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UL Standard for Safety for Photovoltaic (PV) Luminaire Systems, ANSI/CAN/UL 8801

First Edition, Dated June 15, 2022
Summary of Topics

This revision of ANSI/CAN/UL 8801 dated November 26, 2024 includes the following changes in
requirements:

— Scope updates; 1.1, 1.1A, 1.2

— PV luminaire-systems-with-highervoltages;1-842-Amexb————

— Referenced Publications; 4.2
— Standard Test Conditions (STC); 5.2A

— PV Modules; 7.2.1

— PV module output voltage; 7.2.2 note
— PV Module Overcurrent Protection; 7.2.6 (deleted), 7.2.7
— PV module output connectors; 4.2, 7.2.8

— Battery compartment removable cover secureness; 7.4.2, 8.6

— Battery charge controller; 7.5.1 note, 7.5.2 note

— Battery output overcurrent protection; 7.6.1, 7.6.3

— Luminaires; 7.8.1

— Dis¢onnect switches for the PV module and battery; 7.9.3, 7.9.4, 9.13, Table C.1

— Multiple integral PV modules; 8.1.2.2 note

— Temperature test without a solar simulator; 8.1.2.2 note, Annex E

— Marking contrast; 9.1
— Ambient temperature markings; 9.3

— Permitting multiple concurrent DC charging or power sources; A2.3, A2.4, A3.3, A3.4

Text that has been changed in any manner or impacted by ULSE's electronic publishing system is marked
with a vertical line in the margin.

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated
September 13, 2024.
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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 ¢lectronic versions of UL's Standards for Safety agree to defend, indemnify,land hold ULSE
harmless fromh and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's feqs) resulting from any error or deviation introduced while purchaser-is‘storing pn electronic
Standard on the purchaser's computer system.
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Preface
This is the First Edition of ANSI/CAN/UL 8801, Standard for Photovoltaic (PV) Luminaire 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 8801 Standard is under continuous maintenance, whereby each revision is approved
in compliande 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 (frony 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|be in French
and English.| Attention is drawn to the possibility that some Canadian authorities may require additional
markings andl/or installation instructions to be in both official languages.

Comments of proposals for revisions on any part of the Standard may 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 Inc. Neither a printed nor electronic copy pf a Standard
should be altered in any way. All of our Standards ahd-all copyrights, ownerships, and rights regarding
those Stand3rds shall remain the sole and exclusiveproperty of ULSE Inc.

This Edition ¢f the Standard has been formally.approved by the Technical Committee (TC) on Photovoltaic
(PV) Luminaijre Systems, TC 8801.

This list reprgsents the TC 8801 membership when the final text in this standard was ballot¢d. Since that
time, changes in the membership,may have occurred.

TC 8801 Membership

Name¢ Representing Interest Category Region
B. Besmanoff Litelab Corp Producer USA
M. Coric UL Standards & Engagement TC Chair — Non-voting USA
S. Doshi Intertek Testing Services Testing & Standards Org. USA
J. Gibson Carmanah Technologies Corp. - Producer Canada

Victoria, BC

P. Jackson City Of Bakersfield Authorities Having Jurisdiction USA
B. Johnston First Light Technologies LTD Producer British Columbia
D. Lemaux CSA Group Testing & Standards Org. USA
E. Mendoza Signify North America Corporation Producer USA
J. Morales UL Standards & Engagement TC Project Manager — Non-voting USA
J. O'Neill Wilger Testing Testing & Standards Org. USA
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TC 8801 Membership Continued

Name Representing Interest Category Region
S. Pinnamaraju National Accreditation Board For Testing & Standards Org. India
Certification Bodies (NABCB)
M. Savage Marion County, FL Authorities Having Jurisdiction USA
M. Shulman UL Solutions Testing & Standards Org. USA
S. Sudler Il SEALTD General Interest USA
J. Yon Current Lighting Supply Chain USA

International €tassificatiom for Standaras (€S 9116001

For informatign on ULSE Standards, visit https://www.shopulstandards.com, call toll free 1-888-853-3503

or email us af{ ClientService@shopULStandards.com.

This Standarg

The intended

is intended to be used for conformity assessment.

primary application of this standard is stated in its scope.” It is important t¢ 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

Copyright Underwriters Laboratories Inc.
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INTRODUCTION

1 Scope

1.1

These requirements apply to luminaire systems whose electrical power is derived from photovoltaic

modules. Systems include a photovoltaic (PV) module, storage batteries, one or more co-located
luminaires, and controls to manage the energy flow between these subassemblies. These systems are
intended to be installed in accordance with:

a) CSA C22.1, the Canadian Electrical Code (CE Code), Section 64, Renewable Energy Systems;

and

b) N

NOTE: In accort
and (1)(b) are e

1.1A These
marked or p
system.

A 70, the National Electrical Code (NEC), Article 710 as a stand-alone system.

empt from the requirements of Section 64.

requirements also apply to field installable system subassembligs 'when the sU
rovided with installation instructions that identify it as intended for use in a

1.2 These fequirements do not address:

a)Th

b) Sy
or

c) Ind
been

1.3 These
supplementa
with this feat

1.4 These

easily reloca
do not apply
the handheld

1.5 These s

b grid-interactive systems covered by CSA C22.1\:Section 64 and NFPA 70, Arti

stems that include an inverter intended to supply line voltage luminaires or remo

ividual system subassemblies (PV miedules, batteries, luminaires, or controls)
evaluated as an integral part of a-PV luminaire system.

bystems can include means-to connect to and receive energy from the utility
| supply source; see Annéx A, Systems with Supplementary Power Connecti
ire can be installed in accordance with NEC Article 702, Optional Standby Syste

requirements dpply to fixed-in-place systems, to portable systems that are in
ed, and to systems intended for periodic user disassembly and storage. These
to handheld-luminaires, such as a flashlight, or where light output is an auxilig
device\(such as a smart phone).

bystems are intended for outdoor, exposed installations within a nominal ambien

Hance with the CSA C22.1, 64-000(1), renewable energy systems operating within the class\2 limits of 16-200(1)(a)

bassembly is
PV luminaire

tle 705;

e equipment;

that have not

grid or similar
bns. Systems
ms.

tended to be

requirements
ry function of

t temperature

range marked in accordance with 9.3, but no less than -20 °C to +40 °C.

1.6 These systems may include controls and devices to optimize system performance (such as sensors,
positioning motors, and communication devices). They may also include output ports for diagnostic
purposes or to supply temporary power to portable devices. See Annex B, Power Output Ports and
Receptacles.

