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1. Call to order. James Biggins, chair, called the meeting to order at 8:30 am on October 3.

2. Introductions. Attendees introduced themselves and identified their affiliation and NFPA
staff took attendance.

3. Chair report. James Biggins welcomed attendees and provided an overview of the meeting.

4. Staff liaison report. Christopher Coache provided an overview of the standards development
process and the revision cycle schedule.

5. Technical Committee Representation. There were no declarations of representing another
company, organization, or interest category.

6. Previous meeting minutes. The minutes from April 18 - 19, 2023 pre-First Draft meeting in
Quincy, MA were approved without revision.

7. NFPA 855 First Draft.

a. Review of Public Inputs. The Technical Committee reviewed the Public Inputs and
developed First Revisions and Committee Inputs as necessary. These will be available in
the First Draft Report at www.nfpa.org/855.

b. Task group reports. The following task groups provided their reports and
recommendations. Task group reports are attached.

i. TG 1Rooftop PV and ESS TIA. Chair Matt Paiss. The task group provided a report
on public inputs and proposed resolution or first revision as applicable. The task
group was reconstituted to continue work.

ii. TG 2 Explosion TIA. Chair Paul Hayes. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

ilii. TG 3 Shipping of Batteries. Chair Bob Davidson. The task group provided a report
on public inputs and proposed resolution or first revision as applicable. The task
group was reconstituted to continue work.
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Vi.

Vii.

viil.

Xi.

Xii.

Xiil.

Xiv.

XV.

XVi.

TG 4 Explosion Issues. Chair Paul Hayes. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

TG 5 Charging Stations. Chair Chris Towski. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

TG 6 HF Production. Chair Paul Hayes. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 7 ESS on Barges. Chair Paul Rogers. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 8 Technology Updates. Chair Mike O’Brian. The task group provided a report
on public inputs and proposed resolution or first revision as applicable. The task
group was reconstituted to continue work.

TG 9 Fire Protection. Chair Paul Hayes. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 11 Emergency Response Plan. Chair Brian Schol. The task group provided a
report on public inputs and proposed resolution or first revision as applicable. The
task group was reconstituted to continue work.

TG 16 2" Life Use. Chair Howard Hopper. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

TG 19 Retroactivity. Chair Curtis Ashton. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

TG 20 Flow Batteries. Chair Matt Paiss. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 21 Flywheel. Chair Seth Sander. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 22 Certification. Chair Paul Hayes. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.

TG 23 Definitions. Chair Curtis Ashton. The task group provided a report on public
inputs and proposed resolution or first revision as applicable. The task group was
reconstituted to continue work.



XVil.

XViil.

XiX.

XX.

TG 24 Battery Exclusions. Chair Bob Davidson. The task group provided a report
on public inputs and proposed resolution or first revision as applicable. The task
group was reconstituted to continue work.

TG 25 Commissioning. Chair Richard Kluge. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

TG 26 References and Annex. Chair Chris Searles. The task group provided a report
on public inputs and proposed resolution or first revision as applicable. The task
group was reconstituted to continue work.

TG 27 Standby Power. Chair Paul Hayes. The task group provided a report on
public inputs and proposed resolution or first revision as applicable. The task group
was reconstituted to continue work.

c. Presentation(s). The committee heard presentations from the following individuals.

IFC, ESS and NFPA 855. Bob Davidson.

[Iron-Air Batteries]. Jarrod Milshtein, Alli Nansel, Andrew Rapin. Presentation
attached.

d. New task groups. The following task groups were appointed to work subsequent to the
meeting. Additional task groups may be formed based on submitted public comments.

Vi.

TG 28 NFPA 704. TG Chair: Curtis Ashton. Members: Morris Stoops, Anthony
Natale, Chris Towski, Jose Marrero, Randy Schuber. Address NFPA 704 application
to ESS.

TG 29 Maximum Energy. TG Chair: Bob Davidson. Members: LaTonya Schwalb,
Curis Ashton, Chris Searles, Ben Echeverria. Review layout and content of maximum
energy tables.

TG 30 Vehicle ESS. TG Chair: Curtis Ashton. Members: Bob Davidson, Matt Paiss,
Chad Kennedy, Justin Perry, Jody Leber, Chris Towski, Darryl Hill, Laura Stevens.
Review requirements for use of vehicles as an ESS.

TG 31 Emergency Operations Plan. TG Chair: Morris Stoops. Members: Justin
Perry, Anthony Natale, Paul Rogers, Gary Jasutis, Curtis Ashton, Chris Towski,
Brian Scholl, Mike Maiz, Richard Kluge, Terry McKinch . Review requirements for
emergency operations plans and coordinate with other NFPA standard requirements.

TG 32 Vehicle to Grid. TG Chair: Jody Leber. Members: Chris Towski, LaTonya
Schwalb, Ben Echeverria, Jose Marrero, Morris Stoops, Jim Barrett, Charles Pickard.
Review requirements for vehicles as ESS by connection to the electrical grid.

TG 33 Tables. TG Chair: Matt Paiss. Members: Howard Hopper, LaTonya Schwalb,
Steve Edley. Coordinate reference tables in all Chapters.

. Other Business. None.



9. Future meetings. The next committee meeting will be October/November 2024. Proposed
locations if the meeting is onsite are North or South Carolina. Public comments for the next
edition are expected to close May 2024. A meeting notification will be posted at
www.nfpa.org/855next when the next meeting is scheduled.

10. Adjournment. The meeting was adjourned at 7:30 on October 5.
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Section All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
953.1.1.1 321 None XIEl Create First Revision
1 Resolve
Proposed Text 9.53.1.1.1

(P1)

Installations shall be-permitted-onrooftops-of-buildings-that-de-not obstruct fire department
rooftop operations-when-approved.

First Revision

953111

Text (FR)
Installations shall be-permitted-onrooftops-of-buildings-that-de-not obstruct fire
department rooftop operations-when-approved.

Statement This is a simplification of the requirements,

(technical reason for
FR)

Response
(technical reason for
not making some
changes or for

resolving)
Section All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
9.5.3.1.1.2 9 None [0 Create First Revision

X Resolve

Proposed Text

(P

9.5.3.1.1.2

ESS and associated equipment that are located on rooftops and not enclosed by building
construction'shall comply with the following:

(1) -Stairway access to the roof for emergency response and fire department personnel shall
be provided either through a bulkhead from the interior of the building or a stairway on
the exterior of the building.

(2) Service walkways at least 5 ft (1.5 m) in width shall be provided for service and
emergency personnel from the point of access to the roof to the system.

(3) ESS and associated equipment shall be located from the edge of the roof a distance
equal to at least the height of the system, equipment, or component but not less than 5 ft
(2.5 m).

(4) The roofing materials under and within 5 ft (1.5 m) horizontally from an ESS or associated
equipment shall be noncombustible or shall have a Class A rating when tested in
accordance with ASTM E108 or UL 790.

(5) A Class I standpipe outlet shall be installed at an approved location on the roof level of
the building or in the stairway bulkhead at the top level.




(6) Installations on rooftops over 75 ft (23 m) in height above grade shall be permitted when

approved by the AHJ.

(7) Access, service space, guards, and handrails shall be provided where required by the

local building and mechanical codes.

(8) A thermal image or radiant energy-sensing fire detection system complying with

Section 4.8 shall be provided to protect the ESS.

(9) The ESS shall be a minimum of 10 ft (3 m) from the fire service access point on the

rooftop.

First Revision
Text (FR)

9.53.1.1.2

ESS and associated equipment that are located on rooftops and not enclosed by
building construction shall comply with the following:

1.

Stairway access to the roof for emergency response and fire department
personnel shall be provided either through a.bulkhead from the interior of
the building or a stairway on the exterior of the building.

Service walkways at least 5 ft (1.5 m) in‘width-shall be provided for
service and emergency personnel from the point of access to the roof to
the system.

ESS and associated equipmentshall be located from the edge of the roof
a distance equal to at least the height of the system, equipment, or
component but not less than's ft (1.5 m).

The roofing materials under.and within 5 ft (1.5 m) horizontally from an
ESS or associated equipment shall be noncombustible or shall have a
Class A rating when-tested in accordance with ASTM E108 or UL 790.

A Class | standpipe outlet shall be installed at an approved location on the
roof level of the building or in the stairway bulkhead at the top level.
Installations on‘rooftops over 75 ft (23 m) in height above grade shall be
permitted when approved by the AHJ.

Access, service space, guards, and handrails shall be provided where
required by the local building and mechanical codes.

A-radiant energy-sensing fire detection system complying with Section 4.8
shall be provided to protect the ESS.

The ESS shall be a minimum of 10 ft (3 m) from the fire service access
point on the rooftop.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

Specifying thermal imaging could limit other radiant energy heat detection
technology.




Section All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
15.3.1 28 None X Create First Revision

[0 Resolve

Proposed Text

(P1)

15.3.1 ESS Spacing.

Individual ESS units shall be separated from each other by a minimum of 3 ft (914 mm) unless
smaller separation distances are documented to be adequate based on fire and explosion testing
complying with 9:4-5. 15.13.

First Revision
Text (FR) (FROM
TIA)

15.3.1 ESS Spacing.

Individual ESS units shall be separated from each other by a minimum of 3 ft
(924-0.9 mm) unless smaller separation distances are documented to be
adequate based on fire and explosion testing complying with Section 15.13.

Statement
(technical reason for
FR)

Change is based on accepted TIA 1727. Spacing and engineering requirements for fire and
explosion reference to Chapter 9 requirements. This eliminates the requirement for a registered
design professional with fire protection engineering expertise and replace that with language
similar to what is currently found in NFPA 1, Section 1.16.1 when technical assistance is
required by the AHJ (the IFC has similar language in 104.8.2). It allows an approved third party
with expertise in energy storage to review the documents and provide the supplemental report.
As the requirement is currently written, an installer could do the same installation at several
homes in a jurisdiction, and they would'need a registered design professional (e.g., FPE) for
each installation. The new Section 15.13 on testing and certification matches how this topic
(technical assistance for supplemental reports) is addressed in NFPA 1 Fire Code. The new
requirements point to a new Section15.3 with requirements specific to Chapter 15 only.

Response
(technical reason for
not making some
changes or for

resolving)
Section All' Pls.used for FR or Resolve Other Pis that propose MOTION
revisions for this section
New 15.12 29 None X Create First Revision

[0 Resolve

Proposed Text

(P1)

15.12* Test Reports

ESS installed in accordance with Chapter 15 shall be provided with a product-level evaluation by
an approved qualified person with expertise in energy storage as a supplemental safety
document to be used by the AHJ and the installing contractors.

A.15.12

The test report will provide information that, among other things, describes the size and energy
capacity rating of the unit being tested, model numbers of the modules and ESS units, the
orientation of ESS in the test facility, and the proximity of the ESS unit under test to adjacent
ESS, walls, and monitoring sensors. The test report also includes a complete set of test results




and measurements. For example, a complete UL 9540A test report that includes a unit-level test
should also include the UL 9540A cell and module-level test.

First Revision
Text (FR) (FROM
TIA)

15.12* Test Reports. ESS installed in accordance with Chapter 15 shall be
provided with a product-level evaluation by an approved qualified person with
expertise in energy storage as a supplemental safety document to be used by
the AHJ and the installing contractors.

A.15.12 The test report will provide information that, among other things,
describes the size and energy capacity rating of the unit being tested, model
numbers of the modules and ESS units, orientation of ESS in the test facility,
and proximity of the ESS unit under test to adjacent ESS, walls, and monitoring
sensors. The test report also includes a complete set of test results and
measurements. For example, a complete UL 9540A test report that includes a
unit-level test should also include the UL 9540A cell and module-level test.

Statement
(technical reason for
FR)

Change is based on accepted TIA 1727. Spacing and engineering requirements for fire and
explosion reference to Chapter 9 requirements. This eliminates the requirement for a registered
design professional with fire protection engineering expertise and replace that with language
similar to what is currently found in NFPA 1, Section 1.16.1 when technical assistance is
required by the AHJ (the IFC has similar language in ' 104:8.2). It allows an approved third party
with expertise in energy storage to review the documents and provide the supplemental report.
As the code is currently written, an installer could do the same installation at several homes in a
jurisdiction, and they would need a registered design professional (e.g., FPE) for each
installation. The new Section 15.13 on testing and certification matches how this topic (technical
assistance for supplemental reports) is addressed in NFPA 1 Fire Code. The new requirements
point to a new Section 15.3 with'requirements specific to Chapter 15 only.

Response
(technical reason for
not making some
changes or for

resolving)
Section All'PIs.used for FR or Resolve Other Pls that propose MOTION
revisions for this section
New 15.13 30 None X Create First Revision

[0 Resolve

Proposed Text

(PN

15.13 Fire and Explosion Testing.
15.13.1*

Where required by 15.3.1, fire and explosion testing shall be conducted on a representative ESS
in accordance with UL 9540A or equivalent test standards.

A.15.13.1

A UL 9540A test or equivalent test should evaluate the fire characteristics of the composition of
gases generated at the cell, module, and unit and installation levels for ESS undergoing thermal
runaways, such as what might occur due to a fault, physical damage, or exposure hazard. The
evaluation of the fire characteristics during fire vent testing at the unit level installation level




testing should document whether the fire event propagates to the neighboring ESS units and
include radiant heat flux measurements at enclosing wall surfaces and at various distances from
the ESS being tested at the unit level. The fire and explosion testing data is intended to be used
by manufacturers, system designers, and AHJs to determine if the required separation distance
for an ESS installation can be reduced.

15.13.1.1

The complete UL 9540A or equivalent test report shall be provided to the Authority Having
Jurisdiction, including the cell, module, and unit level.

15.13.1.2

Lead-acid and nickel-cadmium batteries used in standby power systems and listed to UL 1973
shall not require UL 9540A testing when installed with a charging system listed to UL 1012, UL
60950-1, or UL 62368-1, or a UPS listed to UL 1778.

15.13.1.3

The testing shall be conducted, witnessed, and reported by an approved testing laboratory to
characterize the composition of the gases generated and show that a fire involving one ESS unit
will not propagate to an adjacent unit.

15.13.1.4*

The representative cell, modules, and units tested, including any optional integral fire
suppression system, shall match the intended installation configuration other than the addition of
the cell failure mechanism utilized for cell thermal runaway initiation.

A.15.13.1.4

changes in an installation configuration, including the internal architecture of modules and units
that don't match the parameters tested, such as size and separation, cell type, or energy density,
should only be accepted if it can be shown that the configuration provides equivalent results. For
example, scaling such as height, depth, and spacing need to conform to the configuration of the
test. Changes also mightinclude multiple levels of units on top of each other, located on a
mezzanine floor above,or back-to-back units. These configurations might have yet to be
evaluated in the test.

