
Battery Energy Storage Systems (BESS)



Program Goal
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Prepare first responders to:

•Properly identify the presence of PV and 
battery energy storage systems

•Understand the different types of battery 
chemistries used and their related hazards

•Identify and implement proper response 
procedures based on the type of incident



Program Modules
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BESS Safety Training for First Responders

Introduction

Introduction Basic Electrical Theory

Battery Energy Storage 
Systems (BESS)

PV (Solar)

PV (Solar)

Pre-Incident 
Planning

Emergency Response 
Operations



Following instruction, the student shall be able to:

OBJECTIVES

Battery Energy Storage Systems (BESS)

Identify four (4) specific locations where battery energy 

storage systems may be present

List two (2) major components of a battery

Describe four (4) components that make up a battery energy 

storage system
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Following instruction, the student shall be able to:

OBJECTIVES

Battery Chemistries and Properties

Identify the typical use associated with the following battery 

types, as well as their potential hazards:

V Lead Acid Batteries

V Lithium-Ion Batteries

V Sodium Sulfur Batteries

V Flow Batteries
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Following instruction, the student shall be able to:

OBJECTIVES

Battery Chemistries and Properties

Identify and describe three (3) types of failure modes that can 

affect battery energy storage systems

Identify at least three (3) potential hazards presented by 

battery energy storage systems
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BESS Installation Locations
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Battery Energy Storage Systems (BESS)

•Typically located close to 
electrical panel, in garage, 
basement or outside

•Similar in appearance to a 
wall mounted cabinet

•Rarely found in homes 
without PV systems present

Residential



BESS Installation Locations

8

Battery Energy Storage Systems (BESS)

•In battery rooms

•Outdoor enclosures

•Separate buildings

•Rooftops 

•Barges

Commercial



Utility Scale

BESS Installation Locations
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Battery Energy Storage Systems (BESS)

•Small to large substations

•Power generation plants

•Neighborhood micro-grids

•May or may not be owned 
by utility



BESS Design and Components
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Battery Energy Storage Systems (BESS)

Li-Ion Battery Example

Cells                       Modules                       Racks

“Building blocks” of 
any BESS

Multiple cells wired 
together

Multiple modules 
wired together

Cylindrical

Prismatic

Pouch



BESS Design and Components
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Battery Energy Storage Systems (BESS)

Inverter:

Changes DC from panels to AC…

…and AC back to DC to charge batteries



BESS Design and Components
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Battery Energy Storage Systems (BESS)

•Regulates battery charging

•Prevents over and under 
charging

•Monitors battery temperature and 
voltages

•Found on most rechargeable battery 
packs

•Isolates and stops charging to cell, 
module or rack – depending on where 
the problem is

•Critical to safe system operation

Charge 
Controller

Battery Management System
(BMS)

Safety Systems



Lead Acid Batteries
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Battery Energy Storage Systems (BESS)

Wet Cell Lead Acid

•Most common flooded cell type

•Sulfuric acid and water mixture

•Used in Telecom for over 100 years

•Common in off-grid and backup 
ESS

Dry Cell Lead Acid

•Some lead acid batteries do not have 
liquid electrolyte

•Similar to deep-cycle maintenance 
free batteries

•VRLA: Valve Regulated Lead Acid

VRLA batteries are prone to 
thermal runaway if overheated



Lead Acid Batteries
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Battery Energy Storage Systems (BESS)

Warning Signs & Hazards Response Considerations

•Inert gases and powders 
can be used for smaller fires

•Water preferable for larger 
fires due to the cooling 
effect

•Runoff may require 
containment and hazmat 
response

•Bulging, swelling due to heat, 
usually from an overcharge

•Potential rotten egg or sulfur 
smell

•Hydrogen gas release



Lithium-Ion Batteries
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Battery Energy Storage Systems (BESS)

•Flammable organic solvent

•Made up lithium salts 
impregnated in other materials

•Contains very little in a liquid 
state

•Commonly found in hybrids, 
EVs, BESS and emobility devices

Does not contain pure lithium which is a reactive metal

Electrolyte



Batteries – Lithium vs Lithium-Ion Chemistries
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Battery Energy Storage Systems (BESS)

•Anode – Typically graphite

•Cathode – Lithium metal 
oxide

•Electrolyte – Lithium salts 
dissolved in organic 
solvents

•Rechargeable

•Not water reactive

Lithium Ion

16

•Contains elemental 
Lithium

•Non-rechargeable 

Lithium

Vs.



