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SCC FOREWORD

National Standard of Canada

A National Standard of Canada is a standard developed by a Standards Council of Canada (SCC) accredited
Standards Development Organization, in compliance with requirements and guidance set out by SCC. More
information on National Standards of Canada can be found at www.scc.ca.

SCC is a Crown corporation within the portfolio of Innovation, Science and Economic Development (ISED) Canada.
With the goal of enhancing Canada’s economic competitiveness and social well-being, SCC leads and facilitates the
development and use of national and international standards. SCC also coordinates Canadian participation in
standards development, and identifies strategies to advance Canadian standardization efforts.

Accreditation services are provided by SCC to various customers, including product certifiers, testing laboratories,
and standards development organizations. A list of SCC programs and accredited bodies is publicly available at
www.scc.ca.
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UL Standard for Safety for Test Method for Evaluating Thermal Runaway Fire Propagation in Battery
Energy Storage Systems, ANSI/CAN/UL 9540A

Fifth Edition, Dated March 12, 2025

Summary of Topics

This Fifth Edition of ANSI/CAN/UL 9450A, Standard for Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery Energy Storage Systems dated March 12, 2025, includes the
following changes in requirements:

– Revised FTIR measurements to be optional and added hydrogen measurements at Unit
Level Test: 8.2.14, 8.2.15, 9.2.23, 9.2.24, and 10.3.13.

– Clarified sample rest times after conditioning and charging: 7.2.2, 8.1.2, and 9.1.9.

– Corrected standard reference in 9.1.12: 3.2.

– Replaced reference to UL 1685 with UL 2556: 3.2 and 10.2.2.

– Revised Residential Unit Level Testing to remove the usage of the NFPA 286 test room and
replaced with test wall: 9.1.2, Figure 9.3, 9.2.6, 9.4.2, 9.4.3, 9.5.1, 9.5.2, and 10.3.3.

– Added option for continuous thermal ramp until thermal runaway: 7.3.1.5.

– Added NFPA 855 for applicable codes: 1.2 and 3.2

– Clarified charging method for cells: 7.2.1 and 7.2.4

– Revised location of thermocouples during cell testing and thermal ramp option: 7.3.1.2,
7.3.1.7 – 7.3.1.10.

– Clarified report if using a battery system as the BESS unit for testing: 7.7.1.

– Clarified establishing cell to cell propagation in the test method in 8.2: 8.2.3 – 8.2.7.

– Revised Module Level Performance Criteria: 8.5.1.

– Revised requirements to allow the use of Gardon heat flux gauge, revised sampling rate
for heat flux and wall temperature, and added floor mounted residential system exceptions:
6.3, 6.4, 9.2.15, 9.2.17 – 9.2.20, 10.3.5, 10.3.6, 10.3.8 – 10.3.10.

– Revised egress path heat flux measurements for non-residential outdoor wall mount
systems: 9.5.1 and 9.5.5.

– Removed noncombustible construction exception and clarified outdoor flame exception:
4.16, 9.1.1, 9.1.6, 9.2.19, 9.3.2, 9.6.1 – 9.6.5, 9.7.1, and Table 9.1.

– Added test method for lead acid and nickel cadmium batteries: 3.2, 7.3.1.4, 7.3.3.1 – 7.3.3.8,
7.6.1, 7.6.2, Table 7.1, 7.7.3, and 7.10.1 – 7.10.4.

– Revised flow battery requirements: 5.4.3, 7.1.1, 7.1.2, Section 7.3.2, 7.7.2, 7.9.1, 9.9.1 –
9.9.4, 9.10.1, and 9.11.1.
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– Removed statement about installation in residential dwelling units.

– Added test procedure for high temperature batteries: 7.1.3, 7.3.4.1 – 7.3.4.4, 7.4.1, 7.7.4,
7.11.1, 8.3.1 – 8.3.5, 8.4.2, 8.6.1, 9.1.3, 9.1.4, 10.2.3, 10.2.4, Figure 10.3, 10.9.1 – 10.9.10,
10.10.1, 10.11.1 – 10.11.3

– Added deflagration considerations to Annex A: A3.3.1.

– Clarified residential and non-residential use definition, revised test set-ups for the module
and unit level testing, added to the module, unit, and installation level test reports: 8.4.1,
9.5.2, 9.7.3, 10.4.1, and 10.7.1.

– Clarified wording for cell, module and unit failure methodologies: 7.3.1.2, 8.2.8, 8.2.14,
9.1.2, and 9.1.8.

– Added a definition for “thermal runaway propagation” and revised the “thermal runaway”
definition: 4.16 and 4.19

– Revised the module surface temperature measurement range: 9.7.3, Table 9.1, and 10.5.2.

– Revised requirements to align with the code on “Residential Use”: 1.2, 3.2, 4.15, 4.17,
10.1.1, 10.1.2, and A2.3.2.

