
Michigan Safety Conference
Emergency Management & 

Fire Safety Division

April 16, 2025

© 2025 DEKRA North America, Inc. or its subsidiaries.  All rights reserved.1

Lithium-Ion Battery Safety:
Navigating Risks in a 

Rapidly Evolving Technology



Introduction

© 2025 DEKRA North America, Inc. or its subsidiaries.  All rights reserved.2

Mike Snyder; PE, CSP, CFEI
VP, Operational Risk Management

Mike.Snyder@dekra.com 

https://www.linkedin.com/in/safetysnyder

mailto:Mike.Snyder@dekra.com
https://www.linkedin.com/in/safetysnyder


About DEKRA

Established in 1925 to ensure 

road safety in connection with 

rapidly developing mobility, today 

DEKRA stands for safety on the 

road, at work, and at home and 

offers a broad service portfolio, 

including qualified and 

independent expert services in 

more than 60 countries.
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▪ DEKRA has over three decades of experience partnering with organizations
across to address safety challenges with solutions that are effective,
pragmatic, and address local and global regulations.

We have served over 5,000 clients, among
them the world’s leading corporations
across multiple industries.

▪ Automotive

▪ Chemicals

▪ Food and Beverage

▪ Oil & Gas

▪ Mining

▪ Energy

▪ Transportation

▪ Utilities

▪ Pharmaceuticals

▪ Petrochemicals

▪ Agriculture

▪ Manufacturing

▪ Engineering

Scope Process Safety Consulting:

Process Safety Incident

Investigation

Chemical Reaction Hazards

and Overpressure

Protection

Process Safety

Management (PSM)

Risk Assessment of

Hazardous Processes

Organizational Process

Safety (OPS) Assessment

Major Accidents

Legislation Compliance

Services

Explosion Protection

Consulting

Functional Safety

Consulting

▪ Pillars of DEKRA Process Safety:

➢ Process Safety Management

➢ Process Safety Training

➢ Process Safety Academy

➢ Process Safety Consulting

DEKRA Consulting & Training Services
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Outline
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Li-ion Battery Basics

Prevention, Preparedness, & Response 
RAGAGEP, Emerging Best Practices, & Continued Opportunities

Overview of Li-ion Battery Utilization & Challenges

Anatomy of a Li-ion Battery Thermal Runaway

Summary & References
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Guiding Principles:  Risk Factors
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What is the Battery (Cathode) Chemistry?

What is the Quality of Area Ventilation? 

What is the State of Charge?

What is the Battery Size?
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Li-ion Battery Utilization & Challenges

• 3 Utilization Platforms

• 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
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Li-ion Battery Nomenclature (Discharge)
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Li-ion Battery Nomenclature

• Building Blocks

• Cells (Cylindrical, Prismatic, Pouch)

• Modules

• Packs

• Battery Management Systems

• Thermal Management Systems

• Primary versus Secondary Cells

• Capacity (Wh) and State of Charge (SOC)

• Relationship of Capacity and SOC to Hazard

• Solid Electrolyte Interphase (SEI)

• No “Free” Metallic Lithium in Battery
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Anatomy of a Li-ion Battery Thermal Runaway

• View through Abuse Mechanisms

• Mechanical

• Electrical

• Thermal

• Manufacturing through Lifecycle Evaluation

• 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)

• Reignition & Stranded Energy Challenges



Thermal Imaging of a Li-Ion Battery Thermal Runaway
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Courtesy:  George Bilmyer

https://www.youtube.com/@Batteryman1952



The Context of  Li-Ion Thermal Runaway in a Structure
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Fatal Explosion Underground Parking Garage:
April 2, 2025 – Madrid, Spain

• Collision of Porsche Taycan (EV) into Parked Car

• Vehicle Battery Went into Thermal Runaway

• Large Gas Evolution in Confined Area

• 13,000 liters of Hydrogen

• 15,000 liters of Carbon Monoxide

• Hydrogen Fluoride

• Explosion Occurred

• 2 Firefighter Fatalities

• 15 Firefighter Injuries from Smoke Inhalation

• Brief Video Case Study Review:

• https://youtu.be/fxVucc2fX-w?si=q3_PaQLsriNTw6uU
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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

• The perfect cathode

• Specific power

• (kW/kg)

• Safety

• Lifetime

• Cost

• Combined

• Specific energy

• (Wh/kg)
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Status of RAGAGEP

• 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 (2023)

• International Building & Fire Code (2024)

• Unique Response Considerations

• Fire Safety Research Institute – Fire Service Training for Li-ion ESS
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Updates to International Fire Code (2024)

• Permits & Fire Safety Plans

• Section 105.5.29:  Operational Permit for Battery Use/Storage greater than 

15 cubic feet

• Storage Requirements

• Section 320:  Li-ion and Lithium Metal Battery General Requirements

• Section 320.4:  Specific Storage Scenarios (Reduced for <30% SOC)

• Automatic Sprinkler Systems

• Section 903.2:  Specifies when Sprinkler Systems must be installed

• Section 903.3.1.1.3:  Special Requirements for Design

• Fire Alarm & Detection Systems

• Powered Micromobility Devices

• Section 322:  Micromobility Device Li-ion Requirements

• New FM Global Resource (Datasheet 7-112)

• FM Datasheet 7-112 (October 2024) Li-Ion Battery Manufacturing & Storage

https://www.fm.com/FMAApi/data/ApprovalStandardsDownload?itemId=%7b569D0125-7BB1-43D6-84E0-8B9374BE0C99%7d
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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
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Emergency Response:  Emerging Considerations

• Encapsulation Using Recycled Glass

• Control Using Vermiculite Solutions

• Fire Exposure Containment Blankets

• Direct Water Injection into Battery Packs

Peer Reviewed Testing Programs are a Critical Factor 

to Advance this Technology!
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Examples of Significant Li-Ion Events

• Surprise, AZ (April 19, 2019)

• Battery Energy Storage System

• Flammable Gas Explosion with 4 Firefighter Injuries

• Impetusus for NFPA 855

• Waste & Recycling Facilities (Numerous)

• Reported Fires rose from 290 (2017) to 373 (2023)

• Increasing Fires traceable to Improper LiB disposal

• Detection & Initial Automated Response Capabilities

• Hand/Maintenance Tool Storage/Charging 

Operations

• Generally Simplistic Battery Management Systems

• Many Damage Mechanisms

• New Code Requirements Limiting Battery Capacity & 

Requiring Automatic Sprinkler Systems
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Safety Tips & Precautions for Li-Ion Battery Consumer Use

ALWAYS:

• Purchase & use Devices Certified by a US NRTL, such as UL.

• Follow Manufacturer’s Instructions for Charging and Storage.

• Use Correct Battery, Cord, and Power Adaptor.

• Remove Damaged Li-Ion Batteries to Isolated, Outdoor Areas.

• Dispose/Recycle at Authorized Recycling Centers.

NEVER:

• Use Aftermarket (or Generic) Batteries or Chargers.

• Overcharge or Leave Battery Charging Overnight.

• Charge a Battery/Device Under a Pillow, On a Bed, or near a Sofa.

• Block a Primary Exit Route In or Out of a Room.
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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 & RAGAGEP

• 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
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