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LEARNING OBJECTIVES 
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Review The McMicken ESS incident and discuss lessons learned

Review NFPA 855 Fire Sprinkler Design Criteria 

Understand the current options for Lithium-ion battery storage 

Describe the construction of Lithium-Ion Batteries and discuss why 

they are a unique hazard

5 Discuss the EPA report on waste management fires

6 Review other issues for Lithium-Ion batteries

LITHIUM-ION BATTERY CONSTRUCTION
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• TWO TYPES OF CELL CONSTRUCTION
• Cylindrical

• Prismatic

LITHIUM-ION CELL CHEMISTRY

SOURCE: DOE/EPRI Electricity Storage Handbook in Collaboration with 

NRECA, 2015 Edition 

SCHEMATIC OF CYLINDRICAL CELLS

SCHEMATIC OF PRISMATIC CELLS
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LITHIUM-ION BATTERY CONSTRUCTION FIRE TETRAHEDRON | THE CHEMISTRY OF FIRE

FUEL

OXYGEN HEAT 

ENERGY

CHAIN

REACTION

Fuel | A flammable material that begins the process of combustion. 

When fuel is heated past its flash point, it enters the gas-phase & 

releases vapor pressure that can ignite in air and support combustion. 

Heat Energy | Produced during combustion because the reaction 

is exothermic. Since these reactions are ongoing, combustion 

releases more than enough heat to make the fire self perpetuating. 

Oxygen | Supports burning due to oxidation. This is where 

gases released by fuel heat up, break apart, and recombine with 

oxygen. This is what causes burning to begin.

Chain Reaction | What happens when heat is 

constantly being produced as a result of ongoing 

reactions. This is what makes the fire self-sustaining. 
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STAGE 1: BATTERY FAILURE
Thermal, electrical, or mechanical abuse

STAGE 2: OFF-GAS 
GENERATION
Occurs regardless of cell form-factor

STAGE 3: SMOKE GENERATION
Catastrophic failure is imminent

STAGE 4: FIRE GENERATION
Likelihood of propagation drastically increases
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THERMAL RUNAWAY

BATTERY 

FAILURE

OFF-GAS

SMOKE

FIRE

8

MCMICKEN BESS EVENT

Image courtesy of DNV-GL: McMicken Battery Energy 

Storage System Event Technical Analysis and

Recommendations

MCMICKEN BESS EVENT
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Image courtesy of DNV-GL: McMicken Battery Energy 

Storage System Event Technical Analysis and

Recommendations 10

MCMICKEN BESS EVENT

Image courtesy of DNV-GL: McMicken Battery Energy 

Storage System Event Technical Analysis and

Recommendations

STANDARDS FOR ENERGY STORAGE SYSTEMS
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ENERGY STORAGE SYSTEMS
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LITHIUM-ION BATTERY BULK STORAGE
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NFPA 855 REQUIREMENTS
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Compliance Required
Dedicated Use 

Buildings
Non-Dedicated-
Use Buildings

Reference

Administrative Yes Yes Chapter 1-3

General Yes Yes Section 4.1-4.3

Size and Separation Yes Yes Section 4.6

Maximum Stored Energy No Yes Section 4.8

Elevation Yes Yes 4.3.9

Separation N/A Yes 4.3.6

Smoke and Fire Detection Yes Yes Section 4.10

Fire Control and Suppression Yes Yes Section 4.11

Water Supply Yes Yes Section 4.13

Signage Yes Yes 4.3.5

Occupied work centers Not Allowed Yes Section 4.7

Technology Specific 
Protection

Yes Yes Chapter 9-13

DEDICATED USE BUILDING 4.4.2.1
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A. ESS Only
B. Occupants Only to Support ESS

C. No other occupancy types 
D. Administrative and support 

personnel shall be permitted only 

when
A. The areas do not occupy 

more than 10 percent of the 
building area of the story in 
which they are located.

B. The areas are separated by 2-

hour fire

C. Cannot Egress through ESS 
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SIZE AND SEPARATION

3 ft

50 kwh 50 kwh

1.75 ft  X 4 ft X 7 ft 

221.8 kWh
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FIRE SUPPRESSION 4.11

0.3 gpm/sft over 2500 sqft

3 ft

50 kwh 50 kwh

or
Large Scale Testing
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FM GLOBAL TESTING

 Testing conducted on Lithium iron 
phosphate (LFP), and Lithium nickel oxide 
(LNO) /Lithium manganese oxide (LMO) 
type batteries. 

