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What Are Battery Energy Storage 
Systems (BESSs)?

Battery Energy Storage Systems (BESSs) play a critical role in the transition from 

fossil fuels to renewable energy by helping meet the growing demand for reliable, 

yet decentralized power on a grid-scale. These large systems collect surplus energy 

from solar and wind power sources and store them in battery banks so electricity can 

be discharged when needed at a later time, thus integrating intermittent renewable 

energy sources and helping to meet energy demand during peak hours, and to 

smooth out energy supply typically associated with renewables. For example, solar 

farms generate excess electricity during the day when the sun is shining, that energy 

can be stored at a BESS facility and used overnight.

More than 90% of these grid-sized energy storage systems 
utilize lithium-ion batteries with spending for new facilities 
expected to grow at an annual rate of more than 30%, reaching 
$12.1 billion by 2025. Lithium-ion batteries offer higher energy 
density, faster charging and longer life than traditional batteries.1 

1 Global Newswire Worldwide Battery Energy Storage System Industry to 2025 (October 16, 2020)

https://www.globenewswire.com/news-release/2020/10/16/2109751/0/en/Worldwide-Battery-Energy-Storage-System-Industry-to-2025-COVID-19-Impact-Analysis.html#:~:text=The%20global%20battery%20energy%20storage,solar%20energy%20to%20enter%20grids
https://www.globenewswire.com/news-release/2020/10/16/2109751/0/en/Worldwide-Battery-Energy-Storage-System-Industry-to-2025-COVID-19-Impact-Analysis.html#:~:text=The%20global%20battery%20energy%20storage,solar%20energy%20to%20enter%20grids
https://www.globenewswire.com/news-release/2020/10/16/2109751/0/en/Worldwide-Battery-Energy-Storage-System-Industry-to-2025-COVID-19-Impact-Analysis.html#:~:text=The%20global%20battery%20energy%20storage,solar%20energy%20to%20enter%20grids
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Addressing BESS safety concerns

1 https://www.datacenterdynamics.com/en/news/4mw-of-aes-lithium-batteries-burn-in-chandler-arizona/

2 https://www.azcentral.com/story/money/business/energy/2020/07/27/aps-battery-explosion-surprise-new-report-
findings/5523361002/

3 UL Firefighter Safety Research Institute  Sourcing the experience of the firefighters involved in the Surprise, AZ lithium-ion 
battery ESS facility fire, this study recommends new standards and codes for ESS sites. July 28, 2020, Mark B. McKinnon et al.

These systems must be carefully managed 
to prevent significant risk from fire. Lithium-
ion batteries at energy storage systems have 
distinct safety concerns that may present a 
serious fire hazard unless operators understand 
and address the risk proactively with holistic, 
advanced fire detection and prevention methods. 

Once a lithium-ion battery overheats in a BESS 
and the process of “thermal runaway” occurs, 
it can be nearly impossible to extinguish, 
potentially causing catastrophic damage and 
risking the lives of first responders called to 
put out the fire. Such an event occurred in April 
2022 at a 10 MW storage facility in Chandler, 
AZ1 where fire crews struggled to extinguish a 
blaze for four days. In 2019, a fire and explosion 

at an energy storage system in Surprise, AZ, 
near Phoenix2, was triggered by an overheated 
lithium-ion battery injuring several first 
responders and resulting in significant damage 
to the facility and disruption to the surrounding 
community. 

To best understand the complexities of these 
systems and reduce the risk, consider that 
lithium-ion cells are prone to failing if not kept 
within specific environmental conditions. When 
these conditions are compromised, so-called 
abuse factors can lead to thermal runaway. 
Awareness of these abuse factors can help 
operators prevent thermal runaway at its  
earliest stage.3

 

Electrical Abuse 

This occurs when a battery exceeds voltage limits during charge or discharge 
and overheats.

The simultaneous operation of these batteries poses the risk that any one of the 
battery cells could exceed voltage limits during charge or discharge and can 
cause overheating that triggers a potential fire event.

Thermal Abuse 

This is initiated when the operational temperature exceeds the limits of the 
battery. If caused by overcharging, the extra current triggers a chemical reaction 
that breaks down the battery’s organic liquid electrolytes and changes them 
from a liquid to a highly flammable gaseous state.  

