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Preface (UL)

This is the Third Edition of ANSI/CAN/UL 9540 Standard for Safety for Energy Storage Systems and

Equipment.

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 9540 Standard is under confinuous maintenance, whereby each revisioh is approved

in complian

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_fronj the date of

publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

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

be in French
ire additional

Comments of proposals for revisions on any part of the Standardmay be submitted at any time. Proposals
should be supmitted via a Proposal Request in the Collaborative/Standards Development Syistem (CSDS)

at https://csdp.ul.com.

Our Standardls for Safety are copyrighted by ULSE In¢:(Neither a printed nor electronic copy jof 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 exclusite 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 reprgsents the TC 9540 membership when the final text in this Standard was ballotgd. Since that

time, changess in the membership:may have occurred.

TC 9540 Membership

Name Representing Interest Category Région
Accosta, Robeft\r. Arup General Interest USA
Allen, Matt County Fire Authority Authorities Having Australia

Jurisdiction

Amin, Anujkumar CSA Group Testing & Standards Org. Ontario, Canada
Balash, Gary East Penn Manufacturing Co. Producer USA
Baldassari, Mark Enphase Energy Producer USA
Barrett, Jim Enel-X Producer USA
Barry, Michael Exponent Inc. General Interest USA
Bartlett, Nicholas National Renewable Energy Lab Government USA
Bhattarai, Arjun VFlowTech Pte Ltd Producer Singapore
Boone, Mark AEGIS General Interest USA
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Electrical Equipment Co., Ltd.
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Connell, Christgpher Fronius USA LLC Supply Chain UBA
Costello, Joshup County of Los Angeles Fire Department Authorities Having UBA
Jurisdiction
Daniels, Scott Blackteal Energy Supply Chain UBA
De Lucia, Tom American Energy Storage Innovations Producer UBA
(AESI)
DiGenova, Kev|n Nova Quest, LLC General Interest UBA
Ditch, Benjamin FM Global Testing & Standards Org. UBA

Douglas, Steve

QPS Evaluation Services Inc.

Testing & Standards Org.

Ontario| Canada
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Ginder, David Acculon Energy Producer USA
Glubrecht, Kevin Alberta Municipal Affairs Government Alberta, Canada
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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 FRANCAISE ET
ANGLAISE
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INTRODUCTION
1 Scope

1.1 These requirements cover an energy storage system (ESS) that is intended to receive and store
energy in some form so that the ESS can provide electrical energy to loads or to the local/area electric
power system (EPS) when needed. Electrochemical, chemical, mechanical, and thermal ESS are covered
by this Standard. The ESS shall be constructed either as one unitary complete piece of equipment or as
matched assemblies, that when connected, in accordance with the manufacturer’s installation instructions,
form the ESS. An ESS consists of at least an energy storage function and energy storage protective
function. If the ESS includes multiple parts that are housed in separate enclosures, it shall be considered
as a multi-p i ivi ion equipment, a
battery, etc.)|of an ESS are not considered an ESS on their own. This Standard evaluates the compatibility

and safety o
aDCESS a

1.2 The sy
islanded) in
electric pow
ancillary ops
frequency su
services.

1.3 Energy
Electrical Co
CSA C22.1,
International
NFPA 1, an
Requirement
provided with

1.4 This St
Standard als|
requirements

1.5 System
107.3 and o
Standard.

NOTE: UL 1778

these various components and parts integrated into an ESS. The ESS can be
defined in this Standard.

tems covered by this Standard include those intended to be used.if)a standalo
luding "self-supply" systems to provide electrical energy and.those used in p4d
r system or electric utility grid such as "grid-supply" systems,” or applications
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1.6 The maximum energy capacity of individual electrochemical ESS shall be determined by the
following in (a) — (d). Where the results of testing are used, the results shall be determined in accordance
with the Standard for Test Method for Evaluating Thermal Runaway Fire Propagation in Battery Energy
Storage Systems, UL 9540A:

a) The maximum energy capacity of residential use electrochemical ESS shall not exceed 20 kWh
(72 MJ). This value shall be permitted to be increased to the value of the unit which meets the
performance criteria of the UL 9540A Unit Level test;

b) The maximum energy capacity of non-residential use electrochemical ESS shall not exceed 50
kWh (180 MJ). This value shall be permitted to be increased to the value of the unit which meets
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the performance criteria of the UL 9540A Installation Level test, provided the ESS is marked in
accordance with 45.20;

¢) There is no maximum energy capacity limit for non-residential use electrochemical ESS that are
tested in accordance with UL 9540A in which the performance level criteria of the cell level test
have been met; and

d) There is no maximum energy capacity limit for non-residential use electrochemical ESS
intended for use in remote outdoor locations as defined in the applicable installation code, provided
they are marked in accordance with 45.21.