 The large-scale testing performed used 
the common criterion of an area of 3 m x 
3 m (10 ft x 10 ft) and less than 16 
sprinklers operating

 Every test level showed for both battery 
chemistries that ignition of a single 
module was sufficient to involve all 
modules within the rack tested.
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LFP RACKS
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Image courtesy of FM Global: 

Development of Sprinkler Protection 

Guidance for Lithium Ion Based 

Energy Storage Systems

LFP MODULES
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Image courtesy of FM Global: 

Development of Sprinkler Protection 

Guidance for Lithium Ion Based 

Energy Storage Systems

FM GLOBAL TESTING

22

• LFP posed a lower fire hazard risk 
• A Single Sprinkler was able to control the fire spread to the rack of origin.

• LNO/LMO pose a higher fire risk
• Multiple sprinklers activated resulting in a demand area of over 2,500 ft2 , 

and the fire spread from the origin rack to the target rack.

• Module test had multiple sprinklers activate and represented a demand 
area of over 230 m2 (2,500 ft2 ). The larger demand area and observed 
fire spread among side-by-side racks deems it reasonable to base the 
sprinkler demand area on the entire room being protected. 

• For the LNO/LMO modules, the observed fire spread makes it necessary 
to multiply the fire duration of the first rack by the number of adjacent 
racks in the total configuration.
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FM GLOBAL TESTING - LFP

Image courtesy of FM 

Global: Development 

of Sprinkler Protection 

Guidance for Lithium 

Ion Based Energy 

Storage Systems
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FM GLOBAL TESTING – LNO/LMO

Image courtesy of FM 

Global: Development of 

Sprinkler Protection 

Guidance for Lithium Ion 

Based Energy Storage 

Systems
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LFP - HRR

25

Image courtesy of FM Global: 
Development of Sprinkler Protection 

Guidance for Lithium Ion Based 

Energy Storage Systems

LNO/LMO - HRR
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Image courtesy of FM Global: 

Development of Sprinkler Protection 

Guidance for Lithium Ion Based 

Energy Storage Systems
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FM GLOBAL TESTS FOR LFP

0.3 gpm/sft over 2500 sqft

3 ft

83.6 kwh 83.6 kwh

90 minute duration
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FM GLOBAL TESTS FOR NMC

0.3 gpm/sft over 2500 sqft

9 ft

125 kwh 125 kwh

45 for minute duration for every adjacent rack
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UL 9540A

Test level Data Developed
Cell a. Methodology required to initiate thermal runaway for testing.

b. Cell surface temperature at onset of gas venting and thermal runaway.

c. Gas composition, volume, and explosibility parameters.

Module a. Number of initiating cells required for propagation of thermal runaway.

b. Heat, smoke, and flammable gas release rates and total release quantity.

c. Observations of external flame extension.

d. Observations of deflagration and debris hazards.

Unit a. Extent of thermal runaway propagation.

b. Heat, smoke, and flammable gas release rates and total release quantity.

c. Observations of external flame extension, deflagration, and debris hazards, and re-ignition 

hazards.

d. Thermal exposure (temperature on adjacent walls, and target units; heat flux to adjacent 

walls, target units, and egress pathways)

Installation a. Evaluation of fire protection method.

b. Fire growth control.

c. Extent of thermal runaway propagation.

d. Design features related to containment of thermal runaway gases and heat that create an 

explosion hazard.

e. Deflagration protection system.

f. Egress protection.

g. Thermal exposure to adjacent surfaces.

h. Observations of flaming outside the installation

i. Observations of reignition.

j. Deflagration and debris.

OUTDOOR OPTION

30
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SPRINKLER SAVE

31

Article courtesy of PV Magazine

FUTURE OF ENERGY STORAGE

32

BULK STORAGE OF LI-ION BATTERIES

33

FM GLOBAL TESTING OF BULK LI-ION STORAGE

34

Image courtesy of FM Global: 

Flammability Characterization 

of Lithium-ion Batteries in 

Bulk Storage

PHASE 2 FULL SCALE TEST 
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Test #1: 

• 15 ft (3 tier) storage

• 30 foot ceilings

• Sprinklers:

• 165°F

• 25.2K

Test #2: 

• 15 ft (3 tier) storage

• 25 foot ceilings

• Sprinklers:

• 165°F

• 14.0K

OUTCOME OF TEST

36

Pass Criteria: Sprinklers suppress the fire within 5 minutes, 

suppress fire before commodity cartons are breached. 

