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Executive Summary
Energy Storage Systems (ESS) play an integral role for attaining a resilient and efficient electrical
grid - providing a means of storing electrical energy generated from other renewable energy
sources. However, ESS pose unique challenges with respect to fire safety. Designing engineered
fire suppression and detection systems is currently a challenge for fire protection engineers. Since
current codes and standards are just beginning to address the applicable requirements for these
systems, the design guidance is limited and is significantly reliant upon engineering judgement.
This design challenge event was originally scheduled to be held on 12/September/2018 in Cary,
NC as a workshop in conjunction with the SUPDET 2018 symposium. However, due to inclement
weather (Hurricane Florence), this portion of the symposium was cancelled, and this activity and
content was presented at a later date via a FPRF webinar series (on 30/November/2018).
The ESS Design Challenge presented participants with a case study description to formulate a
proposed design solution. The objective of this ESS design challenge workshop was to review
preliminary design concepts that illustrated innovative approaches to fire protection of a single
case study ESS installation within a high-rise building to meet the general design objective of
minimizing loss and preventing re-ignition hazards.
All participants were encouraged to submit creative and innovative design concepts. These
proceedings summarize current ESS research and the ESS case study specifications and design
concepts presented by Koffel Associates, Jensen Hughes and Cal Poly, Fire & Risk Alliance, and
Nexceris. The presentations from each team highlighted the challenges of specifying fire
protection solutions to these systems, along with the significant uncertainty around how traditional
design approaches can be applied to complex hazards, such as energy storage systems.
The presentations addressing the design scenario were not evaluated in any quantifiable manner
and did not involve any direct judgement of the pros and cons of their features. This recognizes
that at this time the accepted baseline approaches for applicable fire protection engineering
designs are still evolving and not universally settled. The presentations were intended to facilitate
review and discussion, clarify widely embraced concepts and observations, and highlight
approaches that have broad support or have novel features with future promise.
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1) Background and Overview
Energy Storage Systems (ESS) play an integral role for attaining a resilient and efficient electrical
grid - providing a means of storing electrical energy generated from other energy sources.
Lithium-ion batteries have become the battery of choice for energy storage applications due to
their high energy density, however, they pose unique challenges with respect to fire safety. Past
research has demonstrated the fire protection challenges posed by these batteries, namely for
their potential to go into thermal runaway and the resulting effects. Thermal runaway, known as
an exothermic reaction within the battery where more heat is being generated than can be
dissipated, is a reaction that leads to steep increases in temperature and pressure within the cells
which result in a release of flammable gases or high intensity fires. Beyond the initial reaction,
fires in these ESS units are known for being long-duration events with the potential for re-ignition,
which makes managing these incidents particularly challenging. Thus, designing engineered fire
suppression and detection systems is currently a challenge for fire protection engineers. Since
current codes and standards are just beginning to address the applicable requirements for these
systems, the design guidance is limited and is significantly reliant upon engineering judgement.
The SUPDET 2018 symposium had an energy storage system track, along with an ESS Design
Challenge Workshop to address these key issues. Due to inclement weather (i.e. Hurricane
Florence), this portion of the symposium was cancelled, thus, this content was presented at a
later date via a FPRF webinar series. This webinar provided an update on relevant ESS research
activities along with presentations addressing design concepts for a given case study with an ESS
located within a high-rise building. The design challenge presentations addressed critical fire
scenarios to be protected against, general fire safety design approaches, and any gaps in
information and technology. The agenda for this webinar series is provided in the table below.
Table 1: SUPDET Research Update and Design Challenge Agenda

Time
12:30 – 1:00pm
1:00 – 1:30pm
1:30 – 1:40pm
1:40 – 2:00pm
2:00 – 2:20pm
2:20 – 2:40pm

Agenda Item

Presenter

Firefighter Safety in Battery Energy Storage
System Fires
Development of Sprinkler Protection for Li-ion
Battery ESS
ESS Design Challenge Objectives and
Deliverables

Kevin Marr & Erik Archibald,
University of Texas at Austin

Koffel Associates Design Concept Presentation

Bill Koffel, Koffel Associates

Jensen Hughes/Cal Poly Design Concept
Presentation
Fire & Risk Alliance Design Concept
Presentation

David Morrisset, Jensen
Hughes/Cal Poly FPE Program

Ben Ditch, FM Global
Victoria Hutchison, FPRF

Noah Ryder, Fire & Risk Alliance

2:40 – 3:00pm

NEXCERIS Design Concept Presentation

Steve Cummings, Nexceris

3:00 – 3:30pm

Facilitated discussion on the following topics:
- Handling of products of combustion
- Handling liquid runoff
- Managing a long-duration event
- Potential overpressure events
- Use of automatic safety systems (e.g.
BMS)
- Involvement of manual intervention
- Other challenges

