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NYC ENERGY STORAGE

Stakeholder’s Roundtable:
Progress, Planning, and Input
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The Big Picture: Shared Goals

Con Edison Program Goal

NEW YORK
STATE OF
OPPORTUNITY.

300 MW by 2030

NYSERDA

NYC Energy Storage Goal
Original: 100MWh by 2020
Updated: 500 MW by 2025

Market growth
Falling costs, rising need
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NYS Energy Storage Goal

3 GW by 2030
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The Big Picture: Multiple Strategies and Stages
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The Big Picture: Multiple Strategies and Stages

Projects
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The Big Picture: Multiple Strategies and Stages

Projects

1548 5| ART DG HUB

NYSERDA

f NEW YORK
STATE OF
OPPORTUNITY.

DNV-GL



The Big Picture: Multiple Strategies and Stages

Mayor’s office of Sustainability

NYSERDA Consolidated Edison

Financiers

Projects
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The Big Picture: Multiple Strategies and Stages

Mayor’s office of Sustainability

NYSERDA Consolidated Edison

Financiers

Projects

Industry stakeholders 73
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ENGAGEMENT OF
STAKEHOLDERS
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NYSERDA

Success Through Partnership
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Where We Came From = \Where We Are Going

December 2016 October 2017 June 2018 December 2018
NYSERDA Soft NFPA 855 first UL 9540A 3rd NY State energy January 2019 - present
Costs initiative draft edition storage target set UL 9540A data analysis guide meetings
Feb - Dec 2017 January 2018 September 2018 July 2019 August 2019 | | October 2019
Weekly meetings UL 9540A 2n¢ DOB 1%t storage NYS emergency || NFPA 855 FDNY storage
Wlth AH.JS on edition bulletin rule published published rule published
guidelines

2020
Process improvement
Expanded installs
Technical assistance
JL_1l
September 2016 April 2018
New York City August 2017 NYC outdoor November 2018 July 2019 September 2019 Nov 2019
100 MWh by IFC 2018 permitting UL flow charts ConEd Bulk DOB storage Stakeholder
2020 goal set published cuidelines developed Storage RFP issued zoning bulletin feedback
. IT
February 2017 published January 2019 August 2019 December 2019
First DG Hub / Nov 2017 July 2018 nd NYSERDA Guidebook Updated NYC
NYSERDA / FDNY / DOB 2™ storage - ittine Guidell
UL 9540A 1st NFPA 855 bulletin published Permitting Guidelines
DOB meeting for edition second draft
permitting initiative

NYSERDA

EFE'};IOIORK DG H U B —— With key technical
OPPORTUNITY. DNV-GL assistance from




Smart DG Hub: Outdoor Guidelines

Energy Storage System
Permitting and Interconnection

Process Guide

For New York City

Lithium-lon Outdoor Systems

NEWYORK | NYSERDA

STATE OF
OPPORTUNITY.
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Permitting and Interconnection Process Guide For New York City Lithium-lon Outdoor Systems

*siting requirements:
*  Must demonstrate compliance with NYC zoning reguirements per zoning area and equipment category.
«  Description of access to energy storage system equipment and dearly defined and maintained means of
egrass as required by code (both Fire and Building codes” chapter 10, a5 applicable).
»  Individual containers may not exceed 53" x 86" x 0.6".
®  Must indicate distance from other site features, regardless of prodmity to enengy storage system,
covering at least:

o Minimum of 10" from: Lot lines, public ways, buildings (and air intakes or openings such as doors
and windows), stored combustible material, hazardous material, high piled stock, other exposure
hazards, means of egress, and required exits;

o OR can install 3 line of protection if approved by AHJ;

o OR if explosion and fire analysis using data obtained from UL 95404 testing demonstrates
otherwise and is not in conflict with zoning or building code. DOB requires review and approval
of data obtained under UL 95404 testing.

@ Indicate location and distance from fire hydrants and standpipes, as applicable.

#  Location of shut-off and electrical disconnects on site must be specified on plans or described and should
be within line of sight or clearly signed, and be compliant with NEC Article 706 and ADA_

«  [finstallation on rooftop below 100 ft, description of how installation complies with NYC Fire Code 504.4.

? adjacent to building requirements:
®  Must be under 20 kwh.
#  Building must be non-combustible;
o Of a 1-hour fire rated assembly over the existing building surface that extends 5 feet on either
side of the container and 10 feat in the direction of expected flame travel in the event of a fire.
®  ANDinstalled at least 5 ft. from any openings in walls (windows, doors, vents, etc.) and 10 ft. from

required exit;
= OR where insufficient space, a non-combustible or 1-howr fire rated assembly barrier may be put
in place, if approved by AHL.

® UL 95204 test results may be submitted to OTCR for evaluation. OTCR may omit the above requirements
based on their evaluation.

A 0ver 20kW system site requirements are to be evaluated on a case by cse.
4 applicability pending UL 95404 testing results.

“5pill Control and Meutralization Requirements:
#»  For free-flowing electrolyte, method and materials shall be capable of neutralizing a spill of the total
capacity from the largest call or block to 3 pH between 5-8.
»  For immaobilized electrolyte, the method and material shall be capable of neutralizing a spill of 3% of the
capacity of the largest call or block to a pH between 5-2.

“Zignage Requirements:
»  Dimensions at least 8.3" x 11"
Made of durable material.
Must have non-glare finish, and characters must contrast with background.
if sign fades, a new one must replace it
cCharacters must be a minimum of 0.5" in height.
Sign must be securely attached at approximately 5 fto
»  Sign will include following or equivalent:

SMART DG HUB

With key technical

DNV-GL assistance from




Outdoor Guide

« Published in 2018, with detailed input and discussion with stakeholders
« Addressed the ConEd, DOB, and FDNY application processes

« Created a checklist for critical permitting requirements, prior to the adoption of code,
addressing:

e Sizing

« Siting

» Testing / certifications

« Signage

» Submission details (forms and documentation requirements)
 Costs

« Since publication, adoption of new bulletins and rules, as well as new data, necessitates

updates
With key technical
DNV-GL assistance from
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NFPA 855
IFC 2018 (and draft 2021)
UL Standards

UL 1642 (cell)

UL 1973 (module)

UL 1741 (inverter)

UL 9540 (system)

UL 9540A (test method)

NY and NYC rules

ITY.

NYSERDA

Standards Development

Standard for
the Installation of Statiol

I I Cn
A Member of the International Code Famity

NEW YORK | Departm gl 2 E N GlEEN R EN S
OPPORTUNITY. Of State

2019 Energy Storage System Sup
(Revised September 2019

containin g amendments to the Naw York Zaate Uniorm Fire Pres wention

INTERNATIONAL
FIRE CODE

Published by the Mew York State Department of St3
Publication Date: September 2019

DG HUB

DNV-GL

UL 9540A

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

With key technical
assistance from
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Standards Development

N\
Energy Storage System R JEFF FECTEAU
|4 Self-Contained/Pre-Engineered UL 8540 (FTBW) JOHN TAECKER
PV Modules or JEFF SIMPSON
AC Modules - UL 1703 & UL 1741 [QHYZ) Storage Batteries UL 1873 (B8FX)
BIPV— UL 1703, UL 790, & UL 997 [QH2K) Inverters UL 1741 (QJKH)
Flat plate - UL 1703 [QHZV, QIGU, QIGZ, QJIA) Charge Controller UL 1741 (QIP) )

i s Utility Meter Sockets
UL 414 (PIYZ, PKAX)
Meters
UL 2735 (POCZ)

Rack Mounting Systems AC Disconnect

uL2 703.[Q|Ms'y 3 ULSE PV Generation Meter
BIPV Mounting Systems R ORA UL 816 or UL 61010-1 (FTRZ)
UL 1703 (QHzQ) R

-~

UL 2735 [POCZ)

"
Solar Tracker [ DC Disconnect
UL 3703 (QJKA) UL 98B (WHXX, WIBC, WHVA)

Combiner Box UL 4898 [WJBE)
UL1741 (Qio) ULS08I (NMSJ)

PV Wire uL 4703 (2kLA) or
USE-2 Cable uL 854 (TvL.2) or
DG Cable uL 3003 [Q#zR) or
\DG Wiring Systems uL 8703 [QHzs)

DC AFCI
UL 16998 (Q)DC)

Listed self-contained or pre-engineered
ESS indludes charge controller, inverter

Connectors

Rapid Shutdown

{ 10) and batteries
uLs703 , QUQ) UL 1741 (Qus, QUW)
Standby loads
Distribution Panel
Image Credit: Underwriters Laboratories (UL), LLC UL &7 (QEUY)

From SPI, “Energy Storage System Installation Codes” presented by J. Fecteau, J.Taecker, J.Simpson

DG HUB

NEWYORK | NYSERDA

STATE OF
OPPORTUNITY.

With key technical
DNV-GL assistance from




UL: Standards Development
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US ESS Growth (Added MW /Year) 2017 - 2024

6,000

The MW/year added each year in 2021-2024 will be
over 7 times larger than 2019. Over 80% of this
5,000 added MW will be required to do UL 9540A testing
under IFC 2021, NFPA 855, and EPRI guidelines.
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Data from Wood Mackenzie
3Q19 Energy Storage Repe

NYSERDA
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Standards Development

U.S. front-of-the-meter energy storage pipeline by requested commissioning date (MW)

Market

Arizona

California
Colorado
Florida

Hawaii
Massachusetts
(NEVETOE]

New Jersey
New York

PJM (Excl. NJ)
Texas

All others

Total

e 2022 represents the largest anticipated pipeline delivery year, as some projects with a COD of 2019 and 2020 were delayed.

e |nterconnection queue requests are clustered in the 2020-2023 time frame, driving most pipeline numbers.

DG H U B —— With key technical @
DNV-GL assistance from

Data from Wood Mackenzie
3Q19 Energy Storage Report

NYSERDA
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Standards Development
ENERGY STORAGE FIRE SAFETY STANDARDS

NEC: National Electric Code (NFPA 70)

—N | ctallation NFPA 855: Standard for the Installation of
—| Codes Stationary Energy Storage Systems

IFC 2018/2021: The International Fire Code

UL 1642: Lithium Batteries

=_= Battery Safety UL 1973: Batteries for Use in Stationary, Vehicle
7% Certification Auxiliary Power and Light Electric Rail (LER)

Applications
UL 9540: Energy Storage Systems and Equipment

—~ st i UL 9540A: Test Method for Evaluating Thermal
Performance Runaway Fire Propagation in Battery Energy
D Storage Systems

DG H U B With key technical @
DNV-GL assistance from

NYSERDA
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Standards Development

« UL 9540A, 4 Edition: Test Method for Evaluating Thermal Runaway Fire Propagation In
Battery Energy Storage Systems (12 November 2019)

« Cell level test

* Module level test

« Unit (rack) level test

» |nstallation level test (including mitigative systems)
« UL 9540A 4™ Edition versus 3" Edition

» Adjusted test set up and requirements

« Performance criteria

« More installation types

 More system types

f NEW YORK
STATE OF
OPPORTUNITY.

