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Fire Prevention and Mitigation Portfolio

First Responders, Permitting 
Authorities, Regulators, Public

Characterize Failures
Hazard Mitigation Analysis
Design and Siting
Installation and O&M 

Emergency Response
Environmental Monitoring

Incident Recovery
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Industry / Academic Advisory CommitteeElectric Power Company 

Participants

Collaboration across industries to accelerate safety knowledge and practices
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EPRI Storage Safety Public Wiki Page
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Failures and Mitigation Strategies
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▪ Clean agent fire suppression (alone) is often 
incapable of stopping propagating thermal 
runaway

▪ Cascading thermal runaway generates large 
amounts of heat – continuous water 
suppression may be the best option to abate

▪ Explosive off-gases can build quickly – 
ventilation is essential to avoid deflagration

▪ Coordination, planning, and communications 
before, during, and post event can save lives 
and equipment

Mitigation

▪ Maintaining strict operational limits via 
robust Battery Management Systems (BMS) 
can inhibit thermal runaway

▪ Thermal runaway may be inevitable at a cell 
level due to cell defects, aging

▪ Propagation depends on many factors, such 
as chemistry, cell packaging, thermal 
resistance of the module

▪ Monitoring of voltage, current, temperature, 
and gases may provide failure pre-conditions

Prevention

Take-aways from Recent ESS Fires

SOFTWARE DESIGN &
VALIDATION

QUALITY ASSURANCE & 
VENDOR COORDINATION

SUBSYSTEM INTEGRATION

DATA ACQUISITION & TRENDING

HAZARD IDENTIFICATION & 
TRADEOFF STUDIES

PROJECT SITING & 
RESOURCE PLANNING

SYSTEM ENVELOPE

RESPONSE PROCEDURES & 
INFORMATION SHARING
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EPRI BESS Failure Event Database

Background
▪ Developed in 2021
▪ Focus on utility-scale and C&I stationary storage failures 

resulting in a safety hazard
▪ Scope is global and includes all battery chemistries
▪ Contains information on: capacity, age, technology, 

application
▪ Sourced from public information (media, corporate 

statements, released investigation reports)
– Caveat: Not all events have media coverage

Purpose:
▪ Data for analysis and developing lessons learned
▪ Identify gaps and support safety R&D

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



© 2024 Electric Power Research Institute, Inc. All rights reserved.8

A Study on Battery Fires 

“Lithium Ion Battery Fires in the 
News”

▪ EPRI published a whitepaper in 
2023 to put battery fires into 
context

▪ First use of database for analysis

▪ Conducted data validation through 
academic papers, other databases, 
and industry experts

Looking ahead: Build on data 
gathering to offer additional insights

Read the whitepaper:

Lithium Ion Battery Fires in the News
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Root Cause Analysis

Carnegie Road System, Liverpool, 

UK 

EPRI Lessons Learned Report

Elkhorn System, Moss Landing, 

CA

ESRG Investigation Report

McMicken System, Surprise, 

AZ 

DNV Investigation Report

Can we identify root cause for ALL utility-scale and C&I BESS 

failures?

What insights can we derive from an aggregate analysis?

1

2
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Root Cause Categorization
Collaboration with TWAICE and PNNL

Root Cause Failure Physical Location / Failed Element

Design
Manufacturing

Integration and Workmanship
Operations

Cell/Module
Battery Balance of Plant

Controls

Notes:

▪ Incidents can have multiple root causes

▪ Any root cause can pair with any failed element

▪ Work-in-progress suggests broad distribution of causes and elements to date

▪ Implies further need for implementing cell-to-cell propagation mitigations
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Reference Energy Storage Hazard Mitigation Assessments

▪ Developed through 
Energy Storage 
Integration Council and 
vendor collaboration

▪ Lithium-ion HMA 
completed in 2021

▪ Flow battery HMA 
finalizing now▪ “Bowtie” approach

▪ Includes detailed threat, threat barrier and consequence 
assessment descriptions

3002023089

https://www.epri.com/research/products/000000003002023089
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Example Flow Battery Electrolyte Leak

