
10/25/21

CET's Electric Technology 
Feasibility Study :
Stakeholder Planning Group

November 10, 
2021



Agenda
• CET’s Electrification and Transition Goals
• About CTE
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• Battery Electric Bus (BEB) Market Overview
• Operational Analysis Summary
• Charging Strategies Summary
• Microgrid Case Studies
• Potential Funding Opportunities
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CET’s Electrification 
and Transition Goals
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CET’s Goals

• Develop CET’s first strategic roadmap toward electrification
• Understand the feasibility of existing services through an 

operational review and learn key metrics for future service 
planning

• Recommendations for fleet and facilities to support an 
electric technology transition

• Analyze the financial and economic opportunities for EV
• Create a foundation for community collaboration
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COIC/Cascades East Services Studied
• Bend Fixed-Route Service
• Community Connectors: fixed regional routes serving local 

communities in Central Oregon
• Recreational Services (seasonal fixed-routes)

– Summer – Ride the River Shuttle in Bend
– Summer – Lava Butte Shuttle
– Winter – Route 18 to Mt. Bachelor
– Winter – Future service between Warm Springs and Government Camp 

• Dial-A-Ride (Bend): curb-to-curb paratransit in City of Bend
• Dial-A-Ride (Rural): curb-to-curb shared rides to general public
• Deviated Flex-Routes: hybrid fixed/demand response
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About CTE
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About CTE 
W H O  W E  A R E
501(c)(3) nonprofit engineering and planning firm

O U R  M I S S I O N
Improve the health of our climate and communities by bringing people together to 
develop and commercialize clean, efficient, and sustainable transportation technologies

P O R T F O L I O
$571 million 

• Research, demonstration, deployment

• 90 Active Projects totaling over $316 million

O U R  F O C U S
Zero-Emission Transportation Technologies

N A T I O N A L  P R E S E N C E
Atlanta, Berkeley, Los Angeles, St. Paul
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CTE Projects
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Our Four Service Areas

We support technology providers 
through technology research, 

development, and demonstration.

We support early adopters by 
providing the best technical 

solutions for initial deployments.

We help fleet operators 
implement strategic plans 

for full electrification.

We help organizations of all shapes and sizes stay ahead of the technology curve.



Partnerships
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Deployment Stakeholders
• Electric Utilities 
• Bus Original Equipment Manufacturer (OEM)
• Charger OEM
• Relevant Local Jurisdictions 
• Green Power Resources
• Funding Authorities 
• CTE



Partnership Example
ZEB Transition Planning for San Miguel Authority for Regional Transportation (SMART) 
Telluride, CO

• Partnerships for Planning:

• Outcomes:
– An understanding of the routes feasible for electrification.
– An understanding of charging scheduling and power needs.
– Material to be used in proposals for grant funding.

• Best Practices Utilized:
– Early coordination with local electric utility. 
– Inclusion of key stakeholders in project meetings and planning. 
– Development of a zero emission roadmap before procuring zero emission 

vehicles. 
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Battery Electric Bus (BEB) 
Market Overview
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BEB Product Offerings 
Sizes Offered Specifications

30’ 35’ 40’ 60’ Battery Capacity Ranges OEM Reported 
Ranges

ARBOC ✓ ✓ 350 – 437 kWh 210 – 230 miles

BYD ✓ ✓ ✓ ✓ 215 – 578 kWh 158 – 327 miles

GILLIG ✓ ✓ 444 kWh 150 – 210 miles

GreenPower ✓ ✓ 260 - 400 kWh 150 - 200 miles

Proterra ✓ ✓ 225 – 675 kWh 95 - 329 miles

New Flyer ✓ ✓ ✓ 160 – 525 kWh 174 – 251 miles

Nova Bus ✓ 76 - 564 kWh Not reported

14November 10, 2021



Battery Electric Minibus* Product 
Offerings
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Battery Capacity Advertised Range

ARBOC 160 kWh Not reported

GreenPower Bus 118 kWh 150 mi.

Lightning eMotors 43-129 kWh 60-120 mi.

Motiv 127 kWh 105 mi.

Optimal EV 113 kWh 125 mi.

Phoenix Motorcars 70-156 kWh 80-160 mi.

SEA Electric 88 kWh 130-190 mi.

Zeus Electric Chassis 70-175 kWh 126-180 mi.

*CET has many 15’ buses in its fleet. The term minibus refers to buses smaller than 30’ that could 
potentially be suitable replacements for CET’s 15’ buses.



