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CTE Whitepapers for N-CATT  

Today’s Webinar:
– Building Successful Partnerships between Rural Transit 

Systems Deploying Zero-Emission Vehicles and their Electric 
Utilities 

August 18th Webinar:
– Hydrogen as a Transportation Fuel in Rural Communities
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Overview

• About CTE
• Zero-Emission Vehicles (ZEVs) Overview
• Working with your Electric Utility during Fleet Electrification
• Framework for Building Partnerships
• Case Studies 
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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 AT I O N A L  P R E S E N C E
Atlanta, Berkeley, Los Angeles, St. Paul
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Presenter
Presentation Notes
Dan Raudebaugh
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CTE Zero Emission Bus Projects

5
ZEB Deployment Projects

ZEB Planning 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.
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Overview

• Overview of White Paper 
– Alison Smyth, Engineering Consultant, CTE 
– Maggie Maddrey, Associate, CTE 
– Amy Posner, Engineering Consultant, CTE

• Zero-emission Transit Vehicles in Vermont
– Van Chestnut, Executive Director, Advance Transit 
– Jennifer Wallace-Brodeur, Director, Transportation Efficiency, VEIC 

• Working With Electric Co-ops to Extend Electric Transit
– Brian Sloboda, Director, Consumer Solutions, National Rural Electric Cooperative 

Association 
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Benefits of ZEVs

 Lower emissions

More efficient

 Cleaner and quieter 

 Lower operating costs 

Source: U.S. Environmental Protection Agency

Presenter
Presentation Notes
-zero tailpipe emissions, typically, some ZEVs can have fuel fired heaters 
-direct air quality benefits wherever the vehicles are deployed
-lower operating costs
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Rural Agency Vehicle Types 

= 3,780
= 12,037
= 3,606
= 3,941
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Zero-Emission Vehicle Overview: Transit Buses

Battery Capacity Fuel Cell Power Reliable Range in Transit 
Service 

Estimated Capital 
Costs for Base Vehicle Typical Fueling Approach 

Long Range 
BEBs 250 – 660 kWh N/A < 150 miles on a single 

charge $740K DC fast charging (50-150 kW)

Fast-Charge 
BEBs 50-250 kWh N/A

Indefinite range possible 
with periodic on-route 

charging
$750K-1M

Overhead conductive chargers 
(175-600 kW)

Wireless inductive chargers 
(50-250 kW)

FCEBs 50-150 kWh 85-120 kW 200-320 miles $1 M Hydrogen fueling via delivery or 
on-site production

Long Range Battery Electric 
Bus (BEB)

Fast-Charge BEB Fast-Charge BEB Fuel Cell Electric Bus (FCEB)

Presenter
Presentation Notes
Do I need sources for these? They came from that CTE/APPA presentation you shared with me and there weren’t sources in there. I figured these were photos CTE had taken at different places?
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Zero-Emission Vehicle Overview: Cutaways

OEM-Advertised Max 
Battery Capacity OEM-Advertised Range  Typical Fueling Approach

Lightning’s E-450 Cutaway 129 kWh 80 - 120 miles Level II depot charging (~20 kW) or 
DC fast charging (~50 kW) 

Motiv’s Champion Shuttle Bus 106 kWh 85 miles Level II depot charging (~20 kW) or 
DC fast charging (~50 kW) 

Phoenix Motors’ Zeus 400 
Shuttle Bus 150 kWh 160 miles Level II depot charging (~20 kW) or 

DC fast charging (~50 kW) 

Image Source: Motiv

Presenter
Presentation Notes
We should try to get a high-level cost estimated for a cutaway and passenger van – can you ask Joel if he has estiamtes for it? 

