
June 30, 2022

CET's Electric Technology 
Feasibility Study:
Community Stakeholder 
Meeting



Meeting Agenda 

• About CTE / Project Overview 
• Block Feasibility Results 
• Financial/Economic Analysis Results 
• Open Discussion/Time for Questions
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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
$900 million 

• Research, demonstration, deployment
• 100 Active Projects totaling over $400 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’s 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.



Project Overview

• Project Objectives
– Develop CET’s first strategic roadmap toward fleet electrification 

• Project Approach
– Analyze CET’s transit service.
– Determine which of CET’s blocks are feasible with either battery 

electric 35’ buses or cutaways (15’ buses) in the operating 
conditions anticipated in CET’s service environment.

– Conduct a high-level financial analysis of transitioning those 
feasible blocks to battery electric technology.
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Zero Emission Bus (ZEB) Technology  
Overview
• Battery Electric Bus (BEB) 
• Fuel Cell Electric Bus (FCEB)
• Depot Charging
• On-route Charging
• Electric Heater
• Diesel Heater 
• Nominal Conditions
• Strenuous Conditions
• Block
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• Route characteristics: speed, stops, grade

• Ridership

• Climate: Heating and cooling

• Battery degradation

• Operator 

Factors Affecting ZEB Range



CET Feasibility Results 
Summary



Analysis Scenarios

• CTE modeled all of CET’s service blocks to assess the 
feasibility of the blocks running with battery electric buses.

• CTE modeled 3 main scenarios:
– Overnight depot plug-in charging only 
– Overnight depot plug-in charging + midday depot plug-in 

charging with electric heat
– Overnight depot plug-in charging + midday depot plug-in 

charging with diesel heat
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Overnight Charge Feasible 35’ Blocks
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Overnight + Midday Charge 35’
Feasible Blocks with Electric Heat
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Overnight + Midday Charge 35’
Feasible Blocks with Diesel Heat
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= Feasible = Not feasible= Likely feasible

*Feasible = feasible under strenuous conditions                 *Likely feasible = feasible under nominal conditions, but not all strenuous conditions
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Overnight Charge Feasible Cutaway
Blocks
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• Assuming HVAC is operating 50% of the time in service for all Demand Response and Deviated Flex blocks.



Overnight + Midday Charge Cutaway
Feasible Blocks with Electric Heat
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• Assuming HVAC is operating 50% of the time in service for all Demand Response and Deviated Flex blocks.
• 30-minute midday charge times were assumed for the midday charge sessions. 



Overnight + Midday Charge Cutaway
Feasible Blocks with Diesel Heat
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• Assuming HVAC is operating 50% of the time in service for all Demand Response and Deviated Flex blocks.
• 30-minute midday charge times were assumed for the midday charge sessions. 



Endurance Chart : HVAC Usage on Demand 
Response Blocks 

16= Average Block Duration
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Scenario Comparison
Feasible 
Blocks

Average Block 
Mileage

Average Operating 
Days/Year

Annual Feasible BEB 
Miles 

Overnight Charge 35’ 4 51 100 21,380

Overnight Charge 15’ 8 34 52 13,072
Total 12 40 68 34,452 

Feasible Blocks Average Block 
Mileage

Average Operating 
Days/Year

Annual Feasible BEB 
Miles 

Overnight + Midday Charge 35’ 19 146 117 387,132
Overnight + Midday Charge 15’ 8 34 52 13,072

Total 27 107 101 400,204 

Feasible Blocks Average Block 
Mileage

Average Operating 
Days/Year

Annual Feasible BEB 
Miles 

Overnight + Midday Charge w/ 
Diesel Heat 35’ 21 147 123 455,075

Overnight + Midday Charge w/ 
Diesel Heat 15’ 8 34 52 13,072

Total 29 116 103 468,147 



What this means for CET
• The majority of CET’s current Community Connector and 

Recreational Services blocks would be a good starting point for 
BEB deployment.

• Blocks running cutaways will be more difficult to transition to BEB 
right now.
– BEB technology is improving.
– Block changes could be made to better support electric cutaways.

• On-route charging could increase feasibility of CET’s blocks, but 
more details on the Mobility Hub transition is needed for clarity.
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Financial and 
Economic Analysis 
Results



Financial and Economic Analysis 
Overview
• The financial and economic analysis included the following:

– Capital costs for vehicles and for infrastructure
– Fueling costs 
– Maintenance costs 

• The cost scenarios include:
– 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)
– FCEB
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Capital Costs

#	ZEB
Total	ZEB	Miles

Bus	Costs
Fueling	Infrastructure	

Costs
Total		
Capital	
Costs#	of	

35’
#	of	
15’

ZEB ICE ZEB ICE

Baseline	Fleet
(No	ZEBs)

-- -- -- -- $12.1M -- -- $12.1M

BEB	Overnight	Charge	Only	+	
ICE	Fleet

4 4 34,450 $4.3M $10.7M $742,500 -- $15.7M

BEB	Overnight	+	Midday	
Charge	(Electric	Heat)	+	ICE	
Fleet

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

BEB	Overnight	+	Midday	
Charge	(Electric	Heat)	+	ICE	
Fleet

13 4 468,147 $11.9M $8.8M $2.2M -- $22.9M

FCEB	+	ICE	Fleet 31 -- 1,129,828 $33.4M $5.3M $6.0M -- $44.7M

• CET’s total active fleet is 70 vehicles (37 are 35’ buses, 33 are 15’ buses) operating a total of 
1,811,128 miles per year.

• Assumes each vehicle in CET’s fleet is replaced once with either a ZEB or internal combustion engine 
(ICE) bus.

• Assumes the replacement of ICE buses with ZEBs on currently feasible blocks.



