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1.  Introduction to Alberta Motor Transport Association (AMTA) 

2.  Class 8 Zero Emission Vehicles
• Electric Vehicles (EV) 

• Energy Systems

• Battery Electric Vehicles (BEV)

• Fuel Cell Electric Vehicles (FCEV) hydrogen

3.  NFPA Emergency Response Guides

4.  Response to an EV Vehicle Fire

5.  Risks

6.  Resources

Overview
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Safety Training for First Responders on ZEVs

Introduction



Alberta Motor Transport Association

• Hydrogen is abundant, lighter than air, invisible, odorless and non-toxic.

THE VOICE        THE STANDARD        THE RESOURCE  
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Emissions Reduction Projects
Alberta Zero Emissions Truck  Electrification Collaboration (AZETEC)
Design, test and operate two heavy-duty FCEVs for Canadian weights, hydrogen production 

Electric Vehicle Infrastructure Development (EVID)
Alberta’s first hydrogen fueling station, hydrogen storage and dispensing

Zero Emissions Vehicle Awareness Initiative (ZEVAI)
Advance hydrogen industry awareness & training programs 

Hydrogen Vehicle Demonstration
 Introduce carriers to zero and reduced emission technology, H2DF class 8 heavy-duty trucks

Mechanic Training
High voltage systems, fuel cells, hydrogen systems, drive trains

Zero Emissions Trucking Testbed
Stakeholder engagement sessions, training, zero-emission vehicle trials

                                          https://www.amta.ca/innovation-projects
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Zero Emission Truck Testbed (ZETT)
R O UTE  ON E:   

BATTERY ELECTRIC VEHI CLE  (BEV)  

R O UTE  TW O:  

FU EL CELL ELCETRIC V EHICLE  (F CEV ) 

Nikola TRE FCEV

AZETEC FCEV 1

Nikola TRE FCEV

Volvo VNR Electric

Calgary

EdmontonSurrey

Mount 
Vernon

Project partners 
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Class 8 
Zero Emission Vehicles

Safety Training for First Responders on ZEVs



First Automobiles
Which vehicle was invented first? 

A. Electric Vehicle

B. Hydrogen Vehicle

C. Gasoline Vehicle

Electric Vehicle:     1832 Robert Anderson

Hydrogen Vehicle:  1860 Etienne Lenoir

Gasoline Vehicle:    1886 Carl Benz

                            1889 Gottlieb Daimler
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Zero-Emission Vehicles
Conventional Vehicle vs Electric Vehicle 

Engine, transmission, aftertreatment, drivelines

 

Diesel fuel tanks

Driveline

Electric auxiliaries

E drive

Batteries

Internal Combustion Engine (ICE) Electric Vehicle (EV)
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Zero-Emission Vehicles

Fuel Cell Electric Vehicle (FCEV)Battery Electric Vehicle (BEV)

Hydrogen Internal Combustion Engine (ICE)

Battery

Power Controls
Electric Powertrain

Battery Electric Vehicle

Fuel Cell  Electric Vehicle
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Zero-Emission Vehicles
Volvo Battery Electric Vehicle (BEV)

Battery

Power 
Controls

Electric 
Powertrain

Battery Electric Vehicle
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Zero-Emission Vehicles
Nikola & AZETEC Fuel Cell Electric Vehicle (FCEV)

AZETEC movie (short).mp4
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Zero-Emission Vehicles

E drive
Hydrogen cylinders + fuel cell

Battery (9 pack) Battery (2 pack) 

Battery Electric Vehicle (BEV) vs Fuel Cell Electric Vehicle (FCEV) 
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Zero-Emission Vehicles

Fuel Cell Electric Vehicle (FCEV)Battery Electric Vehicle (BEV)

Cleantechnica (2022). Tesla Semi Details Revealed in Parts Catalogue 
Diagrams Retrieved from: 

hhttps://cleanttechnica.com/2023/01/05tesla-semi-details-reveale-in-
parts-catalog-diagrams/ 