15.13.1.5

The testing shall include evaluating deflagration mitigation measures when designed into ESS
cabinets.

First Revision
Text (FR) (FROM
TIA)

15.13 Fire and Explosion Testing.

15.13.1* Where required by 15.3.1, fire and explosion testing shall be conducted
on a representative ESS in accordance with UL 9540A or equivalent test
standards.

A.15.13.1 A UL 9540A or equivalent test should evaluate the fire characteristics
of the composition of gases generated at the cell, module, and unit and
installation levels for ESS undergoing thermal runaways, such as what might
occur due to a fault, physical damage, or exposure hazard. The evaluation of the
fire characteristics during fire vent testing at the unit- level and installation-level
testing should document whether the fire event propagates to the neighboring
ESS units and include radiant heat flux measurements at enclosing wall surfaces
and at various distances from the ESS being tested at the unit level. The fire and




explosion testing data is intended to be used by manufacturers, system
designers, and AHJs to determine if the required separation distance for an ESS
installation can be reduced.

15.13.1.1 The complete UL 9540A or equivalent test report shall be provided to
the authority having jurisdiction, including the cell, module, and unit level.

15.13.1.2 Lead-acid and nickel-cadmium batteries used in standby power
systems and listed to UL 1973 shall not require UL 9540A testing when installed
with a charging system listed to UL 1012, UL 1741, CAN/CSA C22.2 No. 107.2,
UL 60950-1, or UL 62368-1, or a UPS listed to UL 1778.

15.13.1.3 The testing shall be conducted, withessed, and reported by an
approved testing laboratory to characterize the composition of the gases
generated and show that a fire involving one ESS unit will not propagate to an
adjacent unit.

15.13.1.4* The representative cell, modules, and units-tested, including any
optional integral fire suppression system, shall'match the intended installation
configuration other than the addition of the cell failure mechanism utilized for cell
thermal runaway initiation.

A.15.13.1.4 Changes in an installation configuration, including the internal
architecture of modules and units that don't match the parameters tested, such
as size and separation, cell type, or energy density, should only be accepted if it
can be shown that the configuration provides equivalent results. For example,
scaling such as height;.depth, and spacing need to conform to the configuration
of the test. Changes also might include multiple levels of units on top of each
other, located on a.mezzanine floor above, or back-to-back units. These
configurations might have yet to be evaluated in the test.

15.13.1:5 The testing shall include evaluating deflagration mitigation measures
when designed into ESS cabinets.

Statement
(technical reason for
FR)

Change is based on accepted TIA 1727. Spacing and engineering requirements for fire
and explosion reference to Chapter 9 requirements. This eliminates the requirement for
a registered design professional with fire protection engineering expertise and replace
that with language similar to what is currently found in NFPA 1, Section 1.16.1 when
technical assistance is required by the AHJ (the IFC has similar language in 104.8.2). It
allows an approved third party with expertise in energy storage to review the
documents and provide the supplemental report. As the code is currently written, an
installer could do the same installation at several homes in a jurisdiction, and they
would need a registered design professional (e.g., FPE) for each installation. The new
Section 15.13 on testing and certification matches how this topic (technical assistance
for supplemental reports) is addressed in NFPA 1 Fire Code. The new requirements
point to a new Section 15.3 with requirements specific to Chapter 15 only.




Additional information is added for the acceptable listing requirements for standby
power exception. Most residential systems use a UL 1741 listed inverter/charger and
needs to be references in the exception. The Canadian standard is also added.

Response
(technical reason for
not making some
changes or for
resolving)




Section All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
9.6.5.6 144 (TIA 20-2) 253, 150, 71, 75 X Create First Revision
[J Resolve
Proposed Text 432 9.6.5.6*
(P)
A4129.6.5.6

During failure conditions such as thermal runaway, fire, and abnormal faults, some ESS, in
particular electrochemical batteries and capacitors, begin off-gassing flammable and toxic gases,
which can include mixtures of CO, H2, ethylene, methane, benzene, HF, HCI, and HCN. Among
other things, these gases present an explosion hazard that needs to be mitigated. Explosion
control is provided to mitigate this hazard.

Both the exhaust ventilation requirements of Section 4.9 and the explosion control requirements
of Section 4.12 are designed to mitigate hazards associated with.the release of flammable gases
in battery rooms, ESS cabinets, and ESS walk-in units. The difference is that exhaust ventilation
is intended to provide protection for flammable gases released during normal charging and
discharging of battery systems since some electrochemical ESS.technologies such as vented
lead-acid batteries release hydrogen when charging.

In comparison, the Section 4.12 provisions are desighed«to provide protection for electrochemical
ESS during an abnormal condition, such as thermal.runaway, which can be instigated by physical
damage, overcharging, short circuiting, and overheating of technologies such as lithium-ion

batteries, which do not release detectable amounts of flammable gas during normal charging and
discharging, but which can release significant quantities of flammable gas during a thermal event.

4121 9.6.5.6.3**

ESS installed within a room; building, ESS cabinet, or ESS walk-in unit shall be provided with
one of the following:

(1) Explosion prevention systems designed, installed, operated, maintained, and
tested in accordance with NFPA 69
(2)..Deflagration venting installed and maintained in accordance with NFPA 68

A4121.96.5.6.3*

This'requirement recognizes that some cabinet designs with low internal volume, the application
of NFPA 68 or NFPA 69 might not be practical. It is possible that a quantitative explosion
analysis is necessary to show there is no threat to life and safety. As an example, the cabinet
design might be installed such that any overpressure due to ignition of gases and vapors
released from cells in thermal runaway within the enclosure are released to the exterior of the
enclosure. There should be no uncontrolled release of overpressure of the enclosure. All debris,
shrapnel, or pieces of the enclosure ejected from the system should be controlled. The UL 9540A
unit level and installation level test identified in 4.1.5 will provide the test data referenced in this
section, which is necessary for verification of the adequacy of the engineered deflagration safety
of the cabinet.

NFPA 68 applies to the design, location, installation, maintenance, and use of devices and
systems that vent the combustion gases and pressures resulting from a deflagration within an
enclosure so that structural and mechanical damage is minimized, and provides criteria for
design, installation, and maintenance of deflagration vents and associated components. NFPA
68 does not apply to detonations. Hydrogen accumulation in a confined space can lead to a
detonation. For that reason, the combustion gases generated during the cell, module and




installation level testing under UL 9540A must be utilized in applying a NFPA 68 solution. Where
the likelihood for detonation exists, alternative solutions, such as those in NFPA 69, should be
considered.

NFPA 69 applies to the design, installation, operation, maintenance, and testing of systems for
the prevention of explosions in enclosures that contain flammable concentrations of flammable
gases, vapors, mists, dusts, or hybrid mixtures by means of the following methods:

(1) Control of oxidant concentration

(2) Control of combustible concentration

(3) Pre-deflagration detection and control of ignition sources
(4) Explosion suppression

(5) Active isolation

(6) Passive isolation

(7) Deflagration pressure containment

(8) Passive explosion suppression

Due to possible accumulation of flammable gases during abnormal conditions for lithium-ion
batteries, combustible gas concentration reduction can be a viable mitigation strategy. Gas
detection and appropriate interlocks can be used based on appropriate evaluation under a NFPA
69 deflagration hazard study. NFPA 69 allows concentration to exceed 25 percent LFL, but not
more than 60 percent with reliable gas detection and exhaust interlocks as demonstrated by a
safety integrity level (SIL 2) instrumented safety system rating.

Data on flammable gas composition and release‘rates, such as that included in UL 9540A large-
scale fire testing, provide the information-needed to design effective explosion control systems.

41211 9.6.5.6.1.1

Explosion prevention and deflagration-venting shall not be required where approved by the AHJ
based on large-scale testing in accordance with 4 9.1.5 and a deflagration hazard study that
demonstrates that flammable gas concentrations in the room, building, ESS cabinet, or ESS
walk-in unit cannot exceed 25 percent of the LFL.

412.1-29.6.5.6.4*

Where approved;:ESS cabinets that have been designed to ensure no hazardous pressure
waves, debris, shrapnel, or enclosure pieces are ejected, as validated by installation level large-
scale testing.and engineering evaluation complying with 4 9.1.5 that includes the cabinet, shall
be permitted in lieu of providing explosion control complying with NFPA 68 or NFPA 69.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

NOTE: This public input originates from Tentative Interim Amendment No. 20-2 (Log 1585)
issued by the Standards Council on August 26, 2021 and per the NFPA Regs., needs to be
reconsidered by the Technical Committee for the next edition of the Document. Substantiation:
NFPA 855 Chapter 4.12 listed only rooms building and walk in units under the requirements for
explosion control. At the time of the first addition of NFPA 855 it was not evident that the
changes in the industry to smaller containers would require the term “cabinets” be included for
this chapter and be explicitly stated. The exclusion of “cabinets” in chapter 4.12 has had
unintended consequences. It has led to the perception of some in the industry that ESS cabinets
do not require explosion control. Some in the industry have assumed that since ESS cabinets
were not include in the description they most be exclude. Use of this “loophole” can lead to what
the TC would consider an unsafe installation. This TIA is submitted so that minimum levels of
safety are required for all installations and to eliminate the unstated exception. In order to




correct this exclusion, we are recommending “cabinets” be explicitly stated in chapter 4.12. It
was also determined that language should be added to address pressure waves, shrapnel, and
container pieces. Additional guidance is added to the annex for clarification.

Changes Moved from 4.12 to Chapter 9

Response
(technical reason for
not making some
changes or for

resolving)
9.6.5.6 All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
253 144,71, 171, 72, 189, XL Create First Revision
76, 341, 164, 129, 79,
80, 78 ] Resolve

Proposed Text

(PN

9.6.5.6* Explosion Control.
9.6.5.6.1

Where required elsewhere in this standard, explosion prevention or deflagration venting shall be
provided in accordance with this section.

9.6.5.6.1.1

Explosion prevention and deflagration venting shall not be required where approved by the AHJ
based on fire and explosion testing in accordance with 9.1.5 and a deflagration hazard study
demonstrating that flammable gas concentrations cannot exceed-accumulate exceeding

25 percent of the LFL: in any/area of a cabinet or area of a room the ESS is located within has
been submitted to the AHJ«forreview and approval.

9.6.5.6.1.2
Explosion control shall not be required for the following:

(1) Lead-acid-and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of communications equipment under the exclusive control of
communications utilities located in building spaces or walk-in units used exclusively for
such installations that comply with NFPA 76

(2) Lead-acid and Ni-Cd battery systems that are and used for dc power for control of
substations and control or safe shutdown of generating stations under the exclusive
control of the electric utility located outdoors or in building spaces used exclusively for
such installations that follow the guidelines of IEEE 1635/ASHRAE 21

(3) Lead-acid battery systems in uninterruptable power supplies listed and labeled in
accordance with the application used for standby power applications, and housed in a
single cabinet in a single fire area in buildings or walk-in units that follow the quidelines

of IEEE 1635/ASHRAE 21

@) Lol : e I :

(5) Batteries listed-inaceordance-with-UL-1973-that do not go into thermal runaway or
produce flammable gas in the UL 9540A cell level test or equivalent test

9.6.5.6.2




Protection against the release of flammable gases during normal operation shall be in
accordance with 9.6.5.1.

9.6.5.6.3*

ESS installed within a room, building, ESS cabinet, ESS walk-in unit, or otherwise nonoccupiable
enclosure shall be provided with one of the following:

(1) Explosion prevention systems designed, installed, operated, maintained, and tested in
accordance with NFPA 69

(2) Deflagration venting installed and maintained in accordance with NFPA 68
9.6.5.6.4*
Where approved, ESS cabinets designed to ensure that no hazardous pressure waves, debris,
shrapnel, or enclosure pieces are ejected, as validated by installation level fire and explosion

testing and an engineering evaluation complying with 9.1.5 that includes‘the cabinet, shall be
permitted in lieu of providing explosion control that complies with NFPA 68 or NFPA 69.

9.6.5.6.5

ESS enclosures-walk-in units and ESS cabinets shall be designed so explosive discharge of
gases or projectiles are not ejected during fire and explosion testing complying with 9.1.5 that
includes the ESS enclosure and cabinets.

9.6.5.6.6*

Where ESS batteries-walk-in units.or ESS cabinets are installed in-within a container outdoors 5
otherthan-a-walk-in-unit-or withinia roem or building space the installation shall comply with ene
both of the following:

(1) TFhe-containeESS/walk=in unit or ESS cabinet shall be provided with explosion control
complying with 9.6.5.6.3.

WI-th—The Room or container thev are mstalled within shall be provided W|th explosmn

control.complying with 9.6.5.6.13-1.

9.6:5:6.7

Where gas detection is used to activate a combustible gas concentration reduction system and
based on an appropriate NFPA 69 deflagration study, enclosures containing ESS shall be
protected by an approved continuous gas detection system that complies with the following:

(1) The gas detection system shall be designed to activate the combustible gas concentration
reduction system on detection of flammable gases at no more than 10 percent of the LFL
of the gas mixture or of the individual components.

(2) The combustible gas concentration reduction system shall remain on to ensure the
flammable gas does not exceed 25 percent of the LFL of the gas mixture or of the
individual components.

(3) The gas detectlon system an&eembusﬂbl&ga&ew&een#aﬂen%@aeﬁensys{emshall be

wer installed in accordance with NFPA




(4) For lithium-ion batteries, the combustible gas detection-reduction system shall be
provided with a-minimum-of 24-hours-of standby-power-and-2-hours-in-alarm-or-a
reguired-emergency power for the duration of time a potential deflagration hazard would
exist should an uncontrolled thermal runaway event occur as documented by the HMA.

(5) The gas detection system shall annunciate annunciation means shall be located as
required by the authority having jurisdiction to facilitate an efficient response to the
situation and alarm signals shall be transmitted to a supervising station in accordance

with NFPA 72 ,thefollow y ation-in

9.6.5.6.8

Compartmentalization created by cold and hot aisle arrangements within the ESS enclosure
walk-in unit or ESS cabinet shall be addressed in accordance with the-fellowing:

(1) For NFPA 69 designs, the performance of ventilation systems shall be independently
verified for a thermal runaway event in either aisle/subcompartment.

(2) For NFPA 68 designs, the placement of explosion relief panels shall ensure that the
explosion hazard is addressed for both hot and cold aisles/subcompartments.

(3) The gas detection system shall be designed to activate on detection of flammable gas in
either aisle/subcompartment.

9.6.5.6.9

The protection design shall demonstrate that deflagrations are not propagated to interconnected
or adjacent cabinets, enclosures, or rooms.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

The proposed change clarifies the exempt report requirements, adds standards as a condition of
Eliminates the reference to UL 1973 as a qualifier since the it does not prevent the hazard;
clarifies.the application to ESS walk-in units and ESS cabinets.

