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Li-ion Battery Utilization & Challenges

3 typical ranges of usage
Portable Consumer Applications (several Wh)
Electric Vehicles (10 kWh to 100 kWh)
Energy Storage Systems (MWh)

Rapid Improvement & Innovation
Limited Consensus Standards & Regulation

But Rapidly Developing

Thermal Runaway & Fire Events Occurring
Challenging Events & Emerging Public Scrutiny



Li-ion Battery Never-Ending Hall of Shame

• Battery fires occur in many 
industrial sectors and in 
everyday objects: in cargo, on 
boats, in planes, in cell phones, 
laptops or electric vehicles. 

• The American Consumer 
Product Safety Commission 
(CPSC) reported 25,000 battery 
fire incidents in more than 400 
consumer products between 
2012 and 2017



Li-ion Battery Never-Ending Hall of Shame

Fire at Victorian Big Battery site near Geelong (Australia) on July 29, 2021. The fire broke out during testing of a battery megapack. 

Credit: Fire Rescue Victoria



Li-ion Battery Never-Ending Hall of Shame



Li-ion Battery Never-Ending Hall of Shame

• Crematory Oven explosion
• Due to mobile phone battery
• 90k€ damage



Li-ion Battery Incidents : Database

https://storagewiki.epri.com/index.php/BESS_Failure_Event_Database

https://storagewiki.epri.com/index.php/BESS_Failure_Event_Database


Li-ion Battery Nomenclature (Discharge)



Li-ion Battery Nomenclature
Li-ion is a generic term, covering

Several types of battery chemistries
Several formats for various applications
Different from the Lithium metal Primary battery

Building Blocks
Cells (Cylindrical, Prismatic, Pouch)
Modules
Packs

Battery Management Systems (BMS)
Capacity (Wh) and State of Charge (SOC)

Relationship of Capacity and SOC to Hazard
Solid Electrolyte Interphase (SEI)

Source : RECHARGE



Anatomy of a Li-ion Battery Thermal Runaway

View through Abuse Mechanisms
Mechanical
Electrical
Thermal

Each Mechanism results in “Short 
Circuit”
Battery Components Have Specific 
Thermal Sensitivities

Chemistry Dependent 

Current Electrolytes Present Challenges
Ignitable Liquids (Organic Carbonates)
Decomposition into HF (LiPF6)



Prevention & Preparedness Strategies

Thermal Runaway: A Lifecycle Consideration
Battery Design
Battery Manufacturing Quality Assurance
Operational Abuses – Battery Management Systems
End of Life Processing

In Search of Optimization
Specific Energy
Specific Power
Safety
Cost
Reliability



Status of Best Practices

A Rapidly Changing Landscape
Battery Manufacturing & Transport Requirements
Storage Requirements

Generally, at Lower SOC
Extensive Testing Programs Underway

Vehicle Platforms
High Risk Platforms for Abuse Mechanisms
Vehicle Rescue Cards

Energy Storage Systems
NFPA 855 (2020)
International Building & Fire Code
Unique Response Considerations
Fire Safety Research Institute – Training for Li-ion ESS
GESIP Guide D’intervention Systèmes de Stockage d’Energie



Emergency Response Considerations
3 Unique Utilization Platforms:

Consumer Goods Use & Storage
Electric Vehicles
Energy Storage Systems (ESS)

Isolation and Contain to Unit of Origin 
Strategies
Water Represents Today’s Best Practice

Protects Adjacent Combustibles
Copious Amounts
Limited Ability to Stop Runaway

SOC and Thermal Runaway Risks 
Detection & Thermal Imaging
EV Rescue Cards
Specific Challenges for ESS Facilities



Emergency Response : Water or Salted Water ?

Source : BARPI review of Li-Ion incidents – Jan 2022

H2 explosion



Emergency Response:  Future Considerations

Encapsulation Using Recycled Glass
Control Using Vermiculite Solutions
Fire Exposure Containment Blankets

https://youtu.be/x_uLL-wCues
Direct Water Injection into Battery Packs

Peer Reviewed Testing Programs are a Critical 
Factor to Advance those technologies !

https://youtu.be/x_uLL-wCues


Conclusions
Li-ion Batteries will be a Significant Contributor to 
Alternative Energy Management Strategy
Thermal Runaway & Fire Represent Significant Hazards

Viewed through Abuse Mechanisms

Rapid Development of Regulatory Standards 
Development of Battery Chemistry to Deliver Improved 
Operational Efficiency & Safety
Additional Emergency Response & Loss Control Testing 
Programs are Necessary
More Awareness & Technical Training for All Stakeholders is 
Needed

Avoid battery abuse & 
Manage fire consequences
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