All Attendees
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2) ESS Research Update
As supporting background for the design challenge, an update on two active FPRF research
projects addressing energy storage systems were presented:
• Firefighter Safety in Battery Energy Storage System Fires presented by Kevin Marr and
Erik Archibald from the University of Texas at Austin.
• Sprinkler Protection Guidance for Energy Storage Systems in Commercial Buildings
presented by Ben Ditch from FM Global.
Firefighter Safety in Battery Energy Storage System Fires
The University of Texas at Austin, in collaboration with the Fire Protection Research Foundation,
ESSPI, and UL, conducted a joint experimental and computational program to investigate li-ion
battery failures at a range of scales to develop better understanding of consequences of ESS
failures. The work presented herein specifically focused on how explosive conditions develop in
li-ion battery energy storage system failures, through analysis of gas characterizations, pressures,
flame speeds, etc. How to create and validate computational models from experimental test data
to enable the simulation of li-ion battery fires to inform fire department response to BESS fires
and explosions was also presented.
An apparatus that can simulate Li-BESS fire scenarios was being developed through this research
effort to use in field studies with fire service partners to assist with the evaluation of firefighting
tactics. For more information on this presentation, please refer to the slides in Annex B.
Sprinkler Protection Guidance for Energy Storage Systems in Commercial Buildings
The Fire Protection Research Foundation undertook a project to conduct full-scale fire testing of
ESS racks to under the impact of sprinkler protection on ESS fires in commercial buildings to
inform sprinkler protection guidance for these systems. FM Global conducted the full-scale fire
tests for this effort and reported on the data analysis.
Free-burns were conducted for module and rack-scale systems to understand ignition, fire
propagation, and approximate heat release rate values for two different chemistries – lithium-iron
phosphate (LFP) and Nickel Manganese Cobalt Oxide (NMC). During the free burns, the
approximate heat release rate for the LFP rack was approximately 1 MW, whereas the heat
release rate for the NMC rack was approximately 10 MW.
Additionally, a full-scale sprinklered test were also conducted on the LFP and NMC racks. In this
test, two racks were placed side-by-side to evaluate the radiation heat transfer and fire
propagation potential from one rack to the other. K-5.6 sprinklers with a 0.3 gpm/ft2 density located
15 ft above the finished floor were utilized in these tests. One sprinkler was directly over top of
the initiating rack; the others were a minimum of 10-ft away.
For the LFP test, the sprinklers contained the fire to the rack of origin. For the NMC test, the fire
propagated to the adjacent rack after the rack of origin had burned out and the sprinklers had
been turned off. For more information, please see the slides in Annex B, or read the final report
on the Foundation’s website at www.nfpa.org/foundation.
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3) ESS Design Challenge Workshop
The ESS Design Challenge presented participants with a case study description of which to
formulate a proposed design solution. The objective of this ESS design challenge workshop was
to review preliminary design concepts that illustrated innovative approaches to fire protection of
a case study ESS installation within a high-rise building to meet the general design objective of
minimizing loss and preventing re-ignition hazards.
The presentations and discussion at this workshop aimed to address design concepts for ESS in
high rise buildings that considers critical fire scenarios to be protected against, general fire safety
design approaches, and any gaps in information and technology. It also addressed key issues
faced during ESS fire incidents, such as: handling products of combustion, handling liquid runoff,
managing long-duration events, potential overpressure events, use of automatic safety systems,
involvement of manual intervention, other concerns and associated challenges.
A single case study ESS scenario was used for all proposed fire protection designs. The
presentations addressing this scenario were not evaluated in any quantifiable manner, and did
not involve any direct judgement of the pros and cons of their features. This recognizes that at
this time the accepted baseline approaches for applicable fire protection engineering designs are
still evolving and not universally settled. The presentations were intended to facilitate review and
discussion, clarify widely embraced concepts and observations, and highlight approaches that
have broad support or have novel features with future promise.
All participants were encouraged to submit creative and innovative design concepts. The
description of the ESS case study given to all participants is provided below.