CET Operational Analysis 
Results Summary
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CTE’s Process
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Additional Definitions
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• Fixed Route: service that involves a fixed path, a set schedule and pre-determined stops
• Block: a representation of the daily assignment or schedule for an individual bus. A block can 

consist of one or more routes and involve one or more drivers.
• Demand/Response: service that is operated on-demand, where the start/stop times for each 

trip are not fixed
• Battery Capacity: the amount of energy (kWh) a battery can store

– Nameplate is the “advertised” capacity provided by the OEM
– Service Energy is the energy actually available to the vehicle in service (lower than 

nameplate). Accounts for unusable zones of battery and amounts set aside for reserve.
• Power: measured in kW, the rate of charging (“energy over time”)
• Range: the distance an electric bus can travel on one charge
• Strenuous Conditions: operating conditions involving much higher or lower temperatures 

than normal and/or heavier passenger loads
• Diesel Heater: a traditionally fueled device than can supplement or take the place of an 

electric heater to reduce the energy drained from the battery to heat the cabin
• Depot Charging: typically occurs with a plug-in charger at a maintenance base or transit hub
• On-Route Charging: typically occurs using a higher power charger multiple times during a 

route- may be a series of shorter charges at certain bus stops or transit centers using a 
pantograph or inductive charger



Distribution of Total Distance of Blocks –
By Route Type
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Charging Options : Plug-In
Typical Application: Depot (Overnight and/or Midday)
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Integrated Charger & Dispenser

Dispenser and charging 
cabinet combined into 
one unit

Electronics Charging 
Cabinet with Remote 
Dispenser(s) Remote 

dispenser 
that gets 
plugged into 
bus

Charging 
cabinet that 
provides 
power to 
dispensers



Charging Options : Pantograph
Typical Application: On-Route
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• Pantograph Up vs Pantograph Down 

Pantograph Down
– Charging arm mounted on charger structure
– Stationary charging rails on bus roof

Pantograph Up
– Extendible charging arm mounted on bus
– Stationary charging rail on charger structure



Charging Options : Inductive
Typical Application: On-Route
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• In-ground
• No physical connection
• No overhead obstructions
• Alignment is critical



Scenarios Considered
Overnight Depot Charge Only
• Vehicles charge overnight using plug-in chargers
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Overnight + Midday Depot Charge
• Vehicles charge overnight using plug-int chargers
• Vehicles also charge at mid-day layover locations where time allows

Overnight + Midday Depot Charge (Diesel Heater)
• Vehicles charge overnight using plug-in chargers
• Vehicles also charge at mid-day layover locations where time allows
• Additional vehicles are equipped with diesel heaters for cabin heating

On-Route Charging 
• Evaluate daily O/R charge time needed to make additional blocks feasible
• Assume charging opportunities available throughout each block
• Evaluated cases using electric and diesel heaters
• Vehicles still charge to full overnight using plug-in chargers



Assumptions
• All buses charge to full @ depot overnight
• For buses with midday layovers, AM/PM runs are relatively balanced in terms 

of mileage/duration
• 30 minutes are available for charging for lunch-only layovers
• These results reflect strenuous conditions, new battery & current technology
• 35’ buses and chargers

– Battery capacity is 445 kWh (338 kWh service energy available)
– Plug-in/depot chargers rated at 150kW (deliver 120kW on average)
– On-route chargers rated at 450kW (deliver 350kW on average)

• 15’ buses and chargers
– Battery capacity is 160 kWh (117 kWh service energy available)
– Plug-in/depot chargers rated at 60kW (deliver 50kW on average)
– On-route chargers are not available for this size vehicle
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Feasibility Results
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Number of 
Feasible Blocks

Electric Heat Diesel Heat

Route Type Overnight 
Charge Only 

Overnight + 
Midday Depot  

Charge 

Overnight 
Charge Only 

Overnight + 
Midday Depot  

Charge 

Bend Fixed 
Routes 0 of 17 0 of 17 0 of 17 0 of 17

Community 
Connectors 0 of 15 7 of 15 0 of 15 9 of 15

Recreational 
Services 4 of 11 9 of 11 4 of 11 10 of 11

Deviated Flex 
Routes 0 of 5 0 of 5 0 of 5 0 of 5

Bend 
Dial-a Ride 2 of 15 2 of 15 2 of 15 6 of 15

Rural
Dial-a-Ride 2 of 10 2 of 10 2 of 10 2 of 10
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Feasibility Summary 
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Overnight Charging  
Only Scenario Overnight + Midday Charging (Electric Heat) Overnight + Midday Charging (Diesel Heat)

Block ID CTE Block ID Midday Location Overnight Location CTE Block ID Midday Location Overnight Location