Mechanical Abuse

This can be caused by physical or mechanical damage to the battery such as a 
crush, indentation or puncture from vibration or shock.

https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-battery-energy-storage-system
https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-battery-energy-storage-system
https://www.datacenterdynamics.com/en/news/4mw-of-aes-lithium-batteries-burn-in-chandler-arizona/#:~:text=In%202019%2C%20a%20battery%20facility,batteries%20exploded%20two%20minutes%20later.
https://www.datacenterdynamics.com/en/news/4mw-of-aes-lithium-batteries-burn-in-chandler-arizona/#:~:text=In%202019%2C%20a%20battery%20facility,batteries%20exploded%20two%20minutes%20later.
https://www.azcentral.com/story/money/business/energy/2020/07/27/aps-battery-explosion-surprise-new-report-findings/5523361002/
https://www.azcentral.com/story/money/business/energy/2020/07/27/aps-battery-explosion-surprise-new-report-findings/5523361002/
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When an abuse factor occurs or continues undetected and unaddressed, more of the liquid electrolyte 
from the battery will convert to gas, causing an internal build-up of pressure sufficient to vent or 
rupture the battery seals and resulting in an off-gassing event. Eventually, as more gas is generated, 
internal pressure and heat continues to increase rupturing, melting the separator and releasing smoke. 
By this point, thermal runaway or fire is imminent and can no longer be stopped.4

4 Journal of Electrochemical Society Meta review of Fire Safety of Lithium-Ion Batteries: Industry Challenges and Research 
Contributions. August 17, 2020, Laura Bravo aDiaz et al.

The failure of a single cell can quickly overheat and spread 
rapidly to surrounding cells leading to thermal propagation. 
The earliest possible detection of battery failure is vitally 
important to mitigate or prevent thermal runaway from 
starting and to maintain integrity and safety.

 
 
 
Large-scale BESSs consist of individual units—often in mobile container cars—with numerous  
lithium-ion batteries stacked similar to the way prefabricated modular data center computer server 
panels are configured. It is common for mobile BESS units to be pre-configured with traditional heat 
and smoke detectors installed in interior spaces. These types of sensors are not up to the task of 
providing early warning of an impending fire because they are only sensitive enough to detect smoke 
after a fire has started and much too late to stop thermal runaway from igniting an entire bank of 
batteries. Furthermore, these pre-installed systems cannot be serviced, monitored or maintained to 
ensure they are in basic working order due to unit design.  

https://iopscience.iop.org/article/10.1149/1945-7111/aba8b9
https://iopscience.iop.org/article/10.1149/1945-7111/aba8b9
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The best protection is prevention
Instead, a holistic approach using advanced 
detection technologies and performance-based 
solutions combined with battery management 
systems can work together to establish layers of 
safety and fire prevention. The best protection 
is prevention before off-gassing even happens 
by identifying an overheating, overcharging or 
abuse factor. 

• Battery Management Systems monitor 
voltage, current and temperature to 
identify any battery abuse factors. While 
this is an important, initial layer it should 
not be the only layer of protection.

• Temperature and Humidity Sensors 
measure the temperature of the air 
surrounding the sensor including  
ambient room temperature, shock/vibration/
AC power quality and conditions.

Advanced detection innovations are the first 
line of defense providing the very earliest 
possible intelligence about conditions inside 
the BESS. These early warning systems can be 
professionally tested, serviced and maintained 
to ensure peak performance and monitored at 
the fire alarm control panel.

• Thermal Imaging Cameras graphically 
illustrate the temperature of the objects 
and equipment the camera can see.

• Off-Gas Detection technologies can 
provide an alert in the initial stage 
of lithium-ion battery failure when 
venting of electrolyte solvent vapors 
begins and prior to thermal runaway. 

• Very Early Warning Smoke Detection 
systems use ultra-sensitive sensors 
to provide early warning of an 
impending fire event, buying time to 
initiate an appropriate emergency 
response to prevent injury, property 
damage or business disruption. 

If an off-gas event occurs, sensors can be 
used to quickly notify facility operators to shut 
down the system or contact first responders to 
mitigate or stop the propagation or evolution 
of the event moving from one cell to multiple 
modules or units. 
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The ever-evolving fire and life safety industry

1 National Fire Protection Agency (NFPA) 855 Standard for the Installation of Stationary Energy Storage Systems 2020 Edition.