NYSERDA

DG HUB

With key technical
DNV-GL assistance from



Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ




Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ




Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ

UL 9540 Listing




Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ

UL 9540 Listing Max. 50 KWh per unit




Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ

UL 9540 Listing Max. 50 KWh per unit

Spaced min. 3 ft.
from other arrays
and from walls



Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ

UL 9540 Listing Max. 50 KWh per unit

Spaced min. 3 ft.
from other arrays
and from walls

Max. 600 KWh aggregatef/fire area



Standards Development

IFC 2021 / NFPA 855
Listing, Size, Separation, MAQ

UL 9540 Listing Max. 50 KWh per unit

Other arrangements . .

based on UL 9540A large
Max. 600 KWh aggregatef/fire area

Spaced min. 3 ft.
from other arrays
and from walls

scale fire testing



Standards Development

UL 9540A Testing Methodology

* Whether cell can exhibit thermal runaway
g Cell Level Test « Thermal runaway characteristics
* Gas composition (flammability)

"‘{;” "‘{;"‘ * Propensity for propagation of thermal runaway
— = Module Level Test * Heat and gas release rates (severity/duration)
4 4 1 * Flaming/deflagration hazards
I
i
.
¥ « Evaluation of fi d
~ valuation of fire sprea
)  Heat and gas release rates (severity/duration)
- Unit Level Test .
* Deflagration hazards
r: * Re-ignition hazards
b
1 1
S 7 . . .
134 * Effectiveness of fire protection system(s)

* Heat and gas release rates (severity/duration)
* Deflagration hazards

Installation Level Test

* Re-ignition hazards

Challenge — AHJ needs to evaluate the test results




UL: Standards Development
@
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Thermal Runaway - 25 Lithium-ion Cells

Let’s do the math...

 Asingle 18650 Li-lon cell is ~ 10 WH
e 25cellsis~ 250 WH
 Atypical ESS module has 3,100 WH
 Atypical rack has 10 modules for 31,000 WH

 This typical rack has over 120 times more energy than
the 25 cell example in the video

ﬁv:* SMART DG HUB

DNV-GL

NYSERDA

f NEW YORK
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OPPORTUNITY.
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Incentives and Installations

 Current grid needs:
* Resiliency

« Response to changing demand levels and shape
« Retirement of generation and peaker facilities

« ConEd programs to address need.:
« UL 9540A testing incentive

« Bulk storage RFP summary
« Timeline
« Applications

« Totals moving forward

NYSERDA DG HUB

ETET‘?JORK With key technical
OPPORTUNITY. DNV-GL assistance from




Bulletin 2019-002

« Effective date: January 30, 2019

« Applicable to:

Lithium ion, flow batteries, lead acid, and
valve regulated lead acid

All system sizes

All installation types

 Key takeaways / steps

Complete a PW1 and submit all site-specific
data required in the OTCR application
checklist

Schedule site visit with DOB
Submit PW2 and ED16

Install, inspect, and Certify per OTCR
Conditional acceptance

OTCR Final Acceptance Letter for BESS
must be obtained prior to project signoff

DOB General Project Filing and
Signoff Requirements

Submit:
« PW1 for BESS, and work associated
with BESS

APPROVAL OF CONSTRUCTION

DOCUMENTS

Submit:
« PW2 for BESS, and work associated
with BESS

« ED16

WORK PERMIT ISSUED

Y

BESS General
Application Requirements

1

Plan Exam

2.
Permitting

Submit:
+ OTCR Site-specific application for
BESS evaluation

+ Required info from OTCR Battery
Application Checklist

Coordinate site visit with DOB

Obtain:
+« (OTCR Conditional Acceptance letter

Obtain:
+ | etter of Completion

3.
Construction

Install, inspect & certify per OTCR
Conditional Acceptance letter and FONY
Letter of Approval

Obtain:
« (OTCR Final Acceptance letter

PROJECT SIGNOFF

4.
Maintenance

Comply with FDNY maintenance
requirements




Issuance Date: September 26, 2019

Independent Systems:
* Fuel Cells

« Battery Energy Storage Systems (BESS)

Bulletin 2019-007

Buildings

NYC Depanment of Bulldngs
230 Broaoway
Mew York, NY 10007

Mslanle La Rocca, Commissionsar

BUILDINGS BULLETIN 2019-007

Zoning

« OTCR Review - Exceed Power Output FGC 633.1 (BB 2019- oo

002 w/other reqgs)

Key takeaways:

Issuer: Keith L. Wen, R.A.
Assisiant Commissioner, Code and Zoning Interpretation

Issuance Date: Septemmber 28, 2018

Purpose: This bulletin clarifies the applicable zoning use group and limitation when establishing
faciliies for non-accessory fuel cell systems and battery energy siorage systems.

Related ZR 32-15 AC Title 24 Chapter 2

Electric/Gas Utility Substation (ZR 32-15: Use Group 6D) “Sechonisy | ecime

 Comply with ZR (yards, fencing)

 Energy provided to Grid
 Open or Enclosed

Subject{s): Fuel cell; Fuel cell installation; Fuel cell facility; Use group, fuel cell; Battery energy storage
sysiems; Batiery installation; Battery energy storage system facility. Use group, battery
energy storage; Zoning Use Group classification (UG), Use Group 8D

I. Background

One of the strategies outlined in the New York CHy's Rosdmap fo 80 x 507 is to promote clean, distributed
energy rescurces at a community scale. Distributed energy resources (DERs). which include renewable
energy sources, energy efficient technologies and strategies, and energy storage, will play an important role in
increasing the amount of clean energy and in reducing demand on the grid and providing resiliency benefits.
This bulletin clarifies the applicable zoning use group and limitation when establishing facilities for non-
accessory fuel cell systems and battery energy storage systems, which are types of DERS.

o S ite - 10 0 OOO Sf Ii m it F u el Ce I |S - N atu ral G aS . 15 pS i g m aX A. Battery energy storage systems [BESS). BE3SS store energy through electrochemical means to supply

electrical energy at a future time, and provide slectrical energy for other uses. Batteries are charged when
energy can be produced with lower carbon emissions or when renewable energy is available, and
discharged when it is more convenient, economic, or when energy is not available from the grid or other

[ ] Fuel Cel IS - Sou nd Studies (AC 24 Chapter 2) distributed generation sources. Battery ensrgy storage systems may employ lithium-ion, lead acid, flow

Otherwise, Use Group 17 C “Public Utility Substation Open or

Enclosed with no Limit on Size”

batteries or other approved types of technology. The systems’ components may include equipment for
charging, discharging. storage, communication. contrel and protection of the eguipment, fuel, containment
and other equipment used to properly operate the system.

B. Fuel cell technolegy. Fuel cells are a type of distributed generation (DG) technology that provides energy
to customers at the community level andfor to support the existing eleciricity grid. where it is necessary to
mitigate aging and inadequate energy distibution infrastructure. Fuel cells are commenly connected to
natural gas, which preduces hydrogen gas through reforming. The hydrogen is then passed through the
cell to produce electricity via an electro-chemical reaction. Fuel cells generally ocperate at efficiency levels
higher than traditional combustion generators.



DG Hub Matrix Interpretation

Standard Permitting Requirements

Special Permits/Other Requirements

Zoning Use Other (CEQR, Cert of
FDNY DOB
Battery type/category Use Cases District | Group BSA / CPC 0Occ)
This use case includes projects that primarily supply power to the Permits/requirements
i - p ) P y supplyp . R N/A | Permits/requirements /. 9 .
existing building on a site. They may or may not be physically as outlined in EDNY as outlined in DOB
connected to the electric grid, but do not function primarily as a grid- Bulletin 2019-002,
Accessory Use | . RCNY 608.1, unless .
(Building/Site S £y supporting asset.* Example Projects: C N/A sited on bropert unless sited on N/A N/A
uflding/>ite Suppor -ESS on roof of a 1-4 family home storing surplus solar generation outside o?N\fC AI\-:J property outside of
-ESS on warehouse property providing demand response and peak M N/A Urisdiction®** NYC AHJ
management for the building . jurisdiction***
. . CEQR and new/amended
. . . . i i i R 6D BSA special permit
This use case would include projects that function primarily as grid- . . Cert of Occupancy
. . ] . . Permits/requirements
supporting assets, owned and operated by a utility or other third Permits/requirements as outlined in DOB
party in order to provide grid support/optimization services. as outlined in FDNY .
. | Bulletin 2019-002, N/A for zones C1, C2, C4,
Non-Accessory (Grid Example Projects: RCNY 608.1, unless )
A ) . unless sited on C5, C6 (except C6-1A), and
Support) < 10,000 sf** |-Con-Ed owned and operated ESS that connects directly to the grid sited on property .
. property outside of |C8.
for peak load support outside of NYC AHJ
. B . C 6D . NYC AHJ N/A
-Generator-owned ESS providing ancillary services such as frequency jurisdiction®** .
) . jurisdiction®** For zones C3, C6-1A, and
regulation and spinning reserves .
C7, use group 6D is not
allowed as of right.
M 6D N/A N/A
. Lo CEQR and new/amended
17Cor CPC special permit (if )
R Cert of Occupancy (if
other . . Permits/requirements 17/17C)
Permits/requirements 17/17C)
This use case would include large projects that provide grid support as outlined in FEDNY asoutlinedin DOB  |ggp special permit (if
Non-Accessory (Grid and/or peak power supply, owned and operated by a utility or other RCNY 608.1 unless Bulletin 2019-002, 17/17C, 10,000-40,000sf)  |CEQR and new/amended
s 1) > 10,000 sf third party. Example Projects: C 17Cor sited on ) r’o ort unless sited on Cert of Occupancy (if
uppor ’ s -Generator-owned ESS that replaces a closing fossil-powered peaker other outside ofN\fC A:J property outside of |cpc special permit (if 17/17€C)
plant and connects directly to the grid ek NYC AHJ 17/17C, >40,000sf)
jurisdiction jurisdiction®** , ’
17Cor
M N/A N/A

other




3 RCNY 608-01

 Effective Date: October 1, 2019

« Key differences between Rule and previous Permitting Guide

« Permit for Medium/Large systems otPAR T

&
« Requirements for all battery types (VRLA, NICAD, Flow) {:? CITY OF 4-;

NEW YORK

« Manual exhaust override
« Design procedures for explosion mitigation
» Certificate of Approval — Equipment for City-Wide Use

 Important information to Applicants — Site Selection
« Water supply availability — Hydrants and main = 8 inches

* Redundant Fire Department Connections (FDC)

« FDCs at safe distance from hazard zone, with e-stop and Available on the Fire Department’s
exhaust switch available there Website and NYCRULES



http://www.nyc.gov/FDNY
http://www.nyc.gov/NYCRULES

Processing UL 9540A Data

« Learnings from last year’s stakeholder roundtable:
« Clarity needed on what to do with UL 9540A data

« Documentation of process, including roles and responsibilities, lacking

 Engagement of subject matter experts necessary

« Based on this input, over the last year:
« UL developed flow charts for the basic steps to gather and assess the data

DG Hub hosted weekly meetings with subject matter experts to provide insight to stakeholders
Into best available thinking on this topic