NOTE 1: The Standard for the Installation of Stationary Energy Storage Systems, NFPA 855 defines outdoor remote locations as
being located marethan-30.5m (100 ft) from exposures

NOTE 2: Lead ag¢id, Ni-Cad, Ni-MH, and Ni-Zn ESS have exceptions to the capacity energy limits including, imsome| cases, no limits
based upon spedific telecom and utility installations as outlined in NFPA 855.

2 Compongénts

2.1 A comppnent or equipment of an energy storage system covered by.this Standard shall comply with
the safety requirements for that component or equipment. See Annex-A for a list of standgrds covering
components generally used in the energy storage systems covered by this Standard. Confponents and
equipment shall comply with the CSA and/or UL standards as-appropriate for the country| or countries
where the eng¢rgy storage system is to be installed.

3 Units of Nleasurement

3.1 Values @nd their respective units of measureméent that are stated without parentheses ¢onstitute the
requirement gf the standard and those in parentheses constitute explanatory or approximate information.

4 Undated References

4.1 Any unglated reference appearing in the requirements of this Standard shall be interpreted as
referring to thg latest edition of the'reference, including all revisions and amendments.

5 Normative References

5.1 The follpwing standards are referenced in this Standard, and portions of these referenced standards
may be essential forxcompliance. Energy storage systems covered by this Standard shall comply with the
referenced irfstallation codes and standards as appropriate for the country where the engergy storage
system is to lpe is i ' one country,
the energy storage system shall comply with the installation codes and standards for all countries where it
is intended to be used.

ASME B31 (all applicable parts), Power Piping

ASME BPVC, Boiler and Pressure Vessel Code

ASTM D412, Standard Test Method for Vulcanized Rubber and Thermoplastic Elastomers — Tension
ASTM D4169, Standard Practice for Performance Testing of Shipping Containers and Systems

ASTM E136, Standard Test Method for Assessing Combustibility of Materials Using a Vertical Tube

Furnace at 750°C
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29 CFR 1910.95, Occupational Noise Exposure

29 CFR 1910.1200, Toxic and Hazardous Substances

CSA C22.1, Canadian Electrical Code, Part | Safety Standard for Electrical Installations
CSA C22.2 No. 0, General Requirements — Canadian Electrical Code, Part I|

CSA C22.2 No. 0.15, Adhesive Labels

CSA C22.2 No. 0.17, Evaluation of Properties of Polymeric Materials

CSA C22.2 No. 0.2, Insulation Coordination

CSA C22.2 No. 0.8, Safety Functions Incorporating Electronic Technology

CSA C22.2 No. 41, Grounding and Bonding Equipment

CSA C22.2 No. 94.2, Enclosures for Electrical Equipment, Environmental. Considerations
CSA C22.2 No. 100, Motors and Generators

CSA C22.2 No. 107.1, Power Conversion Equipment

CSA C22.2 No. 107.3, Uninterruptible Power Systems

CSA C22.2 No. 139, Electrically Operated Valves

CSA C22.2 No. 286, Industrial Control Pahels and Assemblies

CSA C22.2 No. 301, Industrial Electrical Machinery

CSA C22.2|No. 60079-2, .Explosive Atmospheres — Part 2: Equipment Protection By Pressurized
Enclosure "p|'

CSA C22.2 No. 60529) Degrees of Protection Provided By Enclosures (IP Code)

CSA C22.2|Noy“61800-5-1, Adjustable Speed Electrical Power Drive Systems — Parf 5-1: Safety
Requirements—Efectricat,Ttermal,and Energy

CSA C22.2 No. 62109-1, Safety of Power Converters for Use in Photovoltaic Power Systems — Part 1:
General Requirements

CSA C22.2 No. 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1:
Safety Requirements

CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code
CSA B52, Mechanical Refrigeration Code