Response
(technical reason for
not making some
changes or for
resolving)

Power requirements resolved and addressed under separate Pl’s,
Section 9.6.5.6.7 was adjusted under Pl 79,253,104,129 to include other committee inputs

Section 9.6.5.6.6 was deleted under other committee inputs.

A.9.6.5.6

MOTION

All PIs used for FR or Resolve Other PIs that propose

revisions for this section

150 144 Create First Revision

O Resolve

Proposed Text

(P1)

A.9.6.5.6

During failure conditions such as thermal runaway, fire, and abnormal faults, some ESS, in
particular electrochemical batteries and capacitors, begin off-gassing flammable and toxic gases,
which can include mixtures of CO, H,, ethylene, methane, benzene, HF, HCI, and HCN. Among




other things, these gases present an explosion hazard that needs to be mitigated. Explosion
control is provided to mitigate this hazard.

Both the exhaust ventilation requirements of 9.6.5.1 and the explosion control requirements of
9.6.5.6 are designed to mitigate hazards associated with the release of flammable gases in
battery rooms, ESS cabinets, and ESS walk-in units. The difference is that exhaust ventilation is
intended to provide protection for flammable gases released during normal charging and
discharging of battery systems since some electrochemical ESS technologies such as vented
lead-acid batteries release hydrogen when charging.

In comparison, the 9.6.5.6 provisions are designed to provide protection for electrochemical ESS
during an abnormal condition, such as thermal runaway, which can be instigated by physical
damage, overcharging, short circuiting, and overheating of technologies such as lithium-ion
batteries, which do not release detectable amounts of flammable gas during normal charging and
discharging but can release significant quantities of flammable gas during a thermal event.

VRLA battery systems, if abused or neglected for long periods of time, may.go into thermal
walkaway. This condition is not to be confused with thermal runaway as.seen in lithium-ion
batteries. Much less heat and gas is produced (see IEEE 1635/ASHRAE 21) so explosion
control is not needed. Safety concerns are covered by ventilation requirements in 9.6.5.1.
Thermal walkaway in VRLA batteries is typically prevented by use of temperature compensated

charging.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Explosion control has never been an issue with lead-acid or nickel-cadmium batteries. If
ventilation requirements as outlined in'9.6.1 are ignored, then a possible explosive situation
could develop over time. However, requiring specific explosion control or deflagration equipment
is not necessary.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.1

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

337 None X Create First Revision

O Resolve

Proposed Text

(P1)

9.6.5.6.1

Where required elsewhere in this standard, explosion prevention or deflagration venting shall be
provided in accordance with this section to safeguard against the release of flammable gases
during abnormal charging or thermal runaway conditions.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Additional input and clarification for abnormal conditions. Also removed
Deflagration venting as this is a subset of Explosion control.




Response
(technical reason for
not making some
changes or for

resolving)
9.6.5.6.1.1 All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
71 gt 253 144. 253 Create First Revision
[J Resolve
Proposed Text 9.6.5.6.1.1

(P1)

Explosion prevention and-deflagration-venting-shall not be required where-approved-by-the-AHJ

based on fire and explosion testing in accordance with 9.1.5 and a deflagration hazard study
demenstrating-that-has been submitted to the AHJ for review and approval that demonstrates
that flammable gas concentrations cannot exceed-accumulate exceeding an average of

25 percent of the LFL.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Clean up requirement for explosion control without reference to options, and noting
"accumulation" of gas as more accurate term than."exceeding" with the clarification added that
the limit is on average for the defined space.

Response
(technical reason for
not making some
changes or for

resolving)
9.6.5.6.1.2 All Pls used for FR or.Resolve Other PIs that propose MOTION
revisions for this section
171 253,72, 189 X Create First Revision
[J Resolve
Proposed Text 9.6:5:6.1.2

(P1)

Explosion control shall not be required for the following:

(1) Lead-acid and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of communications equipment under the exclusive control of
communications utilities located in building spaces or walk-in units used exclusively for
such installations that comply with NFPA 76

(2) Lead-acid and Ni-Cd battery systems that are and used for dc power for control of
substations and control or safe shutdown of generating stations under the exclusive
control of the electric utility located outdoors or in building spaces used exclusively for
such installations

(3) Lead-acid battery systems in uninterraptable-uninterruptible power supplies listed and
labeled in accordance with the application used for standby power applications, and

housed in a single cabinet in a single fire area in buildings or walk-in units




(4) Lead-acid and Ni-Cd batteries listed in accordance with UL 1973 used in system 600Vdc
or less.

(5) Batteries listed in accordance with UL 1973 that do not go into thermal runaway or
produce flammable gas in the UL 9540A cell level test or equivalent test

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Corrected the term “uninterruptable” as a typo.

Response
(technical reason for
not making some
changes or for
resolving)

Item 4 was deleted for better clarification of item 5.

9.6.5.6.1.2

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this.section

O Create First Revision

189 253,171, 72

XIO Resolve

Proposed Text

(P

9.6.5.6.1.2
Explosion control shall not be required‘or the following:

(1) Lead-acid and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of.communications equipment under the exclusive control of
communications utilities located in building spaces or walk-in units used exclusively for
such installations that comply with NFPA 76

(2) Lead-acid and Ni-Cd battery systems that are and used for dc power for control of
substations .and_control or safe shutdown of generating stations under the exclusive
control of the electric utility located outdoors or in building spaces used exclusively for
suchiinstallations

(3) Lead-acid battery systems in uninterruptable power supplies listed and labeled in
accordance with the application used for standby power applications, and housed in a
single cabinet in a single fire area in buildings or walk-in units

(4) Lead-acid and Ni-Cd batteries listed in accordance with UL 1973

(5) Batteries listed in accordance with UL 1973 that do not go into thermal runaway or
produce flammable gas in the UL 9540A cell level test or equivalent test

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some

Modified as part of Pl 72




changes or for

resolving)
9.6.5.6.1.2 All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
72, part 253 189 171, 189 XI5 Create First Revision
[J Resolve
Proposed Text 9.6.5.6.1.2

(P1)

Explosion control following this standard shall not be required for the following:

(1) Lead-acid and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of communications equipment under the exclusive control of
communications utilities located in building spaces or walk-in units used exclusively for
such installations that comply with NFPA 76

(2) Lead-acid and Ni-Cd battery systems that are and used for.dc power for control of
substations and control or safe shutdown of generating stations under the exclusive
control of the electric utility located outdoors or in building spaces used exclusively for
such installations that comply with the National Electric Safety Code or follow the guidelines of
IEEE 1635/ASHRAE 21.

(3) Lead-acid battery systems in uninterruptable power supplies listed and labeled in
accordance with the application used for/standby power applications, and housed in a
single cabinet in a single fire area«in buildings or walk-in units_that follow the guidelines of
IEEE 1635/ASHRAE 21.

(4) Lead-acid and Ni-Cd batteries listed in accordance with UL 1973

(5) Batteries listed-inaccerdance-with-J-1973-that do not go into thermal runaway or
produce flammable.gas in.the UL 9540A cell level test or equivalent test.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Adding clarifying conditions that support the exclusion of selected technologies by identifying the
standards,of IEEE 1635 and ASHRAE 21. Makes the conditions of exception more stringent.

Response
(technical reason for
not making some
changes or for

resolving)
9.6.5.6.1.2 All PIs used for FR or Resolve Other PIs that propose MOTION
revisions for this section
Carry over from PI 27, part | 253,171, 72, 189 K& Create First Revision
253,
[0 Resolve
Proposed Text 9.6.5.6.1.2

(P1)

Explosion control shall not be required for the following:

(1) Lead-acid and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of communications equipment under the exclusive control of




communications utilities located in building spaces or walk-in units used exclusively for
such installations that comply with NFPA 76

(2) Lead-acid and Ni-Cd battery systems that are and used for dc power for control of
substations and control or safe-shutdown of generating stations under the exclusive
control of the electric utility located outdoors or in building spaces used exclusively for
such installations

(3) Lead-acid battery systems in uninterruptable power supplies listed and labeled in
accordance with the application used for standby power applications, and housed in a
single cabinet in a single fire area in buildings or walk-in units

(4) Lead-acid and Ni-Cd batteries listed in accordance with UL 1973

(5) Batteries listed in accordance with UL 1973 that do not go into thermal runaway or
produce flammable gas in the UL 9540A cell level test or equivalent test

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Remove Safe as not defined.

Response
(technical reason for
not making some
changes or for
resolving)

New 9.6.5.6.1.3

All Pls used for FR or Resolve Other PIs that propose MOTION

revisions for this section

262 X Create First Revision

None

O Resolve

Proposed Text

(P

9.6.5.6.1.3

Explosion prevention or deflagration venting analysis and design shall be bases upon the gas
compositiomandwelume identified by fire and explosion testing conducted in accordance with
9.1.5.

First Revision
Text (FR)

See-belowfor revised text.

Statement
(technical reason for
FR)

The standard does not identify how the gas composition and volume of a thermal runaway event
is to be determined for the purpose of use in and NFPA 68 or NFPA 69 solution.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.2

All PIs used for FR or Resolve Other Pls that propose MOTION

revisions for this section

O Create First Revision

338 None

X Resolve




Proposed Text

(P1)

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

The section provides clarification between normal and abnormal operations and
should be retained.

9.6.5.6.3

All PlIs used for FR or Resolve Other Pls that propose MOTION

revisions for this section

73 144 X Create First Revision

O Resolve

Proposed Text

(P

9.6.5.6.3*

enclosure-All ESS shall be provided with, ere-of the-following:

)-Explosion prevention systems designed, installed, operated, maintained, and tested in
accordance with NFPA 69

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

This change removes multiple area designations as they just cause confusion especially as
technolegies change. Simplify requirement to all ESS. Additional remove the option for NFPA 68
compliance as for large scale gas deflagrations, they have not shown to be effective at
mitigating the pressure release.

Response
(technical reason for
not making some
changes or for
resolving)

A.9.6.5.6.3

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

74 144 X Create First Revision

0 Resolve

Proposed Text

(P1)

A.9.6.5.6.3

The requirement recognizes that with some cabinet designs that have low internal volume, the
application of NFRA-68-er-NFPA 69 might not be practical. It is possible that a quantitative




explosion analysis is necessary to show there is no threat to life and safety. For example, the
cabinet design might be installed such that any overpressure due to ignition of gases and vapors
released from cells in thermal runaway within the enclosure are released to the exterior of the
enclosure. There should be no uncontrolled release of overpressure of the enclosure. All debris,
shrapnel, or pieces of the enclosure ejected from the system should be controlled. The UL 9540A
unit level and installation level test identified in 9.1.5 will provide the test data referenced in
9.6.5.6.3, which is necessary for verification of the adequacy of the engineered deflagration
safety of the cabinet.

While NFPA 68 has been an approved method for explosion mitigation it is no longer a singular
approved method, it may be provided as a supplement of NFPA 69 solutions in certain high-risk
applications. If it is used as a supplementary explosion control option, then 9.6.5.6.4 would be
required as a large-scale test. NFPA 68 applies to the design, location, installation, maintenance,
and use of devices and systems that vent the combustion gases and pressures resulting from a
deflagration within an enclosure so that structural and mechanical damage is minimized, and
provides criteria for design, installation, and maintenance of deflagration vents and associated
components. NFPA 68 does not apply to detonations. Hydrogen accumulation in a confined
space can lead to a detonation. For that reason, the combustion gases generated during the cell,
module, and installation level testing under UL 9540A must be used when applying a NFPA 68
solution. Where the likelihood for detonation exists, alternative.solutions such as these-in
NFPA-69-automatic door opening systems should be.considered.

NFPA 69 applies to the design, installation, operation, maintenance, and testing of systems for
the prevention of explosions in enclosures that contain flammable concentrations of flammable
gases, vapors, mists, dusts, or hybrid mixtures by means of the following methods:

(1) Control of oxidant concentration

(2) Control of combustible concentration

(3) Pre-deflagration detection and control of ignition sources
(4) Explosion suppression

(5) Active isolation

(6) Passive isolation

(7) Deflagration pressure containment

(8)~. Passive explosion suppression

Combustible gas concentration reduction can be a viable mitigation strategy for possible
accumulation of flammable gases during abnormal conditions for lithium-ion batteries. Gas
detection and appropriate interlocks can be used based on appropriate evaluation under an
NFPA 69 deflagration hazard study. NFPA 69 allows concentration to exceed 25 percent LFL but
not more than 60 percent with reliable gas detection and exhaust interlocks as demonstrated by
a safety integrity level (SIL) 2 instrumented safety system rating.

Data on flammable gas composition and release rates, such as that included in UL 9540A fire
and explosion testing, provide the information needed to design effective explosion control
systems.

First Revision
Text (FR)

See below for revised text.




Statement
(technical reason for
FR)

Removal of NFPA 68 as in option in 9.6.5.6.3 requires additional clarification and modification in
the annex. Information added that still allows NFPA 68 as a supplementary option to NFPA 69
solutions.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.4

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

75 144, 253 X1 Create First Revision

O -Resolve

Proposed Text

(P1)

9.6.5.6.4*

Where approved, ESS eabinets-shall be designed to ensure that ne’‘hazardous pressure waves,
debris, shrapnel, or enclosure pieces are ejected, as validated by installation level fire and
explosion testing and an engineering evaluation performed.by.a Reqistered Design Professional
complying with 9.1.5 that includes the cabinet, shall be permitted in lieu of providing explosion
control that complies with NFRPA-68-6r-NFPA 69.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Providing the defined term of Registered'Designed professional. Also removed NFPA 68 as an
option. The committee feels thattNFPA 68 as a standalone option is not viable.

Response
(technical reason for
not making some
changes or for
resolving)

New 9.6.5.6.4

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

XI=} Create First Revision

339 253, 76

O Resolve

Proposed Text

(P1)

9.6.5.64

ESS enclosures and cabinets shall be designed so explosive discharge of gases or projectiles
are not ejected during fire and explosion testing complying with 9.1.5 that includes the ESS
enclosure and cabinets.

9.6.5.6.45*

Where approved, ESS cabinets designed to ensure that no hazardous pressure waves, debris,
shrapnel, or enclosure pieces are ejected, as validated by installation level fire and explosion
testing and an engineering evaluation complying with 9.1.5 that includes the cabinet, shall be
permitted in lieu of providing explosion control that complies with NFPA 68 or NFPA 69.