Results: In both tests, the CUP commodity cartons breached before 

the initial sprinkler operation. The adequacy of the ceiling-level 

sprinkler protection could not be established due to persistent 

burning of the CUP commodity beyond the predicted time of 

battery involvement. 

NOT A TOTAL LOSS!
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FM CRITERIA 

37

Storage Criteria 
• No more than 3 tiers of rack or palletized 

storage
• Maximum 15 ft storage height
• Maximum 40 ft ceiling Height 

Battery Criteria 
• Maximum State of Charge: 60%
• Maximum weight of electrolyte: 20%
• Maximum battery capacity: 41Ah

Design Criteria 
• K22.4 or K25.2 sprinklers
• 12 sprinklers flowing 
• Minimum 35 psi

WASTE MANAGEMENT FACILITIES

38

WASTE MANAGEMENT FACILITIES 

39

LAST SLIDE

40

Questions?

Contact: Jeff Dunkel
Jeff Dunkel

Complete Course Evaluation to receive certificate

Certificate on website under “My Account”

Next Tech Tuesday: June 21st, 2022
Environmental Issues With ITM

Terin Hopkins, Public Fire Protection Specialist

Course Evaluation
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Scott  Stookey

Graduate Engineer A – Hazardous Materials

Fire Marshal’s Office – Engineering Services

Where to Start

 This presentation is 
based on an article 
published in the 
September/October 
2022 NFSA Magazine.

 The goal was to 
provide information to 
assist AHJs and Fire 
Protection Contractors 
when protecting 
LiBESS.

In 40 minutes I will review:

 Hazards of ESS

 ESS architecture & 
scale.

 Thermal runaway.

 UL 9540A fire tests 
and implications to 
AHJs & Fire Protection 
Contractors.

 Lessons learned from 
2 incidents.

Primary & Secondary Responder 

Safety and Health Hazards

Lithium Ion 
Module 
Hazards

Fire Deflagration
Toxic Vapors 

& Gases
Electrical 

Energy
Stranded 
Energy

LiBESS Architecture

Cell Cell String (Series 
(S) or Parallel (P).
Configuration of cell: 5S, 
5P or combination of nS

or nP

Module

Rack

Module

 An assembled array of 
LiB cells designed to 
store a rated amount of 
energy at the design 
voltage and 
temperature.

 A module will contain 
an ESMS (Energy 
Storage Management 
System).

 Modules are assembled 
in series, parallel or 
series + parallel circuits.
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Module LiBESS Scale

 Scale helps categorize small, medium and large scale LiBESS.

 Scale also helps in understanding the risks.

Small scale: 5-50 kWh Medium scale: 51-

500 kWh

Large scale: > 500 

kWh

Current Thermal Runaway Understanding

 The amount of energy 
released during thermal 
runaway is influenced 
by several factors not 
completely understood 
in their totality:
 Cell format (cylindrical, 

prismatic, pouch)

 Cell chemistry

 Module capacity and 
energy stored

 Materials of construction

The Fire Triangle Does Not Represent LiB

Thermal Runaway

DNV GL – Document No.: 10209302-HOU-R-01, McMicken ESS Thermal Runaway and Explosion 

Report, July 2019 pp. 29-30.

Thermal Runaway is a Rapid Event

 Thermal runaway 
generates very high 
temperatures in a very 
short time period.

 > State of Charge of 
the cells the > rate of 
thermal runaway.

 Mass loss is 
flammable and toxic 
vapors & gases.

D Ouyang, et.al., A Review of the Thermal Hazards of the Lithium-Ion Battery and Corresponding 

Countermeasures. Applied Science 2019, 9, 2483; doi:10.2290/app9122483

LiBs Temperature Limitations

 LiBs are designed to 
operate within a 
prescribed 
temperature range.

 If system 
temperatures exceed 
65-70°C, risk for 
thermal runaway 
increases.

 Thermal runaway is a 
progressive event.

Gao F., A Review of Materials for Flame Retarding and Improving the Thermal Stability of Lithium Ion 

Batteries, International Journal of Electrochemical Science, 15 (2020), pp. 1391-1411.
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Cascading Thermal Runaway

 University of Maryland 
fire tests analyzed the 
hazards of cascading 
thermal runaway using 
18650 LCO “arrays.”

 Key findings include:
 1.57 kJ of chemical energy 

is released / 1kJ of stored 
electrical energy.

 Not all cells in the arrays 
fail.