* NYC-specific intricacies identified

NYSERDA DG HUB

QITET\:-'D!DRK With key technical
OPPORTUNITY. DNV-GL assistance from




Processing UL 9540A Data

Fire propagation assessment —
cell, module, and unit level

Cell level test

'

Module level test [

v

Unit level test

y

BESS Fire Propagation Assessment Flow Chart T:rl‘cell' venttemperature measured during
. . cell level testing
Using UL 9540A — Cell, Module and BESS Unit Level Test Tosger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Cell Level Test Results Tameisnt — AMbient temperature at start of test
Thermal runaway?
Cell Lewel Test [1] Thermal runaway method . .
. o -Rapid temperature inoreass
Construction review Vent temperature (Tug:) o .
—| - -Flaming N
Thermal runaway temperaturs —Gas venting
Vent gas CCHI'!FtlEITI}I"I and -Internal short circuit
properties
VES
¥
Module Level Test Results
Heat release rate Mode of thermal runaway
Module Lewel Test [2] Smoke release rate contained by module design? HO
Construction review g Module temper sture - Heat releass rate VES Rl o Sias Fammakie?
Gases generation volume/rates -- Module temperature
Explosion hazard
NO
3 Unit Level Test Results
Target BESS max. tempsrature
- (Toaren) 3.
Unit Level Test [3] Toaget > Tupee s OR
Separstion distances Wall max. temperature {Tua [4] Ty 97" C+ T, pia?; OR . Potential for deflagration from .
(Target BESS, walls) ] Lot relecs rates Flaming outside the unit? OR gas generation? e
* Smoke release rates I
Gases gensration rates Observed explosion? I n Sta I | at i O n
Explosion hazards 5 . =
Reignitions Fire propagation hazard
not demonstrated by test,
Y& YES Deflagration hazard not
demonstrated by test.
MOTES:
3 [1] Cell shall be certified to UL1973
Conduct [2] Module shall be certified to UL 1973 Review Fire’
) [3] Unit shall be certified per the reguirements UL 1973 if contains only batteries and/or to UL 9540 Codes for
. Installation .I.evel Test . if an energy storage system installation
With Installed Fire Protection [4] Max. wall temperature criteria applies for combustible wall construction only requirements
Plan [6] [5] Use procedure in Deflagration Analysis [6]
[6] Review of fire protection plan and code requirements may necessitate review by a licensed fire
. rotection engineer.
© Copyright ULLLC, 2019 - -

level test

\ 4

No hazard
identified




Processing UL 9540A Data

Draft BESS Fire Propagation Assessment Flow Chart

Using UL 95404 — Installation Level Test

Develop Fire Protection Pian
Eased Upon Test Data [1]
- Fire mitigation
- Defiagration mitigation

Temt— Cell vent temperature measured during
cell level testing

Tiaegee — Maximum temperature of target BESS
Toat — Maxi mum temperture of target wall
Tamsi— Ambiznt temperature at start of test

’

Conduct installation Level Test

Revize Fire Protection Plan;
See lmues to consider

Fmming cutside room?; OR
Flmme propagation on ove mead
canbling?; OR
Explosicn hazard?; OR
Traget * Tusei OR
Towt = I €% Tcutiarz [2]

NO
¥

Fire propagation hazard not
demonsirated by test date.

Defiagration hazard not
demcnsirated by test dats.

ill fire protection plan

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitate indusion of a licensed fire protection engineer.
[2] Maax. wiall b=myper ature criteriaapplies for combustible
wall construction only

[2] Applicabifity of results to actual installation and code
requinements may necessitate review by a licensed fire
protection engineer.

Tisen: Cedl went temperature measured during cell lewed tests.
Tt Meximum wall surface bemperature

Tiuges: Maximum target BESS unit temperstune

Tsiiess” AMbient bempersture at start of test

B Copyright ULLLC, 2013

ion tested apply to
ctual field instaliztions?s

YES

Review NFPA 855 and

Issues to Consider

A Installation Space

# Combustible vs. Non combustible
construction
Size and layout
Loction [roof. indoor ve autdoor, fioor
for indoors)

. Separation distances
Spadng berween BESS
Spadng o walls

. Combarstibles
Owerhead cabling
Other combustibles

. Active fire mitigation methods
Detection and starm
Suppression systermn design
Deflagration prevention system design
Deflagation protection system design

Ll

®

s os s P s som

.

L)

Many of these issues may be analyzed
using wetted fire analysis tools including
enclosure fire modeling by a licensed fire
protection engineer.

Fire propagation assessment —
Installation level analysis

Installation
level test

A\ 4

Hazard
identified;
redesign
necessary

A\ 4

No hazard
identified




Processing UL 9540A Data

, . . —
i Draft UL 9340A BESS Deflagration Protection Analysis :

e e —————

/ e s \ et Deflagration protection analysis

UL 95408 CellModule/Unlt Test Data o Viaw- Volume or wolume flow rate of lammable gas
Wo: Volume of epclosure or ventilation rate of
omposition and Volume endosure
FL

¥.- Aammabie mix partisl volume frsction

« Soichiomeinc concenrations LFL: Lower flammability limit
+  Laminar buming veloclty P Partial wolume pressure
* P (EN 15567 Py~ Maximum pressure developed in & vented
l endosure duting ventsd detigration . |EmEmEmEmEmEm=m=m=m=——— > U L 9540A test

1
1
CalcUlate Ven/Wan: a0 BESS ennl:lsure-\ -
¥, Tor stolchiometnc volume and I
ventiation rais 1 v
1
' G | h
R ! ases less than
I b e e
Increase i vendlation rabe . .
fferietde i e I 25% LFL in install !
deflagration hazard i 1
=till present 1 1
' |
1
Calcutats efects of partial 1 v |
voume deflagration, NFPA 1 1
EE-20E, Chapter 7.3 H
! Partial volume '
p—
' defl i lysi
Dg;emn%r;en?g:hﬁe - "D“I“'x" 1 e agratlon ana YSIS
DFEE5Ue, P 15 Py = Plag e Tundamental 1
2 approach 1
1
¥ 1 v
. 1
Exploslon mitigaion ey e .
necesery - NFPA 68 mitigative
I - I )
p— iy I design
Vmg | — wawe threals o I
neary bulidings! 1
people? i I
!
KOTES 1 y
[4] Vi, 310 Vi G301 B SIMEF VOMIMES OF VORIMETIC low rates \‘:—5 1 .
S e oo - Redesign No hazard
encicsure if detormation is net tolarated, Chooss | ——

deflagration

=glon

| ayatem or ancther
method such as

enclozurs Insrting

par NFP& 63

necessary identified /
hazard managed

& Copyright ULLLE, 2013



Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 95404 — Cell, Module and BESS Unit Level Test

AN

Cell Lewel Test [1]
Construction review

Call Level Test Results
Thermal runaway method
Vent temperature (Tp:)
Thermal runaway temperature
Vent gas composition and
properties

-Flaming
-Gas venting

Module Level Test [2]
Construction review

Module Level Test Results
Heat release rate
Smoke release rate
Module temperature
Gases generation volume/rates
Explosion hazard

Mode of thermal runaway
contained by module design?
- Heat releass rate
-- Module temperatune

Thermal runaway?
-Rapid temperature inorease

-Internal shert circuit

Tyent—Cell vent temperature measured during
alikaslein

Tonrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Gas Hammable?

h

Unit Level Test [3]
Separation distances
[Target BESS, walls)

Unit Level Test Results
Target BESS max. temperature
(oo
Wall max. temperature (Tua) [4]
Heat release rates
Smoke release rates
Gases gensration rates
Explosion hazards
Reignitions

Toamer > Tuem 75 OR
Tean = 97 C+ T, 0?1 OR
FEming outside the unit? OR
Observed explosion?

Potential for deflagration from
gas generation?

151

YES

"

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

© Copyright ULLLC, 2019

NOTES:

[1] Cell shall be certified to UL 1973
[2] Module shall be certified to UL 1573

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and,for to UL 9540
if an energy storage system

[4] Max_ wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis
[6] Review of fire protection plan and code requirements may necessitate review by a licensed fire

protection engineer.

not demonstrated by test.

Fire propagation hazard

Deflagration hazard not
demonstrated by test.

Review Fire
Codes for
installation
requirements

[61

>

Until accredited labs available, testing data
can be provided by any lab which is
accredited to conduct UL 9540 or UL 1973.

Contents of UL 9540A test report:

« Executive summary

Laboratory

Date of test

Edition of test method

Description of energy storage equipment
Description of layout and mitigative
systems

« Description of test set up

« Summary of results

- Raw test data may be requested




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Tyent— Cell vent temperature measured during
cell level testing
Tenrger — Maximum temperature of target BESS

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (T, m:)

Call Level Test [1]
Construction review

/\ Tuan — Maximum temperature of target wall

Tameient — AMbient temperature at start of test
/‘I‘EI’I‘I‘EI' mmmf& P
-Rapid temperature inorease

Thermal runaway temperature
Vent gas composition and
properties

-Fleming NOr
-3as venting

wternal shcrtcirCV

AN

Module Level Test Results

Heat releass rate
Module Level Test [2] |l Smoke release rate
Construction review Module tempersture

Gases generation volume/rates
Explosion hazard

T~

Mode of thermal runaway
contained by module design?
- Heat releass rate
-- Module temperature

Call Vent Gas Aammable? NO—

NO

3 Unit Level Test Results
Target BESS max. temperature

i (Toarger)
S';:tml.:;?;g B3] Wall max. temperature (T [4]
B Heat releass rates

(Target BESS, walls] Smoke release rates

GEses gensration rates
Explosion hazards
Reignitions

Toamer > Toem i OR
Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

Potential for deflagration from
gas generation?

[5]

L

Fire propagation hazard
not demonstrated by test.

Deflagration hazard not

NOTES:
L [1] Cell shall be certified to UL 1973

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

if an energy storage system

© Copyright ULLLC, 2019 profecion engneer

[2] Module shall be certified to UL1973
[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

[4] Max. wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis
[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]

Applicable to all system types, sizes, and
installation locations, e.g., no exceptions
granted for the test.




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (T, m:)
Thermal runaway temperature
Vent gas composition and
properties

Call Level Test [1]
Construction review

¥

Module Level Test Results
Heat releass rate
Smoke release rate

Mode of thermal runaway

Module Level Test [2] contained by module design?

Thermal runaway?
-Rapid temperature inorease
Flaming
-3as venting
-Internal shert circuit

A

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Cell Vent Gas Hammable?

Construction review B Module tempersture - Heat releass rate
Gases generation volume/rates -- Module temperature
Explosion hazard
L[]
3 Unit Level Test Results
Target BESS max. temperature
Unit Level Test [3] (Tomger) Toamer > Tue?: OR

Wall max. temperature (T [4]
Bt Heat release rates
Smoke release rates
GEses gensration rates
Explosion hazards
Reignitions

Separation distances
(Target BESS, walls)

Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

YES

Potential for deflagration from
gas generation?

[5]

Fire propagation hazard
not demonstrated by test.