-for BRTA report, we put a range of $190-270k for minibuses/cutaways

Passenger van for greenpower is around 170-190, don’t have anything for lightning – for King County, we are using $170k for an average for electric van costs 
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Zero-Emission Vehicle Overview: Passenger Vans

OEM-Advertised Max 
Battery Capacity OEM-Advertised Range  Typical Fueling Approach

GreenPower’s EV Star 118 kWh 150 miles Level II depot charging (~20 kW) or 
DC fast charging (~50 kW) 

Lightning’s Ford Transit 
LEV60/120 43– 86 kWh 60 - 120 miles Level II depot charging (~20 kW) or 

DC fast charging (~50 kW) 

Image Source: Lightning Systems 

Presenter
Presentation Notes
Passenger van for greenpower is around 170-190, don’t have anything for lightning – for King County, we are using $170k for an average for electric van costs 
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Other Rural Fleets

• School Districts

• Local, County, and State 
Governments

• Trucking Companies Source: Blue Bird Corporation

Presenter
Presentation Notes
From Erik: electric school bus costs about $400K
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Why Work with your Electric Utility?

• Understand each other’s constraints
• Lower operational costs
• Make smart investments 

Source: Pacific Gas and Electric Company
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Source: American Public Power Association
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Framework for Building Partnerships Between 
Transit Agencies and Electric Utilities 

Presenter
Presentation Notes
The overall planning process is flexible and iterative; it should be adapted to meet your tranist agency’s specific needs and priorities. The four steps in the shaded box represent the types of coordination that should occur iteratively for each incremental deployment project until you meet your goals 
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Set Fleet Electrification Goals

• Set up a project team
• Short- and long-term goals for ZEV deployments
• Design incremental deployment projects 

Estimated 
Timeframe

Number and type 
of vehicles 

Fueling type (i.e., 
Level II, DC fast 
charging, on-
route charging, 
hydrogen)

Estimated 
electrical capacity 
needed

Possible funding 
sources 

Criteria for 
evaluating 
success 
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Energy Capacity Calculator 

• Provided in the white 
paper to estimate required 
energy capacity by number 
and type of vehicles

• Excel format calculates 
estimated capacity and 
allows for customization
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Technology Assessment

• ZEV industry is rapidly maturing 

• Re-evaluate ZEV options when 
beginning a deployment 

• Route and charge modeling can 
inform performance and costs
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Exploratory Meeting with Electric Utility 

• Points to discuss:
– Short- and long-term electrification goals
– Available funding opportunities
– Planned charging strategy
– Carbon reduction goals
– Requirements for resilience 

• Ongoing coordination throughout all ZEV deployments 



21

Identify Funding Sources

• Example Federal and State funding sources for ZEVs: 
– FTA’s Low or No Emission Vehicle Program (Low-No) 
– FTA’s Bus and Bus Facilities Program 
– FTA’s Funding for Tribal Entities 
– Volkswagen Environmental Mitigation Trust 

• Coordinate with your State DOT, State RTAP Manager, FTA Tribal 
Liaison, and your electric utility when applying for funding 
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Rate Optimization - Understanding your Utility Bill

Fixed Cost
• Monthly fee for 

having a meter
• Typically <1% of 

monthly bill

Energy Cost
• How much fuel 

you buy
• Can vary by time 

of day/season
• $/kWh

Demand Cost
• How fast you fuel
• Impacted by charge 

power, # of chargers 
operating at once

• Can vary by time of 
day/season

• $/kW

Taxes and Fees
• Typically 5-30%

of monthly bill

Presenter
Presentation Notes
There are generally four components to a bill, seen here. There are your fixed costs, which usually covers the price of being connected to the grid. There are energy costs, which cover how much electricity you purchase. It’s equivalent to how many gallons of fuel you buy.

Demand costs are there to cover the cost of how much power you use. The faster you charge your buses, the more you have to pay for the privilege of fueling that quickly. This would be like having to pay more for the capability to fast fuel your diesels.

There are also taxes and fees, which are often calculated based on your energy and demand for the month.
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Rate Optimization

• Charging your ZEVs may have a big impact on your utility bill 
• Work with your utility to figure out a charging strategy 
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Realize Fleet Electrification Goals

• Incorporate lessons learned into future deployments
• Performance monitoring and reporting
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REGISTER FOR FREE AT ZEBconference.com
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Maggie Maddrey
maggie@cte.tv

Amy Posner
amy@cte.tv

Alison Smyth
alison@cte.tv



Electric Bus 

Technology & 

Vermont Pilots

Van Chesnut, Advance Transit & Jennifer Wallace-Brodeur, VEIC



About Advance Transit

2

Nonprofit, bi-state, rural public transit system that 

provides free transit service to six communities in New 

Hampshire and Vermont. 