2 Global Newswire Worldwide Battery Energy Storage System Industry to 2025 (October 16, 2020)

3      UL Firefighter Safety Research Institute  Sourcing the experience of the firefighters involved in the Surprise, AZ lithium-ion 
battery ESS facility fire, this study recommends new standards and codes for ESS sites. July 28, 2020, Mark B. McKinnon et al.

4       Journal of Electrochemical Society Meta review of Fire Safety of Lithium-Ion Batteries: Industry Challenges and Research 
Contributions. August 17, 2020, Laura Bravo Diaz et al.

5      National Fire Protection Agency (NFPA) 855 Standard for the Installation of Stationary Energy Storage Systems 2020 Edition.

6      Fire Protection Research Foundation Hazard Assessment of Lithium-Ion Battery Energy Storage Systems, February 2016, 
Andrew F. Blum et al.

7      Engineered Systems Magazine Emergence of Grid -Sized Battery Energy Storage Systems. May 3, 2021, Vincent A. Sakraida, P.E.,

Fire and life safety industry safety standards are 
continuing to evolve to guide operators in this 
growing industry and to minimize the fire risks 
associated with BESSs. Ensuring appropriate 
criteria to address the safety of such systems 
in building and fire codes is an important part 
of protecting the public at-large, building 
occupants and emergency responders.

International Fire Code (IFC) 
2021 1207.8.3 Chapter 12, 
Energy Systems: Requires that 

storage batteries, prepackaged stationary 
storage battery systems, and pre-engineered 
stationary storage battery systems are 
segregated into stationary battery bundles not 
exceeding 50 kWh each, and each bundle is 
spaced a minimum separation of 10 feet apart 
and from the building wall. 

National Fire Protection Agency  
(NFPA) 855: Establishes 
requirements for design, 
construction, installation, 

commissioning, operation, maintenance and 
decommissioning of stationary energy storage 
systems and applies to battery installations  
over 70 kWh.1

UL 9540—Standard for Safety Energy Storage 
Systems and Equipment: Outlines safety 
requirements for the integrated components  
of an energy storage system requiring that  
 
 

electrical, electro-chemical, mechanical and  
thermal energy storage systems operate at an 
optimal safety level.

UL 9540A—Test Method for Evaluating 
Thermal Runaway Fire Propagation in 
Battery Energy Storage Systems: Implements 
quantitative data standards to characterize 
potential battery storage fire events and 
establishes battery storage system fire testing 
on the cell level, module level, unit level and 
installation level.

These recently developed standards will 
continue to undergo future revisions as 
additional standards are reviewed and 
incorporated into battery energy storage system 
facilities. Careful investigation of all standards 
must be performed before beginning the 
design, construction, installation and operation 
of a BESS.

Lithium-ion battery storage facilities are an 
important and growing part of the transition 
to a greener economy. Just as innovation is 
accelerating the evolving renewable energy 
industry, advanced fire prevention and life safety 
technologies like off-gas detection, very early 
warning smoke detection and thermal imaging 
camera systems designed by a trusted fire 
protection engineer or a life safety professional, 
combined with advanced alarm monitoring, 
can help ensure battery storage facilities are 
operating at the highest levels of safety.2,3,4,5,6,7

https://www.nfpa.org/assets/files/AboutTheCodes/855/TIA_855_20_2.pdf
https://www.globenewswire.com/news-release/2020/10/16/2109751/0/en/Worldwide-Battery-Energy-Storage-System-Industry-to-2025-COVID-19-Impact-Analysis.html#:~:text=The%20global%20battery%20energy%20storage,solar%20energy%20to%20enter%20grids
https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-battery-energy-storage-system
https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-battery-energy-storage-system
https://iopscience.iop.org/article/10.1149/1945-7111/aba8b9
https://iopscience.iop.org/article/10.1149/1945-7111/aba8b9
https://www.nfpa.org/assets/files/AboutTheCodes/855/TIA_855_20_2.pdf
https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Hazardous-materials/RFFireHazardAssessmentLithiumIonBattery.ashx
https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Hazardous-materials/RFFireHazardAssessmentLithiumIonBattery.ashx
https://www.esmagazine.com/articles/101433-the-emergence-of-grid-sized-battery-energy-storage-system-services
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