Annual Fueling Costs 

#	of	BEBs
Total	BEB	
Miles

Annual	Fuel	Cost

#	of	35’ #	of	15’ BEB ICE Total
Total	

Cost/Mile

Baseline	Fleet
(No	ZEBs)

-- -- -- -- $	954,999 $	954,999 $0.53

BEB	Overnight	Charge	Only	+	ICE	
Fleet

4 4 34,450 $	37,044	 $	926,635	 $	963,678 $	0.53

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

11 4 400,204 $	174,064	 $	751,078	 $	925,142 $	0.51

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

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

FCEB	+	ICE	Fleet 31 -- 1,129,828 $984,600 $405,068 $1,389,668 $0.77

• CET’s total active fleet is 70 vehicles (37 are 35’ buses, 33 are 15’ buses) operating a total 
of 1,811,128 miles per year.

• Assumed $3.82/gallon of diesel and $3.63/gallon of gasoline



Annual Maintenance Costs 

#	of	ZEBs
Total	ZEB	
Miles

Annual	Maintenance	Cost

#	of	35’ #	of	15’ ZEB ICE Total
Total	

Cost/Mile

Baseline	Fleet
(No	ZEBs)

-- -- -- -- $	760,674 $	760,674 $0.42

BEB	Overnight	Charge	Only	+	ICE	
Fleet

4 4 34,450 $	9,894 $	746,876 $	756,770 $	0.42

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

11 4 400,204 $	117,660 $	592,588 $	710,248 $	0.39

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

13 4 468,147 $	137,635 $	564,052 $701,687 $0.39

FCEB	+	ICE	Fleet 31 -- 1,129,828 $	632,704 $	286,146 $	918,850 $	0.51

• CET’s total active fleet is 70 vehicles (37 are 35’ buses, 33 are 15’ buses) operating a total of 
1,811,128 miles per year.

• As BEB miles make up a larger percentage of total fleet miles, it is expected that total 
maintenance costs decrease.

*Diesel maintenance cost/mile was reported by CET. Electric maintenance cost/mile was assumed to be 30% less 
than that of diesel, based on industry experience. 
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Lifecycle Costs 

#	ZEB Lifecycle	Costs

Total	Cost	per	Mile	

#	of	35’ #	of	15’
Bus	Capital	

Costs
Infrastructure	
Capital	Costs

Fueling	
Costs

Maintenance	
Costs

Baseline	Fleet
(No	ZEBs)

-- -- $12.1M -- $10.0M $10.9M $1.68/mile

BEB	Overnight	Charge	
Only	+	ICE	Fleet

4 4 $15.0M $742,500 $10.1M $10.6M $1.85/mile

BEB	Overnight	+	Midday	
Charge	(Electric	Heat)	+	
ICE	Fleet

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

BEB	Overnight	+	Midday	
Charge	(Electric	Heat)	+	
ICE	Fleet

13 4 $20.7M $2.2M $9.8M $8.6M $2.10/mile

FCEB	+	ICE	Fleet 31 -- $38.7M $6.0M $15.2M $11.3M $3.62/mile

• Assumed 12 year life for 35’ buses and 7 year life for 15’ buses.
• 19,655,967 lifecycle miles
• Lifecycle costs include capital, fuel, maintenance, and mid-life overhaul costs 



Potential Lifecycle Societal Benefits
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Number	of	Lifecycle	
ZEB	Miles	Driven	

Lifecycle	Gallons	of	
Diesel/Gasoline	

Saved

Lifecycle	Well-to-
Wheel	GHGs	
Saved1 (metric	

tons)

Number	of	
Passenger	Car	
Miles	Saved

Lifecycle	Societal	
Cost	Savings

BEB	Overnight	Charge	Only	+	ICE	
Fleet

338,464 47,507 549 1.4M $29,097

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

4,737,088 597,335 6,080 15.1M $322,240

BEB	Overnight	+	Midday	Charge	
(Electric	Heat)	+	ICE	Fleet

5,552,402 699,249 6,949 17.2M $368,297

FCEB	+	ICE	Fleet 13,557,936 1,694,742 5,702 $14.2M $302,206

Notes: GHG consists of Carbon Dioxide (CO2), Methane (CH4), and Nitrous Oxide (N2O). WTW GHG values come from AFLEET for each fuel type. GHG estimates are the net WTW  savings b/w 
diesel/gas and BEBs traveling the same number of miles. MGP diesel and gas calculated using CET diesel and gas fleet mileage and consumption data, resulting in 6.5 and 5.5 MPG, respectively. 
Assumes 474 gge/year average US passenger car fuel use from AFDC. Social cost estimates for GHGs (CO2, CH4 and N2O) are derived from President Biden’s Executive Order 13990.

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf


What this means for CET
• Funding will be important to help with the increased capital 

costs of BEBs.
– Higher capital expense can be partially offset with lower operating 

costs that CET would be expected to see with BEBs.
– 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. 

• Community benefit of decreased emissions with BEBs 
comes at a price.
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Potential Next Steps 
for CET



Next Steps

• Monitor the market for vehicle and charger improvements.
• Consider an initial BEB deployment of 35’ buses on 

Community Connector or Recreational Services routes. 
– Seek federal and state funding opportunities to help alleviate the 

high upfront cost of BEBs.
– Track performance of the BEBs to help inform future deployments. 

• Commission a more detailed ZEB implementation/transition 
plan.
– ZEBs are a large investment for agencies. Proper planning is 

important to ensure wise deployments. 
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Questions?

Steve Clermont
Director of Planning & 

Deployment

steve@cte.tv
404-606-3498

Maggie Maddrey
Managing 
Consultant

maggie@cte.tv
478-718-5492