Electrolyte 
Leak

Pump / piping failure

Environmental 
Threats

Overtemperature

Chemical Exposure / 
HAZMAT

Env Impact

Threats Consequences
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Putting the HMA into Practice
Findings from EPRI’s Fire Prevention and Mitigation Project (2020 – 2021)

Source: EPRI Battery Storage Fire Safety Roadmap

https://www.epri.com/research/products/000000003002022540
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Incident Highlight
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Incident Highlight | Elkhorn BESS - Sep 20th, 2022

• 183 MW / 730 MWh system, consists of 256 
Tesla Megapacks

• Commissioned April 2022

• One unit caught fire, no propagation to adjacent 
units

• No injuries reported

• Site evaluation through FPaM ph 1

– Fire or over-temp alarm de-energizes system, 
notification to on-site personnel

– Remote Incident Command center with HMI 
and camera feeds

– Coordination with local FD
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Elkhorn Report Summary

• 1 Megapack involved

• Water use on adjacent exposures

• Road closures / shelter in place

https://www.pgecurrents.com/articles/3833-report-elkhorn-
battery-energy-storage-system-fire-september-20-2022

Elkhorn Battery Energy Storage System 
Fire of September 20, 2022

Public Report of Technical Findings

Event progression 

detailed

Root Cause

Confounding 

Factors

• Rainwater intrusion

• Loss of isolation

• Firmware not updated

• Isolation alarm not elevated to operator

https://www.pgecurrents.com/articles/3833-report-elkhorn-battery-energy-storage-system-fire-september-20-2022
https://www.pgecurrents.com/articles/3833-report-elkhorn-battery-energy-storage-system-fire-september-20-2022
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Elkhorn Report Lessons Learned

Delay in notifying FD of fire

Incident command response and training

Water application of limited value

Periodic walkthroughs and tabletop drills 

Critical Operation Power Supply – CCTV power

Air Monitoring: thresholds and data
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Training and Response Strategies
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Ends of the Lithium Ion Response Spectrum

Pros:

- Reduce direct exposure for first 

responders

- Reduce H2O runoff
Cons:

- Gas plume spread

- Reputational damage 

- Unconventional response
- Shelter in place? 

Pros:

- Possibly extinguish faster

- Reduce propagation & additional 

damage
Cons:

- Difficult to extinguish

- Requires copious amounts of H2O

- Produces toxic runoff concerns
- Increased exposure to hazards

- Stranded energy?

“Let it Burn” Fight Fire
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Proactive First Responder Engagement & Training

Proactive First Responder 

Engagement for BESS Owners and 

Operators

Reach out early in the design phase

Develop emergency response plans with 

input from first responders

Conduct training & walk- throughs often

Build your BESS expertise & SMEs

Don’t wait for an emergency!
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Site-Specific Emergency Response Plan Reviews

• Establish public alert criteria and protocol

• Specify likely chemical hazards

• Detail procedures for root cause analysis, incident reporting, and ERP 

revision

• Create standards for communicating incidents to first responders, as 

well as coordinating communications as the event is ongoing

• Describe how to confirm that a BESS unit is sufficiently de-energized 

to be safely approached

• Diagram a quick-reference guide to direct responders to the relevant 

section(s) when time is of the essence

Low Hanging Fruit
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Non-Asset Impacts
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Understanding and Mitigating Battery Fire Impacts

EMISSIONS PLUME EVOLUTION IMPACTS

Do we know 
hazardous products 

that could be 
released?

Do we have the tools 
to assess propagation 

distance after 
release?

Do we know 
the EH&S impacts to 

ensure first responders 
and the public take 

appropriate 
precautions?

321

3002018741;  3002016582; 3002019937; 
3002020241 (video); 

3002020094; 3002023295; 3002024677; 
3002027795 (upcoming)

3002021777; 3002021634; 3002021774

https://www.epri.com/research/products/000000003002018741
https://www.epri.com/research/products/000000003002016582
https://www.epri.com/research/products/000000003002019937
https://www.epri.com/research/products/000000003002020241
https://www.epri.com/research/products/000000003002020094
https://www.epri.com/research/products/000000003002023295
https://www.epri.com/research/products/000000003002024677
https://www.epri.com/research/products/000000003002021777
https://www.epri.com/research/products/000000003002021634
https://www.epri.com/research/products/000000003002021774
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BESS Fire Air Plume Modeling Value