ESS Case Study Description
2018 SUPDET Design Challenge Workshop
A new high-rise building is being built in a large urban city in the United States. The XYZ Power
Company is planning to lease a portion of this high-rise building with the intention of installing
an energy storage system (ESS) to provide back-up power to critical telecommunications
equipment. The focus of this case study is on a room on the 5th floor of this high-rise building
which contains 1.6 MWh of stored electrical energy in a lithium-ion battery energy storage
system (ESS).
Location and Public Protection
XYZ Power Company will be located in a large urban city in the United States. This building will
be in full compliance with the 2018 edition of the International Building Code (IBC). This building
is planned to be located in a high-rise district where there is minimal additional open space
around the building footprint. This ESS installation has been approved by the AHJ to be
installed inside the high-rise building due to a lack of exterior outdoor space. Since the space
between this high rise and the adjacent building is minimal, exterior fire department access on
the west side of the building is restricted.
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This building is under the protection of a career fire department. This fire department is an
active member of the Metropolitan Fire Chiefs Association and will respond in full compliance
with the requirements of NFPA 1710.
Building Specifications
XYZ Power is going to be located in a new 40-story high rise building. Floor 1 will be retail
space, floors 2 through 5 will be commercial office space, and floors 6 through 40 will be
residential apartments. The footprint of this building is 100’ x 150’ x 560’ (high). XYZ Power will
occupy floors 2 – 5 and plans to place the ESS system on the northwest corner of the 5th floor.
The building construction material is reinforced concrete (Type 1A).
ESS Room Specification
The energy storage room occupies a floor area of 625 ft2 in the northwest corner of the 5th floor
of the building. The ESS room has a ceiling height of 12’-0 above the finished floor (5th floor
ceiling is at 68-ft above fire department access). All walls and openings of this room have fire
resistance ratings consistent with the requirements of Type 1A construction. The layout of this
room is illustrated in Figure A.
ESS Configuration
The ESS is segmented into eight arrays of modular racks. Each rack has a rated energy
capacity of 40 kWh. The arrays consist of 5 battery racks totaling 200 kWh of energy per array
- making a total ESS capacity of 1.6 MWh. Each battery rack within the array is located directly
adjacent to each other. Each rack contains 16 modules (2 across, 8 tall) with 75 prismatic
lithium-ion batteries per module. The battery chemistry is Lithium Nickel Manganese Cobalt
Oxide (NMC).
Each battery rack has the following dimensions: 18” long (front), 24” deep (side), 90” high. The
battery racks are encased in a metal cabinet. Three sides are enclosed by solid 14-gauge sheet
metal, while the front is open, exposing the face of the battery modules.
Public Water Supply:
The public water supply has a static pressure of 85 psi and a residual pressure of 50 psi flowing
1200 gpm. The public water supply is 50-ft from the building.
Key concepts to be considered:
• Handling of products of combustion
• Handling of liquid runoff
• Long-duration event
• Potential overpressure event
• Automatic safety systems
• Involvement of manual intervention
• Post-event hazards
• Economic Feasibility
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Figure A