Transport for NSW (2023). Fuel cell electric vehicles (FCEV). Retrieved form: 
https://www. transport.nsw.gov.au/operations/freight-hub/ towards-net-zero-
emissions-freight-policy/ knowledge-hub/fuel-cell-electric 
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Electric Vehicles 
Energy System

Safety Training for First Responders on ZEVs



High Voltage (Electrical) Systems

High Voltage / Orange Cables

Lithium Ion Battery

DO NOT TOUCH

Electric Vehicle
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High Voltage (Electrical) Systems

Battery is the central portion of the vehicle

Battery is structural, built into the frame

Battery

Power 
Controls

Electric 
Powertrain

Battery Electric Vehicle

Battery
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High Voltage (Electrical) Systems

Cells

Parallel cells =Modules

Connected Modules

Lithium-Ion Batteries
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Lithium Ion Battery

Battery Cell Connected Cells

Potting material

Fire resistant 

walls

Fire resistant 

Enclosure

Source:  https://www.youtube.com/watch?v=ERwGDtHUcyE

Tesla Vehicle
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Lithium Ion Battery

Huang, W., Feng, X., Han, X., Jaing, F., Questions and Answers Relating to Lithium-Ion 
Battery Safety Issues. Cell Reports Physical Science, Volume 2. January 2021.

Tesla Vehicle
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National Transportation Safety Board. 2020. Safety 

Risks to Emergency Responders from Lithium-Ion 

Battery Fires in Electric Vehicles. Safety Report 

NTSB/SR-20/01. Washington, DC. 
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High Voltage (Electrical) Systems

Thermal Runaway

• A damaged battery can create more 

energy than can be removed.

• The battery’s internal temperature 

increases beyond its ability to dissipate 

heat resulting in ignition.

• A chain reaction that can occur.

Indicators: smoke or hissing/popping 

sounds 

Thermal Runaway
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High Voltage (Electrical) Systems
Stranded Energy

2. Stranded Energy (Post Crash) 

• Energy remaining inside a damaged or undamaged

• No effective way to remove/drain the battery

•  Poses risks to first responders, passengers and bystanders

 Fire

 Shock Hazards

 Thermal Runaway
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Lithium Ion Battery
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Hydrogen 
Basics

Safety Training for First Responders on ZEVs



Hydrogen 
Properties

Invisible

Odorless

Tasteless

Non-Toxic
Energy dense
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Hydrogen leaks must be addressed promptly and with due care. 

Do not store hydrogen vehicles indoors

Hydrogen Safety
Leaks

Indoors

Outdoors

Hydrogen leaks form the basis of all gaseous hydrogen hazards:
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Hydrogen flames: 

• invisible to the 
eye

• low radiant heat

• burns quickly

Hydrogen Fires
Hydrogen Vehicle  vs Conventional Vehicle Fire

Hydrogen vents up quickly

Hydrogen burns quicklyA hydrogen flame has low radiant heat.

1  Hydrogen Vehicle   2  Conventional Vehicle

Hydrogen Vehicle  vs Conventional Vehicle Fire
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Tanks 

• Thermal protective coating
      30 minutes of heat resistance at 1000oC
• Thermal pressure release device (TPRD)

• Venting upwards

Component Level
Safety
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• The hydrogen onboard our Class 8 trucks is gaseous.

Hydrogen Equipment
Vehicles, Transport, Dispensing

Fuel Cell  Electric Vehicle

Hydrogen Diesel Dual Fuel Vehicle

Hydrogen Diesel Dual Fuel Vehicle

Hydrogen Storage and Transport Trailer

Hydrogen Infrastructure
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Identification  
Emergency Response Guides

Safety Training for First Responders on ZEVs



Volvo BEV 
Identification
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Zero Emission Vehicles 
Emergency Response Guides

NFPA Emergency Response Guides
https://www.nfpa.org/education-and-research/emergency-response/emergency-response-

guides#aq=%40culture%3D%22en%22&cq=%40taglistingpage%3D%3D(%22EV%20Guides%22)%20%20&numberO

fResults=12&sortCriteria=%40title%20ascending

  