Ve Deflagration hazard not

NOTES:
L [1] Cell shall be certified to UL 1973

[2] Module shall be certified to UL1973
Conduct

Installation Level Test
With Installed Fire Protection
Plan [6]

if an energy storage system

[5] Use procedure in Deflagration Analysis

© Copyright ULLLC, 2019 profecion engneer

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540
[4] Max. wall temperature criteria applies for combustible wall construction only

[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]

Cell test measurements:

Thermal runaway initiation method
Cell surface temperature at gas venting
Cell surface temperature at thermal
runaway

Gas volume

Gas composition (CO, CO2, H2, total
hydrocarbons)

Lower flammability limit (LFL)

- Determined through secondary test,
via the method outlined in ASTM 918
or ASTM E681

Deflagration pressure (Pmax)

- Determined through secondary test,

via the method outlined in EN 15967
Burning velocity (cm/s)

- Determined through secondary test,
via the method outlined in ASHRAE
34 or ISO 817




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (Tym:)

Call Level Test [1]
Construction review

Thermal runaway temperature
Vent gas composition and
properties

L

Thermal munaway?
-Rapid temperature inorease
-Fleming
-3as venting
-Internal short circuit

Module Level Test Results
Heat releass rate
Smoke release rate
Module tempersture
Gases generation volume/rates
Explosion hazard

Module Level Test [2]
Construction review

fal runaway
odule design?
- Heat releass rate

-- Module temperature

Cell Vent Gas Hammable?

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

3 Unit Level Test Results
Target BESS max. temperature
(Tuger)

Wall max. temperature (T [4]
B Heat releass rates
Smoke release rates
GEses gensration rates
Explosion hazards
Reignitions

Unit Level Test [3]
Separation distances
(Target BESS, walls)

Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

Potential for deflagration from

Module level measurements:

- Propagation of thermal runaway
- External flaming

- Locations of flame venting

- Flying debris

- Peak heat release rate (HRR)

- Re-ignitions

- Surrounding temperatures

- Gas composition pre-flaming

- Gas composition post-flaming

gas generation?

[5]

Fire propagation hazard
not demonstrated by test.

Ve Deflagration hazard not

NOTES:
\ [1] Cell shall be certified to UL 1973
conduct [2] Module shall be certified to UL15973

Installation Level Test
With Installed Fire Protection
Plan [6]

if an energy storage system

© Copyright ULLLC, 2019 profecion engneer

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

[4] Max. wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis
[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Call Level Test [1]
Construction review

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (T, m:)
Thermal runaway temperature
Vent gas composition and
properties

L

¥

Module Level Test [2]
Construction review

Thermal runaway?
-Rapid temperature inorease

-Fleming
-3as venting
-Internal shert circuit

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Module Level Test Results
Heat releass rate
Smoke release rate
Module tempersture
Gases generation volume/rates

de fal runaway
contained by module design?
- Heat releass rate

-- Module temperature

Cell Vent Gas Hammable?

Explosion hazard

AN

NO

YES

b

Unit Level Test [3]
Separation distances
(Target BESS, walls)

Unit Level Test Results
Target BESS max. temperature
ET‘..III]

Wall max. temperature (T [4]
Heat release rates
Smoke release rates
GEses gensration rates
Explosion hazards
Reignitions

Toamer > Toem i OR
Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

Module level measurements:

- Propagation of thermal runaway
- External flaming

- Locations of flame venting

- Flying debris

- Peak heat release rate (HRR)

- Re-ignitions

- Surrounding temperatures

- Gas composition pre-flaming

- Gas composition post-flaming

Potential for deflagration from
gas generation?

[5]

™N

Fire propagation hﬂlﬂm
not demonstrated by test. \

YEs Deflagration hazard not \

A

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

© Copyright ULLLC, 2019

NOTES:
[1] Cell shall be certified to UL 1973
[2] Module shall be certified to UL15973

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

if an energy storage system

[4] Max. wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis

[&] Review of fire protection plan and code requirements may necessitate review
protection engineer.

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]

Continuation to unit level test determined
by results of module level test. If the module
level test demonstrates the heat released
outside of the module under thermal
runaway conditions does not exceed Tvent,
then the unit level test is not required.

by a licensed fire




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (Tym:)

Call Level Test [1]
Construction review

Thermal runaway temperature
Vent gas composition and
properties

L

Thermal munaway?
-Rapid temperature inorease
-Fleming
-3as venting
-Internal short circuit

Module Level Test Results
Heat releass rate
Smoke release rate
Module tempersture
Gases generation volume/rates
Explosion hazard

Module Level Test [2]
Construction review

Mode of thermal runaway
contained by module design?
- Heat releass rate
-- Module temperature

Cell Vent Gas Hammable?

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

3 Unit Level Test Results
Target BESS max. temperature

Unit Level Test [3]
Separation distances
(Target BESS, walls)

(Tuger)
Wall max. temperature (T [4]
Heat release rates
Smoke release rates
GEses gensration rates

Toamer > Toem i OR

Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

Potential for deflagration from
gas generation?

[5]

Unit level test measurements:

- Test configuration

- Fire protection systems within unit
- Thermal runaway propagation
- External flaming

- Locations of flame venting

- Flying debris

- Peak HRR

- Re-ignitions

- Max. target BESS temperature
- Max. wall surface temperature
- Gas composition pre-flaming

- Gas composition post-flaming

A

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

© Copyright ULLLC, 2019

Explosion hazards " =
Reignitions Fire propagation hazard
not demonstrated by test.
YES VES Deflagration hazard not
demonstrated by test.
NOTES:

[1] Cell shall be certified to UL 1973

[2] Module shall be certified to UL1973

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540
if an energy storage system

[4] Max. wall temperature criteria applies for combustible wall construction only

[5] Use procedure in Deflagration Analysis

[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire
protection engineer.

Review Fire
Codes for
installation
requirements

[6]




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Cell Vent Gas Hammable?

Potential for deflagration from
gas generation?

[5]

Fire propagation hazard
not demonstrated by test.

Ve Deflagration hazard not

Cell Lewel Test Results Thermal runaway?
Cell Level Test [1] Thermal runaway method ) v
_ : -Rapid temperature inorease
Construction review 1 Vent temperature (T, m:) - —Flamin N
Thermal runaway temperature d G h\entig
Vent gas cumpr:»smun and -Internal shert circuit
properties
YES
¥
Module Level Test Results
Heat releass rate Mode of thermal runaway
Module Level Test [2] . Smoke release rate contained by module design?
Construction review — Module tempersture - Heat releass rate =
Gases gen -- Module temperature
Explosion hazard \/
L[]
3 Unit Level Test Results
Target BESS max. temperature
. ET‘..III]
Unit Lewel Test [3] Tramet > Toen?i OR
Separation distances . Wall max. temperature (Tou) [4] Touti> 97 €+ T, 50075 OR o
{Target BESS, walls) R I lese rates Flaming outside the unit? OR
B ! Smoke release rates
_ Observed explosion?
GEses gensration rates
Explosion hazards
Reignitions
YES
MNOTES:
X [1] Cell shall be certified to UL 1973

[2] Module shall be certified to UL1973
Conduct

Installation Level Test
With Installed Fire Protection
Plan [6]

if an energy storage system
[4] Max. wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis

© Copyright ULLLC, 2019 profecion engneer

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]

Construction review standards are not
stipulated, but may consider features like:
Chemistry

Energy density

Packaging materials

System design/spacing

Use of identical data to the system installed
is not mandatory, as long as the 'worst case
scenario' system is tested and that data is
used, based on approved test lab formal
construction review. Review must be
provided with application.

“Scaling down” results must be
demonstrated as appropriate through
testing by an approved lab. Models and
assumptions to “scale data” are not
currently acceptable.




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Call Level Test [1]
Construction review

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (Tym:)

Thermal munaway?
-Rapid temperature inorease

Thermal runaway temperature
Vent gas composition and
properties

-Fleming
-3as venting
-Internal short circuit

L

Module Level Test [2]
Construction review

Module Level Test Results
Heat releass rate
Smoke release rate
Module tempersture
Gases generation volume/rates
Explosion hazard

Mode of thermal runaway
contained by module design?

-- Module temperature

- Heat releass rate e =

NO

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Vent Gas Aammable?

b

Unit Level Test [3]
Separation distances
(Target BESS, walls)

Unit Level Test Results
Target BESS max. temperature
(Tuger)

Wall max. temperature (T [4]
Heat release rates
Smoke release rates
GEses gensration rates
Explosion hazards
Reignitions

Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR

Toamer > Toem i OR

Observed explosion?

Potential for deflagration from

gas generation?

[5]

Fire propagation hazard
not demonstrated by test.

Ve Deflagration hazard not

A

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

© Copyright ULLLC, 2019

NOTES:
[1] Cell shall be certified to UL 1973
[2] Module shall be certified to UL15973

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

if an energy storage system

[4] Max. wall temperature criteria applies for combustible wall construction only

[5] Use procedure in Deflagration Analysis

[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

protection engineer.

demonstrated by test.

Review Fire
Codes for
installation
requirements

[6]

A site specific risk analysis is necessary,
signed and stamped by a NYS PE, including:

Identification of hazards

Severity and likelihood assessment
Modes and mitigations analysis
Gap analysis

(Reference ISO 31010 for guidance)




Processing UL 9540A Data in NYC

BESS Fire Propagation Assessment Flow Chart
Using UL 9540A — Cell, Module and BESS Unit Level Test

Call Level Test [1]
Construction review

Cell Lewel Test Results
Thermal runaway methed
Vent temperature (T, m:)
Thermal runaway temperature
Vent gas composition and
properties

-Fleming

L

¥

Module Level Test [2]
Construction review

Module Level Test Results
Heat releass rate
Smoke release rate
Module tempersture
Gases generation volume/rates
Explosion hazard

Mode of thermal runaway
contained by module design?
- Heat releass rate
-- Module temperature

NO

Thermal runaway?
-Rapid temperature inorease

-3as venting
-Internal shert circuit

Tyent— Cell vent temperature measured during
cell level testing

Tenrger — Maximum temperature of target BESS
Tuan — Maximum temperature of target wall
Tameient — AMbient temperature at start of test

Call Vent Gas Aammable? NO—

b

Unit Level Test [3]
Separation distances
(Target BESS, walls)

Unit Level Test Results
Target BESS max. temperature

Toamer > Toem i OR
Toan > 97 C+ T, 0007 OR
Feming outside the unit? OR
Observed explosion?

Wall max. temperature (T [4]
Heat releass rates
Smoke release rates
GEses gensration rates
Explosion hazards
Reignitions

Potential for deflagration from
gas generation?

[5]

Fire propagation hazard
not demonstrated by test.

A

Conduct
Installation Level Test
With Installed Fire Protection
Plan [6]

© Copyright ULLLC, 2019

NOTES:
[1] Cell shall be certified to UL 1973
[2] Module shall be certified to UL15973

[3] Unit shall be certified per the requirements UL 1973 if contains only batteries and/or to UL 9540

if an energy storage system
[4] Max. wall temperature criteria applies for combustible wall construction only
[5] Use procedure in Deflagration Analysis

[&] Review of fire protection plan and code requirements may necessitate review by a licensed fire

protection engineer.

Review Fire
Codes for
installation
requirements

[6]

Toxicity analysis/modeling is not required

for outdoor sites. Appropriate PPE should be

identified for first responders, and
prescriptive egress requirements must be
followed. Indoor sites may require gas
detection.

