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Sustainable Truck and Bus, 2020

Electric Bus Webinar

Justin Stuehrenberg, General Manager



�‡Madison Metro GM since May 2020
�‡Formerly led capital program for IndyGo
�‡Mechanical Engineer by degree
�‡Extensive electric bus experience

Contact:
Justin Stuehrenberg
jstuehrenberg@cityofmadison.com

Background



�‡Department of the City of 
Madison

�‡Serves Madison and 
surrounding communities

�‡Fleet of 215 buses
�‡13.4 million rides in 2018
�‡Top 20 in the nation in rides per 
capita

About Metro



�‡No emissions in local area
�‡Quiet
�‡Lower maintenance costs
�‡Lower fuel costs

Why Electric?



�‡Same Route Every Day
�‡What if?

�‡Lower Speeds
�‡Little Drag

�‡Stop and Go
�‡Regen Braking

Opportunity in Transit Sector



�‡All-day range
�‡Need 300 miles

�‡Heating and Cooling
�‡Frequently opening/closing doors

�‡Capital Costs
�‡~$450k for diesel
�‡~$800k for electric

Remaining Challenges



�‡Operational changes
�‡Depot-only Charging

�‡Need more buses

�‡On-Route charging
�‡Need Layover time
�‡Pantograph
�‡Inductive

�‡Fuel Heaters

Strategies



�‡3 Major electric bus makers
�‡10% of US Transit agencies now have 
battery electric buses

�‡Largest fleets are
�‡Indianapolis
�‡Palmdale, CA
�‡Los Angeles
�‡Seattle

State of the (US) Industry



�‡3 depot charged buses 
arriving this year

�‡27 60-ft electric BRT 
vehicles in 2023-2024

�‡Solar Array on the roof
�‡Plan to be 50% zero 
emission by 2035

�0�D�G�L�V�R�Q�¶�V���(�I�I�R�U�W�V



Contact:
Justin Stuehrenberg
jstuehrenberg@cityofmadison.com

Questions?
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Mark Kosowski  P.E.
Electric Transportation
mkosowski@epri.com

October 8, 2020

Transit Bus Fleet Examples

Sustainable Truck & Bus Solutions
Wisconsin Clean Cities

http://www.epri.com/
https://www.facebook.com/EPRI/
https://www.facebook.com/EPRI/
https://www.linkedin.com/company/epri
https://www.linkedin.com/company/epri
https://twitter.com/EPRINews
https://twitter.com/EPRINews
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Agenda

Amsterdam Schiphol 
Transit Fleet

Eindhoven Transit 
Fleet

Chile Transit Fleet

http://www.epri.com/
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Amsterdam Schiphol Fleet
Outdoor Charging

http://www.epri.com/
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�‡ 100 x 60-foot Transit Buses (VDL)

�‡ 13 MW installed Power

�‡ 84 x 30 kW Charging Hoods (J-3105-2)

�‡ 23 x 450 kW Opportunity Charging Hoods (J-3105-2)

�‡ 2 x 25 kW Mobile Chargers in the Workshop

�‡ Four Locations Outside Depots or Opportunity Charging 

�‡ Full Operation with 24/7 Service

�‡ Six different lines gathering more than 18,000 miles/day (6.8M miles/yr)

�‡ Buses are equipped with 169 kWh of battery

�‡ Greenfield build

Schiphol Airport All-Electric Transit Bus Fleet- Amsterdam 

30 kW Charge Hoods 450 kW Charge Hoods

Chargers

http://www.epri.com/
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SAE J-3105-1 

Infrastructure-mounted 
Cross Rail Connection

(Most prevalent in the US)

SAE J-3105-2 

Vehicle-mounted 
Pantograph Connection

(Most prevalent in Europe)

SAE J-3105-3 

Enclosed Pin and Socket 
Connection 

(Most prevalent on shipping docks)

High-Power Automated Connectors

http://www.epri.com/
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Depot 1

On-Route Charging 1

On-Route Charging 2 Depot 2

Schiphol Airport, Amsterdam

http://www.epri.com/
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Schiphol Depot 1

Forty-Eight 30 kW Charge 
Hoods

Five 450 kW Charge Hoods

Five Independent 
transformers for resilience

http://www.epri.com/
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4 x 450 kW Chargers