Four independent groups submitted ESS design concepts for the given case study:
• Koffel Associates
• Jensen Hughes/Cal Poly
• Fire & Risk Alliance
• NEXCERIS
Design Concept Presented by: Koffel Associates
Koffel Associates highlighted the need for fast detection and fast suppression, based on the
significant hazard posed by these systems. The proposed design consisted of a two-phase
suppression solution, supplemented with air-sampling smoke detection. The primary suppression
system proposed was a Victaulic Vortex hybrid water mist system. A NFPA 13 (Standard for the
Installation of Sprinkler Systems) sprinkler system was also proposed in the design concept as a
secondary means of suppression, for redundancy. The specifications for the sprinkler system
included two fusible link sprinklers centered over each rack at a discharge density of 100 gpm per
100 ft2 of fire footprint. The team from Koffel Associates suggested that the battery racks be placed
on raised floors to support the handling of liquid run-off. The use of a 2-ft concrete berm to contain
liquid runoff and prevent water damage and contamination was also recommended. It was
mentioned that the 2-ft berm would likely be capable of containing the water run-off from
suppression activity for approximately 1.5 hours, thus this feature could also help with
management of long duration events. For more information on this design concept, please refer
to the slides in Annex B.
Design Concept Presented by: Jensen Hughes and California Polytechnic Institute
Jensen Hughes and Cal Poly presented a design concept that was informed by FDS modeling.
The group looked at three configurations: (1) doors to the ESS room are closed, (2) doors to the
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ESS room are open, and (3) doors to the ESS room were closed but the floor to ceiling window
was open on the north side wall of the compartment. The goal of this design using FDS was to
evaluate the variation among the possible fire scenarios within this ESS room, along with the
effects of the fire duration on the structure. The various ventilation scenarios considered
highlighted a variation in peak heat release rate ranging between 11 MW (24 min) and 36 MW
(40 min), and fire duration ranging between 2 hours and 52 minutes, respectively.
The group also suggested a combined fire suppression/detection system, using an Aqueous
Vermiculate Dispersion (AVD) System which is a local application system that would be installed
directly within each battery enclosure. This system consists of a chemically exfoliated vermiculite
(aluminum-iron-magnesium silicates) that contains microscopic layers of water that is dispersed
in the form of an aqueous mist. This agent was claimed to have cooling properties from the mist
while the vermiculite creates an oxygen barrier. The main takeaway from this analysis was the
exposure of structural system should be considered. For more information, please refer to the
slides in Annex B.
Design Concept Presented by: Fire & Risk Alliance
Fire and Risk Alliance (FRA) proposed a multi-tiered approach to address the hazards highlighted
in the ESS design challenge. The approach consisted of five steps: (1) Prevention, (2) Monitoring,
(3) Detection, (4) Activation, and (5) Mitigation and Management. For prevention, monitoring, and
detection, FRA suggested using the battery management system to provide data on current,
voltage and temperature to monitor the condition of the ESS. This would allow the cell/module to
be isolated in the event of abnormal readings. Module level gas sensors were recommended to
be placed in each rack to provide early notification of cell off-gassing and venting of electrolyte,
so that the battery/module could be isolated and shutdown. Further, continuous monitoring of cell
temperatures to determine if thermal runaway/propagation is occurring.
The approach for suppression and activation was a hybrid system (NFPA 770 Standard on Hybrid
(Water and Inert Gas) Fire Extinguishing Systems) combined with a sprinkler system (NFPA 13
Standard for the Installation of Sprinkler Systems). The hybrid is the primary system with
sprinklers as a “failsafe”. The intention of the hybrid system was to integrate it with a gas sensing
or BMS system. The activation of the hybrid system was based on gas/electrolyte sensor, and
the shutdown of the ventilation system was to maintain the room environment. For the sprinkler
system, a system designed to 0.30 gpm/ft^2 was used according to the guidance from Factory
Mutual and NFPA 855 Standard for the Installation of Stationary Energy Storage Systems. This
system was intended as a backup in case the battery fire was not suppressed by the hybrid
system. For more information on this design concept, please see the slides in Annex B.
Design Concept Presented by: NEXCERIS
Nexceris presented a design concept for the detection of lithium-ion battery faults. This design
concept was unique in that it did not present a suppression solution. This presentation highlighted
that the ability to detect faults within an energy storage system in the early stages of failure is key
to being able to prevent a catastrophic fire and complete system loss. Gas analysis from
experimental testing was presented to convey the stages of battery failure, and the gases
released during cell failure. The solution presented was a novel gas monitoring method which
could provide improved situational awareness for lithium-ion based energy storage systems. The
presenter indicated that this method could be capable of preventing thermal runaway when the
signal is used to electrically isolate the battery and prevent further stress on the compromised
cell. For more information on this design concept, please refer to the slides in Annex B.
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4) Summary Observations
The four participating teams presented novel design approaches to a single challenging scenario
with an energy storage system positioned on an upper floor of a high rise building in a densely
populated city. These presentations highlighted the challenges of specifying fire protection
solutions to these systems, along with the significant uncertainty around how traditional design
approaches can be applied to complex hazards, such as energy storage systems.
The presentations addressing this scenario were not evaluated in any quantifiable manner and
did not involve any direct judgement of the pros and cons of their features. This recognizes that
at this time the accepted baseline approaches for applicable fire protection engineering designs
are still evolving and not universally settled. The presentations were intended to facilitate review
and discussion, clarify widely embraced concepts and observations, and highlight approaches
that have broad support or novel features with future promise.
Key take-aways and summary observations from the discussions were:
• Battery-based energy storage systems pose significant fire hazards, and established
design guidance is limited at this time.
• Ventilation factors in the room (e.g. doors open/closed, window open/closed, etc.) can
have a significant influence on the severity of the hazard (i.e. HRR).
• Most design teams proposed water-based solutions due to its cooling capacity (e.g.
sprinkler systems or water mist). Due to the challenge posed by these fires, many
designed teams proposed two systems, a primary suppression system to control the fire,
and a secondary fail-safe system in case the first system is incapable of controlling the
fire.
• Early detection is critical to effective control of BESS systems. Novel detection techniques
that are tailored to li-ion battery failures show promise.
• The extended duration of these events will present significant challenges in high-rise
building applications. It will specifically impact structural stability, time-period of required
occupant evacuation, and the adequacy of the available suppression agent supply/
duration.
• The potential for explosion hazards from the release of combustible gases is dependent
on several variables, including the room size, ventilation, among other factors.
• The challenges posed by the potential for re-ignition from stranded energy is noteworthy
yet has unclear solutions.
The participating design teams are commended for their unique and innovative design concepts
and their demonstration of applying both traditional fire protection principles and new technologies
to this complex and evolving hazard.
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Annex A: Webinar Presenters and Attendees
The following were the presenters for the “2018 SUPDET Energy Storage Systems – Design
Challenge Webinar”, on November 30, 2018.