Ve Deflagration hazard not
demonstrated by test.

A site specific risk analysis is necessary,
signed and stamped by a NYS PE, including:
- ldentification of hazards

- Severity and likelihood assessment

- Modes and mitigations analysis

- Gap analysis

(Reference ISO 31010 for guidance)




Draft BESS Fire Propagation Assessment Flow Chart
Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

N

- Fire mikigation N
efiazration mitigation

| Conduct hgulmﬁ

Fiaming outside room?; OR
Flmme propagation on ove resd
csbling?; OR
Explosion hazard?; OR
U e,
Tl ® 37 €+ Tt [2]

Rewize Fire Protection Plan;
Se=|mues to consider

[y

NO
¥

Fire propagaticn hazsrd mot
demonsirated by test data.

Defsgration hazsrd not
demonsirated by test data.

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitste indusion of a licensed fire protection engineer.
[2] Mezox. wiaill t=mperatune criteria applies for combustible
wall construction only

[3] Applicability of results to actual installation and code
requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Towuiias” AMbiEnt temperstiore ot start of test

& Copyright UL LLC, 2013

Review NFPA B55 and
IFC cod es for installation
requirements [3]

N

Issues to Consider

A Insmllation Space

# Combustible vz. Non combustible
construction

*  Size and layout

# Loction [roof. indoor vs outdoor, floor
for indoors)

B. Separation distances

* Spadng betwesn BESS

* Spadng towalls

L. Combustibles

* Overhead cabling

= Other combustibles

D. Active fire mitigation methods

* Detection and slarm

* Suppression system design

» Deflagration prevention system design

* Deflagration protection system design

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

Reporting requirements

Any submitted fire spread analysis must include the following:

- Executive summary

- Methodology used (UL 9540A results or heat transfer calculations)
- Data input

- Result output

- Calculations and assumptions

- If model used, validation documentation

- Sign off on final design by NYS PE




Processing UL 9540A Data in NYC

Draft BESS Fire Propagation Assessment Flow Chart
Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

T~

- Fire mikigation N
efiazration mitigation

#| Conduct h;tdlnﬁotm

Fiaming outside room?; OR
Flmme propagation on ove resd
csbling?; OR
Explosion hazard?; OR
U e,
Tl ® 37 €+ Tt [2]

Rewize Fire Protection Plan;
Se=|mues to consider

[y

NO

.

¥

Fire propagaticn hazsrd mot
demonsirated by test data.

Defsgration hazsrd not
demonsirated by test data.

il fire protection plan for
instaliation tested spply to
ctual field instaliations?? p3

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitste indusion of a licensed fire protection engineer.
[2] Mezox. wiaill t=mperatune criteria applies for combustible
wall construction only

[3] Applicability of results to actual installation and code Rieview NEPA 855 and

Issues to Consider
A Insmllation Space
# Combustible vz. Non combustible

* Spadng betwesn BESS

* Spadng towalls

L. Combustibles

» Overhead cabling

= Other combustibles

D. Active fire mitigation methods

* Detection and slarm

* Suppression system design

» Deflagration prevention system design
* Deflagration protection system design

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Tastiem” AMbiEnt tampersture 3t start of test

& Copyright UL LLC, 2013

Conservative criteria are assessed in order to account for edge cases.

Cell vent temperature # thermal runaway temperature, but, if no
mitigative actions are taken, indicates thermal runaway potential.

Reporting requirements

Any submitted fire spread analysis must include the following:

- Executive summary

- Methodology used (UL 9540A results or heat transfer calculations)
- Data input

- Result output

- Calculations and assumptions

- If model used, validation documentation

- Sign off on final design by NYS PE




Draft BESS Fire Propagation Assessment Flow Chart

Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

T~

- Fire mikigation N
efiazration mitigation

N

Rewize Fire Protection Plan;
Se=|mues to consider

[y

NOTES:

Conduct hﬂdln&m

Fiaming outside room?; OR
Flmme propagation on ove resd
csbling?; OR
Explosion hazard?; OR

NO

Fire propagaticn hazsrd mot
demonsirated by test data.

Defsgration hazsrd not
demonsirated by test data.

!

NO——

il fire protection plan for
instaliation tested spply to
ctual field instaliations?? p3

[1] Review of fire protection and deflagmtion pian may

necesitste indusion of a licensed fire protection engineer.

[2] Mezox. wiaill t=mperatune criteria applies for combustible

wall construction only

[3] Applicability of results to actual installation and code
requirements may necessitate review by 8 licenssd fire

protection enginesr.

Toew: Cell went temperature measured during cell leved tests

Tams™ MERIMUM Wall SUrfscs txmpersture
Touges: Maximum target BESS unit tem perature
Tastiem” AMbiEnt tampersture 3t start of test

& Copyright UL LLC, 2013

Issues to Consider
A Insmllation Space
* Combusible vz. Non combustible

orvs outdoor, floor

* Deflagration protection system design

Many of these issues may be anahyzed
using wetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

.

Conservative criteria are assessed in order to account for edge cases.
Cell vent temperature # thermal runaway temperature, but, if no
mitigative actions are taken, indicates thermal runaway potential.

Reporting requirements

Any submitted fire spread analysis must include the following:

- Executive summary

- Methodology used (UL 9540A results or heat transfer calculations)
- Data input

- Result output

- Calculations and assumptions

- If model used, validation documentation

- Sign off on final design by NYS PE

Minor differences between test set up and actual installation are
expected and permitted. A NYS PE will be required to sign off on any
differences, and comment on the test’s applicability.




Processing UL 9540A Data in NYC

Draft BESS Fire Propagation Assessment Flow Chart Tome—Cell vent temperature meazured during
cell level testing

eV TR Ieon el TR T e Fire rated materials’ effectiveness are not directly tested in UL

Toamiieri — Ambient t= ra % start of test
Develop Fire Protection Plan e =

i | 9540A. As such, a site specific determination of necessary maximum

- Fire mitigation
- Deflagration mitigation

I temperatures on back of wall shall be indicated, with expected
o Contuct bttt e e impact of materials taken into consideration and signed off on by a
/ NYS licensed PE. It is recommended that autoignition temperatures
and fire resistant materials ratings are taken into consideration.

Fiaming outside room?; OR
Fimme propagation on ove mesg

=
Y/

¥ /
Fire propagation nazsrd not / ssues to Consider

Rewize Fire Protection Plan;
Se=|mues to consider

demonsirated by test data.

# Combustible vz. Non combustible
Defsgration hazsrd n constrecton
demonsirated by t . =

# Loction [roof. indoor vs outdoor, floor
for indoors)

B. Separation distances

* Spadng betwesn BESS

* Spadng towalls

L. Combustibles

» Overhead cabling

Other combustibles

Actiwe fire mitigation methods
Detection and slarm

Suppression system design
Deflagration prevention system design
Deflagation protection system design

LRI - I}

NOTES:
[1] Rewview of fire protection afl

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

[2] Mezox. wiaill t=mperatune critenia upp’;esfbr mmbl;ﬁll:
wall construction only

Review NFPA B55 and

requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Tastiem” AMbiEnt tampersture 3t start of test

& Copyright UL LLC, 2013



Draft BESS Fire Propagation Assessment Flow Chart
Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

- Fire mitigation
- Deflagration mitigation

!

#| Conduct Installation Lewvel Test

Rewize Fire Protection Plan;
Se=|mues to consider

Defsgration hazsrd n
demonsirated by te .

|II1‘ie protection plan for
installation tested spply to
potunl field instaliations?s pg

NOTES:
[1] Review of fire protection o deflagmtion pian may

[2] Mezox. wiaill t=mperatune critenia uppl’;s for mmbl;ﬁﬂ:
wall construction only

Review NFPA B55 and

requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Touges: Maximum target BESS unit tem perature

Towuiias” AMbiEnt temperstiore ot start of test

& Copyright UL LLC, 2013

/

Fire propagaticn hazsrd mot
demonsirated by test data.

Fire rated materials’ effectiveness are not directly tested in UL
9540A. As such, a site specific determination of necessary maximum
temperatures on back of wall shall be indicated, with expected
impact of materials taken into consideration and signed off on by a
NYS licensed PE. It is recommended that autoignition temperatures
and fire resistant materials ratings are taken into consideration.

4: to Consider

* Combusible vz. Non combustible
constrection

* Loction [roof, indoorvs outdoor, fioor

L. Combustibles
* Overhead cabling

T
D. Active fire mitigation methods
# Detection and slarm

* Suppression system design
[ sy i -

* Deflagration protection system design

Many of these issues may be anahyzed
using wetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

NFPA 15 should be referenced for “dry pipe” water-based
suppression systems, with 0.5 GPM/ft2 as the prescriptive

requirement.

- Small system (Li ion, 0 — 20 kWh): No NFPA 15 requirement; DOB
prescriptive requirements

- Medium system (Li ion, 20 — 250 kWh): No NFPA 15 requirement
unless demonstrated as necessary by UL 9540A

- Large system (Li ion, 250 kWh+): Required unless demonstrated
by UL 9540A as not necessary (variance process).




Draft BESS Fire Propagation Assessment Fl
Using UL 95404 — Installation Level Test

ow Chart

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

- Fire mitigation
- Deflagration mitigation

!

Conduct Installation Level Test

Rewize Fire Protection Plan;
Se=|mues to consider

[y

Fiaming outside room?; OR
Fimme propagation on ove rhesd
csbling?; OR

= Tosei OR

\

onsider

Fire propagaticn hazsrd mot
demonsirated by test data.

A Insmllation Space
# Combustible vz. Non combustible

Defsgration hazsrd not
demonsirated by test data.

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitste indusion of a licensed fire protection engineer.
[2] Mezox. wiaill t=mperatune criteria applies for combustible
wall construction only

[3] Applicability of results to actual installation and code
requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Tastiem” AMbiEnt tampersture 3t start of test

& Copyright UL LLC, 2013

Review NFPA B55 and

Dvverhead cabling

Other combustibles

Actiwe fire mitigation methods
Detection and slarm

Suppression system design
Deflagration prevention system design
Deflagation protection system design

8 8 w3 e o8 e

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire

protection engineer.

Fire threat should be assessed and documented by the NYS PE, but
guidance for its definition and related minimum expectations

include:

- To buildings: The temperature at which the building will be
affected beyond that deemed acceptable for the performance
group (Ref: ICC 2009), with consideration for materials of and in

building

Increasing level of performance

>

Very large

Performance | Performance

High

Group II

Performance | Performance
Group 111 Group IV
High Moderate

High Moderate

Mild

Moderate Mild

Mild

L

c (very rare)

(]

>

[}]

L

(o]

S

3 Medium

o (Less frequent)

3

S Small
(Frequent)

Moderate

Mild Mild

Mild




Draft BESS Fire Propagation Assessment Flow Chart

Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

- Fire mitigation
- Deflagration mitigation

!

Conduct Installation Level Test

Rewize Fire Protection Plan;
Se=|mues to consider

[y

Fiaming outside room?; OR
Fimme propagation on ove rhesd
csbling?; OR

Tiaget* Tasa OR

Fire propagaticn hazsrd mot

\

er

demonsirated by test data.