Warning Signs & Hazards Response Considerations

Lithium-Ion Batteries
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Battery Energy Storage Systems (BESS)

•Visible smoke or gas

•Clicking, hissing or popping 
noise

•Swelling or bulging of case

•Possible toxic gas release

•Electrolyte volatile and 
highly flammable 

•Shrapnel ejection and fire

•Consider thermal runaway

•Toxic and flammable gases 
vented, sometimes forcibly

•If gas ignites, can create a 
blow torch effect

•Water is best suppressant

•Heat output over 2,000 °F

•Explosion hazard from gasses



Additional Response Considerations

Lithium-Ion Batteries
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Battery Energy Storage Systems (BESS)

•Responders should call SME 
telephone number for 
guidance

•Do not enter the room or 
enclosure until BMS data is 
provided

•Rely on fire suppression 
engineering controls to 
mitigate the fire

•Confirm that installed 
ventilation of enclosure is 
activated

•Prepare for potential 
explosion which may be 
delayed

•Watch for deflagration 
venting locations if provided



Case Study #1: Lithium-Ion Batteries
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Battery Energy Storage Systems (BESS)

•50 kW battery pack burns at the 
Landing Mall

•Lithium-ion phosphate batteries

•Second fire in a week

•Extinguished with dry chemical

Click to Play Video

Port Angeles, WA: July 2013



Case Study #2: Lithium-Ion Batteries
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Battery Energy Storage Systems (BESS)

•APU on Boeing 787

•Attempted to extinguish with dry 
chemical and Halotron, unable to 
cool

•Stranded energy discovered in 
battery remains

Logan Airport, Boston



Case Study #3: Lithium Ion Batteries
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Battery Energy Storage Systems (BESS)

•Fire in a BESS under construction in 
shipping container

•Facility staff advised against using water 
due to perceived Lithium metal 
involvement 

•Dry chemical and Carbon Dioxide 
extinguishers were ineffective

•Two 2.5” hand lines ultimately used

•20+ departments responded; fire 
confined to container

Franklin, WI:  August 2016

$3M in damage



Case Study #3: Lithium-Ion Batteries

22

Battery Energy Storage Systems (BESS)

Franklin, WI:  August 2016



Sodium Sulfur Batteries
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Battery Energy Storage Systems (BESS)

•Sodium and sulfur in a molten 
state

•Normal operating temperature 
well over 500 °F •Represents some unique hazards 

to first responders

•Only a few installations in the U.S.

•Limited to large scale applications 
like utility substations

Electrolyte



Warning Signs & Hazards Response Considerations

Sodium Sulfur Batteries
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Battery Energy Storage Systems (BESS)

•Listen for popping sounds 
from cabinets

•Overheating of NaS battery 
produces sulfur dioxide 
(SO2), a toxic by inhalation 
hazard

•Colorless with a choking or 
suffocating odor

•Treat as class D fire, Sodium is 
highly reactive to water

•Atmospheric monitoring and 
ventilation are key 

•Extended post-fire monitoring 
required

•Unlikely to find inside a structure, 
allow fire to self-extinguish



Flow Batteries



Flow Batteries
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Battery Energy Storage Systems (BESS)

Electrolyte

•Common chemistries include

•Bromine

•Zinc Bromide

•Vanadium Redox

•Zinc Iron



Warning Signs & Hazards Response Considerations

Flow Batteries
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Battery Energy Storage Systems (BESS)

•Liquid spill – Electrolyte can be 
corrosive or caustic, toxic and 
contain heavy metals