1.7 These requirements address only some of the mechanical infrastructure used to support or mount
parts of the system. The supplemental requirements to fully evaluate the structural integrity of the
mechanical infrastructure, including strength and stability of support poles under various environmental
conditions such as wind or impact, and the assessment of soil or ground conditions necessary for system
physical stability and reliability, are outside the scope of these requirements.

Copyright Underwriters Laboratories Inc.
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1.8 Except for components intended to connect to the utility for supplemental power in accordance with
Annex A, Systems with Supplemental Power Connections, most systems are expected to operate below
the 30 Vdc outdoor (wet location) class 2 voltage limits of NFPA 70 or CSA C22.1. As permitted by CSA
C22.1, Section 30-1202(3) and NFPA 70, Section 411, these systems do not require grounding other than
where required by Annex A. All systems are permitted to use earth ground as a reference. Systems that
operate at higher voltages require supplemental safeguards (for example, grounding or double insulation)
as identified in Annex D.

1.9 These requirements do not consider the vibration and other environmental conditions that may occur

for systems installed on watercraft, recreational vehicles, or other mobile platforms.

1.10 These
applications,
those applic
can be achi¢g
applicable to

uch as for emergency signaling or emergency/egress lighting. Additional requi
ion-specific standards should be applied to ensure the required performance
ved. These requirements also do not address any additional considerations
nstallation in Classified (Hazardous) Locations.

2 Componénts

afety-related
ements from
expectations
that may be

2.1 A compénent of a system covered by this standard shall:
a) Comply with the requirements for that component as spécified in this standard;
b) Be pised in accordance with its rating(s) established-fer the intended conditions of uge; and
c) Be used within its established use limitations or.gonditions of acceptability.
2.2 A component of a system covered by this’sStandard is not required to comply with a specific

component r¢

a) Inv
systen

b)Iss

c) Is
compd

2.3 Specific
capabilities.
temperatures

quirement that:

blves a feature or characteristic not required in the application of the comp
-

Liperseded by a requirement in this standard; or

Separately investigated when forming part of another system component,
nent is usedwithin its established ratings and limitations.

components can be incomplete in construction features or restricted in
Such “\components are intended for use only under limited conditions, suc
notiexceeding specified limits, and shall be used only under those specific cond

onent in the

provided the

performance
h as certain
tions.

2.4 A component that is relied upon to perform critical safety functions such as overcurrent or
overtemperature protection, ground-fault circuit-interruption, or surge suppression, whether individually or
in combination with some other component(s), shall comply with the requirements of the applicable UL
standard(s) that cover devices that provide those functions.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

Copyright Underwriters Laboratories Inc.
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4 Referenced Publications

4.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

4.2 The following publications are referenced in this standard. Where CSA standards are cited, they are
part of the C22.2 series as specified below.

CSA C22.1, Canadian Electrical Code

CSA C22.2 No. 0, General requirements, Canadian Electrical Code, Part I

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

| CSA C22.2 No. 0.2, Insulation coordination
CSA C22.2 No. 65, Wire Connectors
CSA C22.2 No. 66.2, Low Voltage Transformers — Part 2: General Purpese Transformers
CSA C22.2 No. 66.3, Low Voltage Transformers — Part 3: Class/2'and Class 3 Transformers
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, General Use Power Supplies
CSA C22.2 No. 141, Emergency Lighting-Equipment
CSA C22.2 No. 178.1, Transfer Switch Equipment

I CSA C22.2 No. 182.3, Special\Use Attachment Plugs, Receptacles and Connectors

CSA C22.2 No. 182.5Photovoltaic Connectors

CSA C22.2 No. 488, Splicing Wire Connectors

CSA C22.2 No. 223, Power Supplies With Extra-Low Voltage Class 2 Outputs
CSA C22.2 No. 248.1, Low-Voltage Fuses — Part 1: General Requirements
CSA C22.2 No. 248.19, Low-Voltage Fuses — Part 19: Photovoltaic Fuses
CSA C22.2 No. 250.0, Luminaires

CSA C22.2 No. 250.2, Lighting Systems

CSA C22.2 No. 250.13, Light Emitting Diode (LED) Equipment for Lighting Applications

Copyright Underwriters Laboratories Inc.
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CSA C22.2 No. 60947-4-1, Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-
Starters — Electromechanical Contactors and Motor-Starters

CSA C22.2 No. 60950-1, Information Technology Equipment, Safety — Part 1: General Requirements

CSA C22.2 No. 61730-1, Photovoltaic (PV) Module Safety Qualification — Part 1: Requirements For

Construction

CSA C22.2 No. 61730-2, Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements For

Testing

| L0499 4 Q

CSA C22.2
Electrolytes
Them, for Us

CSA C22.2
Electrolytes -
Them, for Us

CSA C22.2 N

Safety Requifements

NFPA 70, Na
UL 50E, Enc
UL 248-1, Lo
UL 248-19, L
UL 486A-486
UL 486C, Sp
UL 508, Indus

UL 924, Eme

cuuudcuy Ccll”o aud Battcl I'UO CUIItaI’I Il.l ly Al’!’\al’l’llc Ur Ctl
Safety Requirements for Portable Sealed Secondary Cells, and for Batteries
 in Portable Applications — Part 1: Nickel Systems

NOT— Oz 1oo~ 1, O

No. 62133-2, Secondary Cells and Batteries Containing Alkaline or Oth
Safety Requirements for Portable Sealed Secondary Cells, and.for Batteries
b in Portable Applications — Part 2: Lithium Systems

0. 62368-1, Audio/Video, Information and Communication Technology Equipm

ional Electrical Code (NEC)

psures for Electrical Equipment, Environmental Considerations
w-Voltage Fuses — Part 1: General Réquirements

bw-Voltage Fuses — Part 19: Photovoltaic Fuses

B, Wire Connectors

jcing Wire Connectors

trial Control. Equipment

rgency Lighting and Power Equipment

r Non-Acid
Made From

er Non-Acid
Made From

ent — Part 1:

UL 746C, Po

yreric Materials — Use in Electrical Equipment Evaluations

UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment

UL 1004-1, Rotating Electrical Machines — General Requirements

UL 1008, Transfer Switch Equipment

UL 1310, Class 2 Power Units

UL 1598, Luminaires

UL 1642, Lithium Batteries

Copyright Underwriters Laboratories Inc.
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UL 1741, Inverters, Converters, Controllers and Interconnection System Equipment for Use with
Distributed Energy Resources