Defsgration hazsrd not
demonsirated by test data.

illfire protection plan #

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitste indusion of a licensed fire protection engineer.
[2] Mezox. wiaill t=mperatune criteria applies for combustible
wall construction only

[3] Applicability of results to actual installation and code
requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Towuiias” AMbiEnt temperstiore ot start of test

& Copyright UL LLC, 2013

i tested Bpp by to
ciual field instaliations?s

Review NFPA B55 and

A_ Insmllation Space
# Combustible vz. Non combustible

=i
Size and |ayout
Loction [roof. indoor v outdoar, fioor
for indoors)
. Separstion distances
Spadng betwesn BESS
Spadng to walls

.

®

Overhead cabling

Other combustibles

Actiwe fire mitigation methods
Detection and slarm

Suppression system design
Deflagration prevention system design
Deflagation protection system design

# 8 8 28 8 o ow

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire
protection engineer.

the system.

Fire threat should be assessed and documented by the NYS PE, but
guidance for its definition and related minimum expectations
include:
To first responders: The heat flux at the fire department
connection (FDC) should be demonstrated, through testing and
analysis, as less than 2.5 kw/m2 based on the proposed siting (Ref:
SFPE Handbook). ) The FDC shall be in no case less than 10 ft from

Approximate
Radiant Heat
Flux (kW/m?)

Comment or Observed Effect

170
80
52
929
20

20

15

e
o

">
e

1.0

Maximum heat flux as currently measured in a postflashover fire
compartment.

Heat flux for protective clothing Thermal Protective Performance (TPP)
Test”

Fiberboard ignites spontancously after 5 seconds,”

Wood ignites spontancously after prolonged exposure.”

Heat flux on a residential family room floor at the beginning of flashover.*

Human skin experiences pain with a 2-second exposure and blisters in
4 seconds with second-degree burn injury.’

Human skin experiences pain with a 3-second exposure and blisters in
6 seconds with second-degree burn injury.’

Wood volatiles ignite with extended exposure® and piloted ignition.

Human skin experiences pain with a 5-second exposure and blisters in
10 seconds with second-degree burn injury.?

Human skin experiences pain with a 13second exposure and blisters in
29 seconds with second-degree burn injury.’

Human skin experiences pain with a 33second exposure and blisters in
79 seconds with second-degree burn injury.”

Common thermal radiation exposure while fire fighting.' This energy level
may cause burn injuries with prolonged exposure.

Nominal solar constant on a clear summer day.?




Draft BESS Fire Propagation Assessment Flow Chart

Using UL 95404 — Installation Level Test

Develop Fire Protection Plan
Eased Upan Test Data [1]

Processing UL 9540A Data in NYC

Tomt—Cell vent temperature measured during
cell level testing

T — Mamimum temperature of target BESS
Towmt — Maxi mum tempemture of target wall
Tamibieri — Ambient temperature at start of test

- Fire mitigation
- Deflagration mitigation

!

Conduct Installation Level Test

Rewize Fire Protection Plan;
Se=|mues to consider

[y

Fiaming outside room?; OR
Fimme propagation on ove rhesd
csbling?; OR

= Tosei OR

Defsgration hazsrd not
demonsirated by test data.

NOTES:

[1] Review of fire protection and deflagmtion pian may
necesitste indusion of a licensed fire protection engineer.
[2] Mezox. wiaill t=mperatune criteria applies for combustible
wall construction only

[3] Applicability of results to actual installation and code
requirements may necessitate review by 8 licenssd fire
protection enginesr.

Toaeu: Cell went temperature measured dusing o=l leved tests
Tams™ MERIMUM Wall SUrfscs txmpersture

Tanges: Maximum target BESS unit temperature

Tastiem” AMbiEnt tampersture 3t start of test

& Copyright UL LLC, 2013

Review NFPA B55 and

\

Fire propagaticn hazsrd mot
demonsirated by test data.

Issues to Consider
A Insmllation Space
# Combustible vz. Non combustible

Dvverhead cabling

Other combustibles

Actiwe fire mitigation methods
Detection and slarm

Suppression system design
Deflagration prevention system design
Deflagation protection system design

8 8 w3 e o8 e

Many of these issues may be anahyzed
using vetted fire analysis tools induding
enclosure fire modeling by & licensed fire

protection engineer.

Fire threat should be assessed and documented by the NYS PE, but

guidance for its definition and related minimum expectations

include:

- To bystanders: Egress pathways are determined through
prescriptive requirements, with 10 ft of spacing required between
system and egress pathway.




Draft UL 95404 BESS Deflagration Protection Analysis :

] = Compostion and Violume

| = LFL

\ = Stlchiomeinc concenirations
=  Laminar buming veiocity
= B (EN1=ET)

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on
!

/

l

IneTease I ventlation rate
o reduce fiammable gas
accumulation

Determine enciosure
damage threshoid
DTESSUTE, Py

NOTES

Processing UL 9540A Data in NYC

Detinitions

i ume of volume flow rate n‘ﬂnmmuh{eps
W Wl encicsure of ventilation rate of
endasure

LFL: Lower flammability limit
Py Partinl wolume pressure
Pres- MEKIMUM pressure developed in & ven
endesure during vented deflagration

Calpulate effects of partial
wolume deflagration, NFPA [«

-

Calculate Ve Ve 3nd BESS enclosure
¥y Tor stoichlometric volume and
n'lill.‘ll].IrE wentilation raje
1
Satisfies NFPA B55
Perform hazard
VE analysis to determine if
deflagration hazard i
still present

EE-2018, Chapter 7.3

L)
h

Explosion mitigation

necessaTy
l e venied fnebal

Deflagration §lz2 and biast
\l'E"I'll'g — wave threals 1o
nearny bulkdings/

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B8, P i:nnpﬂul:r tham bwo-thirds of ulimrbemnsm of wenked
Enclosure if deformation is tolerates, amn—mi—murﬁﬂuw of vented
enclosure i deformation is not tolerated.

L=] CO:I'fn-sh‘t UL LLC, 2018

| system or another

anclosure Insrting
per NFPA

Reporting requirements

Any submitted explosion analysis must include the following:
- Executive summary

- Methodology used (NFPA 68, NFPA 69, or equivalent)

- Data input

- Result output

- Calculations and assumptions

- If model used, validation documentation

- Sign off on final design by NYS RA or PE




Processing UL 9540A Data in NYC

Draft UL 95404 BESS Deflagration Protection Analysis :

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

| | = compostion and Valume |
| = LFL

\ | » Stolchiometrc concenirations
= Laminar buming velosty

\'\\_ii:EN 15367)

LFL: Lower flammsabi
Py PErtinl wolume pressure
Fres: MEKIMUM pressure gevelopad in 8 ven

_,_.—-‘J endesure during ven
! ﬁ
Calculate Ve Vaee 3N BESS enciosure
%, Tor stoichlometric volume and
mFﬂ].'E wentiiation rate

Detinitions

ime ficw rate of lammable gas

sty limit

ted deflagration

IneTease I ventlation rate
o reduce fiammable gas
accumulation

T

Satisfies NFPA B55
Perform hazard
analysis to determine if
deflagration hazard B
still present

Calpulate effects of partial
wolume deflagration, NFPA |4

EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

Reporting requirements

Any submitted explosion analysis must include the following:
- Executive summary

- Methodology used (NFPA 68, NFPA 69, or equivalent)

- Data input

- Result output

- Calculations and assumptions

- If model used, validation documentation

- Sign off on final design by NYS RA or PE

DrEsSUe, Py 5P
[l
Hs
h
Explosion mitigalion
NEcesEany
Deflagration slze and blast
wenting " wave threats o
nearoy bulidings/
pecple?
NOTES
[4] Wawr, AN W, - 03N De efher volumes or volumedric low rates WES
[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented _+

Enclosure it deformation is tolerates, o two-thines of T‘i:ld:‘h’\mﬁm of vented

enclosure i deformation is not tolerated. Chooss
deflagration
suppresaion

| system or another

method such as
anclosure Insrting
per NFPA

L=] Co:l'flig't UL LLC, 2018

Input data for analysis.

Cell level gas composition data

Pmax (EN 15967)

LFL (ASTM 918 or ASTM E681)

Burning velocity (ASHRAE 34 or ISO 817)

Unit level total volume and release rate of pre-flaming gas

Cell level gas characteristics should be applied to the unit volumetric
release rate, with composition remaining constant (well-mixed).
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i Draft UL 93404 BESS Deflagration Protection Analysis :

et e

Processing UL 9540A Data in NYC

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

| | = compostion and Valume

| = LFL

\ | » Stolchiometrc concenirations
= Laminar buming velosty

= B (EN1=ET)
\-\\_\_ . i

Detinitions

\ Wias® VElume or valume flow rate of lammsbie gas
Wit WOUME OF enclosure of ventilation rate of
| endasure
¥ Aammabde mix partial volume frection

Py Partinl wolume pressure
Freu: MEKIMUM pressure gevelopad in & vented
endesure during vented deflagration

+

Calculate ViwnVan: 30d
%, Tor stoichlometric
mixtime
[1]

IneTease I ventlation rate
o reduce fiammable gas

volume and

-
BESS enciosure
wentilation raje

Satisfies NFPA B55

Perform hazard

accumulation

Calpulate effects of partial

VE analysis to determine if
deflagration hazard B
still present

wolme geflagration, NFPA [«
EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

DTESEUNE, Py

[l

L
h

Explosion mitigation
nECessany

l

Deflagration
wenting

NOTES

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B, P is o preater tham bwo-thirds of ulinubemnsm of wenked
Enclosure it deformation is tolerates, o two-thines of T‘i:id:'menﬁm of vented
enclosure i deformation is not tolerated.

L=] CO:I'fn-sh‘t UL LLC, 2018

re vented frebal
slze and blast
wave threats 1o
neary bulidings/
people?

YES

+

Chocas
defagration
supprassion

| system or another

method such as
anclosure Insrting
per NFPA

Test termination does not invalidate results. Test data may be used
for explosion analysis, up to the point the test ended.

First responder impact may not be considered to impact analysis,
either positively (e.g., application of water prevents further cascading
failure) or negatively (e.g., exhaust activation precipitates explosion)
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Processing UL 9540A Data in NYC

Detinitions

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

| | = compostion and Valume

| = LFL

\ | » Stolchiometrc concenirations
= Laminar buming velosty

\-\\\1:3 15367) | »

| endasure
¥ Aammabde mix partial volume frection

Wias” VOlume or volume flow rate of flammabie [
Wit WOUME OF enclosure of ventilation rate of

Py Partisl volums pressure
Freu: MEKIMUM pressure gevelopad in & vented
endesure during vented deflagration

L

Calculate ViwnVan: 30d
%, Tor stoichlometric

volume and

mixture
[1]

IneTease I ventlation rate
o reduce fiammable gas
accumulation

BESS en:bs.lrEJ

wentilation raje

NOTES

DTESEUNE, Py

Calpulate effects of partial
wolume deflagration, NFPA |4

Test termination does not invalidate results. Test data may be used
for explosion analysis, up to the point the test ended.