First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

No technical change, these requirements should be reversed so that the design and testing per
9.1.5 comes first, and based on that the AHJ could approve forgoing NFPA 69.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.5

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

76 253 XIE} Create First Revision

O Resolve

Proposed Text

(P1)

9.6.5.6.5%

ESS-enclosures-and-cabinets-Independent ESS cabinets installed in larger BESS configuration
such rooms, buildings, or containers shall be designed so explosive discharge of gases or
projectiles are not ejected during fire ‘and explosion testing complying with 9.1.5 that includes the
ESS enclosure-and-cabinets:_and‘the space they are installed within.

A.9.5.6.5

This condition effectively.creates a "box in a box". A deflagration inside the smaller box can
adversely impact thé largeribox and must be evaluated independently.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

The requirements of the section were not clear on the concept of a explosion of a "Box in a box".
edited to.clarify and explain this concept.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.6

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

341 253 O Create First Revision

X Resolve

Proposed Text

(P

9.6.5.6.6*




Where ESS batteries or cabinets are installed in a container outdoors, other than a walk-in unit,
the installation shall comply with one of the following:

(1) The container shall be provided with explosion control complying with 9.6.5.6.3.

(2) Combination-The AHJ has approved fire and explosion test results of the combination of
the container and cabinets-shall-be-tested-togetherto-show-compliance-with—in

accordance with 9.61.5-6-3-1- and a deflagration hazard study demonstrating that
flammable gas concentrations cannot exceed 25 percent of the LFL.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

Because of change in prior sections, this section has.been deleted.

9.6.5.6.6

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

77 253, 341 X Create First Revision

O Resolve

Proposed Text

(P

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

With edits in prior sections, this section is no longer needed. Explosion requirements for a box in
a box have been updated.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.7

All PIs used for FR or Resolve Other PIs that propose MOTION

revisions for this section

104,79, 253, 129, 25312979 XE} Create First Revision

0 Resolve
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Proposed Text

(P1)

9.6.5.6.7

Where gas detection is used to activate a combustible gas concentration reduction system and
based on an appropriate NFPA 69 deflagration study, enclosures containing ESS shall be
protected by an approved continuous gas detection system that complies with the following:

(1) The gas detection system shall be designed to activate the combustible gas concentration
reduction system on detection of flammable gases at no more than 10 percent of the LFL
of the gas mixture or of the individual components.

(2) The combustible gas concentration reduction system shall remain on to ensure the
flammable gas does not exceed 25 percent of the LFL of the gas mixture or of the
individual components.

(3) The gas detection system and combustible gas concentration reduction system shall be
provided with a minimum of 2 hours of standby power or as required by the HMA.

(4) For lithium-ion batteries, the gas detection system shall be provided.with a minimum of
24 hours of standby power and 2 hours in alarm or as required by the HMA.

(5) The gas detection system shall annunciate the following at'an approved central,
proprietary, or remote station in accordance with"NFPA-72, or at an approved constantly
attended location:

(@) Atrouble signal upon failure of the gas detection system

(b) An alarm signal if flammable gas concentration exceeds 10 percent of the LFL

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

additional clarity added for standby power tied to the new 4.10 section; locations that a failed
condition must be annunciated for/First responder protection. Additional sections were added for
the survivability evaluation.of the 69 system; interaction requirements between suppression
system; and NFPA.69 system and inspection requirements for the 69 systems.

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.7

MOTION

All Pls used for FR or Resolve Other PIs that propose

revisions for this section

129 253,104, 79 X[ Create First Revision

O Resolve

Proposed Text

(P1)

9.6.5.6.7

Where gas detection is used to activate a combustible gas concentration reduction system and
based on an appropriate NFPA 69 deflagration study, enclosures containing ESS shall be
protected by an approved continuous gas detection system that complies with the following:

(1) The gas detection system shall be designed to activate the combustible gas concentration
reduction system on detection of flammable gases at no more than 10 percent of the LFL
of the gas mixture or of the individual components.




(2) The combustible gas concentration reduction system shall remain on to ensure the
flammable gas does not exceed 25 percent of the LFL of the gas mixture or of the
individual components.

(3) The gas detection system and combustible gas concentration reduction system shall be
provided with a minimum of 2 hours of standby power.

(4) For lithium-ion batteries, the gas detection system shall be provided with a minimum of
24 hours of standby power and 2 hours in alarm or as required by the HMA.

(5) The gas detection system shall annunciate the following at an approved central,
proprietary, or remote station in accordance with NFPA 72, or at an approved constantly
attended location:

(@) A trouble signal upon failure of the gas detection system

(b) An alarm signal if flammable gas concentration exceeds 10 percent of the LFL

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

See Pl 104

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.7

All PIs used for FR or Resolve Other Pls that propose MOTION

revisions for this section

79 253, 104, 129 X[ Create First Revision

[0 Resolve

Proposed Text

(PN

9.6.5.6.7

Where gas-detection is used to activate a combustible gas concentration reduction system and
based on anappropriate NFPA 69 deflagration study, enclosures containing ESS shall be
protected by an approved continuous gas detection system that complies with the following:

(1) The gas detection system shall be designed to activate the combustible gas concentration
reduction system on detection of flammable gases at no more than 10 percent of the LFL
of the gas mixture or of the individual components.

(2) The combustible gas concentration reduction system shall remain on to ensure the
flammable gas does not exceed 25 percent of the LFL of the gas mixture or of the
individual components.

(3) The gas detection sy

(4) For lithium-ion batteries, the gas detection system shall be provided with a minimum of
24 hours of standby power and 2 hours in alarm or as required by the HMA.




(5) The gas detection system shall annunciate the following at an approved central,
proprietary, or remote station in accordance with NFPA 72, or at an approved constantly
attended location:

(a) A trouble signal upon failure of the gas detection system.

(b) An alarm signal if flammable gas concentration exceeds 10 percent of the LFL

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

See Pl 104

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.8

All Pls used for FR or Resolve Other PIs that propose MOTION

revisions for.this section

80 253 X Create First Revision

[0 Resolve

Proposed Text

(P

9.6.5.6.8

Compartmentalization created by<old and hot aisle arrangements within the ESS enclosure shall
be addressed in accordance withthe following:

(1) For NFPA 69 designs, the-performance of ventilation systems shall be independently
verified for a thermal runaway event in either aisle/subcompartment.

(3) _The gas detection system shall be designed to activate on detection of flammable gas in
eith€naisle/subcompartment.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

NFPA 68 and explosion panels are not a viable option for explosion mitigation in
duct work and HVAC system internal to a BESS. Creates a box in a box type
deflagration.

Response
(technical reason for
not making some
changes or for
resolving)

New 9.6.5.6.8

MOTION

All PIs used for FR or Resolve Other PIs that propose

revisions for this section




85 None O Create First Revision

Resolve

Proposed Text

(P

9.6.5.6.8 Reliable Power Requirements

Currently 855 nor NFPA 69 provide definitions or expectations of what can and should be
considered to be reliable power to support the functions of the safety systems in a failure

situation - Recommend the technical committee or Task Group provide better guidance to
industry on expectations of back and reliable power.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

This is covered in the TG for Power and new section 4.10

Response
(technical reason for
not making some
changes or for
resolving)

9.6.5.6.9

All PIs used for FR or Resolve Other Plsithat propose MOTION

revisions-for this section

78 None X Create First Revision

O Resolve

Proposed Text

(P

9.6.5.6.9

The protection design shall'demonstrate that deflagrations-deflagration are not propagated to
interconnected or adjacent/eabinets—enclosures;-orrooms-BESS.

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

This simplifiesifrom BESS specific configurations to only BESS. As technologies change the
requirements for no propagation between systems will apply to any BESS configuration.

Response
(technical reason for
not making some
changes or for
resolving)

First Revision
Text (FR)

9.6.5.6* Explosion Control. (P1 144)

A.9.6.5.6 (P1 150)

During failure conditions such as thermal runaway, fire, and abnormal faults, some ESS, in
particular electrochemical batteries and capacitors, begin off-gassing flammable and toxic gases,




which can include mixtures of CO, H2, ethylene, methane, benzene, HF, HCI, and HCN. Among
other things, these gases present an explosion hazard that needs to be mitigated. Explosion
control is provided to mitigate this hazard.

Both the exhaust ventilation requirements of 9.6.5.1 and the explosion control requirements of
9.6.5.6 are designed to mitigate hazards associated with the release of flammable gases in battery
rooms, ESS cabinets, and ESS walk-in units. The difference is that exhaust ventilation is intended
to provide protection for flammable gases released during normal charging and discharging of
battery systems since some electrochemical ESS technologies such as vented lead-acid batteries
release hydrogen when charging.

In comparison, the 9.6.5.6 provisions are designed to provide protection for electrochemical ESS
during an abnormal condition, such as thermal runaway, which can be instigated by physical
damage, overcharging, short circuiting, and overheating of technologies such as lithium-ion
batteries, which do not release detectable amounts of flammable gas during normal charging and
discharging but can release significant quantities of flammable gas during a thermal event.

VRLA battery systems, if abused or neglected for long periods of time,"may go into thermal
walkaway. This condition is not to be confused with thermalsinaway as seen in lithium-ion
batteries. Much less heat and gas is produced (see IEEE<6385/ASHRAE 21) so explosion control
is not needed. Safety concerns are covered by ventilation seqeirements in 9.6.5.1. Thermal
walkaway in VRLA batteries is typically prevented by=use of temperature compensated charging.

9.6.5.6.1 (PI 337)

Where required elsewhere in this standard, explosion prevention erdeflagration-venting-shall be
provided in accordance with this section'to safequard against the release of flammable gases
during abnormal charging or thermal regaway conditions.

9.6.5.6.1.1 (P1253,71)
Explosion prevention and-deflagration-venting-shall not be required where-approved-by-the-AHJ

based on fire and explosion-testing in accordance with 9.1.5 and a deflagration hazard study has
been submitted to thePAHJ40or review and approval that demonstratesing that flammable gas
concentrations cannot exeeed-accumulate exceeding 25 percent of the LFL in the BESS.

9.6.5.6.1.2 (PI-72, 171, 189, 253)

Explosion control following this standard shall not be required for the following:

1. Lead-acid and Ni-Cd battery systems less than 50 V ac, 60 V dc in telecommunications
facilities for installations of communications equipment under the exclusive control of
communications utilities located in building spaces or walk-in units used exclusively for such
installations that comply with NFPA 76

2. Lead-acid and Ni-Cd battery systems that are and used for dc power for control of
substations and control or safe shutdown of generating stations under the exclusive control
of the electric utility located outdoors or in building spaces used exclusively for such




installations that complies with the National Electric Safety Code or follow the guidelines of
IEEE 1635/ASHRAE 21

3. Lead-acid battery systems in unirterruptable-uninterruptible power supplies listed and
labeled in accordance with the application used for standby power applications, and housed
in a single cabinet in a single fire area in buildings or walk-in units_that follow the guidelines
of IEEE 1635/ASHRAE 21

. acid | Ni-Cel | ias listed| | i )75

54. Lead-acid and Ni-Cd Bbatteries listed in accordance with UL 1973 that do not go into
thermal runaway or produce flammable gas in the UL 9540A cell level test or equivalent test.

9.6.5.6.1.3 (Pl 262)

Explosion prevention or deflagration venting analysis and design shall be bases“upon the gas
composition and volume identified by fire and explosion testing conducted in<aecordance with 9.1.5.

9.6.5.6.2 (PI 338-R)

Protection against the release of flammable gases during normal . operation shall be in accordance
with 9.6.5.1.

9.6.5.6.3* (P173)

All ESS #r

neneeeup;abl&enelesupeushall be prowded with a rellable explosmn preventlon systems designed,
installed, operated, maintained, and tested_imsateordance with NFPA 69 . one-ofthe-following:

A.9.6.5.6.3 (P 74)

The requirement recognizes.that with some cabinet designs that have low internal volume, the
application of NFRA-68-e-NFPA 69 might not be practical. It is possible that a quantitative
explosion analysis is necessary to show there is no threat to life and safety. For example, the
cabinet design might be installed such that any overpressure due to ignition of gases and vapors
released from cells in thermal runaway within the enclosure are released to the exterior of the
enclosure. There should be no uncontrolled release of overpressure of the enclosure. All debris,
shrapnel, or pieces of the enclosure ejected from the system should be controlled. The UL 9540A
unit level and installation level test identified in 9.1.5 will provide the test data referenced in
9.6.5.6.3, which is necessary for verification of the adequacy of the engineered deflagration safety
of the cabinet.

While NFPA 68 has been an approved method for explosion mitigation it is nho longer a singular
approved method, it may be provided as a supplement of NFPA 69 solutions in certain high-risk
applications. If it is used as a supplementary explosion control option, then 9.6.5.6.4 would be
required as a large-scale test. NFPA 68 applies to the design, location, installation, maintenance,
and use of devices and systems that vent the combustion gases and pressures resulting from a
deflagration within an enclosure so that structural and mechanical damage is minimized, and




provides criteria for design, installation, and maintenance of deflagration vents and associated
components. NFPA 68 does not apply to detonations. Hydrogen accumulation in a confined space
can lead to a detonation. For that reason, the combustion gases generated during the cell, module,
and installation level testing under UL 9540A must be used when applying a NFPA 68 solution.
Where the likelihood for detonation exists, alternative solutions such as these-in-NFRPA-E69-an
automatic door opening system should be considered.

NFPA 69 applies to the design, installation, operation, maintenance, and testing of systems for the
prevention of explosions in enclosures that contain flammable concentrations of flammable gases,
vapors, mists, dusts, or hybrid mixtures by means of the following methods:

Control of oxidant concentration

Control of combustible concentration

Pre-deflagration detection and control of ignition sources
Explosion suppression

Active isolation

Passive isolation

Deflagration pressure containment

Passive explosion suppression

O N O WD

Combustible gas concentration reduction can be a viable mitigation strategy for possible
accumulation of flammable gases during abnormal conditions forlithium-ion batteries. Gas
detection and appropriate interlocks can be used based on'appropriate evaluation under an
NFPA 69 deflagration hazard study. NFPA 69 allows concentration to exceed 25 percent LFL but
not more than 60 percent with reliable gas detection.and exhaust interlocks as demonstrated by a
safety integrity level (SIL) 2 instrumented safety system rating.

Data on flammable gas composition and release rates, such as that included in UL 9540A fire and
explosion testing, provide the information needed to design effective explosion control systems.

9.6.5.6.54* (PI-75,339) Note reversgs,916.5.6.4 and 9.6.5.6.5

Where approved, ESS cabinets-shall be designed to ensure that no hazardous pressure waves,
debris, shrapnel, or enclosure pieces are ejected, as validated by installation level fire and
explosion testing and anengineering evaluation performed by a reqgistered design professional
complying with 9.1.5 thatincludes the cabinet, shall be permitted in lieu of providing explosion
control that complies with NFRPA-68-6r-NFPA 69.