Community 
Connectors

M-F RT 26 (Redmond – Prineville) Redmond Ops Redmond Ops
M-F RT 28 (Redmond-Sisters) Bend Ops Redmond Ops M-F RT 28 (Redmond-Sisters) Redmond Ops Redmond Ops

M-F RT 29 (Bend-Sisters) Bend Ops Bend Ops M-F RT 29 (Bend-Sisters) Bend Ops Bend Ops
M-F RT 30 (La Pine – Bend) Bend Ops La Pine

Sat RT 20 (Madras-Warm Springs) Madras Madras Sat RT 20 (Madras-Warm Springs) Madras Madras
Sat RT 22 (Redmond-Madras) Redmond Hub Redmond Ops Sat RT 22 (Redmond-Madras) Redmond Ops Redmond Ops

Sat RT 26 (Redmond-Prineville) Redmond Ops Redmond Ops Sat RT 26 (Redmond-Prineville) Redmond Ops Redmond Ops
Sat RT 29 (Bend-Sisters) Bend Ops Redmond Ops Sat RT 29 (Bend-Sisters) Bend Ops Redmond Ops
Sat RT 30 (La Pine-Bend) La Pine La Pine Sat RT 30 (La Pine-Bend) La Pine La Pine

Recreational

Mt. Bachelor – 1 Bend Ops Bend Ops
Mt. Bachelor – 2 Bend Ops Bend Ops Mt. Bachelor – 2 Bend Ops Bend Ops
Mt. Bachelor – 3 Bend Ops Bend Ops Mt. Bachelor – 3 Bend Ops Bend Ops
Mt. Bachelor – 4 Bend Ops Bend Ops Mt. Bachelor – 4 Bend Ops Bend Ops
Mt. Bachelor – 5 Bend Ops Bend Ops Mt. Bachelor – 5 Bend Ops Bend Ops
Mt. Bachelor – 6 Bend Ops Bend Ops Mt. Bachelor – 6 Bend Ops Bend Ops

Ride the River-1 Ride the River-1 N/A Bend Ops Ride the River-1 N/A Bend Ops
Ride the River-2 Ride the River-2 N/A Bend Ops Ride the River-2 N/A Bend Ops
Ride the River-3 Ride the River-3 N/A Bend Ops Ride the River-3 N/A Bend Ops

Lava Butte Lava Butte N/A Bend Ops Lava Butte N/A Bend Ops

Demand 
Response

Rural DAR-Sisters Rural DAR-Sisters Sisters Bend Ops Rural DAR-Sisters Sisters Bend Ops
Bend DAR-Sun-1 Bend DAR-Sun-1 Bend Hub Bend Ops Bend DAR-Sun-1 Bend Hub Bend Ops
Bend DAR-Sun-2 Bend DAR-Sun-2 Bend Hub Bend Ops Bend DAR-Sun-2 Bend Hub Bend Ops

Rural DAR-
Culver/Metolius* Rural DAR-Culver/Metolius* Madras Madras Rural DAR-Culver/Metolius* Madras Madras

Bend DAR-Sat-1 Bend Hub Bend Ops
Bend DAR-Sat-2 Bend Hub Bend Ops
Bend DAR-Sat-3 Bend Hub Bend Ops
Bend DAR-Sat-4 Bend Hub Bend Ops

Feasible with Overnight  Charging Only

Feasible with Overnight and Midday Charging  w/ Electric Heat

Feasible with Overnight and Midday Charging  w/ Diesel Heat

*Future Service



Consideration of On-Route Charging
• Additional blocks could become feasible 

if on-route charging could be applied 
throughout the day, assuming:

– Suitable locations could be found to allow 
regular charging during the appropriate 
routes

– Could mobility hubs be potential locations?
• Total required cumulative time at the on-

route charger each day is shown on the 
following slides

– Assume this total time would consist of 
multiple shorter charging opportunities

• These times also assume charging to full 
battery capacity also occurs at the depot 
overnight
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Daily On-Route Charge Time Required to Make Remaining 
Blocks Feasible
assuming electric heat & full charge at depot
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Observations/Recommendations
• Bend fixed routes are not feasible under strenuous conditions if 

replacing a traditional bus with an electric bus one-to-one.
• Midday charging improves feasibility for community connector 

and recreational routes.
– Increases the overall number of feasible blocks by 150%.

• Demand response blocks do not benefit from midday charging 
without a diesel heater.