First responder impact may not be considered to impact analysis,
either positively (e.g., application of water prevents further cascading
failure) or negatively (e.g., exhaust activation precipitates explosion)

EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

15 P = P

[l

L
h

Explosion mitigation
nECessany

l

Deflagration
wenting

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented
Enclosure it deformation is tolerates, o two-thines of T‘i!ldﬂr&ﬂﬁlﬂ of vented
enclosure i deformation is not tolerated.

L=] {OJ'fr'sI't UL LLC, 2018

re vented frebal
slze and blast
wave threats 1o
neary bulidings/
people?

YES
¥

Choosas
defagration
{ supprassion

| system or another

| method such as
anclosurs Insrting
per NFPA 63

Ventilation rate impact is calculated rather than tested, as the UL
9540A test method includes a vent to gather gas data which will not
be present in actual installations. CFD analysis is not required but is
accepted as best practices; a simple mass flow calculation can be
conducted instead.




Processing UL 9540A Data in NYC

N - . - -
i Draft UL 93404 BESS Deflagration Protection Analysis :

e R e

peins Test termination does not invalidate results. Test data may be used
Use flammabie gas mixture from

UL 95404 CellMaduia/UNI Test Data on \ Viaa: Volume or valume flow rate of flammabie gas

| I—— | | for explosion analysis, up to the point the test ended.

| = LFL ¥ye: Flammabide mix partial volume fraction
\ T

»  Stlchometric concentrations N

: e ey —> : : : :
. 1 et s First responder impact may not be considered to impact analysis,
Catie VoM 2 oss roceus either positively (e.g., application of water prevents further cascading

failure) or negatively (e.g., exhaust activation precipitates explosion)

mixtura ventiiation rate

[1]

IneTease I ventlation rate
o reduce fiammable gas

*
=

accumulation

Ventilation rate impact is calculated rather than tested, as the UL
9540A test method includes a vent to gather gas data which will not
be present in actual installations. CFD analysis is not required but is
accepted as best practices; a simple mass flow calculation can be

Calpulate effects of partial
wolume deflagration, NFPA |4
EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

G conducted instead.
E]pbi:én;a:l'aanm
I TN Volume of enclosure is defined as:
o Full volume of space minus obstruction volume (e.g., racks). Dead

. space between cells/modules is included with obstruction volume.
= N v
T

{ supprassion

| system or another |
| method such as

anclosure Insrting
per NFPA 69

L=] Cogynght ULLLC, 2013



Processing UL 9540A Data in NYC

N - . - -
i Draft UL 93404 BESS Deflagration Protection Analysis :

e = ——— R

Use flammatie gas mixture from
L 95404 CelVMoouie/Unit Test Dats on Wias” VOlume or volume flow rate of flammabie [

Wit WOUME OF enclosure of ventilation rate of

T — | e — / analysis and design. Currently, NFPA 68 is required by NYC code, while
NFPA 69 is optional.

\ = Stolchiomeinc concenirations LFL: Lower flammabifity limit
. E‘al'l'l nar Buming velocly Py Partial wolume pressure
P P [EN1ZET) Pres: Masimum pressure developed in & vente

\ s NFPA 68 or NFPA 69 are both industry accepted for explosion

endesure during vented deflagration

-

BESS enciosure
volume and

wentilation rage

Calculate ViwnVan: 30d
%, Tor stoichlometric
mixtime

I1]

For energy storage systems which do not output gases under normal
I conditions (e.g., Li ion), it is not necessary to reduce LFL below 25% if
T | < et NFPA 69 is not being pursued. While it is accepted as best practice to
—re— reduce the gas concentration to as low as possible through
cans e rp | ventilation, but it is recognized that in some scenarios it may not be
possible to hit 25% LFL. Batteries which may generate gases under
normal conditions (e.g., lead acid), must comply with the 25% LFL
requirement, per code.

Determine enciosure
damage threshoid
DPESELE, Py

[l

L
h

Explosion mitigation

Necessary
l re venied frebal
Deflagratian Elze and biast
wenting " wave threats o
nearny oulidings’
people?
NOTES
[1] Vi, AN W, G3N b @lther volumes or volumetric low rates YES
[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented _+
Enclosure it deformation is tolerates, o two-thines of T‘i!ldﬂr&ﬂﬁlﬂ of vented
enclosure i deformation is not tolerated. Chooss
deflagration
{ suppresaion

| system or another |

| method such as
anclosurs Insrting
per NFPA 63

L=] Cogynght ULLLC, 2013
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i Draft UL 93404 BESS Deflagration Protection Analysis :

| A

-

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

| = Compostion and Violume
| = LFL

|
N,

= Stolchiometnc concenirations

=  Laminar buming veiocity
\Dm [EN 1=26T)
——

l

Calculate ViwnVan: 30d
%, Tor stoichlometric

IneTease I ventlation rate
to reduce fiammable gas
accumulation

DTESEUNE, Py

—_—

Determine enciosurs
damage threshokd

[

—y

NOTES

Calpulate effects of partial
wolume deflagration, NFPA |4

Processing UL 9540A Data in NYC

Detinitions

Wias” VOlume or volume flow rate of flammabie [
".I Wit WOUME OF enclosure of ventilation rate of
| endosure . ) )
g Aammable mix partal wolume fraction
LFL: Lower flammability limit
Py PErtinl wolume pressure
Freu MEKIMUM prassure developead in & vente

"

NFPA 68 or NFPA 69 are both industry accepted for explosion
analysis and design. Currently, NFPA 68 is required by NYC code, while
NFPA 69 is optional.

endesure during vented deflagration

-,

BESS enciosure
volume and

wentiation rake

Satisfies NFPA B55

Perform hazard

analysis to determine if

deflagration hazard B

E-EB-2018, Chapter 7.3

I6 Pry = Py

L
h

Explosion mitigation
NECEs5EaTy

!

Deflagration
wenting

[1] Viawr, and W, 230 be elther volumes or volumetric flow rates.

[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented
enclosure if deformation is tolerate:

i, o bao-thires of T‘i:ldsﬂ'\msm of vented

enclosure i deformation is not tolerated.

<] ‘Copynght UL LLC, 2013

| system or another

For energy storage systems which do not output gases under normal
conditions (e.g., Li ion), it is not necessary to reduce LFL below 25% if
NFPA 69 is not being pursued. While it is accepted as best practice to
reduce the gas concentration to as low as possible through
ventilation, but it is recognized that in some scenarios it may not be
possible to hit 25% LFL. Batteries which may generate gases under
normal conditions (e.g., lead acid), must comply with the 25% LFL
requirement, per code.

slze and blast
wave threats 1o
nearby bulidings/
people?

YES

+

Choosas
defagration
{ supprassion

Generally, gas detection equipment is recognized as non-
standardized/not certified for continuous operation during Li-ion
failures. As such, gas detection equipment is not required for outdoor
systems. Indoor system gas detection requirements are still under
consideration.

| method such as
anclosurs Insrting
per NFPA 63
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i Draft UL 93404 BESS Deflagration Protection Analysis :

et e

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

Composition and Volume
LFL

Stolchlometnc concenirations
Laminar buming veloclty

B . [EN1mET)

Calculate ViwnMan: 3nd
%, Tor stoichlometric
mixtare
[1]

Processing UL 9540A Data in NYC

Detinitions

Wigs Volume or volume flow rate of flammabie gas
Wit WOUME OF enclosure of ventilation rate of
endosure

% Aammabde mix partial volume frection
LFL: Lower flammability limit

Py Partinl wolume pressure

Freu: MEKIMUM pressure gevelopad in & vented
endesure during vented deflagration

-

BESS enciosure
volume and

wentiation rake

Satisfies NFPA B55
e | e
g " 035 XLFL a to determine if
accumulation deflagration hazard &
still present
Calculate effects aof
voume defagratggNFPA |«
BE-2018,
Detarmine enciosure / Ho explogion
damage thrashokd hazard per
DrEssure, P 16 Freu = Pua e "1 tundamental
approach
L)
v

Explosion mifigation
necessary

l

Deflagration
ventng

NOTES

[1] Wiy, ANt VW, 230 be lther volumes or volumeirie flow raies

[2] Per NFPA 6B, Py is N0 greater than two-thirds of ukimete strength of vented
Enclosure if deformation is tolerates, amn—mi—murﬁﬂuw of vented
enclosure i deformation is not tolerated.

L=] CO:I'fn-Eh‘t UL LLC, 2018

system or another

anclosure Insrting

e venied drebal
slze and blast
wave threats to
nearoy bulidings/
peogle?

methed such as

per NFPA

Deformation of containers is permissible. Strength of the enclosure
should be calculated using method described in NFPA 68.




Processing UL 9540A Data in NYC

N . . .
i Draft UL 93404 BESS Deflagration Protection Analysis :

et e

A \ - Deformation of containers is permissible. Strength of the enclosure

L 95404 CelVMoouie/Unit Test Dats on Wiaw” Volume or volume flow rate n‘ﬂnmmuh{eps
Wit WOUME OF enclosure of ventilation rate of

(2 omposten s voume | e e parit e i / should be calculated using method described in NFPA 68.

!

\ = SwicHometic concanirations LFL- Lower flam mahility limit
= Laminar buming velocity P Partisl volume pressure
RIEN 1567) / Frus: MAKIMUM pressure developed in B vented
endesure during vented deflagration

l

Deflagration vents will always be designed with upwards pressure

-
Calculate Ve Ve 3nd BESS enclosure
¥y, TOr stoichlometric volume and
I'I'lill.‘ﬂ].lrE wentilation raje
1

/ release.

Perform hazard
analysis to determine if
deflagration hazard B

=il prﬂ:rll/
Calculate effects of //
vourme defagratgg@NFPA |«

BE-2018, 7.3

Determine encigsurs /

damage threshokd .
DrESSUNE, Py
2]

Explosion mifigatian
necessany

IneTease I ventlation rate
o reduce fiammable gas
accumulation

e venied freba
slze and blast
wave threats 1o
neary bulidings/

NOTES

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates YES
[Z] Per WFP& B8, P i:nnpﬂul:r tham bwo-thirds of ulimrbemnsm of wenked +
Enclosure if deformation is tolerates, amn—mi—murﬁﬂuw of vented

enclosure i deformation is not tolerated. Chooss

| system or another

anclosure Insrting
per NFPA

L=] CO:I'fn-sh‘t UL LLC, 2018
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i Draft UL 93404 BESS Deflagration Protection Analysis :

et e

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

] = Compostion and Violume
| = LFL

\ = SwicHometic concanirations LFL- Lower flam mahility limit
= Laminar buming velocity Py Partial wolume pressure
RIEN 1567) / Frus: MAKIMUM pressure developed in B vented
endesure during vented deflagration

l

Calculate ViwnVan: 30d
%, Tor stoichlometric
mixtime
[1]

IneTease I ventlation rate
o reduce fiammable gas

Processing UL 9540A Data in NYC

Detinitions
Wias” VOlume or volume flow rate of flammabie [
Wit WOUME OF enclosure of ventilation rate of

| endasure
| % Aammabde mix partial volume frection

volume and

-
BESS enciosure
wentilation raje

accumulation

Calculate effects of
wolme oeflagratigPNFPA [
EE-2018, r7.3

DTESEUNE, Py

[l

Determine enciosure /
damage threshokd .
o= P

L
h

Explosion mitigation
nECessany

NOTES
[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented
Enclosure it deformation is tolerates, o two-thines of T‘i:ld:‘h’\mﬁm of vented
enclosure i deformation is not tolerated.