A.9.6.5.6.54

Currently, UL 9540A includes a pass/fail criteria requiring that no hazardous pressure waves,
debris, shrapnel, or enclosure pieces are ejected during the fire and explosion testing. Engineered
solutions might be an effective solution to the deflagration hazard, and engineering details are to
be submitted for review and evaluation by laboratory staff prior to testing.

Hazardous pressure wave guidance for human exposure and structure exposure can be found in
NFPA 921 and in a City University of New York (CUNY) guidance document found at
nysolarmap.com/media/204 1/fire-safety-testing-data-analysis-supplement-for-nyc-outdoor-
ess_vl.pdf. For human and structure exposure, a level less than 1 psig (6.9 kPa) might be
indicated by the guidance material.




9.6.5.6.45* (PI -76)

ESS-enclosures-and-cabinets-Independent BESS cabinets installed in larger BESS configurations
such as rooms, buildings or containers shall be designed so explosive discharge of gases or
projectiles are not ejected during fire and explosion testing complying with 9.1.5 that includes the
ESS enclesure-and-cabinets and the space they are installed within.

A.9.5.6.4 This condition effectively creates a "box in a box". Deflagration inside the smaller box
can adversely impact the larger box and must be evaluated independently.

9.6.5:6-6*(P| -77,341)

A.9.6.5.6.67 (Cl move t0 9.6.5.6.7)

Possible standards to which gas detectors might be approved or listed include UL 2075 and FM
6325.

The purpose of the gas detector is to initiate ventilation that will remove flammable gases from the
installation area before a flammable atmosphereis reached. Data from lithium-ion battery and
module testing indicates that gas generation accelerates rapidly once the thermal runaway
threshold is reached. Therefore, it is critical to-initiate ventilation as early in the process as possible.
Selection and location of the gas detecter should be analyzed with the following considerations:

Detected gas

Response time

Ambient airflow

Vulnerability to fouling, poisoning, or drift
Required maintenance

ahwnPE

Detected Gas. The detector should be selected to sense a gas that is likely to be present in the
event of thermal runaway and in high enough quantities that the event will be identified in a timely
manner. Note that while hydrogen is the primary combustible gas of concern for agueous batteries
(e.g., lead-acid, Ni-Cd, Ni-Zn), for lithium-ion batteries, multiple combustible gases are released in a
thermal runaway/fire scenario. Hydrogen is usually the predominant gas generated, but significantly
measurable quantities of methane, ethane, propylene, and ethylene are also produced along with
trace amounts of other hydrocarbon combustible gasses (the actual mixture and percentages of
combustible gases depends on the lithium-ion chemistry).

Response Time. The detector should be selected to minimize the response time to initiate
ventilation. Factors that can impact response time include the distance for the air—gas mixture to
travel to the detector, the length of the sample tube (if applicable), the type of detector, and the
analysis process. Detectors can be listed with response times of under a minute to several minutes.
Because gas generation is known to increase over the course of a thermal runaway event, the
response time of the detector itself should be in the one to three minute range.




Ambient Airflow. There are several documents that provide qualitative guidance on the number and
location of gas detectors in process areas (e.g., EN 60079-29-16-1), performance requirements of
detectors for flammable gases (e.g., ISA TR84.00.07), and monitoring for hazardous material
release (e.g., CCPS publication Continuous Monitoring for Hazardous Material Releases). These
documents provide guidance on the most common approaches to gas detector placement,
including target gas cloud and scenario-based monitoring.

The role of airflow, particularly in “open” ESS rooms and buildings, will greatly impact the location of
detectors. Many LIB installations require constant ventilation to maintain batteries within the normal
operating temperature range. In indoor installation areas, the airflow patterns will be determined by
the mechanical ventilation system. In these cases, there will be an exhaust or recirculation duct
where well-mixed air will come in contact with the gas detector. In smaller installations, or where
multiple ventilation ducts are used, detector placement in the exhaust duct could provide the best
chance for rapid detection. In large installations, this might not be the ideal or the only location for a
gas detector due to the longer travel time for gas mixtures from the furthest unit to reach the duct.
Additional detectors arranged in a grid pattern could be recommended.

Vulnerability to Fouling, Poisoning, and Drift. Note that not all combustible and toxic gas—sensing
technologies are equal. Some are more sensitive than others to fouling (i.e., misreading and/or
failure) from cross-contamination with other gases that might be‘present. Note that the largest
quantities of gases produced during a lithium-ion fire are hydrogen, carbon monoxide, and carbon
dioxide. The environment where the ESS is installed should be assessed to determine the likely
presence of any other gases that could foul or poisona catalytic bead—type sensor or an
electrochemical detector. The sampling tube size; where used, should consider particulate
concentration in the ambient that could clog the tube if-not maintained regularly. Some detectors
must be “bump tested”—exposed to a small.amount of the calibration gas—to ensure the sensor
continues to sense the target gas at the desired concentration.

Required Maintenance. All detectors require routine maintenance to ensure continued proper
function. The manufacturer’s guidelines should be followed for regular calibration, bump testing (if
needed), and sample tube cleaning.. The recommended intervals for such maintenance vary from 1
to 12 months, depending on.the type and manufacturer of the device. Designers and installers
should ensure that end users are aware of the maintenance requirements and manufacturer’s
instructions. Calibration should only be conducted by qualified personnel, and only with the target
gas.

9.6.5.6.7* (P1 -79, 258,104,129 - FR)

Where gas detection is used to activate a combustible gas concentration reduction system (CGCRS) and
based on an appropriate NFPA 69 deflagration study, BESS systems shall be protected by an approved
continuous gas detection system that complies with the following:

1. The gas detection system shall be designed to activate the cembustible-gas-concentrationreduction
system CGCRS on detection of flammable gases at no more than 10 percent of the LFL of the gas

mixture or of the individual components.

2. The eombustible-gas-concentrationreduction-system—CGCRS shall remain on to ensure the
flammable gas does not exceed 25 percent of the LFL of the gas mixture or of the individual
components.

3. The gas detection system and eembustible-gas-conecentrationreduction-system- CGCRS shall be
provided with EPSS or SEBSS per sSection 4.10.
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4. For lithium-ion batteries, the gas detection system and CGCRS EPSS or SEBSS shall be provided
with a minimum of 24 hours of standby power while in a non-alarm condition and 2 hours_of power in
an alarm condition erasregquired-by-the- HMA.

5. The gas detection system and CGCRS status shall annunciate the following at an-approved-central
proprietary-erremeote- a supervising station as required by the AHJ to provide situation information to
first responders in accordance with NFPA 72, or at an approved constantly attended location:

1. &-Atrouble signal upon failure of the gas detection system or the combustible gas
concentration reduction system.
2. {b}An alarm signal if flammable gas concentration exceeds 10 percent of the LFL

9.6.5.6.7.1 Other technologies, besides gas detection, used for detection, notification, and initiation of the
CGCRS shall be evaluated by a reqistered design professional with experience in fire protection per the
HMA.

9.6.5.6.7.2 The HMA shall include an analysis to ensure survivability of the CGCRS up until fire occurs.

9.6.5.6.7.3 Where suppression systems other than water based are contained within an ‘ESS, the detection,
logic solvers and sequence of events for discharge shall not impede the CGCRS.péffermance. An analysis
of no impact shall be provided to the AHJ along with performance data.

9.6.5.6.7.2 CGCRS shall meet the test and inspection requirementsfof NEPA 69 Section 15.

9.6.5.6.8 (PI80 - FR)

Compartmentalization created by cold and hot aisle‘arrangements within the ESS enclosure shall
be addressed in accordance with the following:

1. For NFPA 69 designs, the performance of ventilation systems shall be independently verified
for a thermal runaway event in either aisle/subcompartment.

3.2. The gas detectlon system shaII be deS|gned to activate on detectlon of flammable gas
in either aisle/subcompartment:

9.6.5.6.9 (PI 78)

The protection design shall demonstrate that deflagrations are not propagated to interconnected-er

adjacent cabinets—enclesures, or roomsBESS.




Section

All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section

Annex G

374 I Create First Revision

XE Resolve

Proposed Text

(P1)

Annex G should be revised to remove conflicts with requirements in the body of NFPA 855 and
its referenced standards, and to correlate with current protection strategies in the standard. It
should also remove content that duplicates, but differs slightly from requirements in the body of
the standard.

First Revision
Text (FR)

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for

The public input offers no specific modifications as such cannot be accept.

resolving)
Section All Pls used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.2.3.3 47 None XI= Create First Revision
] Resolve
Proposed Text G.2.3.3

(P

The following similar hazards are present during abnormal operation, but should be considered
more likely as a result of upset or damage:

(1) Corrosive spills: A liquid with a pH <2 or 211.5 is considered corrosive and hazard level 3
and can cause serious or permanent eye injury for someone who comes in direct contact
with it per Table B.1 in NFPA 704. With some systems that contain corrosive liquids,
there can be the possibility of leaks or spills from the system under emergency/abnormal
conditions.

(2) Toxic liquid exposure: There are different levels of toxicity from vapors generated under
emergency conditions such as fires and hazardous toxic liquid leaks and spills. NFPA
and OSHA provide extensive guidance on classifying the hazards associated with toxic
liquids and vapors.

(3) Water-reactive material exposure: Water-reactive materials in ESS could be exposed
under abnormal conditions, resulting in a violent reaction with the moisture in the air.

(4) Toxic gas exposure: Toxic gases can be released during abnormal operation or following
damage to an ESS. This may include toxic gases produced from the interaction of clean
agent suppression systems with a battery fire. OSHA and NFPA 704 contain guidelines
for classification of these hazards.




(5) Toxic particulate exposure: In addition to gases, some of the particulates produced in a

battery fire may be toxic.

(6) Toxic metal exposure: Toxic/heavy metals and/or metal oxides may be released during an
abnormal event.

First Revision
Text (FR)

G.2.3.3

The following similar hazards are present during abnormal operation, but should be considered
more likely as a result of upset or damage:

(1) Corrosive spills: A liquid with a pH <2 or 211.5 is considered corrosive and hazard level 3
and can cause serious or permanent eye injury for someone who comes in direct contact
with it per Table B.1 in NFPA 704. With some systems that contain corrosive liquids,
there can be the possibility of leaks or spills from the system under emergency/abnormal
conditions.

(2) Toxic liquid exposure: There are different levels of toxicity from vapors generated under
emergency conditions such as fires and hazardous toxic'liquid-leaks and spills. NFPA
and OSHA provide extensive guidance on classifying'thethazards associated with toxic
liquids and vapors.

(8) Water-reactive material exposure: Water-reactive.materials in ESS could be exposed
under abnormal conditions, resulting in a violent reaction with the moisture in the air.

(4) Toxic gas exposure: Toxic gases canbe released during abnormal operation or following
damage to an ESS. This may include toxic gases produced from the interaction of clean
agent suppression systems with a battery fire. OSHA and NFPA 704 contain guidelines
for classification of these hazards.

(5) Toxic particulate exposures, Imaddition to gases, some of the particulates produced in a

battery fire may be toxic.

(6) Toxic metal exposure.£hexic/heavy metals and/or metal oxides may be released during an
abnormal event.

Statement
(technical reason for
FR)

Information on the generation and emission of toxic gases is still limited. The addition of a new
section addresses.a path to evaluate toxic and highly toxic gas and requirements to mitigate
potential emission of gases during failure conditions.

Response
(technical reason for
not making some
changes or for

resolving)
Section All Pls used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.3.1.1 59 None X Create First Revision
[0 Resolve
Proposed Text G.3.1.1

(P1)




The risk assessment design process should be directed by parties-a reqgistered design
professional experienced in fire protection engineering and in energy storage risk assessment
and plant operation of the type of, or similar to the, plant under consideration.

First Revision G.3.1.1

Text (FR)
The risk assessment design process should be directed by a registered design
professional parties experienced in fire protection engineering and in energy
storage risk assessment and plant operation of the type of, or similar to the;the
plant under consideration.

Statement The term "registered design professional” is used and required for evaluation of multiple required

(technical reason for
FR)

reports in the standard including an HMA. This guidance section needs to confirm RDP instead of
qualified person.

Response
(technical reason for
not making some
changes or for

resolving)
Section All PIs used for FR or Resolve Other Pls:that propose MOTION
revisions for this section
G.4.3.1.15 350 None [0 Create First Revision

X Resolve

Proposed Text

(P

G.4.3.1.1.5 Water-Based Suppression System.

Water-based suppression systems include sprinklers, sprayers, deluge systems, or water mist
systems designed to suppress fire.

First Revision
Text (FR)

G.4.3.1.1.5 ‘Water-Based Suppression System.

Water-based.suppression systems include sprinklers, sprayers, deluge systems,
or water mist systems designed to suppress fire.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

The public input didn’t include any outlined modifications therefore no
modification can be made. The submitter should clarify with a public comment.

Section

All Pls used for FR or Resolve Other PIs that propose MOTION

revisions for this section




G.6.1.1

373 None X Create First Revision

[0 Resolve

Proposed Text

(P1)

G.6.1.1 Sprinklers.

There are two known publicly available fire and explosion tests egquivalentto-UL-9540A;
supporting the use of ceiling-level sprinkler systems for the protection of LIB ESS. One test
evaluated a 83 kWh system made up of lithium-iron-phosphate batteries and another evaluated a
125 kWh system made up of nickel-manganese-cobalt-oxide batteries. In both tests, protection
was provided by ceiling sprinklers having a K-factor of 5.6 gpm/psi” operating at a discharge
pressure of 2 bar (29 psi) to provide a nominal discharge density of 0.3 gpm/ft2. The results show
that fire and explosion testing is needed to determine the following:

(1) Ceiling sprinkler protection can prevent or delay a fire from spreading beyond the ESS
rack of origin, but obstructions caused by the design of ESS system (e.qg., solid-metal
cabinet encompassing tightly packed battery modules) limit the ability to suppress or
extinguish fire within the rack of origin.

(2) Minimum space separation has been provided from the ESS to surrounding combustibles
to limit the potential for additional fire spread, including nearby ESS racks

(3) Minimum space separation has been provided from the ESS to surrounding
noncombustible objects to limit the potential for damage

(4) If fire does spread to an adjacent ESS rack-(i.e., installed side-by-side), it does not impact
the design and electrical capacity.of battery components as well as the design of the
ESS cabinet that houses the battery components (e.g., battery modules)

(5) Adequate cooling of the batteries.is provided to prevent reignition, which can occur after a
fire appears to be extinguished. A fire watch should be present until all potentially
damaged ESS equipment containing Li-ion batteries is removed from the area following
a fire event.

(6) Adequate building ecomponent rating is provided to withstand the expected intensity and
duration of an ESS fire event.