UL 1973, Batteries for Use in Stationary and Motive Auxiliary Power Applications

UL 1977, Connectors for Use in Data, Signal, Control, and Power Applications

UL 1989, Standby Batteries

UL 2054, Household and Commercial Batteries

UL 2108, LoW Voltage Lighting Systems

UL 2238, Ca

UL 2703, Mg
with Flat-Pla

UL 5085-2, L
UL 5085-3, L
UL 6703, Co
UL 8703, Co
UL 8750, Lig|

UL 60947-44
Electromech

UL 60950-1,
UL 61730-1,
UL 61730-2,

UL 62133-1,

ble Assemblies and Fittings for Industrial Control and Signal Distribution

unting Systems, Mounting Devices, Clamping/Retention Devices,-and Ground
e Photovoltaic Modules and Panels

ow Voltage Transformers — Part 2: General Purpose Transformers
ow Voltage Transformers — Part 3: Class 2 and Class'3 Transformers
hnectors for use in Photovoltaic Systems

hcentrator Photovoltaic Modules and Subassemblies

ht Emitting Diode (LED) Equipment-For Use In Lighting Products

1, Low-Voltage Switchgearn-and Controlgear — Part 4-1: Contactors and Mo
bnical Contactors and Motor-Starters

Information Technology Equipment — Safety — Part 1: General Requirements
Photovoltaic (PY) Module Safety Qualification — Part 1: Requirements For Cons
Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements For Testin

Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electro

Lugs for Use

for-Starters —

ruction

g

ytes — Safety

Requirements for Portable Sealed Secondary Cells, and for Batteries Made From Them, for Use in
Portable Applications — Part 1: Nickel Systems

UL 62133-2, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes — Safety
Requirements for Portable Sealed Secondary Cells, and for Batteries Made From Them, for Use in
Portable Applications — Part 2: Lithium Systems

UL 62368-1, Audio/Video, Information and Communication Technology Equipment — Part 1: Safety
Requirements

4.3 Forrequirements that refer to compliance with a CSA or UL standard, unless otherwise specified, the
CSA standard applies for Canada compliance and the UL standard applies for U.S. compliance.
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5 Glossary
5.1 PORTABLE - Easily relocated assemblies, such as stake lights or pop-up structures intended to be

moved from place to place.

5.2 PV MODULE - A complete and environmentally protected assembly of interconnected photovoltaic
cells, typically consisting of a framed top clear layer over an encapsulant, PV cells, another encapsulant,
and a backing/substrate material. Photovoltaic modules can be assembled into photovoltaic panels and

photovoltaic arrays.

5.2A STANDARD TEST CONDITIONS (STC) —-

irradiance of

For testing of PV modules, reference values of in-plane

5.3 SUBASH

subsystem of]

5.4 SYSTE]
luminaire.

CONSTRUC]
6 SystemA

6.1 These

required. Ass
system parts|
appropriate d

6.2 Subass{

a) The
asin g

1000 \I\I/mz, P\/ cell jl nction fnmp of 25 °f‘, and-airmass-of4.5.

SEMBLY — An integrated combination of parts or components that, together,
the overall PV luminaire system.

1 — An assembly including, at a minimum, a photovoltaic modulg; battery, anc

[ION
ssembly

bystems are permitted to be packaged and ‘shipped with some level of fig

embly instructions shall be included as part of the installation instructions, sh
the skill and knowledge level necessary for the assembly process, and

btail (including pictures, where approgpfiate) for the identified skill and knowledge

bmblies are permitted to be shippéd separately from one another provided that:

master assembly drawing or parts list); and

b) The

asse

instructions provided with each separately shipped subassembly explain hg
bled into the system.

instructions provided with\all system subassembilies identifies all subassembly

constitute a

low voltage

Id assembly
bl identify all
shall include
level.

parts (such

w it is to be

shipped with

0 more than

ordinary mechanlcal tools and knowledge (e.g., wire nuts screw or push in termmals quick-connects,
etc.). Any strain relief or similar devices (i.e., shields or barriers) necessary to protect the integrity of
electrical connections after assembly shall be provided, along with instructions as to their proper
deployment.

7 System Subassemblies
7.1 General

7.1.1 PV luminaire systems consist of subassemblies expected to comply with all or applicable portions
of other safety standards specified in Section 4, Referenced Publications. The requirements in this section

provide more specific guidance as to the application of those standards, and to the manner in which these
subassemblies are to be integrated to form the lighting system.
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7.1.2 Where requirements for the electrical interconnection of components are not specified, the
applicable portions of the NFPA 70 or CSA C22.1 are to be applied.

7.2 PV Modules

7.2.1 PV modules whose power is limited to class Il shall comply with 7.2.2 — 7.2.4. Other PV modules
shall comply with CSA or UL 61730-1.

NOTE: For the U.S. and Canada, the output limits of a class Ill PV module are 30 Vdc, 8 A, 240 W. Multiple PV modules, connected
in parallel or series, are permitted where the aggregate output remains within these limits. Fusing is a permitted means to limit the
output.

7.2.2 PV mpdules shall comply with the following tests from CSA or UL 61730-2:

a) Vigual exam for construction integrity (MST 01);
b) Pover measurements (MST 02, 03);
c) Temperature test (MST 21); and

d) Mgdule breakage test (MST 32).

NOTE: Power n
PV module out]
temperature rat
module. If this v

7.2.3 PV n
following tesf

a) UV
safety

b) Hu
c) Wsg

NOTE: An F1 rg

7.24 A seq
accordance
UL 61730-2.

easurements are made at standard test conditions (STC) that in€lude a 25 °C ambient. To determ
ut voltage, the correction factors in Table 690.7(A) of NFPA/70"shall be applied based on thg
hg for the module. This voltage is then used to establish the minimum voltage rating of devices sU
bltage exceeds 30 Vdc, Annex D shall apply.

sequence from CSA or UL 61730-2:

pre-conditioning (MST 54), if there are exposed polymeric materials with a
role that have not been found suitably resistant to UV exposure;

Mmidity freeze (MST 52);

t leakage current test (MST 17).

ing as specified,in'UL' 746C is one means of demonstrating suitable resistance to UV exposure.

aratelymounted PV module that is required to comply with the Wet Leakage O
vith 7:2.3; shall additionally comply with the Static Mechanical Load Test (MST

ne the maximum
lowest ambient
pplied by the PV

odules with measured output power exeeeding 100 W shall additionally comply with the

functional or

urrent Test in
B4) of CSA or

7.2.5 PV modules for portable systems shall additionally be evaluated for compliance with 8.7,
Mechanical Tests for Portable PV Luminaire Systems.

| 726 Deleted

7.2.7 The PV module output circuit shall have two independent safeguards (for example, two diodes in
series) to prevent reverse current flow into a module when any of the following situations exist:

a) Three (or more) modules have their outputs connected in parallel,

b) The PV module output is connected directly to the battery, or

c) The control device or circuitry between the PV module and the battery does not include an
equivalently reliable means of preventing current flow from the battery to the PV module.
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NOTE: For (b) and (c), if the battery short circuit output current is less than the PV module short circuit output rating, reverse current
protection is not required.