L=] Co:l'flig't UL LLC, 2018

re vented frebal
slze and blast
wave threats 1o
neary bulidings/
people?

YES

_*
Choosas
deflagration
supprassion
| system or another

method such as
anclosure Insrting
per NFPA

Deformation of containers is permissible. Strength of the enclosure
should be calculated using method described in NFPA 68.

Deflagration vents will always be designed with upwards pressure
release.

Model-based design is permitted. Design methods which are
demonstrated to meet or exceed NFPA 68 are acceptable, given
demonstrated through acceptance by a NYS PE and documentation of
assumptions/calculations/research or testing support.
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i Draft UL 93404 BESS Deflagration Protection Analysis :

i

Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

] = Compostion and Violume
| = LFL

\ = Stlchiomeinc concenirations
=  Laminar buming veiocity
= B (EN1=ET)

l

Calculate ViwnVan: 30d
%, Tor stoichlometric
mixtime
[1]

/

N

| endesure

!

volume and

-
BESS enciosure
wentilation raje

IneTease I ventlation rate
o reduce fiammable gas
accumulation

Processing UL 9540A Data in NYC

Detinitions

Wiaw” Volume or volume flow rate n‘ﬂnmmuh{eps
Wit WOUME OF enclosure of ventilation rate of

% Aammabde mix partial volume frection
LFL: Lower flammability limit

Py Partinl wolume pressure

Fres: MEKIMUM pressure developed in & vented
endesure during vented deflagration

Determine enciosure
damage threshoid
DPESELE, Py

[l

NOTES

Satisfies NFPA B55
Perform hazard
VE analysis to determine if
deflagration hazard B
still present
Calculate efecis of partlal
wolme geflagration, NFPA [«
EE-2018, Chapter 7.3
Is Py VIES-
Hs
h

Explosion mitigation
nECessany

l

Deflagration
wenting

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates
[Z] Per WFP& B, P is o preater tham bwo-thirds of ulinubemnsm of wenked _+
Enclosure it deformation is tolerates, o two-thines of T‘i:ld:‘h’\mﬁm of vented

enclosure i deformation is not tolerated.

L=] Co:l'fn-sh‘t UL LLC, 2018

re vented frebal
slze and blast
wave threats 1o
neary bulidings/
people?

YES

Chooas
deflagration

supprassion
| system or another

method such as
anclosure Insrting
per NFPA

Pressure waves from explosion threat should be assessed and

documented by the NYS PE, but guidance for its definition and

related minimum expectations include:

- To buildings: The pressures at which the building will be affected
beyond that deemed acceptable for the performance group (Ref:
ICC 2009), with consideration for building materials and occupancy

Increasing level of performance

>

Performance | Performance
Group II

Very large

(very rare)

Performance | Performance
Group 111 Group IV
High Moderate

High

Moderate

Mild

Mild

Mild

Magnitude of event

Medium High Moderate
(Less frequent)

Small Moderate Mild
(Frequent)

Mild

Mild




N . . .
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Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

] = Compostion and Violume |
| = LFL |

\ = Stlchiomeinc concenirations
=  Laminar buming veiocity
= B (EN1=ET)

l

IneTease I ventlation rate
o reduce fiammable gas

Processing UL 9540A Data in NYC

Detinitions

Wigs Volume or volume flow rate of flammabie gas
Wit WOUME OF enclosure of ventilation rate of
endosure

% Aammabde mix partial volume frection

LFL: Lower flammability limit

Py PErtinl wolume pressure

Freu: MEKIMUM pressure gevelopad in & vented
endesure during vented deflagration

-
Calculate Ve Vaee 3N BESS enciosure
%, Tor stoichlometric volume and
mFﬂ].'E wentiiation rate

Satisfies NFPA B55

Perform hazard

accumulation

Calpulate effects of partial
wolume deflagration, NFPA |4

analysis to determine if
deflagration hazard B
still present

EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

DTESEUNE, Py

[l

L
h

Explosion mitigation
nECessany

l

Deflagration
wenting

NOTES

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B, P is o preater tham bwo-thirds of ukimete strength of vented
Enclosure it deformation is tolerates, o two-thines of T‘i!ldﬂr&ﬂﬁlﬂ of vented

re vented frebal
slze and blast
wave threats 1o
neary bulidings/
people?

enclosure i deformation is not tolerated. Choosas
deflagration
supprassion
| system or another

L=] Co:l'flig't UL LLC, 2018

method such as
anclosure Insrting
per NFPA 69

Pressure waves from the explosion threat should be assessed and
documented by the NYS PE, but guidance for its definition and

related minimum expectations include:

To first responders: The overpressure at the fire department
connection (FDC) should be demonstrated, through testing and
analysis, as less than 1 psig based on the proposed siting (Ref: SFPE
Handbook). ) The FDC shall be in no case less than 10 ft from the

system.

Table 5-13.4 Explosion Overpressure Damage

Estimates
Characteristic damage
Overpressure
(psig) To Equipment To People
255 Heavy damage to 1% death from lung
buildings and to damage
process equipment >50% eardrum rupture
=>50% serious wounds
from flying objects
1-2.4 Repairable damage to 1% eardrum rupture

1% serious wounds
from flying objects

buildings and
damage to the
tacades of dwellings

0.5-1 Glass damage
0.15-0.30 Glass damage to about
10% of panes

Injury from flying glass
Slight injury from flying
glass
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i Draft UL 93404 BESS Deflagration Protection Analysis :
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Use flammatie gas mixture from
UL 9540A CellModule/Unit Test DatE on

] = Compostion and Violume
| = LFL

l

Calculate ViwnVan: 30d
%, Tor stoichlometric
mixtime
[1]

IneTease I ventlation rate
o reduce fiammable gas

» Stolchlometric concentrations
=  Laminar buming veiocity
= B (EN1=ET)

Wies- Velume or volume fiow rate of lammable gas

Detinitions

Wit WOUME OF enclosure of ventilation rate of

| endesure

volume and

-
BESS enciosure
wentilation raje

| % Aammabde mix partial volume frection
LFL: Lower flammability limit
Py Partinl wolume pressure
Fres: MEKIMUM pressure developed in & vented
endesure during vented deflagration

accumulation

Calpulate effects of partlal
wolume deflagration, NFPA [«

EE-2018, Chapter 7.3

Determine enciosurs
damage threshokd

Satisfies NFPA B55
Perform hazard
VE analysis to determine if
deflagration hazard B
still present
IES-

DIESEUTE, Py

Explosion mifigatian
necessany

l

Deflagration
ventng

NOTES

[4] Vg, and W, 23N be elther volumes or volumeiric flow rates

[Z] Per WFP& B8, P i:nnpﬂuur tham bwo-thirds of ulimrbemnsm of wenked
Enclosure if deformation is tolerates, amn—mi—murﬁﬂuw of vented
enclosure i deformation is not tolerated.

L=] CO:I'fn-sh‘t UL LLC, 2018

slze and blast
wave threats 1o
neary bulidings/
people?

system or another
methed such as

anclosurs inarting

per NEPA

Processing UL 9540A Data in NYC

7.6% Firehall Dimensions.,

T.6.1 The hazard zone from a vented gas deflagration shall be
calculaced by the following equation:

[7.6.1]

where:

= axial distance {front-centerline ) from vent (m}

V= volume of vented enclosare (m™)

i o= number of evenly discibuced vents

7.6.2 The hazard zone measured radially (1o the sides, meas

ured from the centerline of the vent) shall be calenlated as
0,50

Fireball from the explosion threat should be assessed and
documented by the NYS PE based on NFPA 68 method, ensuring that
the FDC and building are beyond the “hazard zone”.




Processing UL 9540A Data in NYC

| DraftUL 9540 BESS Defsgration Protecton Analyss | Fireball from the explosion threat should be assessed and
i . documented by the NYS PE based on NFPA 68 method, ensuring that

Use flammabie gas mixture from
L 95404 CelVMoouie/Unit Test Dats on Wias” VOlume or volume flow rate of flammabie [
Wit WOUME OF enclosure of ventilation rate of

(- conpoctonana voume | e the FDC and building are beyond the “hazard zone”.

| = LFL | ¥y Flammabde mix partial volume fraction

\ = Stolchiomeinc concenirations LFL: Lower flammabifity limit
. E‘al1'l nar puming veiocity Py Partial wolume pressure
*  Fow (EN16T) Pruat M“inur? pressure nw:lope_ﬂ'm B vented T.6% Firehall Dimensions.,
endosure during wented deflagration

l - 7.1 The hazrd zone from a vented gas deflagration shall be

Caleulate VieMVan: 3nd BESS enchsure calculaced by the following equation:

¥y, TOr stoichlometric volume and ’ ;
mFﬂ].'E wentilation raje
[7.6.1]
Satisfies NFPA B55 =31 fv
I=3,
Increase N vensiation rate Perform hazard e
o reduce flammable gas VE! analysis to determine if s
accumulation deflagration hazard &
still present where:

D= axial distance (frontcenterline ) f'rom vent (m}
V= volume of vented enclosare (m™)

Calculate effects of partlal o i g
vouEme deflagration, NFPA |« i o= number of evenly discibuced vents

EE-2018, Chapter 7.3

7.6.2 The hazard zone measured radially (1o the sides, meas
ured from the centerline of the vent) shall be calenlated as
0,50

Determine enciosure
damage threshoid
DPESELE, Py

[l

L
h

Explosion mitigation
nECessany

Management of the projectile threat should be done in an NFPA 68

mf | compliant method and ensure no projectiles.
- UL 9540A requires no projectiles in it’s test.
e .o e orae e e e s - Only securely mounted equipment is permitted in the energy
S ..c...\ storage space.
= - A design engineer should specify that the deflagration equipment

w“j is designed to be tethered or hinged to container.

L=] Co:l'flig't UL LLC, 2018



What’s Next?

« Updates to the Outdoor Guide
« Alignment with DOB bulletins and FDNY rule
« Clarification on administrative processes

« Addition of UL 9540A data analysis
recommendations

* Process development and on-going support

« Development of templated applications or checklists

« Smart DG Hub as contact for Technical Assistance (TA)
« Training webinars

* Project tracking

* Indoor installation progress

 Example calculations and data consolidation

f NEW YORK
STATE OF
OPPORTUNITY.

NYSERDA

DG HUB

Q4 2019 through Q4 2020
Updated documentation
Process improvement
Expanded installs
Technical assistance

With key technical
DNV-GL assistance from



Thank you!

Questions? Comments?
Contact us at SmartDGhub@cuny.edu
www.nysolarmap.org

NYSERDA

g‘TET\gDEORK D G H U B —— With key technical
OPPORTUNITY. DNV-GL assistance from
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