The wide range of results highlight the need for fire and explosion testing to evaluate sprinkler
protection-for.each unique ESS to ensure the expected level of protection is provided. Protection
system/considerations that would require a fire and explosion test include a reduction in the
specified sprinkler system design density, a reduction in the minimum separation distance from
nearby combustible and noncombustibles, changes in ESS cabinet, or increasing ESS electrical
capacity.

First Revision
Text (FR)

G.6.1.1 Sprinklers.

There are two known publicly available fire and explosion tests, eguivalentte
UL-9540A;-supporting the use of ceiling-level sprinkler systems for the protection
of LIB ESS. One test evaluated a 83 kWh system made up of lithium-iron-
phosphate batteries and another evaluated a 125 kWh system made up of
nickel-manganese-cobalt-oxide batteries. In both tests, protection was provided
by ceiling sprinklers having a K-factor of 5.6 gpm/psi'? operating at a discharge
pressure of 2 bar (29 psi) to provide a nominal discharge density of 0.3 gpm/ft.
The results show that fire and explosion testing is needed to determine the
following:

1. Ceiling sprinkler protection can prevent or delay a fire from spreading
beyond the ESS rack of origin, but obstructions caused by the design of




ESS system (e.g., solid-metal cabinet encompassing tightly packed
battery modules) limit the ability to suppress or extinguish fire within the
rack of origin.

2. Minimum space separation has been provided from the ESS to
surrounding combustibles to limit the potential for additional fire spread,
including nearby ESS racks

3. Minimum space separation has been provided from the ESS to
surrounding noncombustible objects to limit the potential for damage

4. If fire does spread to an adjacent ESS rack (i.e., installed side-by-side), it
does not impact the design and electrical capacity of battery components
as well as the design of the ESS cabinet that houses the battery
components (e.g., battery modules)

5. Adequate cooling of the batteries is provided to prevent reignition, which
can occur after a fire appears to be extinguished. A fire watch should be
present until all potentially damaged ESS equipment containing Li-ion
batteries is removed from the area following a fire event.

6. Adequate building component rating is provided to withstand the expected
intensity and duration of an ESS fire event.

The wide range of results highlight the need-for.fire and explosion testing to
evaluate sprinkler protection for each unique ESS to ensure the expected level of
protection is provided. Protection system considerations that would require a fire
and explosion test include a reduction in'the specified sprinkler system design
density, a reduction in the minimum separation distance from nearby
combustible and noncombustibles, changes in ESS cabinet, or increasing ESS
electrical capacity.

Statement
(technical reason for
FR)

Documentation has not been provided on these "two known publicly available fire and explosion
tests" to demonstrate theyare equivalent to UL 9540A. That reference should be deleted, which
doesn't impact the overall points made in this section.

Response
(technical reason for
not making some
changes or for

resolving)
Section All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.6.1.3.2 353 None [0 Create First Revision

X Resolve

Proposed Text

(P

G.6.1.3.2 Standards.

For more information on water mist systems and Encapsulating Agents (EA), see NFPA 750
adhand NFPA 18A respectfully.

First Revision
Text (FR)

G.6.1.3.2 Standards.

For more information on water mist systems, see NFPA 750.




Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for

Technical information and large--scale fire testing has not been submitted
supporting the use NFPA 18A for LIB. Submitter should provide backup
information during public comment stage.

resolving)
Section All PlIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.6.1.3.3 270 352 O Create First Revision
X! Resolve
Proposed Text G.6.1.3.3

(PN

For more information on fire and explosion testing for Li-ion battery fire suppression with water
mist, see the following:

(1) DNVGL Battery Safety Joint Development.Project Report, “Technical Reference for Li-ion
Battery Explosion Risk and Fire Suppression.”

(2) Marioff Corporation — Fire Test Summary #57/BR/AUG15, “HI-FOG® Systems for
Protection of Li-ion Rooms.”

(3) IFAB GmbH, Fraunhofer Heinrich-Hertz-Institut and FOGTEC Brandschutz GmbH, "White
Paper - Fixed Firefighting Solutions for Stationary Energy Storage Systems (ESS)"

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

The submitter needs to provide the documents during public comment stage for
evaluation for inclusion as a reference.

G.6.1.3.3

Other PIs that propose MOTION

revisions for this section

All Pls used for FR or Resolve

352 270 O Create First Revision

X Resolve

Proposed Text

(P

G.6.1.3.3

For more information on fire and explosion testing for Li-ion battery fire suppression with water
mist, see the following:




(1) DNVGL Battery Safety Joint Development Project Report, “Technical Reference for Li-ion
Battery Explosion Risk and Fire Suppression.”

(2) Marioff Corporation — Fire Test Summary #57/BR/AUG15, “HI-FOG® Systems for
Protection of Li-ion Rooms.”

(3) NOISH- Comparison of Fire Suppression Techniques on Lithium lon BatteryPack Fires

First Revision
Text (FR)

See below for revised text.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for
resolving)

The submitter needs to provide the documents during public comment stage for
evaluation for inclusion as a reference.

First Revision
Text (FR)

G.6.1.3.3 Fire and Explosion Test Report References for Li-lon Battery Fire
Suppression with Water Mist.

For more information on fire and explosion testing for Li-ion battery fire
suppression with water mist, see the following:

1. DNVGL Battery Safety Joint Development Project Report, “Technical
Reference for Li-ion Battery Explosion Risk and Fire Suppression.”

2. Marioff Corporation — Fire Test Summary #57/BR/AUG15, “HI-FOG®
Systems for Protection of Li-ion Rooms.”

Section

All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section

New G.6.5

354 None 0 Create First Revision

X Resolve

Proposed Text

(PN

G.6.:5 Encapsulation. {Reserved)

NFPA 18A Standard on Water Additives for Fire Control and Vapor Mitigation Section A.4.3
states- Lithium-ion battery and lithium-ion battery energy storage system (BESS) fires are unique
electrochemical fire hazards that involve multiple fire classes (Class A, Class B, Class C, Class
D) within one entity. While BESS are covered by NFPA 855, it should be noted that lithium-ion
battery fires as a stand-alone hazard are not currently addressed in any NFPA standard.
According to NFPA research reports, copious amounts of plain water are required to extinguish
lithium-ion battery fires, and they can still exhibit thermal runaway up to 72 hours after initial
extinguishment.

Water additive based on spherical micelle technology (encapsulator agents) conforming to
Section 7.7 has been tested extensively by independent third-party testing organizations,
including Kiwa, Dekra, Daimler, Dutech, Bosch, Fraunhofer University, and TU Clausthal. This
testing has been controlled, scientific, and highly instrumented, documenting fire suppression,
control and elimination of thermal runaway, and encapsulation of both flammable electrolyte and




other explosive off-gases, rendering them nonexplosive. Encapsulating technology reduces the
toxicity of HF gas exposure to humans.

In addition, the copious amounts of water used to suppress lithium-ion battery fires create
copious amounts of run-off containing hydrofluoric acid, creating an environmental issue and
expensive HAZMAT disposal cost. Compared to water, water additive solution uses a reasonable
amount of solution and has been documented to modify the chemistry of the run-off, making it
suitable for additional dilution and disposal in a municipal water treatment plant. Testing
documentation can be found in the NFPA Research Library and Archives.

This space should be reserved for futher clarifcatoin on the uses of micelle technolgies and its
application in various systems, i.e. sprinkler system, water mist system, etc. in this standard
during this revision cycle.

First Revision
Text (FR)

To create a FR, revise text above or paste final version here.

Statement
(technical reason for
FR)

Response
(technical reason for
not making some
changes or for

Technical information and large-scale fire testing has not been submitted
supporting the use NFPA 18A for LIB. Submitter should provide backup
information during public comment stage.

resolving)
Section All Pls used for FR or Resolve Other PIs that propose MOTION
revisions for this section
G.7.3.1 318 None X Create First Revision
] Resolve
Proposed Text G.7.3.1

(P

While not technically a detection system, a BMS can provide input into the fire system as a first-
stage warning. A BMS can monitor fault conditions, abnormal voltages, and increase in heat—all
potential precursors to LIB failure. The BMS, in conjunction with other detection technologies,
can provide a better indication of the type of fire condition—either internal or external to the
batteries. If the BMS is used to inform first responders it must be appropriately interfaced and
information must be able to be reliably transmitted.

First Revision
Text (FR)

G.7.3.1 BMS.

While not technically a detection system, a BMS can provide input into the fire
system as a first-stage warning. A BMS can monitor fault conditions, abnormal
voltages, and increase in heat—all potential precursors to LIB failure. The BMS,
in conjunction with other detection technologies, can provide a better indication
of the type of fire condition—either internal or external to the batteries. If the
BMS is used to inform first responders, it must be appropriately interfaced and
information must be able to be reliably transmitted.




Statement
(technical reason for
FR)

There is increasing desire to deliver information to first responders from the BMS which often has
more information about the SOC, cell temperature, and other potentially useful information. This
note makes it clear that if BMS data is provided and relied upon that the mechanism must be
reliable.

Response
(technical reason for
not making some
changes or for

resolving)
Section All PlIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.7.3.2 320 None X Create First Revision

L1 Resolve

Proposed Text

(PN

G.7.3.2 Smoke Detection.

Standard spot-type smoke detection is applicable to nonbattery-fires and can detect conditions
that can lead to a battery failure or thermal runaway _event: In a battery failure, smoke is-may be
detected after thermal runaway and—ts#tetappheablﬁ&eaﬂy—deteeﬁeeef—k@iaﬂmes%meke

but may not be
detected during the early stages of LIB fa|lures In‘general the smaller the LIB enclosure the

quicker the response time of the detector=Spot-type smoke detection can be used as an interlock
for fire suppression system release.

First Revision
Text (FR)

G.7.3.2 Smoke Detection.

Standard spot-type smoke detection is applicable to nonbattery fires and can
detect conditions that can.lead to a battery failure or thermal runaway event. In a
battery fallure smoke &may be detected after thermal runaway -and is not

during thésearlysstages of LIB failures. In general, the smaller the LIB enclosure
the quickekthe response time of the detector. Spot-type smoke detection can be
used as an'interlock for fire suppression system release.

Statement
(technical reason for
FR)

This provides additional details on smoke detector response at various stages of an event.

Response
(technical reason for
not making some
changes or for
resolving)

Section

All PIs used for FR or Resolve Other Pls that propose MOTION

revisions for this section




G.7.3.3

322 X Create First Revision

None

[0 Resolve

Proposed Text

(P1)

G.7.3.3 Flame Detection.

Flame detection is a specific form of radiant energy detection and it may use imaging or non-
imaging technology. Flames are do-not present until after an LIB has gone into thermal runaway.
Flame detection can be applied internal or external to an installation. Internal application would
be to the container, enclosure, or building. It would not traditionally be applied inside a cabinet.
For example, it can be used to monitor a hot isle. External application would be to ESS facilities
with_single or multiple containers. It would provide a detection if internal measures failed,
however will not alarm until flame enerqgy is released externally. It can also be tied to video
cameras to provide situation information to first responders of an incident. Some flame detectors
include HD video cameras and onboard recording capability.

First Revision
Text (FR)

G.7.3.3 Flame Detection.

Flame detection is a specific form of radiant energy detéction, and it may use
imaging or non-imaging technology. Flames are-de-not present until after an LIB
has gone into thermal runaway. Flame detection can be applied internal or
external to an installation. Internal application would.be to the container,
enclosure, or building. It would not traditionally-be applied inside a cabinet. For
example, it can be used to monitor a hot isle..External application would be to
ESS facilities with single or multiple containers: It would provide a detection if
internal measures failed however will not‘alarm until flame energy is released
externally.—-It can also be tied to video cameras to provide situation information to
first responders of an incident. Seme flame detectors include HD video cameras
and onboard recording capabilitys

Statement
(technical reason for
FR)

This provides additional information on flame detection related to LIB events

Response
(technical reason for
not making some
changes or for

resolving)
Section All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.7.34 323 None X Create First Revision

[0 Resolve




Proposed Text

(P1)

G.7.3.4 Heat Detection.

Spot-type heat detection is applicable to nonbattery fires and can detect conditions that can lead
to a battery failure or thermal runaway. In a battery failure, heat is detected after thermal runaway
and is not applicable to early detection. Heat detection can be used as an interlock for fire
suppression system release. The best use of heat detection is as a high-flow ESFR head
attached to a dry stand-pipe or fire department connection to apply water to the building, area,
container, or cabinet in LIB failure. Heat detection or temperature monitoring integral to the BMS
can provide early indication of a battery failure prior to thermal runaway.

Linear type heat detection has UL and FM approval and actively measures the temperature along
the length of the fiber, is accurate to within 0.1°C, and may be installed on the ceiling, along
power cable bundles and beside battery modules. This type of detection can provide early
warning increase above a fixed temperature as well as fast rate of temperature rise indication
and integrate with the BMS and fire alarm systems. These systems may supplement the online
condition monitoring systems.

First Revision
Text (FR)

G.7.3.4 Heat Detection.

Spot-type heat detection is applicable to nonbattery fires and can detect
conditions that can lead to a battery failure or thermal runaway. In a battery
failure, heat is detected after thermal runaway and is not applicable to early
detection. Heat detection can be used as an interlock for fire suppression system
release. The best use of heat detection.is as a high-flow ESFR head attached to
a dry stand-pipe or fire department connection to apply water to the building,
area, container, or cabinet in LIB failure. Heat detection or temperature
monitoring integral to the BMS can provide early indication of a battery failure
prior to thermal runaway.

Linear type heat detectiogh has UL and FM approval and actively measures the
temperature along thesength/of the fiber, is accurate to within 0.1°C, and may be
installed on the ceiling#aleng power cable bundles and beside battery modules.
This type of deteCtion €an provide early warning increase above a fixed
temperature as well as fast rate of temperature rise indication and integrate with
the BMS and fire alarm systems. These systems may supplement the online
condition monitering systems.

Statement
(technical reason for
FR)

This provides additional information on heat detection and its potential use for
detection of LIB fires

Response
(technical reason for
not making some
changes or for

resolving)
Section All PIs used for FR or Resolve Other Pls that propose MOTION
revisions for this section
G.7.3.5 325 None X Create First Revision

[0 Resolve




Proposed Text

(P1)

G.7.3.5 Thermal Imaging—Temperature Monitoring and Early Warning Fire Detection.

Thermal imaging is another form of radiant energy detection, and it might be applicable to early
detection of overheating that may lead to fires including LIB failure. With proper placement,
detectors are capable of detecting small changes in temperature associated with battery failure
and early detection. It requires a line of site- sight to the protected area_and might netfunction
require special lenses in a small container or cabinet. fcanprovide the-added benefit of visual
images—tcan The thermal imager may be combined with a visual camera that can provide
situational awareness. Thermal imaging can be used internal or external to the BESS. First

responders can use the images to access the internal condition of the ESS.