– Revised Unit Level Indoor and Outdoor Tests: 4.2, 9.1.1, 9.1.2, Figure 9.2, Figure 9.3, 9.1.9,
9.2.1, 9.2.5, 9.2.6, 9.2.22, 9.2.25, 9.3.1, 9.5.1, 9.5.2, 9.7.3, Table 9.1, 10.3.12, 10.5.6, A2.5.2.2,
and A2.5.3.2.

– Revised Installation Level Tests: 10.5.7 and A3.3.1

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated
September 29, 2023, June 28, 2024, October 4, 2024, and December 20, 2024.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of ULSE Inc. (ULSE).

ULSE provides this Standard "as is" without warranty of any kind, either expressed or implied, including
but not limited to, the implied warranties of merchantability or fitness for any purpose.

In no event will ULSE be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if ULSE or an authorized ULSE representative has been advised of the
possibility of such damage. In no event shall ULSE's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold ULSE
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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ANSI/CAN/UL 9540A:2025

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

First Edition – November, 2017
Second Edition – January, 2018

Third Edition – June, 2018
Fourth Edition – November, 2019

Fifth Edition

March 12, 2025

This ANSI/CAN/UL Safety Standard consists of the Fifth Edition.

The most recent designation of ANSI/UL 9540A as an American National
Standard (ANSI) occurred on March 12, 2025. ANSI approval for a standard does
not include the Cover Page, Transmittal Pages, Title Page, Preface or SCC
Foreword.

This Standard has been designated as a National Standard of Canada (NSC) on
March 12, 2025.

©© 2025 ULSE Inc. All rights reserved.
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Preface

This is the Fifth Edition of the ANSI/CAN/UL 9540A, Standard for Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery Energy Storage Systems.

ULSE is accredited by the American National Standards Institute (ANSI) and the Standards Council of
Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This ANSI/CAN/UL 9540A Standard is under continuous maintenance, whereby each revision is approved
in compliance with the requirements of ANSI and SCC for accreditation of a Standards Development
Organization. In the event that no revisions are issued for a period of four years from the date of
publication, action to revise, reaffirm, or withdraw the standard shall be initiated.

Annexes A and B, identified as Informative, is for information purposes only.

In Canada, there are two official languages, English and French. All safety warnings must be in French
and English. Attention is drawn to the possibility that some Canadian authorities may require additional
markings and/or installation instructions to be in both official languages.

This Fifth Edition joint American National Standard and National Standard of Canada is based on, and
now supersedes, the Fourth Edition of UL 9540A.

Comments or proposals for revisions on any part of the Standard may be submitted at any time. Proposals
should be submitted via a Proposal Request in the Collaborative Standards Development System (CSDS)
at https://csds.ul.com.

Our Standards for Safety are copyrighted by ULSE Inc. Neither a printed nor electronic copy of a Standard
should be altered in any way. All of our Standards and all copyrights, ownerships, and rights regarding
those Standards shall remain the sole and exclusive property of ULSE Inc.

This Edition of the Standard has been formally approved by the Technical Committee (TC) on Energy
Storage Systems and Equipment, TC 9540.

This list represents the TC 9540 membership when the final text in this Standard was balloted. Since that
time, changes in the membership may have occurred.

TC 9540 Membership

Name Representing Interest Category Region

Robert Accosta Jr Arup General Interest USA

Matt Allen Country Fire Authority Authorities Having
Jurisdiction

Australia

Anujkumar Amin CSA Group Testing & Standards Org. Ontario, Canada

Gary Balash East Penn MFG Co Inc Producer USA

Mark Baldassari Enphase Energy INC Producer USA

James Barrett Enel-X Producer USA

TC 9540 Membership Continued on Next Page
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TC 9540 Membership Continued

Name Representing Interest Category Region

Michael Barry Exponent INC General Interest USA

Arjun Bhattarai VFlowTech Pte Ltd Producer Singapore

Mark Boone AEGIS General Interest USA

Ward Bower Ward Bower Innovations LLC General Interest USA

William Brooks Brooks Engineering LLC General Interest USA

Troy Chatwin GE Transportation AWabtec Company Producer USA

Dan Cheddi Electrical Safety Authority Authorities Having
Jurisdiction

Ontario, Canada

Among Chen DEKRA Testing & Standards Org. China

Kristy Chen Institution of Fire Engineers (Singapore) General Interest Singapore

Man Chen CSG Power Generation Company Commercial / Industrial
User

China

Sicong Chen Shanghai Testing & Inspection Institute of
Electrical Equipment Co, Ltd

Testing & Standards Org. China

Yonghan Ching Cummins Power Generation Producer USA

Seong Il Cho Samsung SDI Co Ltd Producer South Korea

Christopher Connell Fronius USA LLC Supply Chain USA

Joshua Costello County of Los Angeles Fire Department Authorities Having
Jurisdiction

