This paper describes obijective technical results and analysis. Any subjective views or opinions that might be expressed in SAND2022-1361C
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

CLOSING THE BESS
INSTALLATION CODE GAP

What Is The Intersection of Product Listing &

Installation Standards/Codes and What is Really
Required?

TEC VANTAGE 2022
% NRECA EXPERIENCE

America’s Electric Cooperatives

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.




Presenter Bio — Waylon Clark

« Sandia National Laboratories | R&D @ Sandia National Laboratories

EleCtricaI Engineer | Energy Storage U.S. DEPARTMENT OF 4"
@ eNereY NIYSH
Technology & Systems

® B E S S P rOj e Ct D e p I Oy m e nt Te a m operated by National Technology & Engineering Solutions of Sandia, LLC,

a wholly owned subsidiary of Honeywell International Inc., for the U.S.
Department of Energy’s National Nuclear Security Administration under

* Chief Electrical Engineer for a large
steel manufacturer

* B.S., M.S. Electrical Engineering
* US Navy

TECH DVANTAGE' | %NRECA

" America's Electric Cooperatives




Purpose

* Knowledge gaps currently exist concerning the difference
between Product Listing & Installation Codes by:
 Battery/Container Manufacturer
« BESS Installer/Integrator
 Owner
 AHJ’s
* In particular — there is a knowledge gap surrounding the
Explosion Control (4.12) requirements of NFPA 855 (and
referenced in the IFC)

* In relation to Explosion Control are the Outdoor Installations (4.4.3),
Size and Separation (4.6), & Maximum Stored Energy (4.8) sections
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Li-lon Battery Hazard Refresher

“The process where self heating occurs ‘a
faster than can be dissipated resulting in a 9 Thermal Runaway

vaporized electrolyte, fire, and/or
explosions”

* Initial exothermic reactions leading to
thermal runaway can begin at 175° - 245°F

* Venting of electrolyte gasses
* Ignition of gasses (fire or explosive)
* Propagation within module

« External flame initiates preheating of
additional cells/modules

Meore HF Testing Needed
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Typical battery pack
found in an electric
scooter ~30 18650
cylindrical form factor
Li-ion cells




Best Practice - Safety Standard/Code
Compliant BESS Installation

*Code year adoption varies
by State and many times by
Municipalities within States

aztusings NFPA 855 IFC

International Fire

UL 9540

Energy Storage
Systems and
Equipment

Standard for the Installation of Stationary Energy Storage Systems
Code

4.1.5 Large-5Scale Fire Test Chapter 12

Explosion Mitigation 4.12

International Fire Code (IFC)® in Effect

UL 9540A

Test Method for
Evaluating Thermal
Runaway Fire
Propagation in
Battery Energy
Storage Systems

Product Listing
Standard

NFPA 68

Standard on
Explosion Protection
by Deflagration
Venting
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NFPA 69

Standard on
Explasion Prevention
Systemns

|Exhaust systems)

Other
Method

LLE. Automatic Door
Opening Systems
(PMML Intellivent)

MA_855 20 2

Installation Codes

€2 NRECA

& America's Electric Cooperatives



NATIONAL FIRE PROTECTION ASSOCIATION
The leadirg informmaton and knewhedge eherireal and

IFICATION 4 CATION ~ MEMBERSHIP  EVENTS

CODES & STANDARDS NF

Tentative Interim Amendment

Ciodis & Blatdands ¢ Al eodis & standands | Lint of NFPA sides & standinds ¢ HFPA B55

NFPA B55  cheose another Codetandarnd @ Receive Bmail Aleris @ View in CodeFinders @ @ NFPA® 855

Standard for the Installation of Stationary Energy Storage
Systems Standard for the Installation of Stationary Energy Storage Systems

This siendand provides ihe minimum requirements for misgading ihe hazerds asscaaied with ESE.

2020 Edition

Current Edition; 2020
View this Document P— _[It_:f;;nge Section 4.12, A4.12 and A4.12.1
(SC 21-8-37 / TIA Log #1585

Pursuant to Section 5 of the NFPA Regulations Govering the Development of NFPA Standards, the National Fire Protection
m — Assoctation has issued the following Tentative Interim Amendment to NFPA 855, Standard for the Installation of Statienary
Energy Storage Svstems, 2020 edition. The TLA was processed by the Technical Committee on Energy Storage Swstems, and
was issued by the Standards Council on August 26, 2021, with an effective date of September 15, 2021,

current & Prior Ed itiﬂ“s 1. Revise Secrion 4.4 to read as follows: o .

4.12* Explosion Contrel. Where required elsewhere in this plosion prevention or

be provided in accordance with this section.

4.12.1* ESS installed within a room, butlding. ESS cabmet. or ESS walk-in umt shall be provided with one of the
020 Edition m following:

(1) Explosion prevention systems desig 1. operated, maintained, and wested in accordance with NFPA 69.

