,706 6,728 104,286 63,484
Cost/Mile S 043 $ 037 $ 206 $ 0.51 $ 0.32

Ovemight + Midday (Diesel Heat)

Total Annual Bend Ops Madras Redmond Ops La Pine
Energy (kWh) 928,917 560,823 13,067 242,880
Max Seasonal Demand (kW) 633 144 289
Rate Schedule 30 28 30
Electricity Cost s 185,150 S 96,826 S 13,857 § 55,212 §
Miles 468,147 293,649 6,728 104,286
Electric Cost/Mile S 040 $ 033 $ 206 S 053 $
Diesel Gallons 8,061 5,700 192 1485
Diesel Cost S 30,793 S 21,774 S 733 § 5,673 §
Total Cost S 215943 5 118,599.75 S 14,590.90 $ 60,884.53 5
Total Cost/Mile 5 046 S 040 $ 217 & 0.58 $

112,147
144
28
19,255
63,484
0.30
684
2,613
21,867.45
0.34

Hawthorne Mt. Bachelor

0
0
28

0
0f
284
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Appendix B: Transition Planning Best Practices

With knowledge and lessons learned from previous transition planning projects, CTE has
developed a number of best practices for transition planning for CET and COIC to consider.
Those best practices are listed below, in addition to a review of several example transition
planning projects from CTE’s portfolio. This section also includes a discussion of the different
stakeholders to potentially involve in the transition process.

Best Practices for Transition Planning

Inclusion of Key Stakeholders in Project Meetings and Planning

Agencies should set up exploratory meetings with stakeholders and the project team to discuss
the plans for vehicle electrification before issuing procurement for any vehicles. Possible
stakeholders and project team members to include in the electrification planning process could
be the following:
Internal
e Program Manager
e Facility/Site Manager
o Fleet Director
e Operational Manager
e Board Members
External
e Electric Utility Personnel
e City/County Officials
e Local Environmental Group Members
e Green Power Resources
e Funding Authorities

Early Coordination with Local Electric Utility

A crucial project team member to include in the planning process is the electric utility. Utilities
can help agencies understand how their electricity rate schedule will change as BEBs are
incorporated into the fleet and can provide guidance on charging strategies that will help
minimize costs. In addition, utilities can help agencies plan for when infrastructure upgrades
should be made based on the short- and long-term fleet goals.

The table below lists the type of information transit agencies should be prepared to present to

their electric utility during an exploratory meeting, along with corresponding information

agencies should request from the utility to guide decision-making.
Information Provided by Corresponding Information Provided from Electric

Transit Agency Utility

Center for Transportation and the Environment 58



Short- and long-term goals Electrical upgrades required for each planned

for electrification—plans deployment project
for smalle_r _deployments and e Recommended schedule for “decision points” on when
fleet transition goals to install electrical equipment upgrades

e Changes to your electricity rate schedule and bill based
on the peak demand and planned operation

e “Breaking point” for available capacity from existing
transformers, feeder lines, and substations from the
utility

e Information on electric vehicles

Funding opportunities Available programs to support electric vehicle
under consideration deployment, such as:
o Grant cost share
o Capital investments
o Rate or infrastructure incentives
¢ Information on rebates, beneficial rates, pilot programs

Planned charging strategy Features of rate schedule to be aware of that will impact

(e.g., depot charge, on-route utility bill (e.g., demand charges, time of use rates)
fast Charge,_ planned e Suggestions for charging strategies that will minimize
charging windows) costs

e Available opportunities for vehicle-to-grid (V2G)
capabilities

Carbon reduction goals Carbon intensity of electricity generation
e Future plans for implementing renewable energy into

generation and how that will impact rates in the future

Requirements for resilience Historical reliability

(e.g., h_OW to mgintain e Options for resilience (e.g., backup generator,
operations during a power microgrid, dual power feeds)
outage)

Lack of proper planning and analysis for electrification can result in procurement of buses and
equipment that do not meet the requirements of the relevant transit service. CTE recommends
that transit agencies conduct sufficient due diligence before making investments to ensure the
technology meets operational goals and that agencies can realize the emission reduction benefits.
CTE commends CET and COIC for conducting this critical planning and analysis step in order to
better understand the best path forward for transitioning to an electric fleet.
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CTE has robust experience working on transition planning projects with agencies around the
country. Several of those projects are summarized below.