7.2.8 PV module output connectors shall comply with with one of the following set of standards and shall
have electrical, mechanical, and environmental exposure ratings suitable for the application.

a) CSA or UL 486A-486B,

b) CSA or UL 486C,

c) CSA C22.2 No. 182.5 or UL 6703, or

d) CSA C22.2 No. 182.3. or UL 1977, or UL 2238.

7.3 PV mod

7.3.1 Motor
environmentg

7.3.2 Movin
personnel pe
energized. TH

the moving part, and likelihood and injury severity of entangled fingers, arms, or clothing.

7.3.3 If mod
visible and 3
mushroom he
stop button i
parts to stop.

7.4 Batterie

7.4.1 Batter
shall be hous
otherwise prg
battery safety
outdoor expo

NOTE: An IP54 1

ule adjustment mechanisms

5 shall comply with CSA C22.2 No. 100 or UL 1004-1 and.‘shall be r
| conditions, input voltage provided, and for the mechanical load controlled.

g parts shall be located, guarded, or enclosed so as to not*present pinch poin
forming adjustments or examinations that may warrant being performed with th
e assessment for injury risk shall include the degree.of exposure, sharpness

ule adjustment is motor-assisted, an emergeney stop button shall be provided

ad type and of the latched type so it is not'possible to restart the motor until th
manually reset. The emergency stop shall override all other controls and cau

S

es shall be securely mounted where not subject to impact or damage after ins|
ed within an enclesure rated 3R in accordance with CSA C22.2 No. 94.2 o
tected from environmental conditions (such as rain, snow, or ice) that could
. A polymeric enclosure serving this purpose shall additionally comply with th
sure requirements of UL 746C.

pting is.genérally considered comparable to a 3R rating from CSA 94.2 and UL 50E.

ated for the

ts to service
e equipment
hnd speed of

vhere readily

ccessible to service persons. The emergency stop button shall be red with a palm or

e emergency
5e all moving

tallation, and
r UL 50E, or
compromise
e applicable

742 If the

battery compartment has a remaveable cover that cover shall remain se

cured to the

equipment when opened, by a hinge, cable (including chains and similar flexible attachment means), or
similar means to prevent full removal. A cable (or similar) that allows the cover to hang freely in air,
supported only by the cable, shall comply with the mounting means secureness test of 8.6.2. If the cable is
other than metal, it shall be located within the compartment when the cover is secured.

7.4.3 Batteries shall be used in accordance with the battery manufacturer’s specifications.

7.4.4 Batteries and battery cells shall comply with applicable construction requirements and the tests
specified in the standards specified below, based on battery chemistry:

a) Lith

Copyright Underwriters Laboratories Inc.
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2) UL 2054 or UL 1642: short circuit, abnormal charging, abusive overcharge, forced

discharge (if >2 series-connected cells), heating, temperature cycling.

b) Nickel — one of the following:

1) CSA or UL 62133-1: low rate charging, temperature cycling, external
thermal abuse, overcharge, forced discharge (if >2 series-connected cells); or

short circuit,

2) UL 2054: short circuit, abnormal charging, abusive overcharge, forced discharge (if >2

series-connected cells), heating, temperature cycling.

c) Lead — UL 1989: pressure release test, where a pressure release device is used with a sealed
battery

Exception: E
requirement.

745 Fora
specify only
battery is nof
the system.

NOTE: A batter
(voltage, curren
within a single
compliant batte|
system, while t
control firmwarg
battery or impro

atteries that comply with comparable requirements in UL 1973 meet-the

system with a replaceable lithium ion battery, the battery replacemént marking
A comparable battery with an integral battery management system (BMS). If t
replaceable, the BMS circuitry is permitted to be integral with the battery or ano

y management system (BMS) maintains lithium ion cells withinythe’ manufacturer’s specified safe]
, temperature) for charge and discharge activity. It may be .integral to the battery pack, or be ong
purpose or multifunction control device located elsewhere.in: the system. The BMS for UL 2054
ies is typically evaluated through tests on the charging, eircuitry (see 7.5) and thermal manag
e BMS for UL 1973 compliant batteries typically appliésya functional safety evaluation to the charg
and software. A BMS may include additional protective functions, such as to extend the expected
e system energy-use efficiency.

7.4.6 A batftery that is intended to be replaced shall be in the form of a battery or bat

individual ce

747 The |
marked in ac

7.5 Battery

7.51 Thed
identified ba

Is are permitted for replacement:

attery shall have a storage temperature rating suitable for the ambient temp
cordance with 9.3.

charging circtitry

intent of the

see 9.6) shall
he lithium ion
her portion of

operating range
or more circuits
} or UL 62133-2
lement/protection
e and discharge
usable life of the

ery pack; no

prature range

utput charaeteristics of the battery charging circuit shall be compatible with the rating of the

tery, as.determined by compliance with the tests of 8.2, Battery Charge Ratg

Limit Measurement, 8.3, Battery Charging Circuit Abnormal Test, and, for lithium ion batterie

Managemen

System Temperature Protection Performance Test. If the charging circuit is us

and Voltage
5, 8.4, Battery
er-adjustable,

instructions (or reference 10 a websiie where such Instructions are available) shall be marked within the
battery compartment.

Exception: Battery charging circuitry that is integral to the battery pack and/or has been evaluated for use
with that battery pack is not required to be additionally evaluated in accordance with 8.2 and 8.3.

NOTE: A battery charge controller that complies with UL 1741 (Sections 72 — 83) or CSA C22.2 No. 107.1 (Section 15) and with an
output rating suitable for the battery is considered to comply with this requirement if the system does not use lithium ion batteries.

7.5.2 The input characteristics of the battery charging circuitry shall be compatible with the PV module
electrical output ratings (V. and lg;), with allowance for intervening circuitry or control devices.