        
  
Volvo EV emergency response guide     
file:///C:/Users/Terri.Johnson/Downloads/Volvo%20VNR%20Electric%20(1).pdf
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Volvo BEV
Emergency 
Response Guide 
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Volvo BEV 
Emergency Response Guide

• Nearly silent operation

• Shut off vehicle

• Avoid interacting with high voltage systems

• Batteries may reignite
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Battery Electric Vehicles 
Emergency Response Guide

High voltage cut line 
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Volvo BEV 
Emergency Response Guide
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First Response
Zero Emission Vehicles

Safety Training for First Responders on ZEVs



Electric Vehicles (EV) 
First Response

• Identify
o Electric motor, batteries (high voltage) 
o Hydrogen storage system (compressed gas) 

• Immobilize
• Approach from side (near silent operations)

• Disable 
o Auto disconnect (ignition)
o High voltage shutdown/manual disconnect 

(manual service disconnect (MSD))
o First Responder cut loop (isolate battery power)
              * Will cause additional damage to the vehicle 

• Extrication
• Extinguishment

High Voltage System

• Do not cut orange cables
• Do not touch orange cables without proper PPE

Off Gassing

• Full PPE with SCBA is required
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Battery Electric Vehicle (BEV) Fires

- Burn hotter than ICE

- Burn through energy slower than ICE 

- Battery is the fuel

o Battery produces its own oxygen 

- Remove the heat – cool it down

- Large, continuous and sustainable water supply 

- BEV passenger vehicle: 3,000-8,000 gallons

- Reignition

Electric Vehicles (EV) 
First Response
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Best Practices 

Exposure control for battery fires

• Fire Blanket 

           limit vehicle fire 

    lower fire temperature

           flammable gas release risk

• Copious amounts of water

           water to cool battery 

• Burry in sand

Not recommended for battery fires

• Class D fire extinguishers

• Firefighting foam

• Pancake nozzle (not enough water)

• Piercing nozzle (high voltage hazard)

Source: https://www.youtube.com/watch?v=qgP7KkDesBo

Lithium-Ion Battery Fires

Let fire burnout (not ideal in many situations)
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Lithium Ion Battery
Fire Blanket
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Guidance for First Response
Vehicle Fire

Cool Battery

• Water Suppression, copious amounts of water 

• Apply water directly to the battery

    NOTE: water cools but will not extinguish a lithium-ion battery fire

Reignition

• Cool with water

• Burry in sand

Post Ignition Storage

• Always Tow a ZEV that has been involved in a vehicle fire

• Store at an isolated location
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First Response
Electric Vehicles

National Transportation Safety Board. 2020. Safety Risks to Emergency Responders from Lithium-Ion Battery Fires in Electric Vehicles. Safety Report NTSB/SR-20/01. Washington, DC. 44



Guidance for First Response
Vehicle Fire

Battery not Involved:

- Respond as in any other vehicle fire

Chock Wheels

- Silent operations

Reference NFPA Emergency Response Guide

- Shut offs 

- Disabling vehicle circuits

Establish Water Source

- Additional engines requested 

- Water shuttle operation

PPE 
- Respiratory hazards, SCBA required
- Prolonged time: Be prepared to exchange SCBA cylinders

High Voltage 
- Avoid contact with components and cables
- Identify high voltage battery placement
- Apply water even after flame is extinguished

Vehicle Removal 
-     Monitor battery for hissing/popping/smoke
- Thermal imaging camera may indicate heat profile
- Tow truck removal
- Stored isolated region
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Review
EV Fire Safe

Source: https://www.evfiresafe.com/electric-vehicle-fires  1246



Risks
Electrical Vehicle Fires 

Safety Training for First Responders on ZEVs



Risks

1. Stranded Energy

2. Thermal Runaway

3. Battery Reignition

Zero Emission Vehicles

- Silent Operations

- Electrical Hazards: High Voltage System

- Respiratory Hazards: Vapor Cloud Explosions

- Use only Water

Water flow calculations

 Longer time to supress

 Larger water volumes

- Isolated Storage
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Risks 
Electric Vehicle Fires 
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Resources
Safety Training for First Responders on ZEVs