(2) Defl wenting installed and maintained in d with NFPA 68,

4.12:2.1.1 Explosion prevention and deflagration venting shall not be required where approved by the AHJ based on

Tentative Interim Amendment (TIA) large-scale fwe testing in accordance with 4.1.5 and a deflagration hazard study that demonsirates that lammable gas

l.nm.x:nm:ltlnn-. in the room, 'hmldlng ESS cabinet, or ESS walk-in unit canmot exceed 25 percent of the LFI iloeations
Issued Amendmenis Issued D For iy S why 1k o R

41212 W h approved, ESS cabinets that have been designed to ensure no hazardous pressure waves, debris, shrapnel
TIA 20-1, Reference: 4.11.2.1, 4.11.2.1.1, and A4.11.2.1.1 Aprll 1, 2020 [B98.34 KE mm orenclusure igces are ejected. as validated by installation level larpe-scale testing and engineering evaluation complvin

11l

1on venting shall

TIA 20-2, Reference: Secthon 4.12, A4.12, and A4 02 August 26, 2021 Biceos e “m NFPA 69,
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NFPA TIA 855 20 2 Substantiation

“...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 included in the description they
must be excluded. Use of this “loophole” can lead to what the TC would

7
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https://spectrum.ieee.org/dispute-erupts-over-what-sparked-an-explosive-liion-energy-storage-accident

Difficulties With NFPA 68 & 69

Compliance
* NFPA 68 — Deflagration Venting e o
* It is not prevention — you are acknowledging the fact that a Ecuivalent
deflagration will occur Testing
« Current battery container design offerings are usually of the ‘cabinet’
type

« There may not be enough surface area for properly sized deflagration panels
on a cabinet type BESS

 NFPA 69 — Explosion Prevention Systems
« Current battery container design offerings are usually of the ‘cabinet’
type
« System must be installed to Safety Integrity Level (SIL) 2 at minimum
* Expense associated with making a battery container SIL 2
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Alternative Method Added by TIA

4.12.1.2 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 4.1.5 that includes the cabinet, shall be permitted in lieu of
providing explosion control complying with NFPA 68 or NFPA 69.

Automatic Door
Opening
Technology

Ex. PNNL Intellivent
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Key Take-Aways

» Specify best-practice, most up-to-date Code/Standard requirements
in your Request for Proposal (RFP)
 NFPA 855 2020, Including TIA’s/IFC 2021
« UL9540 2020

» Understand and ask appropriate questions of all bidders about how
they plan on meeting installation requirements

» Specifically ask about explosion control

« Consider re-examining the locations of existing BESS already
installed and consider retrofits
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Thank You!

Waylon Clark, R&D Electrical Engineer Matthew Paiss, Technical Advisor
Demonstrations Project Team Battery Materials & Systems
wiclark@sandia.gov Matthew.paiss@pnnl.gov
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Additional Slides
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UL9540A

Test Method for Evaluating Thermal Runaway Fire Propagation in
Battery Energy Storage Systems

 Tests are conducted at different ‘assembly’ levels:
* Cell
* Module
 Unit (Rack)
* Installation

TECH DVANTAGE' | %NRECA

ca's Electric Cooperatives



Cell Level Testing

Cylindrical
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https://dieselnet.com/tech/ener. owertrains_batteries.ph

Battery Cell Form Factors Battery Test Chamber
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- — Data Documentation
‘ : * Test method
: o * Cell temps monitored

What temp does the
cell vent?

What temp does the
cell go into thermal
runaway?

* Collect vent gas
composition



https://dieselnet.com/tech/energy_powertrains_batteries.php

Module Level Testing

Data Documentation
* Propagation from cell to
|| 2
cell within the module
e Measure chemical heat

) ( o) £<: —— ) release rate, smoke

G

-t release rate

* Collect vent gas
composition
Battery Modules
B ] L MOd UIe enCIOsure
Module Test Chamber integrity after the test
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Unit (Rack) Level Testing

Instrumented
¥ Wall Section ¥ .
=3 = Data Documentation
*  Monitor fire behavior of
e -_Initiat'::iBESS :D= Targj:;i?ESS unit under test
o _'\f * Measure heat release
) 3 s ) rates, smoke release
1 - rate, heat flux on other
£ ﬂ\. _i\‘ units & walls
= * Collect vent gas
G| TargetBess | M| Target BESS
—— -~ N L D composition
Battery Unit (Rack) * EXZI?ISI_On’ Oclzleglz?gratlon
and flying debris

Unit Test Layout
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Installation Level Testing

Data Documentation
* Test method
* Cell temps monitored

* What temp does the cell
vent?

* What temp does the cell
go into thermal
runaway?

Battery Energy Storage System (BESS) e (Collect vent gas

composition
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