Operates several fixed-routes, park-and-ride shuttles, 

and complementary ADA paratransit 

Combined ridership in FY 2018 of 877,720

Annual budget is $4.5M



About VEIC

We are on a mission 

to generate the 

energy solutions 

the world needs.

The health of our planet is in our hands. That’s why VEIC works with 

organizations across the energy landscape to create immediate and lasting 

change. Since 1986, we’ve served as an objective partner for our clients as 

they navigate complex energy challenges. With expertise in energy efficiency, 

building and transportation electrification, and new approaches for a clean 

and flexible grid, we bring solutions to the market that meet your goals.

Every challenge is different, but our commitment is the same: make an impact

3
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• VT Long Range Transportation 

Plan 

• VT Public Transit Policy Plan

• Comprehensive Energy Plan

• Renewable Energy Standard

• VW Settlement – Beneficiary 

Mitigation Plan

VT Policy Framework for 

Electrification
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• Test performance in cold 

weather; evaluate benefits in 

real world operation

• Buses operated by Advance 

Transit, Green Mountain Transit, 

University of Vermont

• Project partners: VTrans, 

Burlington Electric Dept., Green 

Mtn Power, VEIC

2017 Electric Bus Pilot



Pilot Findings
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•The all-electric bus was more efficient, less expensive to 

operate, and produced significantly lower emissions than a 

new diesel bus 

•Performance and savings varied by operating environment 

•Drivers generally liked the electric bus experience

•Results paved way for BEB deployments 
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Green Mountain Transit

Advance Transit

Marble Valley Regional Transit District

Rural Community Transportation 

Green Mountain Express

TOTAL = 14 electric buses (full size and 

cutaways)

VT Transit Electrification 

Projects



4 electric buses: 2 35’ Gilligs; 2 

cutaways

Facility upgrades to support 

chargers

Funded by Low and No Emissions 

Vehicle Program

Cost share from Green Mountain 

Power

Advance 

Transit 

Project

9



Vermont Utility Partnerships

10



Get in touch

Van Chesnut

VChesnut@AdvanceTransit.com

Jennifer Wallace-Brodeur

JWallace-Brodeur@veic.org 

Winooski, VT 

White River Jct, VT 



Working With Electric Co-ops to 
Extend Electric Transit

Brian Sloboda
Consumer Solutions Director

brian.sloboda@nreca.coop



America’s Electric Cooperatives

• Consumer owned
• Not for profit
• 48 states
• 833 distribution 
utilities

• Serve 88% of US 
counties



Key Considerations

• Engage with Your Electric 
Provider Early and Often

• Minimize fuel cost
• Electricity Is Delivered in Real 

Time
• Electric Bill Depends on How 

You Charge
• Electricity as a Fuel Means 

Thinking About Fuel Availability 
in New Ways



Many Issues

• Market Issues
• Battery Issues
• Regulatory Issues
• Power Issues
• Utilities build assets to match current and future load

• Long-term investments
• Few envisioned trucks and bus charging



How to Start the Conversation

• Charger size- kW
• Battery size
• Time you think you may 
charge

• Flexibility on when to 
charge

• Think 5 years out

https://www.cooperative.com/topics/distributed-energy-resources/Pages/Preparing-to-Plug-In-Your-Electric-Transit-Bus-Fleet---10-Things-To-Consider.aspx

https://www.cooperative.com/topics/distributed-energy-resources/Pages/Preparing-to-Plug-In-Your-Electric-Transit-Bus-Fleet---10-Things-To-Consider.aspx


Summary

• Talk early… before you make decisions
• Cooperation is key
• Flexibility is even better
• Avoid charging during peak utility times… typically late 
afternoon

• Talk about vehicle to grid uses… long-term



Thank you!
Brian Sloboda
brian.sloboda@nreca.org
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