CSA B149.1, Natural Gas and Propane Installation Code
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CSA FC 1, Fuel Cell Technologies — Part 3-100: Stationary Fuel Cell Power Systems — Safety
CSA 7462, Workplace Electrical Safety
CSA 7662, Oil and Gas Pipeline Systems

CSA E60730-1, Automatic Electrical Controls for Household and Similar Use — Part 1: General
Requirements

ICC IBC, International Building Code

ICC IFC, Intefratfonal Fire Code
ICC IRC, Intefnational Residential Code

IEC 60068-2152, Environmental Testing Part 2: Tests — Tests Kb, Salt Mist{Cyclic (Sodjum Chloride
Solution)

IEC 60364-4t41, Low-Voltage Electrical Installations — Part 4-41: Protection for Safety |- Protection
Against Electfic Shock

IEC 60364-6,|Low-Voltage Electrical Installations — Part 6: Verification
IEC 60417 Database, Graphical Symbols for Use on Equipment
IEC 60529, Degrees of Protection Provided by EncleStires (IP Code)

IEC 60664-1| Insulation Coordination for Eqdipment Within Low-Voltage Systems — Part [I: Principles,
Requirement$ and Tests

IEC 60812, Fhilure modes and effects\analysis (FMEA and FMECA)

IEC 60980, Recommended Rractices for Seismic Qualification of Electrical Equipment qf the Safety
System for Nyiclear Generating Stations

IEC 61000-442, Electromagnetic Compatibility (EMC) — Part 4-2: Testing and Measurement Jechniques —
Electrostatic Discharge Immunity Test

IEC 61000-443, Electromagnetic f‘nmp::ﬁhilify \/Fl\/ff‘) = Part 4-3: Jesting and Measurement Yechniques —
Radiated, Radio-Frequency, Electromagnetic Field Immunity Test

IEC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and Measurement Techniques —
Electrical Fast Transient/Burst Immunity Test

IEC 61000-4-5, Electromagnetic Compatibility (EMC) — Part 4-5: Testing and Measurement Techniques —
Surge Immunity Test

IEC 61000-4-6, Electromagnetic Compatibility (EMC) — Part 4-6: Testing and Measurement Techniques —
Immunity to Conducted Disturbances, Induced by Radio-Frequency Fields

IEC 61000-4-8, Electromagnetic Compatibility (EMC) — Part 4-8: Testing and Measurement Techniques —
Power Frequency Magnetic Field Immunity Test

Copyright Underwriters Laboratories Inc.


https://ulnorm.com/api/?name=UL 9540 2021.pdf

	Preface (UL) 
	INTRODUCTION 
	1 Scope 
	2 Components 
	3 Units of Measurement 
	4 Undated References 
	5 Normative References 
	6 Glossary 

	CONSTRUCTION 
	7 Non-Metallic Materials 
	8 Metallic Enclosures and Parts Resistance to Corrosion 
	9 Enclosures and Guarding of Hazardous Parts 
	10 General Electrical Safety of Systems and Additional Requirements for Walk-in Units 
	11 Wiring and Electrical Supply Connections 
	12 General Electrical Equipment 
	13 Electrical Spacings and Separation of Circuits 
	14 Insulation Levels and Protective Grounding 
	15 Safety Analysis and Control Systems 
	16 Remote Software Update Enabled ESS 
	16.1  Critical and/or critical supervisory software (UL 1998) 
	16.2  Class B software (UL 60730-1 or CSA E60730-1) 

	17 Remote Controls 
	18 Communication Systems 
	18.1  General 
	18.2  External warning communication system (EWCS) 

	19 Heating and Cooling Systems 
	20 Piping Systems, Pressure Vessels, Fuel and Other Fluid Supply Connections and Controls 
	21 Containment of Moving Parts in Mechanical ESS 
	22 Noise Levels 
	23 Hazardous Fluid Control 
	24 Combustible Vapor Concentrations 
	25 Flammable Solids 
	26 Fire Detection, Suppression and Propagation 
	26.1   General 
	26.2  Large scale fire testing 

	27 Power Conversion Equipment 
	27.1  General 
	27.2   Utility grid interaction 
	27.3  Utility grid interactive inverter 
	27.4  Standalone and multi-mode power conditioning systems 

	28 Energy Storage System Technologies 
	28.1  Electrochemical ESS 
	28.2  Chemical ESS 
	28.3  Mechanical ESS 
	28.4  Thermal ESS 