2 x > 900 kVA Transformers
Independent for resilience

Schiphol Opportunity Charging 1

http://www.epri.com/
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UL Listed DC 
Chargers

50 kW      $62k

450 kW    $333k

Schiphol Opportunity Charging 1

http://www.epri.com/
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Schiphol Opportunity Charging 1

http://www.epri.com/
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SAE J-3105-2 

Vehicle -mounted   
Pantograph 
Connection

http://www.epri.com/
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Eindhoven Fleet
Indoor Charging

http://www.epri.com/
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Eindhoven is one hour south of 
Amsterdam

43 All-Electric Buses with 
Automatic Depot Charging 
Indoors

Heliox and VDL initial 
deployment

Heliox and VDL headquarters and 
manufacturing is near Eindhoven

Eindhoven Opportunity Charging

http://www.epri.com/
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Operator aligns the yellow 
line on the bus floor with 
the white line on the 
street

Eindhoven Opportunity Charging Alignment

http://www.epri.com/
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A bumper on the pavement stops the bus for the 
proper alignment with the hood.

On-route chargers are located at the depot and 
the Eindhoven Airport

Eindhoven Opportunity Charging

http://www.epri.com/
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Eindhoven Indoors Depot

http://www.epri.com/
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Charger Cabinets are up off 
the floor to easily get the 
power in and out.

Power is routed in conduit 
to the ceiling and then to 
each charging hood

Eindhoven Indoors Depot

http://www.epri.com/
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Santiago Chile Fleet

http://www.epri.com/
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�‡A total of 285 BYD buses are currently operational in Chile.  A total of 386 electric 
buses are currently operational in Chile.  

�‡Charging takes about 5 hours for the 150 miles of range for the buses.

Santiago, Chile 

http://www.epri.com/
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The Eindhoven fleet was the initial fleet which was followed by the 
Schiphol fleet 2 years ago

The lower power level charged buses are parked nose to tail

The depots uses the J-3105-2 connection (Bus-up)

The sites have been very successful

Heliox is providing chargers in the USA

Summary

http://www.epri.com/
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QUESTIONS?
C O N T A C T :

Mark Kosowski P.E.
EPRI

mkosowski@epri.com

248-421-7124

http://www.epri.com/
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Sustainable Commercial Truck Solutions 
Dave Schaller
October 2020



Three Pillars of NACFE Work

37June 2020

NACFE

Scale 
Current Techs

Improve
Information 

Flow

Guide
Emerging 

Techs

1 2 3

Confidence 
Reports Annual 

Fleet Fuel 
Study

Electrification 
Guidance 
Reports

Thought 
Leadership

Workshops

Run On Less 
Demonstrations

Trade 
Shows

Collaboration 
Reports

www.NACFE.org

about:blank


Thank You to Our Sponsors
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Confidence Reports

September 2020

Can be viewed as 
either:

�‡Diesel fuel 
savings

�‡Range 
extenders for 
alternative 
fuels

Complete, unbiased review of available technologies for fleet confidence to adopt.

Tire Pressure 
Systems

6x2 Axles Idle Reduction Transmissions Engine 
Parameters

LRR Tires Lightweighting Downspeeding Maintenance 
for FE

SolarTractor 
Aerodynamics Lubricants Engine

Accessories

Trailer
Aerodynamics

Platooning



Alternative Fuels 
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DieselGasoline

Liquid 
Propane

CNG LNG

Battery 
Electric

Renewable 
Diesel

Renewable 
Nat Gas

CNG & BEV 
Hybrid

Hydrogen & 
BEV Hybrid

Diesel & BEV 
Hybrid

Hydrogen 
Injection 

into Diesel

LP Injection 
into Diesel

Hydrogen

DME

Methanol
Blends

Bio-Diesel

GASEOUS FUELS

TRADITIONAL PETROLEUMS

ELECTRIC

HYDROGEN

Solar 
Charging

Nitrogen & 
BEV Hybrid

LIQUID
NITROGEN

Ethanol
Blends

Gasoline & 
BEV Hybrid

June 2020



2019 Annual Fleet Fuel Study

https://nacfe.org/annual-fleet-fuel-studies/



Run on Less Regional

June 2020 42



Run on Less Regional Report
Conclusions
1. High efficiency requires commitment

2. Optimize performance using big data 
and connectivity

3. Understand and act on the variety in 
duty cycles 

4. Drivers are attracted to regional haul

5. Return to base is ideal for electric 
trucks

6. Growth in Regional Haul is Good 

Run On Less Data Benefits
�‡Run on Less Regional data analysis: 

