
 

 

EXECUTIVE SUMMARY: 

Lithium-ion battery storage and charging areas present unique fire risks that require specialized fire 

protection strategies. To effectively mitigate the fire risks associated in these areas, a multi-layered 

protection strategy is essential. This strategy shall involve a comprehensive approach that combines 

prevention, detection, suppression, containment, and safety protocols tailored to the specific 

circumstances of the facility. 

 

OVERVIEW OF FIRE RISKS IN LITHIUM-ION BATTERIES  

Lithium-ion batteries are prone to:  

 Thermal Runaway:  A self-sustaining reaction where the battery overheats and ignites.  

 Flammable Gas Emissions: Release of gases such as hydrogen fluoride during overheating.  

 Electrical Hazards: Risk of electrical fires exacerbated by water conductivity.  

These characteristics make lithium-ion fires difficult to suppress using conventional methods, 

necessitating advanced fire protection measures.  

 

FIRE SUPPRESSION SYSTEMS 

Fire suppression systems in lithium-ion battery storage areas are critical for minimizing the risks of fire 

and ensuring the safety of both the facility and personnel. However, each system has its advantages and 

disadvantages depending on the specific circumstances, such as battery volume, charging cycles, and 

environmental conditions. 

1. Clean Agent Systems (e.g., Novec 1230, FM-200) 

 Advantages: 

 Effective in suppressing electrical and chemical fires. 

 Non-conductive and residue-free. 

 Environmentally friendly with low GWP (Global Warming Potential). 



 Use Case: Ideal for confined areas where water could damage equipment. 

2. Inert Gas Systems (e.g., Nitrogen, Argon) 

 Advantages: 

 Displaces oxygen to suffocate the fire. 

 Safe for use around sensitive electrical systems. 

 Use Case: Suitable for controlled environments with proper containment. 

3. Aerosol Suppression Systems 

 Advantages: 

 Rapid discharge and high fire suppression efficiency. 

 Compact and easy to install in small spaces. 

 Use Case: Good for enclosures and racks. 

4. Water Mist Systems 

 Advantages: 

 Efficient cooling to halt thermal runaway. 

 Uses fine droplets to suppress fire with minimal water. 

 Safe for equipment and personnel. 

 Use Case: Effective in reducing heat buildup, a critical factor in lithium-ion fires. 

 

VIABILITY OF SPRINKLER SYSTEMS  

A minimum sprinkler system can provide basic protection, but it is not sufficient as a standalone 

solution for lithium-ion battery storage and charging areas due to the unique hazards of these fires. 

They might offer baseline safety, but it's important to recognize that lithium-ion fires pose unique risks 

that go beyond conventional fires. Here's a detailed evaluation of the suitability of a sprinkler-based 

system for this scenario:  



Strengths of  

sprinkler 

system  

  

Cooling Effect:  

 Water-based systems, particularly water mist, are highly effective in 

cooling down batteries and halting thermal runaway—a critical aspect of 

lithium-ion fires.  

 A minimum sprinkler system can help slow the spread of fire if designed 

correctly.  

Availability and Simplicity:  

 Sprinkler systems are widely available, simple to maintain, and cost-

effective compared to advanced suppression systems.  

 They provide a general-purpose safety net for various fire scenarios.  

Compliance with Standards:  

 Many fire codes and standards (e.g., NFPA) mandate sprinklers as part of a 

broader fire protection strategy for Energy Storage Systems.  

 

Limitations of 

Relying Solely 

on a Minimum 

Sprinkler 

Systems 

Ineffectiveness Against Thermal Runaway:  

 Lithium-ion battery fires generate extreme heat and flammable gas 

emissions, which a traditional sprinkler system may not effectively control.  

 Water does not stop the chemical reactions driving thermal runaway, 

allowing the fire to reignite.  

Risk of Electrical Damage:  

 Water is conductive, posing risks in areas with high-voltage electrical 

equipment. Improperly applied sprinklers may create additional hazards.  

Inadequate for Mitigating explosions from flammable gases:  

 Sprinklers do not address the buildup of flammable gases (e.g., hydrogen 

fluoride) released during lithium-ion battery fires, which could lead to 

explosions.  

Damage to Equipment:   

 Excessive water application can damage sensitive equipment and batteries 

not directly involved in the fire.  



  

  

 

 

 

 

  

Recommended 

Enhancements 

to Sprinkler 

Systems  

  

To enhance the performance of a sprinkler system for lithium-ion battery areas:  

Use Water Mist Technology:  

 Water mist systems produce fine droplets that cool batteries effectively 

while using minimal water, reducing the risk of electrical damage.  

Integrate with Early Detection Systems:  

 Combine sprinklers with:  

 Thermal Imaging Cameras: Detect hotspots that indicate thermal 

runaway.  

 Gas Detectors: Identify flammable gases released during battery 

malfunctions.  