Thermal imaging is another form of radiant energy detection and it might be applicable to early
detection of overheating that may lead to fires including LIB failure. With proper placement,
detectors are capable of detecting small changes in temperature associated with battery failure
and early detection. It requires a line of site-sight to the protected area and might netfunction
require special lenses in a small container or cabinet. {-canprovide-the-added-benefit-of-visual
images—tean-The thermal imager may be combined with a visual.camera that can provide
situational awareness. Thermal imaging can be used internal or external'to the BESS. First
responders can use the images to access the internal condition of.the ESS.

Thermal radiation is invisible electromagnetic radiation.emitted by a body or object based on its
surface temperature. Thermal imaging technology (i«€., thermal radiometry) makes it possible to
view, record, and alarm on the slightest temperature anomalies, making it an effective solution in
monitoring batteries during normal load or test:

Fixed-mounted thermal cameras provide-apredetermined field of view and continuous
temperature monitoring as opposed to‘hand-held units requiring personnel time and potential for
variation of readings and views. As a fixedunit, the camera tracks temperature and can provide
graphical data over time that can be utilized in a preventative maintenance program and post-
event evaluation of battery failures. Alarm relay outputs are available for monitoring by a PLC for
equipment shutdown and.annunciation.

Thermal radiometry hand-held cameras are commonly carried by first responders into smoke-
filled buildings, as the technology can see hot spots through the smoke. Along these lines, fixed
thermal radiometry cameras in an ESS building with many racks will simplify first responders’
evaluation of the fire size and location, providing situational awareness and lead them directly to
the fire and away from potential danger, which minimizes their time in the hazard.

Thermal radiometry cameras are available in wide to narrow field of view, various resolutions of
image‘sensor pixel count, and software platforms. Care should be taken to ensure that the
caorrect product is selected allowing the resolution required to accurately measure the required
temperature variations at the specified distance.

Camera software can provide live or recorded video, floating-crosshair indicating pixel(s) with
highest or lowest temperature, various color schemes representing temperatures, email
notification of alarm, as well as configuration of multiple areas of interest with unique temperature
monitoring, alarm, and graphical information within a single camera image.

First Revision
Text (FR)

G.7.3.5 Thermal Imaging—Temperature Monitoring and Early Warning Fire
Detection.

Thermal imaging is another form of radiant energy detection and it might be
applicable to early detection of overheating that may lead to fires including efLIB
failure. With proper placement, detectors are capable of detecting small changes
in temperature associated with battery failure and early detection. It requires a




line of site-sight to the protected area and might netfunetion-require special
lenses in a small container or cabinet.t-canprovide-the-added-benefitofvisual
images. The thermal imager may be combined with a visual camera that can
provide situational awareness. Thermal imaging H#-can be used internal or
external to the BESS. First responders can use the images to access the internal
condition of the ESS.

Thermal radiation is invisible electromagnetic radiation emitted by a body or
object based on its surface temperature. Thermal imaging technology (i.e.,
thermal radiometry) makes it possible to view, record, and alarm on the slightest
temperature anomalies, making it an effective solution in monitoring batteries
during normal load or test.

Fixed-mounted thermal cameras provide a predetermined field of view and
continuous temperature monitoring as opposed to hand-held units requiring
personnel time and potential for variation of readings and views. As a fixed unit,
the camera tracks temperature and can provide graphical data over time that can
be utilized in a preventative maintenance program and post-event evaluation of
battery failures. Alarm relay outputs are available for-monitoring by a PLC for
equipment shutdown and annunciation.

Thermal radiometry hand-held cameras are commonly carried by first
responders into smoke-filled buildings, as the technology can see hot spots
through the smoke. Along these lines, fixed thermal radiometry cameras in an
ESS building with many racks will.simplify first responders’ evaluation of the fire
size and location, providing situational awareness and lead them directly to the
fire and away from potential.danger, which minimizes their time in the hazard.
Thermal radiometry cameras are available in wide to narrow field of view, various
resolutions of image-sensor-pixel count, and software platforms. Care should be
taken to ensure that the correct product is selected allowing the resolution
required to accurately measure the required temperature variations at the
specified distance.

Camerarsoftware can provide live or recorded video, floating-crosshair indicating
pixel(s).with highest or lowest temperature, various color schemes representing
temperatures, email notification of alarm, as well as configuration of multiple
areas of interest with unique temperature monitoring, alarm, and graphical
information within a single camera image.

Statement
(technical reason for
FR)

This provides additional information on thermal imaging and its potential use for
detection of LIB fires

Response
(technical reason for
not making some
changes or for
resolving)




Section All PlIs used for FR or Resolve Other PIs that propose MOTION
revisions for this section
G.7.3.6.1 327 None XI= Create First Revision
[0 Resolve

Proposed Text

(P1)

G.7.3.6.1 Cell-Level Event.

Battery cells will release flammable gases throughout the cell venting and thermal runaway
stages of failure, however the species composition, release rate, and temperature will vary based
on the phase. Ideally during cell venting, the battery's safety features are activated, leading to the
release of gas and other reactive materials in a controlled manner to prevent an uncontrolled
explosion. In this scenario, the gas species primarily consists of carbon dioxide (CO2), carbon
monoxide (CO), hydrogen (H2) and VOCs. The gas temperature during cell venting is generally
around 100-150°C.

During cell thermal runaway, the battery undergoes a rapid, self-sustaining.increase in
temperature. In this situation, additional flammable and toxic gaséspecies may be produced
including hydrogen fluoride (HF), hydrogen cyanide (HCN), various hydrocarbon gases (CH4,
C2H4, C2HS6, etc.), in addition to those gases produced during cell venting. The gas temperature
during thermal runaway can reach much higher levels, often exeeeding 500°C, resulting in the
rapid release of large volumes of flammable and/or toxic gases, posing a significant hazard to
human health and the environment.

Off-gas detection in the early stages may target different gas species than that during cell
thermal runaway. In all cases the detection.method should be tied to the cell chemistry, sensor
location relative to the cell(s), volume of the enclosure (ie a cabinet or a large room), and
objective of detection in order to ensure that the sensor is aligned with the safety objectives.
Technologies are advancing rapidly.however early and rapid detection must also be paired with
response, thus costly systems thatimay provide some level of advanced notice may not provide a
significant increase in actions or improved safety outcomes. In contrast to smoke detectors in
occupied structures, knowledge of a cell failure several minutes earlier, may not result in any
difference in outcomeé tinless the detection system is also tied into a viable thermal runaway
protection system which stops the event.

Off-gas detection systems of various types have been shown to be effective at detecting cell
failure prior to'thermal runaway, in some cases as much as 30 minutes prior, however this
advancedknowledge must be tied into other mitigation systems in order to prevent thermal
runaway ffem occurring or propagating.

Off-gas sensors or detectors are typically mounted in each battery rack or module, with the exact
location of the sensors or detectors being dictated by the actual rack design. But, in general, the
sensors must be mounted in the path of airflow. This could mean that, depending upon rack
design, the sensor or detector could be either at the top or bottom of the rack. For specific
detection design requirements, refer to the manufacturer’s published installation and operation
manuals and any relevant regulatory approvals/listings for the intended purpose of “off-gas
detection” from the incipient stages of a lithium-ion battery thermal runaway.

Fe-Presently, to be most effective, the network of sensors or detectors throughout the many
battery racks in the ESS must be connected with a central controller that allows for the
supervision for failures of the individual sensors and a coordinated response when one or more
sensors or detectors detect an off-gas event. The responses can be either automated or human
generated.




First Revision
Text (FR)

G.7.3.6.1 Cell-Level Event.

Battery cells will release flammable gases throughout the cell venting and
thermal runaway stages of failure, however the species composition, release
rate, and temperature will vary based on the phase. Ideally during cell venting,
the battery's safety features are activated, leading to the release of gas and
other reactive materials in a controlled manner to prevent an uncontrolled
explosion. In this scenario, the gas species primarily consists of carbon dioxide
(C0O2), carbon monoxide (CO), hydrogen (H2) and VOCs. The gas temperature
during cell venting is generally around 100-150°C.

During cell thermal runaway, the battery undergoes a rapid, self-sustaining
increase in temperature. In this situation, additional flammalbte and toxic gas
species may be produced including hydrogen fluoride (HE), hydrogen cyanide
(HCN), various hydrocarbon gases (CH4, C2H4, C2Hg, etc.), in addition to those
gases produced during cell venting. The gas temperature.during thermal
runaway can reach much higher levels, often exeeeding 500°C, resulting in the
rapid release of large volumes of flammable and/or toxic gases, posing a
significant hazard to human health and the’epvironment.

Off-gas detection in the early stages may‘tatget different gas species than that
during cell thermal runaway. In allkeases‘the detection method should be tied to
the cell chemistry, sensor locations€lative to the cell(s), volume of the enclosure
(ie a cabinet or a large room), and objective of detection in order to ensure that
the sensor is aligned with"the, Saféty objectives. Technologies are advancing
rapidly however early.and rapid detection must also be paired with response,
thus costly systemsfthatsmay provide some level of advanced notice may not
provide a significaniainerease in actions or improved safety outcomes. In contrast
to smoke detectors in occupied structures, knowledge of a cell failure several
minutes earlier, may not result in any difference in outcome unless the detection
systemris also tied into a viable thermal runaway protection system which stops
the_event.

Off-gas detection systems of various types have been shown to be effective at
detecting cell failure prior to thermal runaway, in some cases as much as 30
minutes prior, however this advanced knowledge must be tied into other
mitigation systems in order to prevent thermal runaway from occurring or

propagating.

Off-gas sensors or detectors are typically mounted in each battery rack or
module, with the exact location of the sensors or detectors being dictated by the
actual rack design. But, in general, the sensors must be mounted in the path of
airflow. This could mean that, depending upon rack design, the sensor or
detector could be either at the top or bottom of the rack. For specific detection
design requirements, refer to the manufacturer’s published installation and
operation manuals and any relevant regulatory approvals/listings for the intended




purpose of “off-gas detection” from the incipient stages of a lithium-ion battery
thermal runaway.

Presently, to be most effective, the network of sensors or detectors throughout
the many battery racks in the ESS must be connected with a central controller
that allows for the supervision for failures of the individual sensors and a
coordinated response when one or more sensors or detectors detect an off-gas
event. The responses can be either automated or human generated.

Statement
(technical reason for
FR)

This provides additional details on cell level gas detection and the methods that may be best
suited

Response
(technical reason for
not making some
changes or for

resolving)
Section All Pls used for FR or Resolve Other Pls.that propose MOTION
revisions.for this'section
G.7.3.6.3 132 None XIE Create First Revision
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G.7.3.6.3 Effects on H, Gas Detection,After Suppression Discharge.

Hydrogen is a sighificate-significant significate percentage of the gases released during thermal
runaway of an LIB. Traditional.gas.detection technology for detection of H- is a catalytic bead. A
catalytic bead burns the gases.across the sensor to determine concentration level or LFL. LIBs
also release other HCs during failure. These other HCs will be burned on the sensor and
recognized as H..

A catalytic sensor will not perform well in a low-oxygen or suppression environment as the
sensor’sability to burn the gases will be limited. The sensors might fail or underreport the
percentage of LFL. Other technology exists for detection of H, but can be overwhelmed and fail
in a high Hzrelease. In conjunction with a suppression system, a secondary sensor monitoring
CO or'CO; might be necessary to monitor as a reference gas. It is seen that for overheating and
overcharging, CO is the most continuously present gas and thus provides a good indication of
the full spectrum of gas profiles that can be expected. A similar profile can be found by
monitoring CO». Rising levels of CO or CO; indicate a battery failure or cascading event.

Gas release data should be utilized from the fire and explosion testing at a cell, module, and
installation level for evaluation of appropriate gas detection. Cell to module to installation is not
always a linear progression; meaning scaling up the test results might not give you an actual gas
release. These conditions can change due to additional construction material and incorporated
barriers. Installation testing can show more or less propagation than cell- or module-level tests.

First Revision
Text (FR)

G.7.3.6.3 Effects on H2 Gas Detection After Suppression Discharge.

Hydrogen is a significant significate percentage of the gases released during
thermal runaway of an LIB. Traditional gas detection technology for detection of
H2 is a catalytic bead. A catalytic bead burns the gases across the sensor to




determine concentration level or LFL. LIBs also release other HCs during failure.
These other HCs will be burned on the sensor and recognized as H2.

A catalytic sensor will not perform well in a low-oxygen or suppression
environment as the sensor’s ability to burn the gases will be limited. The sensors
might fail or underreport the percentage of LFL. Other technology exists for
detection of H2 but can be overwhelmed and fail in a high H2 release. In
conjunction with a suppression system, a secondary sensor monitoring CO or
CO2 might be necessary to monitor as a reference gas. It is seen that for
overheating and overcharging, CO is the most continuously present gas and thus
provides a good indication of the full spectrum of gas profiles that can be
expected. A similar profile can be found by monitoring CO2. Rising levels of CO
or CO2 indicate a battery failure or cascading event.

Gas release data should be utilized from the fire and explosion testing at a cell,
module, and installation level for evaluation of appropriate gas detection. Cell to
module to installation is not always a linear progression; meaning scaling up the
test results might not give you an actual gas release. These conditions can
change due to additional construction material.and incorporated barriers.
Installation testing can show more or less propagation than cell- or module-level
tests.
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This is a spelling correction.
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G.7.3.7.2 High-Risk Equipment Protection.

Certain equipment in ESS facilities are designated high-risk. The consequences of a fire event
within such equipment could create or exacerbate other hazards. Examples of these types of
equipment include the following:

(1) Those that are likely to promote a fast developing fire.

(2) Those that will generate corrosive and toxic gas-species-and highly toxic emissions.

(3) Those whose unnecessary shutdown would result in substantial network service losses.

(4) System losses that could create conditions for battery failure such as HVAC or BMS
system loss.




Sampling location considerations are often similar to those for cabinet protection and include the
following:

(1) Sampling should be conducted within or around high-risk equipment for the earliest
possible detection of smoke.

(2) Where appropriate and within the system design capacity, capillary tubes branched from
the main sampling pipe can be used to penetrate equipment or equipment cabinets.
Normally, dedicated systems should be used unless in small rooms.

(3) All sampling pipes should be airtight, firmly secured, and held clear of equipment,
especially moving parts, to avoid physical damage to the pipe network or the equipment.

First Revision
Text (FR)

G.7.3.7.2 High-Risk Equipment Protection.