RoLR final report

�‡NREL/NACFE Report: Battery 
Electric Powertrains

�‡Ballard/NACFE Report: Hydrogen 
Fuel Cell Trucks in Regional Haul

�‡Free downloadable data set

June 2020 43



Guidance On Electric Trucks
Electric Trucks: Where 
They Make Sense
May 2018

44

# 1

# 2 # 4

# 3

MD Electric 
Trucks: 
Cost Of 
Ownership

Viable Class    
7 & 8 
Electric, 
Hybrid & Alt 
Fuels 
Tractors

December 
2019October 2018

Electric Trucks: Charging 
Infrastructure
March 2019

Now Free Online at 
https://nacfe.org/emerging-
technology/electric-trucks-
2/

High 
Potential 
Regions 
Report

# 5 August 2020



Findings: Parity To Diesel

Class 3 - 6 Class 7 & 8Dark Blue = EV is Better

2020 20302018 2018



HD Tractors Technology Bridge
PRE SENT : 2020 � �́0 �( �6�6�<���0 �,�' �' �/ �( �µ����2030 FUT URE : 2040

Many optimized solutions
Many unknowns 
& challenges

Technology immature
Innovation & maturation

Legacy Diesels
Natural Gas

Diesel Advancements
Natural Gas
Hybrids

Battery Electric
Hydrogen Fuel Cells
Renewable Natural Gas & Diesel

CBEV from 
Clean Energy

Fast charging everywhere
Long life, low cost batteries
Acceptable weightsMulti fuel choices

Growing infrastructure
Facts replace estimates
Learning curves



June 2020
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Focus On Regional Haul Electrification



Applications Expand Out From Center

48

Electrification may 
expand outward from 
�]�v�•�]�����������(�o�����š�[�•���(�����]�o�]�š�]���•�W

1. Fork Lifts
2. Yard Tractors
3. MD Urban Delivery
4. Regional Haul Tractors
5. Long Haul Tractors



Electric Trucks

49June 2020

Collaboration
�‡Fleets
�‡OEMs (Existing & New)
�‡Suppliers
�‡Dealerships (Sales/Service)
�‡Government Organizations
�‡�E�'�K�[�•�W���~�•�š���š�����š�Œ�µ���l�]�v�P�����•�•���Y�•
�‡Charging System Suppliers
�‡Utility Companies



www.NACFE.orgwww.RunonLess.comFollow NACFEat:

Mike Roeth, 260.750.0106, mike.roeth@nacfe.org
Dave Schaller, 260.602.5713, david.schaller@nacfe.org

Wave Of Changes Coming



SUSTAINABLE TRUCK AND BUS SOLUTIONS:  
FLEET TOOLS AND OFF-ROAD OPTIONS

Wisconsin Clean Cities
October 8, 2020

Steven Sokolsky  
Program Manager  

CALSTART



CALSTART:A Non-Profit Organization Accelerating Deployment of Clean  
Transportation Technology through:
�‡ Tech Demonstration
�‡ Assessment and Validation
�‡ Fleet Assistance
�‡ Strategic Roadmapping
�‡ Data Collection
�‡ Collaborative Industry Partnerships

Mission & Background:
�‡ Support and expand clean transportation tech industry
�‡ Drive faster commercialization
�‡ Tech and fuel neutral
�‡ Operating since1992

Goals:
�‡ Grow & develop high-quality jobs in theU.S.
�‡ Promote clean air technology solutions
�‡ Reduced dependence on petroleum
�‡ Battle climate change



�����>�^�d���Z�d�[�•��250+Members
Making Clean Transportation Happen



Commercialization Activities Areas
Identifying, assembling and managing real world tech
demonstrations to meet user needs.

Validating the performance and business caseof
technology to inform user, developer and policy.

Developing and managing effective, streamlined  
incentives for new tech.