SMART partnered with CTE to develop a transition plan for the conversion of SMART’s fleet to
electric buses. Throughout the project, SMART kept the surrounding counties, the local utility
(San Miguel Power Association), and the agency’s Board involved in the project discussions.
Not only was SMART’s electric utility involved in the project meetings, but the utility also
helped support CTE in the evaluation of infrastructure. San Miguel Power Association helped to
confirm the feasibility of installing the required charging infrastructure for SMART’s transition
and assisted with estimating the infrastructure costs. By initiating conversations with the utility,
SMART and CTE were able to confirm that the necessary power upgrades at the facilities for an
electric fleet transition would be possible. By receiving the estimated costs for the electrical
upgrades, SMART was better able to understand the total cost of ownership of a transition to
electric vehicles.

CTE conducted a zero-emission electric bus feasibility study for CyRide. The resulting Zero
Emission Bus Roadmap determined which blocks would likely be feasible with electric bus
technology. CyRide used the results of the roadmap to guide their decision to purchase two 40-foot
battery electric buses to replace two of its 40-foot diesel buses. CTE is now assisting CyRide with
the procurement and deployment of the electric buses.

Early on in CyRide’s electrification planning process, the agency approached their local municipal
utility, Ames Electric, regarding their concerns about electricity costs for running battery electric
buses. Over the course of their discussions, Ames Electric evaluated demand on their power plants
and transmission and distribution capacity and determined the systems were underutilized
between 8:00 p.m. and 4:00 p.m. Because the utility had surplus capacity during these overnight
hours, they determined that they were incurring no additional demand costs to provide power
during those hours; hence they could waive demand charges during that period. As a result, the
utility revised their standard commercial rate to be more supportive of transit by waiving demand
charges during the specific hours of 8 p.m. to 4 p.m.. The revised rate will provide CyRide with
significant cost savings when the electric buses are put into operation.

CTE helped provide BRTA with a fleet transition plan that analyzed the feasibility of operating
zero-emission vehicles in BRTA’s fixed-route transit operations. The project team reached out to
BRTA’s electric utility during the analysis phase to identify utility infrastructure limitations for
the facilities. The results of CTE’s analysis determined that the overwhelming majority of
BRTA’s operations were not feasible for the conversion to electric vehicles with today's
technology, without significant modification to BRTA’s service blocks; the long mileages of
BRTA’s blocks and short layover times made them difficult to be completed with BEBs. The
study helped guide BRTA through the sensitivities of incorporating ZEBs into their services and
facilities. The report was presented to BRTA’s Board, which provided key personnel with an
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educational look at BRTA’s operations in regards to the feasibility of zero-emission vehicle
incorporation.

It is recommended that electric utilities be engaged early in the planning process for an agency’s
transition to battery electric buses. Utilities provide the fuel for battery electric buses and
oftentimes an agency’s facilities will need power upgrades in order to support the deployment of
BEBs. Early communication is important to ensure upgrades are possible and to provide the
utility or agency time to make the necessary upgrades. It is important for CET to have an
established relationship with Pacific Power through the process of fleet electrification to ensure
fueling needs are being met. In addition, CET should start conversations with Pacific Power on
the possibility of implementing a new electric rate that is specific to customers with electric
vehicle fleets, in order to provide CET with the opportunity to lower their electric costs. Electric
vehicle rates typically involve a demand charge elimination, helpful revisions to time-of-use
charges, or an addition of time-of-use charges. CET should also initiate conversations with
neighboring utilities, Mid-State Electric and Central Electric Cooperative, to discuss the
feasibility of potentially adding charging infrastructure at specific facilities within those service
territories.