• On-route charging can increase feasibility further
– Mobility hubs or other locations should be considered that allow enough 

charge opportunities and total charge time.
• This is screening level analysis --- route modeling would provide 

a more accurate and in depth view of performance and 
achievability.
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Potential Charging Location 
Requirements
For initially feasible blocks using a new battery 
& current technology
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Methodology
• We evaluated feasible blocks under the first three primary 

charging scenarios:
– Overnight Depot Charge
– Overnight & Midday Depot Charge
– Overnight & Midday Depot Charge (with Diesel Heater)

• Determined the maximum number of buses requiring 
charging at each location during a given day

• Estimated maximum total power capacity if all buses charge 
concurrently (worst case)
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Overnight Depot Charge Only
Feasible blocks: 6 recreational + 4 demand response
Charging capacity to charge up to the following number of buses daily 
during the overnight hours:
• Bend Operations:  four 35’ and two 15’ buses that need chargers
• Madras: one 15’ bus that needs a charger
• No charging infrastructure required at Redmond Operations, 

Hawthorne Station or La Pine locations
• Estimated power capacity needed*

– Bend Operations: 800 kW
– Madras: 67 kW
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* Assumes all vehicles at each location charge concurrently using charger assumptions previously given



Overnight + Midday Depot Charge
Feasible blocks:
7 community connector + 9 recreational + 4 demand response
Charging capacity to charge up to the following number of buses daily:
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Overnight Midday Estimated Power 
Capacity Needed*

35 ft 15 ft 35 ft 15 ft
Bend Operations 10 2 6 0 1.8 MW
Redmond Operations 3 0 2 0 500 kW
La Pine 1 0 1 0 167 kW
Madras 1 1 1 0 233 kW

* Assumes all vehicles at each location charge concurrently using charger assumptions previously given



Overnight + Midday Depot Charge
including a diesel heater for added blocks

Feasible blocks:
9 community connector + 10 recreational + 8 demand response
Charging capacity to charge up to the following number of buses daily:
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Overnight Midday Estimated Power 
Capacity Needed*

35 ft 15 ft 35 ft 15 ft
Bend Operations 11 4 8 0 2.1 MW
Redmond Operations 3 0 2 0 500 kW
Hawthorne Station 0 0 0 4 267 kW
La Pine 1 0 1 0 167 kW
Madras 1 1 1 0 233 kW

* Assumes all vehicles at each location charge concurrently using charger assumptions previously given



Microgrids
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Powering Chargers
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Microgrids
Fed by renewable energy

Pros
• Energy as a Service
• Clean Energy
• Resilience
Cons
• Upfront costs

Utility
Fed by local electric grid

Pros
• Already exists
Cons
• Dirty mix
• Demand charges
• Power outages



Microgrids
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Components : 
Energy Generation
Energy Storage 
Microgrid Controller
Utility Service Disconnect

Source: National Association of State Energy Officials



Microgrid Case Study #1
Montgomery County Department of Transportation, Maryland

• Microgrid Components
– 5.6 MW system 
– 2 MW of solar canopies
– 2 MWh of battery storage
– Natural gas generator that can be 

converted to run on carbon neutral biogas
• Total capacity to support:

– Max of 70 BEBs
– 24 buses by mid-2022

• Costs:
– Energy-as-a-service agreement with 

AlphaStruxure
– No upfront cost to Montgomery County
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Microgrid Case Study #2
Martha’s Vineyard Transit Authority, Massachusetts 

• Microgrid Components
– 700 kW DC solar photovoltaic array
– 1.5 MWh of battery energy storage
– Diesel generator as back-up

• Battery storage will participate in 
demand response market, allowing 
Martha’s Vineyard to sell excess 
energy back to the grid.
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Partners for Microgrids
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Potential Funding 
Opportunities 
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Federal Funding Opportunities

• Low or No (Low-No) Emission Grant Program (5339(c)). 
– Annual awards
– Funds the purchase/lease of low or no emission transit buses and related equipment and 

facilities. 
– In FY21, $182 million was available through the Low-No program.
– Very competitive

• Buses and Bus Facilities Program (5339(b))
– Annual awards
– Funds capital projects to replace, rehabilitate, and purchase buses and related equipment, as 

well as projects to purchase, rehabilitate, and construct bus-related facilities. 
– In FY20, FTA awarded $464 million in projects. 
– Very competitive 44November 10, 2021



Utility Funding Opportunities 

• Non-Residential Electric Vehicle Supply Equipment 
(EVSE) Grants
– Non-residential customers have the opportunity to receive 

quarterly grants for up to 100% of eligible purchase and installation 
costs of EVSE.

– 25% of funds will be earmarked for workplace charging and fleet 
electrification projects.
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Private Funding Opportunities 
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• Vehicle/Operations Leasing

• Private Financing



Questions?

Ruthie Norton
ruthie@cte.tv
404-519-5417

Joe Empert
joe@cte.tv

770-598-1651

Maggie Maddrey
maggie@cte.tv
478-718-5492
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