Certain equipment in ESS facilities are designated high-risk:" The consequences
of a fire event within such equipment could create or exacerbate other hazards.
Examples of these types of equipment include the following:

1. Those that are likely to promote a fast developing fire.

2. Those that will generate corrosive and toxic and highly toxic emissions
gas species.

3. Those whose unnecessary shutdown would result in substantial network
service losses.

4. System losses that could create.conditions for battery failure such as
HVAC or BMS system loss:

Sampling location considerations.are often similar to those for cabinet protection
and include the following:

1. Sampling should be-eonducted within or around high-risk equipment for
the earliest possible detection of smoke.

2. Where appropriate and within the system design capacity, capillary tubes
branched from the main sampling pipe can be used to penetrate
equipment or equipment cabinets. Normally, dedicated systems should be
used unless in small rooms.

3. "All'sampling pipes should be airtight, firmly secured, and held clear of
equipment, especially moving parts, to avoid physical damage to the pipe
network or the equipment.
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The addition of a new section addresses a path to evaluate toxic and highly toxic gas and
requirements to mitigate potential emission of gases during failure conditions.
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Statement This addition provides necessary information to the industry for guidance on

(technical reason for | how to evaluate the explosion control as required under Section 9.6.5.6.
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Response
(technical reason for
not making some
changes or for
resolving)

First Revision
Text (FR)

G.8 Reserved-Explosion Hazard Analysis and Mitigation.for Lithium lon ESS
G.8.1 Introduction

This section assists authorities having jurisdiction (AHJs), stakeholders, and practitioners with
engineering design and risk mitigation considerations to minimize the likelihood and consequences
of an explosion event. This section does not prescribe how hazard and risk analyses are
performed, rather to present principles’and methodologies to assist the energy storage practitioner
in the qualitative and quantitative analysis process.

G.8.2 Essential Hazard Mitigation Analysis (HMA) Elements
G.8.2.1 Probability and Consequence

In the design of these systems, engineers must balance criteria for performance, cost, size, and
safety concerns. Achieving a high level of safety is especially important in applications in densely
populated environments, such as indoor installations, where a thermal-runaway event is more
likely to lead to harm occupants or result in high losses of the structure and property.

Typically, explosion risk is quantified by assessing probability of occurrence, consequences of the
event, and detectability of the generation of flammable gases of an event. Although the probability
of an explosion is low in compliant listed and labeled BESS, the effects and consequences can be
extremely high. The first key feature of a HMA is the identification and quantification of the
explosive risks associated with the BESS design.

Explosions can occur wherever flammable gas is able to accumulate within its flammability limits in
an enclosure. For an ESS, this may occur within a single rack enclosure, standalone enclosure,
installation structure, or building. For more input on design scenarios, below.




Each Lithium-ion battery chemistry present unique explosive risks due to the complex nature of
their failure mechanisms: they produce large volumes of flammable gases and produce sufficient
oxygen to sustain exothermic reactions can emit particles hot enough to ignite gases.

A comprehensive HMA should include an assessment of explosive risks of the ESS unit as well as
the overall installation with site specific considerations of exposures, property safety, and life
safety.

Each HMA should consider the integrated benefits of the purposeful layering of complementary
engineering and administrative controls hierarchy thereby building defense in depth controls to
establish a mitigated consequence probability.

G.8.2.2 Hierarchy of Controls

With each identified hazard quantified, the mitigation objectives and associated approaches can
then be considered based on acceptable risk tolerance, feasibility, and the hierarchy of controls.
Within the hierarchy of controls, explosion hazards may be managed by engineering controls and
administrative controls.

Engineering controls should focus on the reducing or eliminating the generation of combustible
gas, reducing the accumulation or concentration of combustible gas, and managing consequences
of a deflagration with structural design and appropriate siting to exposures) and administrative
controls. Some available explosion risk mitigation strategies include flammable gas exhaust,
deflagration venting, inerting, suppression, hardening, and increased standoff distance to
personnel and assets.

Administrative controls may include the proceduralization of operator instructions enabling early
detection and purposeful de-energization of systems exhibiting degraded performance, increasing
the breadth and depth of the scheduling of routine periodic maintenance focusing on safety critical
system performance, implementation of daily operator status of health checks, or any other
purposeful operator interaction with the systems to increase visibility and early detection of
abnormal system performance.

G.8.3 Engineering Controls-Considerations
G.8.3.1 Reducing the Probability of Combustible Gas Generation

Detection and preventing the generation of combustible gas within BESS should be the objective
of all engineered energy storage systems.

The careful selection of the Lithium-ion battery chemistry should be researched, considering cell
failure propensity where the generation of combustible gas may require additional and costly
mitigation measures.

Reliance on industry certifications for safe operations of OEM battery management systems (BMS)
and thermal management systems has proven to not prevent thermal runaway events. Additional
design considerations of the ESMS or critical safety control systems should include the ability to
monitor state-of-health and performance of individual cells (voltage, current, temperature) and take




compensatory measures to reduce overcharge, over-discharge, and over-temperature conditions
resulting in the removal of the affected module or rack from service.

Once deenergized, additional administrative controls may be implemented and may include any
verification measure including corrective maintenance and removal from service.

G.8.3.2 Preventing or Reducing the Probability of Combustible Gas Accumulation

The explosion potential can be eliminated or reduced by preventing the accumulation of
combustible gas within the installation or product enclosure.

To reduce flammable gas accumulation at the installation, a well-designed combustible gas
reduction (ventilation) system must be incorporated. Design trends within the energy storage
market sector include several different and competing design philosophies. These designs range
from containing the battery modules and off-gas in gas-tight enclosures leading directly to a safe
area, without passing the battery room. Other approaches include opening-battery rack enclosures
to the battery compartment where off-gas can be diffused by a forced exhaust system of sufficient
air changes per hours (ACH). Forced exhaust systems are typically. designed in accordance with
NFPA 69. Opening the access doors to the enclosure and flooding the container with environment
thereby exposing the battery compartment directly to external environment is another method to
meet the NFPA 855 explosion prevention and deflagration venting requirements.

G.8.3.3 Managing the Consequences of Deflagrations or Explosions

A comprehensive ESS explosion hazard mitigationiincludes the purposeful management of the
conseqguences of deflagration or explosion.through‘the implementation of deflagration protection
(NFPA 68) or explosion prevention (NFPA 69).

Each BESS equipment provider should'conduct an explosion hazard analysis to quantify the risks
(explosive pressures, direction, missile generation and projection, heat flux, fireball, etc.) and
hazards (personnel, equipment, and environmental safety) and validate proposed mitigation
designs. The proposed mitigative-designs should objectively demonstrate conservative and
bounding scenarios where-the engineering controls mitigate the hazards. These mitigation
analyses can be in the-form‘of maximum theoretical steady-state analysis or computations fluid
dynamics (CFD) modeling.

When reviewing the computational fluid dynamics or other analyses performed, the designer,
functional safety engineer, practitioner, and AHJ should consider other important elements are
presented in the explosion hazard analysis: enclosure reaction force; enclosure geometry;
enclosure internal surface area including partial volumes; surface area of internal structures;
flammable gas properties including lower flammability limit (LFL), laminar flame speed, and
maximum closed vessel deflagration pressure.

G.8.4 Engineering Controls and Practices for Explosion Hazard Mitigation
G.8.4.1 Design Considerations

The broad range of recent global energy storage market sector failures and fires require the
functional safety engineer to consider multiple credible and probabilistic scenarios as part of the




HMA. Probabilistic scenarios should include the relevant data generated in the UL 9540A cell and
module test as a realistic option for failure resulting in fire or explosions. Analysis should also
include common-cause or common mode failures that also include plausible scenarios where
ignition sources may be evident. Conservatism should always be applied to ensure a safety
margin.

G84.11
Recommended failure scenarios to consider in an HMA include:

1) UL 9540A failure level: One or more cells, module, or unit based on the test results. UL 9540A
is designed to induce cell-to-cell propagation of thermal runaway and measure the resultant fire
and explosion hazards.

2) Limited propagation failure. Adds a safety margin to the UL 9540A testresult. For example, if
one cell failed with no propagation, then evaluate a 3-cell failure, one oneither-side. If a module
failed but did not propagate, then evaluate a 3-module failure, one above and below.

3) 25% LFL failure: Determine how may cells it takes to reach 25% LFL in the enclosure. This may
overlap with another design scenario.

4) Partial volume deflagration: Determine how many cells can.fail with a resulting deflagration that
does not produce a pressure value that will cause the.enclasure to fail.

5) Worst total failure: Assume all cells in the ESS fail.
G.8.4.2 Combustible Gas Venting Pathway

If the lithium battery releases gas under pressure, there are a number of determining factors that
influence the release rates and initial geemetry of the escaping gases. The pressurized gas is
released as a gas jet and depending on the nature of the failure, may be directed by the module
cooling system exhaust pathway. Escaping gases are normally very turbulent and air will
immediately be drawn into-the mixture. The mixing of air will also reduce the velocity of the
escaping gas jet. Obstacles such as the module racking system, cable trays, conduit, HVAC
ducting, buswork, structures, etc., will disrupt momentum forces of any pressurized release thereby
adversely impacting turbulent nurning velocities.

BESS designs that include obstructions (conduit and piping arrays, internal obstructions) within the
combustible gas venting pathway can have a significant impact on flame speed and enclosure
pressures due to the turbulence generated during the flow of unburned gas over and around the
obstacles. In the likely event of igniting of the combustible gas, the flame front surface area is
increased as a function of the obstacle surface area resulting in increased pressure transients.

If the release of combustible gas is not detected or ignited, the gas will generally form a vapor
cloud that will be distributed throughout the BESS enclosure through mechanical ventilation or
would naturally disperse in the atmosphere. Once the combustible gas reaches the flammability
limits and is exposed to an ignition source, an explosive blast will occur. The resultant turbulent
dispersion processes will be prevalent (e.g., high pressure flow, winds, congestion, etc.) the gas
will spread in both horizontal and vertical dimensions while continually mixing with available




oxygen in the air. Initially, escaping gases are above the UEL, but with dispersion and turbulence
effects, they will rapidly pass into the flammable range. If not ignited and given an adequate
distance for dilution by the environment, they will eventually disperse below the LEL. Various
computer software programs are currently available that can calculate the turbulent gaseous jet
dispersion, downwind explosive atmospheric locations, and volumes for any given combustible
commodity, release rates, and atmospheric date input (i.e., wind direction and speed).

G.8.4.3 Combustible Gas Reduction System.

To design a combustible gas reduction system, the properties of the combustible gas must be
known or assumed. The major components of a lithium-ion battery gas thermal runaway are
typically hydrogen, carbon monoxide, carbon dioxide, and various hydrocarbons. While lithium-ion
battery failures may result in differing gas compositions based on state of charge (SOC), gas
release quantity is higher and flammability properties are more severe as SOC increases. Battery
thermal runaway gas composition is characterized experimentally for 100% SOC under the cell
level test method of UL 9540A. This characterization includes test data for.gas volume, gas
composition, LFL, maximum burning velocity, and maximum closed vessel deflagration pressure.

G.8.4.4 Deflagration Venting and Application of NFPA 68 Considerations

Explosion venting is purposeful discharge of pressures generated from combustion gases during a
deflagration to maintain pressures below the enclosure damage threshold of a structure. The
engineered discharge vent opening is typically achieved by one or more transient pressure
relieving panels, rupture discs, or other engineered vent devices. The most effective explosion
venting systems are those that deploy early.in the deflagration, have as large a vent area as
possible, and allow unrestricted venting of combustion gases. Early vent deployment requires the
vent be released at the lowest possible pressure without interfering with normal operations and
pressure fluctuations in the enclosure. In the case of vents on exterior walls and roofs of buildings,
the minimum feasible vent release pressure is usually slightly larger than the highest expected
differential pressure associated with wind loads (typically 0.14 to 0.21 psig (0.96 to 1.44 kPa)).

Crucial aspects of vented-gas-explosion data correlations (obtained from the UL 9540A Cell and
Module Level Test Reports).are mixture reactivity, turbulence sources (both initial turbulence and
obstacle-flame interaction turbulence velocities), vessel volume (scale) effects, and vessel
geometry (primarily:length/diameter ratio), as well as the vent parameters: vent area, vent release
pressure, and vent panel inertia. All aspects of these parameters should be made available to
both the Fire Protection Engineer of Record and the AHJ.

The amount of vent area needed for effective explosion venting depends on the size of the
enclosure and the rate of pressure rise within it. According to Equation 6.1.1 of NFPA 68, the rate
of pressure rise in an unvented enclosure is proportional to the product of the mixture effective
burning velocity and flame surface area and varies inversely with the enclosure volume.

NFPA 68 provides the recognized guidance for the design, location, installation, maintenance, and
use of devices and systems that vent combustion gases and pressures resulting from a
deflagration within an enclosure. However, it is noted NFPA 68 does not apply to emergency
vents for pressure generated during runaway exothermic reactions, self-decomposition reactions,




internal vapor generation resulting from electrical faults, or pressure generation mechanisms other
than deflagration.

The process for calculating the surface area for deflagration venting is presented in NFPA 68 and
the parameters to accomplish this analysis include protection volume, enclosure strength, reaction
forces to counteract vent dynamics, enclosure geometry, enclosure internal surface area, gas fuel
properties, flame enhancement, panel inertia, and partial volume deflagration considerations.
Determination of each of these inputs should be documented by the HMA.

Large-scale testing may be used to demonstrate the effectiveness of vent areas and design
approaches. Large-scale testing may demonstrate resultant damage of vent areas reduced from
those specified in within NFPA 68, Chapters 7 and 8. An AHJ may then assess that damage is
acceptable for an installation location and type.

Comprehensive assessment of resultant hazards for placement of deflagration venting systems
also include fireball size determination in addition to enclosure pressure rise and rupture risk.

G.8.4.5 Combustible Gas Reduction Systems and the Application‘of NEPA 69 Considerations

The recognized national consensus standard to be used for.the.design and construction of
explosion prevention systems is NFPA 69 and should be.used.in‘conjunction with this guidance to
design combustible gas concentration reduction systems.

All components involved with the detection and ventilation of the combustible gas reduction system
are considered part of a critical safety system.and are subject to the normative requirements of
State Codes and applicable sections of NFPA:69.

For effective and efficient mitigation of-explosions within energy storage systems, the intentional
use of the container ventilation system as a safety barrier to limit or control flammability limits, the
following measures can be considered:

1) External ventilation at. nominal rate in case of absence of carbon monoxide (to be measured
by local CO detector).

2) Increase of external ventilation rate to 400 Nm3/h (or more) in case of combustible gas or
CO detection in the container. The high CO content of the combustible gases generated during
thermal runaway of batteries allows a rapid detection based on CO