Local Utilities
e Pacific Power
e Mid-State Electric
e (Central Electric Cooperative

COIC will purchase buses and their charging equipment from original equipment manufacturers
(OEM). Given the vast number of options available, before making the decision on which bus
and/or charger to purchase, it is recommended that COIC understands what types of vehicles and
chargers are available.

Bus and Cutaway OEMs

e Arrival e Lion

e Alexander Dennis e Motiv Power Systems

e ARBOC e Motor Coach Industries
e BYD e New Flyer

e Complete Coach Works e Nova

e Endera e Phoenix Motors

e GILLIG e Proterra

e GreenPower e Optimal EV

e Hometown Manufacturing e SEA Electric

e Lightning eMotors e Zeus Electric Chassis
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Charger OEMs

e ABB e Heliox

e BTC Power e Proterra
e BYD e Siemens
e ChargePoint e Tritium

Cascades East Transit’s operations travel through multiple jurisdictions and will depend on
charging opportunities at mobility hubs throughout the region. Any jurisdictions within CET’s
territory that can offer the opportunity to fuel the BEBs should be engaged in planning of CET’s
transition to electric buses.

Local Jurisdictions:

e Deschutes County e (City of La Pine

e Crook County e (ity of Madras

e Jefferson County e (City of Prineville

e Confederated Tribes of Warm Springs e (City of Redmond

e (ity of Bend e Deschutes National Forest

e C(City of Sisters

Environmental advocates can be a great asset in advising and supporting CET’s emissions
reduction efforts. Local environmental advocates can also help with garnering public support of
CET’s transition goals, by helping spread word of the advantages of zero-emission technology.

Local Environmental Groups:
e 350 Deschutes

e (entral Oregon LandWatch
e Deschutes Land Trust

e Oregon Outdoor Alliance

e The Environmental Center

Nobody knows CET’s operations better than CET. However, CET is new to battery electric bus

deployments and is encouraged to utilize resources to help insure successful deployments. CET

has access to support to develop appropriate bus/charger specifications, route placement, facility
assessments, power assessments, and charging strategies.

Subject Matter Experts:

e AECOM
e (Center for Transportation and the Environment
e Shell
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e Forth
e [BI
e Nelson Nygaard

As CET moves towards zero-emissions, it would be worth looking into microgrids and energy-
as-a-service to reduce greenhouse gas (GHG) emissions from the fuel source. Microgrids serve
as a decentralized renewable energy source to support the fueling of an electric fleet; they are
independent energy systems comprised of local, distributed energy resources that can be
disconnected from the traditional grid and operate independently. There are several national
organizations that can design and build the structures. Even further, many can provide the energy
as a service, reducing the risk of operation failures on behalf of the agency. Energy-as-a-service
(EaaS) refers to a category of business models that can provide green power to customers beyond
what the local utility might offer. The general idea behind EaaS approaches is that a third-party
develops, builds, and operates the green power production system and sells the power (or
service) to a customer or group of customers. Some EaaS models include solar leasing,
community solar and power purchase agreements.

Energy Providers:
e AlphaStruxure

e Microgrid Labs

e Sage Renewables

e Scale Microgrid Solutions
e Shell

Transitioning to a battery electric fleet comes with a significant incremental cost. Not only are
the vehicles more expensive than the conventional models, but they require new infrastructure
which can be financially burdensome to transit agencies. There are funding mechanisms to
support CET’s transition:

Federal Transit Authority (FTA) funding:

e Low or No (LowNo) Emission Grant Program (5339(c)): These annual FTA awards
support the purchase or lease of low or no emission transit buses and related equipment
and facilities.

¢ Buses and Bus Facilities Program (5339(b)): These annual FTA awards fund capital
projects to replace, rehabilitate, and purchase buses and related equipment, as well as
projects to purchase, rehabilitate, and construct bus-related facilities.

Private Funding Opportunities

e Vehicle leasing and operating: ABM
e Private vehicle/charging financing:
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