NOTE: A battery charge controller that complies with UL 1741 (Sections 72 — 83) or CSA C22.2 No. 107 (Section 15) and marked as
compatible with the PV module electrical output rating (V,. and l.) is considered to comply with this requirement.
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7.5.3 The battery charging circuitry shall have means to prevent current flow from a charged battery to
reverse charge any PV module components, unless such means are integral with the PV module.

7.5.4 Temperatures on the battery and its charging circuit componentry shall remain within their rated

specifications
7.6 Battery

7.6.1

when operated in accordance with 8.1, Temperature Test.

output circuits

current interruption no less than the short circuit current of the battery.

£ Vil I aYaV V]

The output of a battery circuit shall be provided with overcurrent protection rated for DC and for

Exception: B
additional ovd

NOTE: The shorf
the battery nomir

7.6.2 The p
conductors o
state devices

7.6.3 Condd

amperage rafling of the overcurrent protection device, in accordance with NFPA 70, Sectior

CSA C22.1
exception to 7

7.7 Control

7.7.1 All co
class 2 limits.
shall be hous
otherwise prq
system safet
outdoor expo

NOTE: An IP54 1

7.7.2 Comp
including und
output limitati

£4 H L. s v L RN L daal D Q T
UCTICO WITOUOT UULpUl CUITIDNC S WILNT UriC LTIt Uu 1 Uvweor oUUrec 1ol UlUL ZUJT

rcurrent protection.

circuit current can be obtained from the manufacturer’s specifications, or calculated using ohm’s la
al voltage by the internal resistance of the battery, or measured from a short-circuit test.

rotective device shall be located adjacent to the battery connecting means 3

or similar.

ctors connected to the load side of the battery shalhbe sized based on the cd

Rule 14-104, as applicable. When no overcurrent protection device is requ
[.6.1), conductors shall be sized in accordanee with 7.9.1.

htrol inputs and outputs accessible during use or maintenance shall be within
All control devices, other than-sensors or output ports intended for environmen
ed within an enclosure rated 3R in accordance with CSA C22.2 No. 94.2 o
tected from environmental conditions (such as rain, snow, or ice) that could

sure requirements ofUL 746C.

pting is generally\considered comparable to a 3R rating from CSA C22.2 No. 94.2 or UL 50E.

iance ‘with applicable performance tests shall consider the full range of co
br single fault conditions unless the control device has been evaluated and foun

0 not require

, which divides

head of any

- components likely to malfunction under short-circuit conditions such as capacitors, solid-

ntinuous DC
240.4(D) or
red (per the

wet location
tal exposure,
r UL 50E, or
compromise

. A polymeric enclosurée serving this purpose shall additionally comply with the applicable

ntrol signals,
d to retain its

bns/under such conditions.

NOTE: Reliability of control devices can be established through compliance with UL 8750, Supplement SA, Requirements for Safety-

Related Electron

7.7.3

ic Circuits.

Integral auxiliary equipment, such as heaters to maintain batteries within prescribed temperature

limits, shall be evaluated for risk of fire (including ignition of other devices or materials) under their most
severe anticipated operating conditions, including single fault conditions in associated control circuits.

7.8 Lumina

7.81

ires

Luminaires shall be suitable for wet locations and comply with the applicable requirements of CSA

C22.2 No. 250.2 or UL 2108. Luminaires that comply with applicable requirements of CSA C22.2 No.
250.0 or UL 1598 that are suitable for wet locations and operate at 30 Vdc or less are also permitted.
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NOTE: Polymeric enclosures of wet location rated equipment are typically evaluated for impact resistance down to -35 °C. This
should be considered in the context of the system ambient range marking of 9.3.

7.8.2 LED arrays, drivers, and related LED components that are not integral to the luminaire shall comply
with the applicable requirements of CSA C22.2 No. 250.13 or UL 8750, and shall be used within their
intended ratings and conditions of service.

7.8.3 With respect to 7.8.2, LED optics are permitted to have a flammability rating of HB for systems
intended to be mounted away from structures.

7.8.4 Luminaires and related lighting components shall have an input rating (voltage and current or
wattage) compatible with the battery output or that of any intervening controller.

7.9 Electri¢al conductors and connections

7.9.1 All conductors shall be sized, insulated, and thermally and environmentally rgted for their
conditions of service. Conductors on the PV module output shall be sized at,'no less than|125 % of the
output short gircuit current rating.

7.9.2 All cpnductor terminations shall be made mechanically secure, using appropriately rated
termination devices and splicing means suitable for the level of expésure.

7.9.3 A disfonnect means (switch or detachable connector), shall be provided on the output of the PV
module and [on the output of the battery. These disconnécting means shall be marked tq identify their
purpose and|be located as follows:

a) For power levels exceeding class 2, either:
1) Externally accessible and operable with no need to remove a cover or panel, or
2) Accessible behind a panel-that can be opened without the use of a tool.
b) For power levels within class-2 limits:

1) Option 1 or 2.under (a) above, or

2) Accessible behind a panel that requires a tool to open.

7.9.4 When the disconnect means is located per 7.9.3 (a)(2) or (b)(2), the panel shall pe marked in
accordance ith.9.43.

7.10 Mechanical structure

7.10.1 A hinged or pivoted panel or cover shall be positioned and securable such that it is not subject to
falling or swinging due to gravity in a manner likely to cause injury to service persons.

7.10.2 All luminaires, PV modules, and accessory equipment whose mounting design is subject to
gravitational forces shall comply with 8.6, Static Load Mounting Means Test. Where equipment or parts of
equipment can be adjusted, the test shall be performed in the most disadvantageous position.

Exception: A PV module mounted using a system that complies with UL 2703 that has been tested with
and identified for use with that module, is not required to be tested in accordance with 8.6.
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PERFORMANCE

8 Performance

8.1 Temperature test
8.1.1 General - all systems

8.1.1.1 Where individual system subassemblies, when installed, are physically separated from one
another so as to have no significant thermal interaction, it is permitted to conduct the Temperature Test on
those subassemblies without the system being assembled as in service.

NOTE 1: PV mqdules or low voltage luminaires mounted remote from each other, and from the battery andcorftrol circuits, are
examples of sub@ssemblies that can be temperature tested separate from the system.