Developing and supporting smart, effective policies  
to drive clean technology

Supporting company success via information,  
partnering, identifying opportunities.

Development,  
Demonstration & User  
Connection

Performance Validation &  
Assessment

Market Acceleration

Policy Development &  
Support

Industry Service

CALSTART DRIVES COMMERCIALIZATION



�&�$�/�6�7�$�5�7�·�6GLOBALFOCUS:DRIVE TOZERO

DRIVE TO ZERO IS AN INTERNATIONAL MULTI-STAKEHOLDERINITIATIVE  
TO ACCELERATE THE GROWTH OF NEAR AND ZERO-EMISSION  
COMMERCIAL VEHICLES WORLDWIDE

Strategy:

�‡ Target the right vehicles for  
first-market success, in the  
right order for sustainable  
industry growth, in the right  
regions embracing and  
supporting change.

�‡ Collaboration and concurrent  
action is key to success and  
needed volumes.

�‡ The result can be viable  
products by 2025 in all  
segments.

5



DRIVE TOZERO: DEVELOPING TOOLS TO DRIVE MARKET SUCCESS

6
Resources for Transformation: https://globaldrivetozero.org/tools/

LiveLive

POLICYAND  
ACTION  
TOOLKIT

ZE TECH  
INVENTORY

INFRA  
PLANNING  
GUIDANCE

TCO  
CALCULATOR

Coming soonLive



POLICY AND ACTIONTOOLKIT

7



ZERO-EMISSION INVENTORY

8

ZETI

ZERO-
EMISSION  

TECHNOLOGY  
INVENTORY

There are already 300+ existing and announced  
zero-emission commercial vehicle models



ZETIANALYTICS

9



TOTAL COST OF OWNERSHIP CALCULATOR

Purpose: model the dynamics of the TCO for battery electric trucks  
compared to conventional vehicles

�‡ Inputs
�± MSRP
�± Purchase incentives
�± Tax implications
�± Charging infrastructure  

material and  
installation costs

�± Truck fuel efficiency
�± Fuel costs
�± Fuel incentives
�± Maintenance costs



ZERO EMISSION CHARGING INFRASTRUCTURE

11

Infrastructure Planning Guides



�‡ Integration of on-road and off-road  
markets and supply chains
�±Greater sharing of components, systems &  

controls between on-road and off-road  
applications

�±On-road driveline suppliers acquiring off-
road partners

�‡Example: Dana acquires TM4, SME Group and  
Oerliken Group

Dana-�d�D�ð���^�^�h�D�K�_��power unit for trucks and off-
highway equipment

TRENDS AFFECTING OFF-ROAD TECH DEVELOPMENT & SUPPLY CHAIN



INTEGRATED APPLICATIONS: VOLVO ELECTRIFIED WORKSITE

�‡Intelligent-Electric-Connected-Machines,  
Site Solutions
�±All-electric compact excavator

�±70-ton hybrid excavator with zero-emissions  
capabilities

�±Autonomous hauler



CALIFOFF-ROAD  
INCENTIVE  
AMOUNTS

Transport Refrigerator Units
(TRU)

Up to $65,000

Large Forklifts

Up to $200,000

Railcar Movers

Up to $500,000
Container Handling  
Equipment (CHE)

Up to $500,000

Up to $500,000

Airport Cargo Loader

Up to $100,000

Zero-Emission Off-Road Equipment  
Now Eligible for Purchase Incentives

On- & Off-Road Terminal Shore Power Cable Systems
Tractor

Up to $200,000

Mobile & Ground
Power Units

Up to $300,000



THANK YOU!

Questions?
StevenSokolsky: ssokolsky@calstart.org 

www.calstart.org

(626)744-5604

Check out �����>�^�d���Z�d�[�•��Global Drive to Zero Program:

�‡ Zero Emission Trucks on cost parity with conventional vehicles by2025

�‡ Dominate market share by2040
www.globaldrivetozero.org
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Questions?

66

Put your questions in the chatbox �D�Q�G���Z�H�¶�O�O���J�H�W��to as many as we can!
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Operating & Maintaining Alternative Fuel Vehicles 
Thursday, October 15 at 1 p.m. CDT 



Join us June 10, 2021 for the 
Transportation & Innovation Expo! 

68