	PERFORMANCE 
	29 General 
	ELECTRICAL TESTS 
	30 Normal Operations Test 
	31 Abnormal Operation Tests for Thermal Energy Storage Systems 
	31.1  General 
	31.2  Failure of thermal controls 
	31.3  Exposure to out of specification thermal conditions 
	31.4  Failure of pressure controls 
	31.5  Failure of fluid controls 

	32 Dielectric Voltage Withstand Test 
	33 Impulse Test 
	34 Equipment Grounding and Bonding Test 
	35 Insulation Resistance Test 
	36 Electromagnetic Immunity Tests 
	36.1  General 
	36.2  Electrostatic discharge 
	36.3  Radio-frequency electromagnetic field 
	36.4  Fast transient/burst immunity 
	36.5  Surge immunity 
	36.6  Radio-frequency common mode 
	36.7  Power-frequency magnetic field 
	36.8  Operational verification 
	36.9  Operational verification of remote software update capability 


	MECHANICAL TESTS 
	37 Containment of Moving Parts 
	37.1  Control system fault overspeed test 
	37.2  Faulted securement test 
	37.3  Blocked shaft test 
	37.4  Mechanical integrity test 
	37.5  Bearing failure test 

	38 Leakage Tests 
	39 Strength Tests 
	39.1  General 
	39.2  Hydrostatic strength test 
	39.3  Pneumatic strength test 

	40 Enclosure and Mounting Tests 
	40.1  Wall mount fixture/test 
	40.2  Enclosure impact 
	40.3  Enclosure steady force 
	40.4  Mold stress 


	ENVIRONMENTAL TESTS 
	41 Special Environment Installations 
	41.1  General 
	41.2  Outdoors installations subject to moisture exposure 
	41.3  Outdoor installation in marine environments 
	41.4  Installation in seismic environments 



	MANUFACTURING AND PRODUCTION TESTS 
	42 Electrical Production Tests 
	42.1  Dielectric voltage withstand test 
	42.2  Grounding and bonding system check 
	42.3  Check of safety controls 

	43 Mechanical Production Tests 
	43.1  Integrity at maximum abnormal operating speed 
	43.2  Production screening of rotors 
	43.3  Leak check of hazardous fluid systems 

	44 Production Quality Control 

	MARKINGS 
	45 General 

	INSTRUCTIONS 
	46 General 

	ANNEX A (Normative) 
	A1 Standards for Components 

	ANNEX B (Informative) – GENERAL BATTERY SAFETY CONSIDERATIONS 
	B1 General 
	B2 Design Recommendations 

	ANNEX C (Normative for Canada and Informative for the US) – SAFETY MARKING TRANSLATIONS 
	ANNEX D (Normative) – APPROACH FOR EVALUATING VALVE REGULATED OF VENTED LEAD ACID OR NICKEL CADMIUM BATTERY ENERGY STORAGE SYSTEMS 
	D1 General 
	D2 Construction 
	D3 Performance 
	D3.1  General 


	ANNEX E (Informative) – GUIDANCE ON CAPACITY AND SEPARATION DISTANCE LIMITS FOR ELECTROCHEMICAL ESS 
	E1 General 

	ANNEX F (Normative) – METAL COMPATIBILITY TABLE 
	ANNEX G (Normative) – CLEAN AGENT DIRECT INJECTION BATTERY RACK COOLANT SYSTEM UNITS 
	G1 General 
	G2 Glossary 
	G3 Construction 
	G3.1  Piping 
	G3.2  Pressure relief valves 
	G3.3  Pressure regulators 
	G3.4  Solenoid valves 
	G3.5  Electrical controls 
	G3.6  Input sensors and detectors 
	G3.7  Alarms 
	G3.8  Wiring and terminals 
	G3.9  Clean agent assembly component requirements 

	G4 Performance 
	G4.1  General 
	G4.2  Clean agent assembly tests (UL/ULC 2166 Tests) 
	G4.3  Start to discharge test 
	G4.4  Direct injection coolant system tests 

	G5 Production Tests 
	G6 Markings 
	G7 Instructions 

	ANNEX H (Normative) – MANUFACTURER’S INSTALLATION INSTRUCTIONS TEMPLATE FOR RESIDENTIAL ESS 
	H1 Manufacturer’s Installation Instructions Template Instructions 