•Electrolyte typically not 
flammable, however hydrogen 
gas can be produced during 
over-charging

•Low fire hazard, electrolytes 
are aqueous based and 
generally not flammable

•Ventilation should be 
provided

•Spills should be contained

•Use of SCBA important

•Atmospheric monitoring is 
important



Failure Modes
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Battery Energy Storage Systems (BESS)

Thermal Abuse

Electrical Abuse

Internal Faults

Mechanical Abuse

Environmental  Impacts



BESS Failure Modes
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Battery Energy Storage Systems (BESS)

•Caused by internal or external sources

•Contact with burning or overheated 
cells, elevated storage temps or 
exposure to other heat sources

Thermal Abuse

•Caused by external sources

•Battery physically compromised from 
being dropped, crushed or penetrated

Mechanical Abuse



Internal Faults

BESS Failure Modes
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Failure Modes and Hazards

•Poor design

•Use of low-quality materials

•Deficiencies in manufacturing

•Charged or discharged too rapidly

•Overcharged or charged at too high a 
voltage

• Failure of the BMS

•Improper Installation

Electrical Abuse



BESS Failure Modes
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Battery Energy Storage Systems (BESS)

•Ambient temperature 
extremes

•Seismic activity

•Flood

•Rodent damage to wiring

Environmental 

Impacts



Hazards
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Battery Energy Storage Systems (BESS)

Electrical Shock

Fire/Explosion

Contact with 
Electrolyte

Flammable/Toxic Gases

Thermal Runaway



Hazards – Electrical Shock
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Battery Energy Storage Systems (BESS)

These voltages can exist after 
utilities are shutdown

•480 – 1,500 Vdc

Commercial

•48 – 400 Vdc

Residential

BESS Voltage Ranges



Hazards – Thermal Runaway
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Battery Energy Storage Systems (BESS)

•Internal temperature 
of a cell rises above 
operating range

•Can propagate from 
cell to cell

•Can occur without fire

•Bulging of battery

•Temperature increase

•Visible white smoke or gases

•Heat and flames

•Clicking, hissing, or popping 
noises

Often results in fire or explosion

Process Signs



Thermal Runaway



Hazards – Flammable/Toxic Gases
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Battery Energy Storage Systems (BESS)

Hydrogen

Hydrogen 
Fluoride

Hydrogen 
Chloride

Carbon 
Monoxide

Hydrogen 
Cyanide

Ethylene

Ethane
Methane

Propylene

Sulfur 
Dioxide

Following a battery fire

Flammable/Toxic gases can 
be released

Hydrogen 
Sulfide

Type of 
gas 

released 
depends 
on the 

chemistry 
involved



Hazards – Fire/Explosion
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Battery Energy Storage Systems (BESS)

•Thermal runaway

•Rapid cell to cell 
heat/fire spread 
(propagation)

•Potential flashover 
due to built up gases

•Prone to explosion 
during failure

•Pressure may cause 
breach of outside 
containment

•Lead acid batteries 
release hydrogen

Fire Concerns Explosion Concerns



Hazards – Contact with Electrolyte
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Failure Modes and Hazards

•Inhalation hazard/contact 
exposure

•Skin, eye or irritation burns

•PPE degradation

•Protect the environment 
from leaking electrolyte or 
water runoff

Possible Results:



Review
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Battery Energy Storage Systems (BESS)

What are the three most common 
individual battery cell formats?

In what locations would you anticipate 
seeing residential BESS installed?

Where would you anticipate seeing 
commercial BESS installed?What is a BMS and what does it do?



Review
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Battery Energy Storage Systems (BESS)

What are two (2) different 
flooded cell batteries in use?

What is a common flammable 
gas produced during charging of 

lead acid batteries?

What is the system that controls 
the charging, discharging, and 

temperature of battery systems?



Review
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Battery Energy Storage Systems (BESS)

Should electrolyte from lithium-ion 
batteries be considered a spill hazard?

Will cells in a battery energy storage system 
tend to fail individually or all at once?

Define thermal runaway
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