NOTE 2: When mounted remote from one another and from the battery and control circuits, no further temperature tdsting is required
for a PV module that complies with the CSA or UL 61730-2, Temperature Test (see 7.2.2) or for a low)voltage luminajre that complies
with the UL 210§ or CSA C22.2 No. 250.2, Temperature Test (see 7.8.1). However, these subassemblies are still pgrmitted to serve
as the power soyrce (PV module) or load (luminaire) for conducting the Temperature Test.

8.1.1.2 Sysiems with a housing that includes the PV module, luminaire, and battery are tq be tested in
accordance with 8.1.2, Systems With An Integral PV Module. Systeras with a PV module mqunted where
thermally disfant (minimum 6 inches above or aside) from thevbattery housing are to pe tested in
accordance with 8.1.3, Housing With Thermally Remote PV-Module. Systems with both th¢ PV module
and luminairg mounted where thermally distant from the battery housing are to be tested i accordance
with 8.1.4, Hqusing With Thermally Remote PV Module AAd Luminaire.

8.1.1.3 Oth¢r than for battery protection circuitry,.system sensors and/or controls designed fo modify the
charge and discharge sequences (for example, photosensors to activate or de-activate the luminaire) shall
be bypassed|except where specifically indicated. For systems with supplementary power sources, see
also 8.1.7.

8.1.1.4 The|temperature of all thermally sensitive components, and components with defined thermal
limits, including batteries, shall notiexceed their rated temperature specifications.

NOTE: Where the temperature of a'battery case is to be monitored, attention should be given as to whether the spedfied compliance
limit relates to thp battery cell or the‘battery assembly / pack. Where compliance is based on the cell case temperatpre, care should
be taken to not damage the battery during thermocouple application.

8.1.1.5 The|test is permitted to be conducted in any ambient of 20 °C or higher, up to the maximum
marked ambignt in"accordance with 9.3. When the test is conducted in an ambient lower than the marked

i mpitar 8. T ' rmined t fding the difference t it ambient and
maximum marked ambient to the measured temperatures, except where modified in 8.1.2, 8.1.3, or 8.1.4,
as applicable.

O Dhe dete ed bV add G & differe & hetwee 5T

8.1.2 Systems with an integral PV module

8.1.2.1 This test method is applicable to systems whose housing allows for thermal interaction between
the PV module and battery.

NOTE: This method recognizes that the PV module generates maximum heat while the luminaire is thermally passive, and the
luminaire generates heat while the PV module is thermally passive. The battery generates heat during both charge and discharge
activities, with the charge cycle concurrent with PV module operation (daylight and higher ambient conditions) and the discharge
cycle concurrent with luminaire operation (evening and lower ambient conditions). Thermal interaction between the battery and PV
module or luminaire will be dependent on their spatial relationship.
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8.1.2.2 The integral PV module is to be exposed to the Standard Test Conditions (STC) in accordance
with the CSA or UL 61730-2 Temperature Test until the ambient conditions inside the housing are
stabilized, as measured by two thermocouples spaced apart within the housing interior and not in contact
with any surfaces. Temperatures are considered stable when three consecutive measurements no less
than 15 minutes apart vary by no more than one degree.

NOTE 1: The housing internal ambient temperature measurement can also be obtained concurrent with the PV module temperature
test if required per 7.2.2.

NOTE 2: As a safety precaution for lithium ion battery systems, this initial step may be performed with the battery removed, to
validate that the battery storage temperature limit is not exceeded.

NOTE 3: For systems-with-multiplo-R\V—medules od-orientation—the-system-should-be-pesitioned—relative-tq the sun or solar
simulator sourcg, to generate maximum interior housing heat conditions. This may require multiple test expespres if there are
thermally sensitive components in the housing interior.

NOTE 4: Where
the temperature]

8.1.2.3 The

additional thermocouples placed on components whose temperature isitobe measured. Thg

be placed in
DC power sq

a solar simulator is not available to establish STC, Annex E provides guidance from CSA/UL 61730
test using daylight conditions.

system shall be allowed to cool to room temperature, the battery fully dis

an environmental chamber capable of 10 °C per hour,graduated temperature
urce with output matching that of the PV module is to~be connected in lieu of tk

output, and n

neans shall be provided to monitor the battery charge ‘and discharge current. Th

-2 for conducting

charged, and
b system is to
bdjustment. A
e PV module
b system is to

be placed and oriented in the chamber in a manner representative of its intended installation (e.g., PV
module facing up; luminaire facing down).

NOTE: Light oufput from the luminaire can often be used as evidenceof battery discharge.

ized and the
rnal ambient
all be further
he maximum
perature is to

8.1.2.4 Thqg chamber shall be initially set at 30°°C. The DC power source is to be eneri
chamber temperature gradually raised (10xC per hour) until at least one of the two int

thermocouplés reach the temperature measured in 8.1.2.2. The chamber temperature sh
increased, af the same 10 °C per heur rate, an amount equal to the difference between

marked ambjient and the ambient .used for the 8.1.2.2 measurement. The chamber tem
remain at thig level until the first.ofithe following events occur:

a) Charging is halted by action of the battery management system;

b) The battery<harging drops to less than 10 % the maximum rate observed durir
minutes of charging; or

g the first 30

c) The. temperature on the battery case exceeds its maximum specified charging te
2°C

mperature by

reanral far O ot it o
\OT OOz T ute St

If event (c) occurs, the results are non-compliant. If event (a) or (b) occurs, the test shall continue until all
temperatures are stable.

8.1.2.5 The DC power source shall then be de-energized, the battery directed to discharge and supply
the luminaire, and the chamber temperature lowered at a rate of 10 °C per hour. If discharging occurs
while the battery is outside (above) its maximum permitted discharge temperature, results are non-
compliant and the test is to be discontinued. Otherwise, when the chamber reaches 30 °C, it shall be
maintained at that temperature until the first of the following events occur:

a) Six hours have transpired since initiation of battery discharge;

b) All temperatures are consistently moving lower; or
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c) The temperature on the battery case exceeds its maximum specified discharging temperature by
2 °C (or more) for 2 minutes.

If event (c) oc

curs, the results are non-compliant.

8.1.2.6 The charge and discharge cycle specified in 8.1.2.4 and 8.1.2.5 shall then be repeated.

8.1.3 Housi

8.1.3.1

ng with thermally remote PV module

This test method is applicable to systems with an integral luminaire (or LED array) and whose PV

module is located no less than six inches (15 cm) above or to the side of the housing containing the

battery.