Additional Resources 

NFPA Emergency Response Guide: 

https://www.iafc.org/topics-and-tools/resources/resource/emergency-response-guides
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Additional Resources 

Courses

• NFPA:  https://www.nfpa.org/for-professionals/training-for-me/buy-alternative-fuel-vehicles-training/electric-vehicles

• Canadian Association of Fire Chiefs: https://cafc.ca/page/green-technology

• SAE Hybrid and EV first responder Recommended Practices: https://www.sae.org/standards/content/j2990_201907/

• Intro Hydrogen Vehicles, First Responders:  https://www.aiche.org/ili/academy/courses/ela253/introduction-hydrogen-safety-first-
responders

• First Response Hydrogen Vehicles: https://www.aiche.org/ili/academy/courses/ela262/fire-response-extrication-hydrogen-fuel-cell-vehicle

• Firehouse Training: https://ffao.on.ca/2024/06/16/electric-vehicle-lithium-ion-battery-training/

• High Voltage Safety Training: https://energysecurityagency.com/imi-courses/

• Electric Vehicle Safety for First Responders:  https://teex.org/class/cef102/
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Additional Resources 

Videos

• NFPA:  Source: https://www.nfpa.org/for-professionals/training-for-me/buy-alternative-fuel-vehicles-training/Electric-Vehicles

    (Preview EV Safety Training: embedded on page mid way down) 

• National Transportation Safety Board: Source: https://www.youtube.com/watch?v=J6eS6JzBn0k

• Monroe Fire Department: Source: https://www.youtube.com/watch?v=GtD5dn5CpzI

• Isolating the High Voltage Battery: Source: https://www.youtube.com/watch?v=2LBPuFbmoJk
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Additional Resources 

Academic Papers

• National Transportation Safety Board. 2020. Safety Risks to Emergency Responders from Lithium-Ion Battery Fires in Electric Vehicles. 

Safety Report NTSB/SR-20/01. Washington, DC. 

•  Canadian Association of Fire Chiefs. 2024. Medium and Heavy Duty Zero Emission Vehicles: Assessment of Information available for 
the Fire Training Service. Source: https://cdn.ymaws.com/cafc.ca/resource/resmgr/mhdev_report/ENG-MHDZEV_Report_Final.pdf

• Long, T.R., Blum, A.F., Bress, T.J., and Cotts, B.R.T. “Best Practices for Emergency Response to Incidents Involving Electric  Vehicles 
Battery Hazards”  Fire Protection Research Foundation. June 2023. Source: 
https://www.energy.gov/sites/prod/files/2014/02/f8/final_report_nfpa.pdf

• Kang, S., Kwon,M., Choi, J.Y., and Choi, S. “Full Scale Fire Testing of Battery Electric Vehicles” Applied Energy, February 2023. 

Source: https://www.sciencedirect.com/science/article/pii/S0306261922017548
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Follow up Survey

https://form.jotform.com/25049621
5715054
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Thank you for attending 

February 2025

Suncor, For additional information please contact:

Terri.Johnson@AMTA.ca



Zero Emissions Vehicles and Fueling Infrastructure 

Identification  
Emergency Response Guides



Zero-Emission Vehicles

Fuel Cell Electric Vehicle (FCEV)Battery Electric Vehicle (BEV)



AZETEC FCEV 
Emergency Response 



AZETEC FCEV 
Emergency Reposnonse Guide



AZETEC FCEV 
Emergency Response Guide



AZETEC FCEV 
 Emergency Response Guide



Nikola FCEV 
 Emergecny Response Guide



Nikola FCEV 
Emergency  Response Guide



Nikola FCEV 
Emergency Response Guide



Nikola FCEV 
Emergency Response Guide



Nikola FCEV 
 Emergency Response Guide



Nikola FCEV 
First Responders’ Guide