USA

Thomas De Lucia Ambri Producer USA

Kevin Digenova Nova Quest, LLC General Interest USA

Benjamin Ditch FM Global Testing & Standards Org. USA

Steve Douglas QPS Evaluation Services Testing & Standards Org. Ontario, Canada

Ben Echeverria Burns & McDonnell Supply Chain USA

Steve Edley self Producer British Columbia, Canada

Erinc Eslik Wartsila Producer USA

Zhu (Drew) Feng Xiamen Ampace Technology Limited Producer China

Carl Ferlitch Jr Chubb Insurance General Interest USA

Jason Fisher Solar Technical Consulting LLC General Interest USA

Kevin Fok LG Energy Solution Vertech Supply Chain USA

John Frasca Zurich Insurance PLC General Interest USA

Pravinray Gandhi self General Interest USA

Philip Gass Iisd General Interest Switzerland

Kara Gerczynski Elizabeth Fire Protection District Authorities Having
Jurisdiction

USA

Kevin Glubrecht Alberta Municipal Affairs Government Alberta, Canada

Keith Goshia EOS Energy Producer USA

Jason Haer Lunar Energy Producer USA

Bryan Hardman TMEIC Corp Producer USA

Robert Hattier IBEW Local 134 General Interest USA

Paul Hayes American Fire Technologies Inc Commercial / Industrial
User

USA

Sha He self General Interest Québec, Canada

TC 9540 Membership Continued on Next Page
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TC 9540 Membership Continued
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Manuel Hernandez National Research Council Canada Government British Columbia, Canada

Martin Herzfeld California Contractors Supply Chain USA

Asep Hidayat PT International Chemical Industry
(Representing BSN)

International Delegate Indonesia

Steven Higgins Surrette Battery Supply Chain Nova Scotia, Canada

Ken Hill EnerSys Delaware Inc Producer USA

Zheng Huang Svolt Producer China
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Aditya Iyer Intertek Testing Services NA, Inc Testing & Standards Org. USA
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TC 9540 Membership Continued on Next Page
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International Classification for Standards (ICS): 13.220; 27.100; 29.220

For information on ULSE Standards, visit https://www.shopulstandards.com, call toll free 1-888-853-3503
or email us at ClientService@shopULStandards.com.

This Standard is intended to be used for conformity assessment.

The intended primary application of this Standard is stated in its scope. It is important to note that it
remains the responsibility of the user of the standard to judge its suitability for this particular application.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANÇAISE ET
ANGLAISE

Copyright Underwriters Laboratories Inc. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 9
54

0A
 20

25

https://www.shopulstandards.com
https://ulnorm.com/api/?name=UL 9540A 2025.pdf


ULSE INC. COPYRIGHTED MATERIAL – NOT AUTHORIZED FOR FURTHER
REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM ULSE INC.

10 ANSI/CAN/UL 9540A MARCH 12, 2025

No Text on This Page

Copyright Underwriters Laboratories Inc. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 9
54

0A
 20

25

https://ulnorm.com/api/?name=UL 9540A 2025.pdf


ULSE INC. COPYRIGHTED MATERIAL – NOT AUTHORIZED FOR FURTHER
REPRODUCTION OR DISTRIBUTION WITHOUT PERMISSION FROM ULSE INC.

MARCH 12, 2025 ANSI/CAN/UL 9540A 11

INTRODUCTION

1 Scope

1.1 The test methodology in this Standard determines the capability of a battery technology to undergo
thermal runaway and then evaluates the fire and explosion hazard characteristics of those battery energy
storage systems that have demonstrated a capability to undergo thermal runaway.

1.2 The data generated will be used to support the manufacturer’s installation instructions with regards
to separation between individual battery energy storage systems and determine the fire and explosion
protection required for an installation of a battery energy storage system intended for installation,
operation and maintenance in accordance with:

a) The Standard for the Installation of Stationary Energy Storage Systems, NFPA 855;

b) The National Electrical Code, NFPA 70;

c) The Fire Code, NFPA 1;

d) The Standard for Energy Storage Systems and Equipment, UL 9540;

e) The Canadian Electrical Code, Part I, Safety Standard for Electrical Installations, CSA C22.1;

f) The General Requirements – Canadian Electrical Code, Part II, CSA C22.2 No. 0;

g) The National Electrical Safety Code, IEEE C2;

h) The International Fire Code, ICC IFC;

i) The International Residential Code, ICC IRC; and

j) Other codes affecting energy storage systems.

1.3 Fire protection requirements not related to battery energy storage system equipment are covered by
appropriate installation codes.

1.4 See Figure 1.1 for a schematic of the test sequence in this Standard. See Annex A which explains:

a) The purpose of the tests included in this Standard;

b) Explanation of individual tests; and

c) Interpretation and application of the results.
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