8.1.3.2 The
temperature i
per hour gra
module is to
battery charg
manner repre

NOTE: Light outf

8.1.3.3 The
chamber tem
with 9.3. The

a) Cha
b) The

minutgs of charging; or

c) The
2°C(

If event (c) o¢
temperatures

8.1.3.4 The
the luminaire
while the ba

5 to be measured. The system shall be placed in an environmental chambeér cap
juated temperature adjustment. A DC power source with output.matching th
be connected in lieu of the PV module output, and means shallcbe’provided g
e and discharge current. The system shall be placed and..eriented in the o
sentative of its intended installation.

ut from the luminaire can often be used as evidence of battery dischafge.

chamber shall be initially set at 30 °C. The DE\power source shall be energ
perature gradually raised (10 °C per hour) to*the maximum marked ambient in
chamber temperature shall remain at this levéel until the first of the following even

rging is halted by action of the batteryhanagement system;

battery charging drops to less than 10 % of the maximum rate observed durin

br more) for 2 minutes.

curs, the results‘are non-compliant. If event (a) or (b) occurs, the test is to con
are stable.

DC powersource shall then be de-energized, the battery directed to discharg
andsthe chamber temperature lowered at a rate of 10 °C per hour. If dischz
teryNis outside (above) its maximum permitted discharge temperature, resy

battery is to be fully discharged and thermocouples placed on goemponents whose

able of 10 °C
at of the PV

monitor the
hamber in a

ized and the
accordance
ts occur:

g the first 30

temperature on the battery case exceeds its maximum specified charging temperature by

tinue until all

e and supply
rging occurs
Its are non-

~

Nttt o +~ o ninsiad (W Aamagien e a chambhAar vassh s 20 O

compliant an

dic H h
1R E—teStHHStoPe—aHSCORtRYUea: \JI.IIUI vvloU, Wheh—the—thRamperfreacnes—so

maintained at that temperature until the first of the following events occur:

a) Six

hours have transpired since initiation of battery discharge;

b) All temperatures are consistently moving lower; or

C, it shall be

¢) The temperature on the battery case exceeds its maximum specified discharging temperature by
2 °C (or more) for 2 minutes.

If event (c) occurs, the results are non-compliant.

8.1.3.5 The charge and discharge cycle described in 8.1.3.3 and 8.1.3.4 shall then be repeated.
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8.1.4 Housing with thermally remote PV module and luminaire

8.1.4.1 This test method is applicable to systems whose luminaire and PV module are both located no
less than six inches (15 cm) above or to the side of the housing containing the battery.

8.1.4.2 The battery is to be fully discharged and thermocouples placed on components whose
temperature is to be measured. The battery housing and luminaire shall be placed in an environmental
chamber capable of 10 °C per hour graduated temperature adjustment, oriented as intended and spaced
apart from one another so as to represent the same limited thermal interaction as expected when installed.
A DC power source with output matching that of the PV module is to be connected in lieu of the PV module
output, and means shall be provided to monitor the battery charge and discharge current.

NOTE: Light oufput from the luminaire can often be used as evidence of battery discharge.

8.1.4.3 Thg chamber shall be initially set at 30 °C. The DC power source shall be energiged to initiate
battery charging (the luminaire will not be activated) and the chamber temperature.gradually|raised (10 °C
per hour) to the maximum marked ambient in accordance with 9.3. The chambertemperaturg is to remain
at this level until the first of the following events occur:

a) Charging is halted by action of the battery management system;

b) The battery charging drops to less than 10 % of the maximum rate observed during the first 30
minutes of charging; or

c) The temperature on the battery case exceeds its maximum specified charging temperature by
2 °C (jor more) for 2 minutes.

If event (c) ogcurs, the results are non-compliant.Afevent (a) or (b) occurs, the test is to continue until all
temperatureg are stable.

8.1.4.4 Thg DC power source shall thenibe de-energized, the battery directed to discharge and supply
the luminairg, and the chamber température lowered at a rate of 10 °C per hour. If discharging occurs
while the battery is outside (above)-its maximum permitted discharge temperature, resplts are non-
compliant and the test is to be.discontinued. Otherwise, when the chamber reaches 30 qC, it shall be
maintained af that temperaturé until the first of the following events occur:

a) SiX hours have.transpired since initiation of battery discharge;

b) Alltemperatures are consistently moving lower; or

c) Thttemperature on the battery case exceeds its maximum specified discharging tgmperature by

2 °C arelfor2 mintitac
\OTToTrCToOT=Z T iutc St

If event (c) occurs, the results are non-compliant.

8.1.4.5 The charge and discharge cycle specified in 8.1.4.3 and 8.1.4.4 shall then be repeated.

8.1.5 The temperature of any subassembly exterior surface intended to be mounted within 7 feet of
grade, or in contact with a supporting structure (unless marked in accordance with 9.9), shall not exceed
90 °C.

Exception: The light emitting portion of a luminaire has no thermal limit other than the generic or specific
temperature rating of the material itself.
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8.1.6 For an integrated portable PV luminaire system, the thermal limits specified in Table 8.1 apply to

accessible su

rfaces.

Table 8.1
Thermal Limits Applicable To Accessible Surfaces

Limit °C (°F)
Part
Metal Glass, porcelain, enamel ? Polymeric ?
Handles or parts intended for carrying 55 (131) 65 (149) 75 (167)
Controls intended for short term contact 60 (140) 70 (158) 85 (185)
Other exterior pgartssubjecttotasuatcomntact: 70158 80 (176 5 (203)

@ Nonmetallic m]

aterials shall not be used above their generic or specific temperature ratings.

8.1.7 Thetg
Systems with
supplemental
shall be appli
any critical cg

a) Suy
or 8.1]
config
to de
modul
then b

b) Su
luming
tempe
discor
from t

8.1.4.4
8.2 Battery
8.2.1 This

previously ev

mperature test for a system with a supplemental power source ( in aceordance

Supplemental Power Connections), and sensors/controls to engage and di
source, shall be modified in accordance with (a) or (b) below,.as applicable. Th
2d to appropriate locations on the supplemental power source)to monitor the te
mponents.

plemental Battery Charging, Section A2. During the\first discharge cycle of 8.1
4.4 as applicable, the supplemental source is to resume charging the battery

energize the luminaire upon daylight conditions (photosensor, current flow
e, timer, or other) shall then be triggered.xThe second cycle (8.1.2.6, 8.1.3.5, or

vith Annex A,
sengage the
ermocouples
mperature of

.2.5, 8.1.3.4,
. This power

Liration shall continue uninterrupted until stable temperatures are obtained. Th¢ mechanism

from the PV
8.1.4.5) shall

e initiated.