 Cell-to-cell cascading rate 
in air was 0.7 seconds/cell.

Stoliarov, S., Comprehensive analysis of dynamics and hazards associated with cascading 

failure in 18650 lithium ion cell arrays. Applied Energy 248 (2019), pp. 415-428.

Cascading Thermal Runaway

 NFPA 855 and UL 9540 
mention cascading thermal 
runaway.

 Neither standard states … 
The failure of one cell shall 
not cascade to other cells 
inside a module.

 UL 9540 doesn’t specifically 
test for cell-to-cell cascading 
thermal runaway.

 The NFPA 855 and UL 
strategies (author’s opinion) 
are focused on mitigation of 
thermal runaway using 
external methods.

FFs Should Anticipate at a Stationary 

LiBESS Fire:
 It’s a Box of Watts.

 Rendering the fire under control may take hours if 
not days.

 Deflagration risk due to flammable gases vented by 
cells.

 No battery chemistry is exempt from TR.

 No clean agent system has proven effective for 
controlling or stopping TR when the LiBESS is 
installed inside a shipping container.

 Cells are not always the root cause of the fire. Poor 
commissioning and ESMS malfunctions are 
common contributing factors.

UTAFRG Explosion Hazards from Li-B Vent 

Gases
 Extensive literature 

analysis of the 
composition of the vent 
gases.

 49 different TR tests.

 Prismatic, pouch Li-Bs
and Li-Bs formulated 
with NMC were not 
tested.

 Significant change to 
vent gas composition at 
40-50% SOC.

Baird, A., Explosion Hazards from Lithium-Ion Battery Vent Gas, Journal of Power Sources 446 

(2020), pp. 227-257.

Big Water Supply But Not Big Flow

 A 2021 NTSB report 

on battery electric 

vehicle fires found on-

scene times range 

from 2-8 hours.

 To sustain a single 

100-150 GPM fire 

stream can require 

10-26K gallons of 

water.
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April 18, 2022 Chandler AZ Incident

 10 MWh LiBESS 
commissioned in 
2017.

 Full AS protection.

 Reported as smoke 
detector & H2O flow.

 CFD did not enter the 
building for 48 hours 
and was in Defensive 
mode.

April 18, 2022 Chandler AZ Incident

 On day 3 FFs 
attempted to enter but 
observed dramatic fire 
growth.

 UAV identified 2 racks 
with high 
temperatures.

 On-scene for 10 days.

 1.5-2 million gallons 
of water consumed.

April 5, 2022 Valley Center FPD 

Incident
 429 MWh housed in 51 

noncombustible 
enclosures.

 UL9540A test report 
specified installation of 
one sprinkler in each 
module.

 Pre-action AS system.

 Centralized location for 
FFs to monitor battery 
enclosure.

April 5, 2022 Valley Center FPD 

Incident
 The incident resulted 

from a smoke detector 
activation.
 The double interlock Pre-

action valve opened, which 
caused a flexible hose to 
burst, resulting in damage 
to the ESMS.

 Crews remained on 
scene for 24 hours.

 5,800 gallons of water 
consumed.

Amendments to 2021 IFC Section 1207 –

Electrical ESS

 Applies to systems ≥ 20 
kWh.

 Prohibit ESS from 
releasing Toxic or 
Highly Toxic gases at 
levels < PEL.

 Prohibited > 20 feet 
above the lowest level of 
FD access.

 Thermal runaway 
detection system. 

1207.6.6 TR Detection System

 Activates upon 
detection of gas or 
vapors produced by 
carbonate solvents 
found in a Li-cell.

 Upon detection the 
FACP shuts down the 
rack of origin & 
annunciates its location.

 Transmits a Supervisory 
signal.
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FP Contractor: We Won the Bid for a ESS? $*@+
Fire Official: $*@+. It’s An ESS. Who is that old guy in 
Austin?
 NFPA 13 (2021 ed.) Sec. 

4.2.1 to limit the scope 
to a specific ESS & 
stored energy capacity.

 2021 IFC Sec. 104.8.2 to 
require a Technical 
Report & Opinion for 
Sec. 1207 compliance.
 Include the IFC Section 

1207.2 Commissioning 
Plan (ComP) addresses all 
the hazards discussed.

 Revision = updated ComP
and approved by EOR.

Contact Information

 In Austin, you can call 3-1-1 and ask for me 

by name. 

 Office: 512-974-0157

 E-mail: Scott.Stookey@austintexas.gov
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