 Smoke Detectors: Provide early warnings of smoldering fires.  

Zone-Specific Activation:  

 Install sprinklers with zone-specific controls to target affected areas only, 

limiting water damage to the rest of the facility.  

Supplement with Specialized Suppression Systems:  

 Complement sprinklers with clean agents (e.g., Novec 1230 or FM-200), 

inert gas systems, or aerosol suppressants to address thermal runaway and 

flammable gases effectively.  

 

 

 

 

 

 

 

 

 



COMPREHENSIVE FIRE PROTECTION APPROACH  

A hybrid system—incorporating water mist, advanced detection systems, and supplemental suppression 

technologies is the best way to ensure comprehensive safety while minimizing risks to equipment and 

personnel. It is the most effective strategy for lithium-ion battery fire protection. This approach 

integrates multiple components to address the unique risks of battery fires:  

 Fire Suppression Systems 

 Water Mist: Provides efficient cooling with minimal water usage.  

 Clean Agents: Suppress fires without residue or water, protecting electrical systems.  

 Inert Gases: Displace oxygen to suffocate flames and prevent re-ignition.  

 Aerosol Suppressants: Compact and effective for small-scale battery enclosures. 

 

 Detection Systems 

 Thermal imaging cameras for hotspot detection.  

 Gas sensors to monitor electrolyte off gassing.  

 High-sensitivity smoke detectors for early fire warnings. 

 

 Containment & Ventilation 

 Use fire-resistant cabinets and explosion-proof storage enclosures.  

 Install ventilation systems with gas detection to prevent flammable gas accumulation.  

 Equip fans with sensors to activate automatically when hazardous gas levels are detected. 

 

 Emergency Preparedness 

 Maintain specialized Type D fire extinguishers and battery fire blankets.  

 Rapid Isolation: Quickly isolate overheating or damaged batteries to prevent fire spread.  

 Train personnel to manage lithium-ion fire risks and conduct regular safety drills.  

 Use automatic disconnect systems that cut power to overheating or faulty batteries.  

 Include remote monitoring systems for off-site alerts. 

 

 

 

 

 



 Operational Best Practices: 

DO’S DON’TS 

 

Routine Monitoring:  

 Regularly inspect batteries for damage, 

swelling, or leaks.  

 Monitor temperatures and charging 

cycles.  

 

Proper Spacing:  

 Maintain at least 100-150mm (4-6 

inches) between battery modules.  

 Ensure sufficient aisle space for 

emergency access.  

 

Certified Equipment:  

 Ensure all charging equipment complies 

with UL, IEC, or similar certifications. 

 

Temperature Control:  

 Store batteries in a controlled 

environment, ideally between 15°C and 

25°C (59°F and 77°F).  

 Use temperature-controlled chargers 

with overcharge protection.  

 

Storage and Setup:  

 Don’t stack batteries without proper 

clearance, as it restricts airflow.  

 Don’t store damaged batteries; isolate and 

dispose of them safely.  

 Don’t use flammable materials in racks or 

storage areas.  

 Don’t overcrowd the storage area beyond 

its designed capacity.  

 

Charging Practices:  

 Don’t overcharge batteries—use chargers 

with overcharge protection.  

 Don’t mix battery chemistries or ages in 

storage or charging.  

 Don’t charge near heat sources or in direct 

sunlight.  

  

 Don’t leave batteries unattended during 

charging.  

 

Emergency Response:  

 Don’t use standard water extinguishers, as 

they can spread flammable electrolyte.  

 Don’t delay addressing abnormal heat or 

gas detections.  

 Don’t reuse batteries exposed to fire; 

dispose of them following hazardous 

waste protocols.  

 



 

Maintenance:  

 Don’t skip inspections of thermal cameras, 

gas detectors, and smoke alarms. 

 Don’t neglect battery maintenance—hire 

certified professionals. 

 

 

 Compliance & Standards 

Adhere to industry standards such as:  

 NFPA 855: Installation standards for energy storage systems.  

 UL 9540A: Testing for thermal runaway fire propagation.  

 IEC Standards: Guidelines for battery safety and fire prevention. 

 

CONCLUSION:  

Protecting lithium-ion battery storage and charging areas requires a multi-layered approach that 

integrates fire suppression systems, early detection, proper containment, and operational best 

practices. A standard sprinkler system may provide basic protection, but it falls short in addressing the 

unique challenges such as thermal runaway, flammable gas emissions, and electrical hazards.  

By enhancing traditional systems with advanced technologies like water mist systems, clean agents, 

and thermal imaging, and combining them with robust detection and containment strategies, facilities 

can achieve comprehensive safety. Adhering to these measures and following the outlined do’s and 

don’ts will significantly enhance safety, mitigate risks, and ensure compliance with Industry standards, 

safeguarding personnel, property, and operations.  
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