Potential first responder exposure

Potential consequences offsite

Site-specific emergency response 
plans

Range of efficacy for protective 
actions

Environmental impacts

Success of design and mitigation 
actions taken
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Fire Suppression Water Runoff Modeling

▪ Water composition

▪ Dissolved elements vs. trapped in soil

▪ Need reactive chemistry in model

▪ Compare to other fire types
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Environmental Monitoring Challenges

▪ All assessments rely on imperfect, and too few, 
emissions / effluent composition data

▪ High burn variability
▪ Scaling not necessarily clear

▪ Transparent information sharing from real-world 
events needed

▪ “Not toxic” is great to hear, but what was measured? How? 
When? Where?

▪ Context needed – comparison to homes, various 
industries, etc. 

Collaborative Research on Environmental and Health Monitoring is Needed
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Thoroughly Addressing Community Concerns

1. Who from the community was included in 
determining the location for the BESS?

2. What third-party studies are typically completed to 
justify an installation?

3. How are health and safety risks to the community 
being considered?  

4. What chemicals will the BESS emit during 
operation?

5. Do people have to shelter in place or evacuate if 
there is a fire?

6. How is this system better than those that have 
failed before? 

7. Who is benefitting from the battery and what 
value will the surrounding neighborhood get? How 
will this affect my electric bills?  What will the 
impact be to property values?

Proactive, transparent, and frequent communication is key as social license to operate is 
crucial
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Fire Prevention and Mitigation Toolkit
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Fire Prevention and Mitigation Project Life Cycle Toolkit

Planning Procurement Deployment O&M Decommissioning

Explosion Calculator

Community Engagement

Safety specifications

DC Arc Flash Guide

HV Arcing Hazards 
during Thermal 

Runaway

BESS Codes & 
Standards

Air Emissions Plume 
Modeling for Failures

Emergency Response 
Plan Guides

Hazard Mitigation 
Assessments

Safety Retrofit Guide

Safety Analyses 
Throughout the 

Project Life Cycle

Carnegie Road Energy 
Storage System Failure 
Response, Recovery, 
and Rebuild Lessons 

Learned
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Planned Safety Toolkit Expansion

Planning Procurement Deployment O&M Decommissioning

Siting Considerations

Flashover Risk 
Assessment

Burn testing for failure 
progression, explosion 

risk, emissions

Fire suppression water 
composition

Cell-level testing

System safety testing 
and validation

Hazard Mitigation 
Assessments, 

including emerging 
technologies

FAQs and Common 
Misconceptions 

Educational Resources 
to support community 

engagement

Safety guidelines for 
maintenance

Operational guidelines

Augmented reality 
O&M tool

VR training for first 
Responders

Incident recovery best 
practices

Environmental 
monitoring tools 
during failures

Decommissioning 
safety guide

Collaborative effort to help advance industry safety practices
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Battery Energy Storage Fire 

Prevention and Mitigation: Phase III

OBJECTIVES AND SCOPE

• Quantify fire, explosion, and emissions hazards 
created by energy storage thermal runaway.

• Insight on public health and environmental impacts of 
event mitigation options.

• Guidance on siting risks near critical infrastructure.

VALUE

• Expert engagement from across ESS industry

• Strategies for incident response and recovery, and 
safe operation and maintenance

Provides robust, data-driven guidance on safety for BESS owners and industry stakeholders

Duration 
2 years

Price
Collaborators: $60,000

Site Hosts: $100,000 (varies by 
custom scope)

SPN 3002028531

Lakshmi Srinivasan

+1 (202) 510-7387

LSrinivasan@EPRI.com

Stephanie Shaw

+1 (650) 391-8203

SShaw@EPRI.com

DETAILS CONTACT

Eligible for self-directed funds, Tailored Collaboration, or co-

funding. May be spread over 2023-2025

https://www.epri.com/research/products/000000003002028531
mailto:DLong@EPRI.com
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TOGETHER…SHAPING THE FUTURE OF ENERGY®

Stephanie L. Shaw, Ph.D.
Technical Executive, EPRI
sshaw@epri.com

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