Kevin Marr, University of Texas at Austin
Erik Archibald, University of Texas at Austin
Benjamin Ditch, FM Global
Steve Welsh, Koffel Associates
David Morrisset, Jensen Hughes/California Polytechnic Institute – Supported by:
Garner Palenske, PE, Jerry Back, PE, Richard Emberley, PhD, Anthony Pamintuan, and
Paul Gregory
Noah Ryder, Fire & Risk Alliance
Stephen Cummings, Nexceris

This event was open to all SUPDET registrants. SUPDET annual symposium which brings
together leading experts in the field of fire protection engineering for the purpose of sharing recent
research and development on techniques used for fire suppression, detection, and signaling.
Since the SUPDET symposium had to be cut short due to the requirement to evacuate the area
due to Hurricane Florence, this portion of the symposium was held via an FPRF webinar series
and was opened to other interested parties beyond the SUPDET registrants. Approximately 250
people registered for this webinar on Energy Storage Systems.
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Annex B: PowerPoint Slides
Firefighter Safety in Battery Energy Storage System Fires, University of Texas at Austin

Figure 1 UT-Austin ESS Firefighter Safety (Page 1 of 5)
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Figure 2 UT-Austin ESS Firefighter Safety (Page 2 of 5)
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Figure 3 UT-Austin ESS Firefighter Safety (Page 3 of 5)
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Figure 4 UT-Austin ESS Firefighter Safety (Page 4 of 5)
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Figure 5 UT-Austin ESS Firefighter Safety (Page 5 of 5)
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Development of Sprinkler Protection for LIB Energy Storage Systems, FM Global

Figure 6 FM Global, ESS Sprinkler Protection (Page 1 of 3)
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Figure 7 FM Global, ESS Sprinkler Protection (Page 2 of 3)
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Figure 8 FM Global, ESS Sprinkler Protection (Page 3 of 3)
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Fire Protection Research Foundation – Intro to ESS Design Challenge
Victoria Hutchison, of the Fire Protection Research Foundation, provided an overview of the ESS
Design Challenge workshop and the case study provided to all participants that the designs
concepts to be presented are based on.

Figure 9 FPRF Intro to ESS Design Challenge
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Koffel Associates ESS Design Concept
Steve Welch presented an engineering design concept for the given ESS case study on behalf of
Koffel Associates.

Figure 10 Koffel Associates Design Concept (Page 1 of 4)
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Figure 11 Koffel Associates Design Concept (Page 2 of 4)
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Figure 12 Koffel Associates Design Concept (Page 3 of 4)
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Figure 13 Koffel Associates Design Concept (Page 4 of 4)
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Jensen Hughes/Cal Poly ESS Design Concept
David Morrisset presented an engineering design concept for the given ESS case study on behalf
of Jensen Hughes and Cal Poly and the other participating project team members.

Figure 14 Jensen Hughes/Cal Poly Design Concept (Page 1 of 4)
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Figure 15 Jensen Hughes/Cal Poly Design Concept (Page 2 of 4)
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Figure 16 Jensen Hughes/Cal Poly Design Concept (Page 3 of 4)
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Figure 17 Jensen Hughes/Cal Poly Design Concept (Page 4 of 4)
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Fire and Risk Alliance ESS Design Concept
Noah Ryder, PE, PhD, presented an engineering design concept for the given ESS case study
on behalf of Fire and Risk Alliance.

Figure 18 FRA Design Concept (Page 1 of 4)
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Figure 19 FRA Design Concept (Page 2 of 4)
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Figure 20 FRA Design Concept (Page 3 of 4)
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Figure 21 FRA Design Concept (Page 4 of 4)
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Nexceris ESS Design Concept
Steve Cummings presented an engineering design concept for the given ESS case study on
behalf of Nexceris.

Figure 22 Nexceris Design Concept (Page 1 of 4)
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Figure 23 Nexceris Design Concept (Page 2 of 4)
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Figure 24 Nexceris Design Concept (Page 3 of 4)
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Figure 25 Nexceris Design Concept (Page 4 of 4)
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