pplemental Luminaire Power, Section A3. These systems will bring power d
ire (bypassing the battery) “when battery power is insufficient. When
ratures on the luminaire shall” continue to be monitored, until stable. The m
nect the supplemental power source upon daylight conditions (photosensor,
ne PV module, timer, or other) shall then be triggered. The second cycle (8.1.2
b) shall then be initiated.

charge rate and'voltage limit measurement

bst is dpplicable to battery charging circuitry that is not integral to the battg
bluated-for compatibility with the battery in accordance with 7.5.1.

rectly to the
this occurs,
echanism to
current flow
6, 8.1.3.5, or

ry pack and

8.2.2 ADC

ower supply shatt-be connected i fieu of the designated PV modute, with its

output set at

the maximum voltage and current rating of the designated PV module. Starting with a fully discharged
battery, the supply shall be energized and current flow from the charging circuit into the battery shall be
monitored during the charge cycle to determine the maximum rate. The test shall be continued until the
rate of charging has decreased from its maximum rate and is stable, but not less than 3 hours.

8.2.3 The maximum rate
recommendation.

(current) and voltage shall not exceed the battery manufacturer's

8.3 Battery charging circuit abnormal test

8.3.1 This test applies to battery systems where the battery charging circuitry is not integral to the battery
pack and previously evaluated for compatibility with the battery in accordance with 7.5.1.
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8.3.2 Single fault conditions that may increase the output charging voltage or current shall be imposed,
one at a time, on the charging circuitry. Using the same setup as for the test of 8.2, Battery Charge Rate
And Voltage Limit Measurement, the battery shall be charged under these conditions for 7 hours. The test
may be discontinued prior to 7 hours if it can be determined that stable conditions have occurred.

8.3.3 This test shall not result in any of the following:

a) Chemical leaks caused by cracking, rupturing or bursting of the battery jacket;

b) Spillage of liquid from any pressure relief device in the battery;

c) Explosion of the battery; or

d) Em

ission of flame or expulsion of molten material outside of the enclosure.

If the assembly becomes inoperable during any test sequence, a new sample may be used t¢ continue the

test program
8.4 Battery
8.4.1 This
discharging

charge and
cooling for b

8.4.3 below.

8.4.2 Therm

(alone, or with a subassembly, or the full system — see informational note below) is to be pla

environment
permitted (m
supply shall
its output set

NOTE: The bat

provided that it if reasonable to expect comparable performance with the entire system within the chamber.

8.4.3 Starti

energized and current flow from the charging circuit into the battery shall be monitored.

temperature

management system temperature protection performance

fest validates whether the battery management systems (BMS) de-activates

ischarge in accordance with 7.4.7. See 8.4.7 for&ystems that use supplemen
ttery temperature management.

hocouple(s) shall be applied to appropriate location(s) on the battery case
bl chamber able to be gradually adjusted in increments of 10 °C per hour a
anufacturer specified) range’ of battery charge and discharge temperatures.
be connected to supply the battery charging system, in lieu of the designated PV
at the maximum voltage and current rating of the designated PV module.

ery alone or any Subassembly of the full system is permitted to be in the environmental cham

hg with( @ fully discharged battery in a 25 °C (x5 °C) environment, the su

s to'be gradually raised at the rate of 10 °C per hour until the higher of the max

\ Q4 9 4 [

5 charging or

when the battery temperature falls outside the manufacturer’s specified thermal range for

NOTE: A BMS included in a system that complies with the temperature ‘test of 8.1.2.4, 8.1.3.3, or 8.1.4.3 is consider

tal heating or

bd to comply with

The battery
ced within an
cross the full
A DC power
module, with

ber for this test,

pply shall be
The chamber
mum marked

ambient in a

al H i alls} 4l + + 4+ ol £ H 4 L lal
CLUTUATTUC WItIT I. 97 UT U TC TTIAATTTITUTTIT TCTTITPTTAtUTT USTU TUT O 1. 2.5 (1T appiieaul

These conditions shall be continued until the first of the following events occur:

a) Charging is halted by action of the BMS;

e) is reached.

b) The maximum ambient has been maintained for at least 30 minutes and charging current is
stable for at least 30 minutes. Charging current stability is established when the current is less than

10 %

the maximum rate observed during the first 30 minutes; or

c) The temperature on the battery case exceeds the maximum specified charging temperature by
2 °C (or more) for 2 minutes.

The charging source shall then be de-energized. Result (c) is non-compliant. If result (a) or (b) occurs,
continue to 8.4.4.
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8.4.4 While the chamber is maintained at the same ambient as specified in 8.4.3, the battery is to be
directed into discharge mode by the applicable system control function (i.e., daylight sensor, timer, or
other). The chamber temperature shall then be gradually lowered (10 °C per hour) until the first of the

following events occur:

a) Discharging occurs outside (above) the battery’s maximum permitted discharge temperature;

b) Discharging occurs within the battery’s permitted discharge temperature range and continues as
expected for no less than 10 minutes.

Result (a) is non-compliant. If result (b) occurs, continue to 8.4.5.

8.4.5 Fully g
the charging
lowered at th
shall be conti

a) Cha

b) Th¢ minimum ambient has been maintained for at least 30, minutes and chargi

stable

10 % the maximum rate observed during the first 30 minutesior

c) The
2°C(

The charging
continue to 8

8.4.6 While
directed into
other). The g
following eve

a) Dis

b) Dis
expec

Result (a) is

Ischarge the battery. Starting in a 25 °C (£5 °C) environment, energize the sup|
circuit and monitor current flow into the battery as the chamber temperature
e rate of 10 °C per hour to the minimum marked ambient in accordance with
hued until the first of the following events occur:

rging is halted by action of the BMS;

for at least 30 minutes. Charging current stability is established when the currer

br more) for 2 minutes.
source shall then be de-energized. Result (c) is non-compliant. If result (a) an

4.6.

discharge mode by the applicable system control function (i.e., daylight sen
hamber temperature shall.then be gradually raised (10 °C per hour) until th
hts occur:

charging occurs-within the battery’s permitted discharge temperature range and
ed for no Je€ssithan 10 minutes.

on-cempliant.

ply source to
is gradually
0.3. The test

ng current is
tis less than

temperature on the battery case is below the minimum specified charging temperature by

d (b) occurs,

the chamber is maintained at the-minimum marked ambient temperature, the battery is to be

sor, timer, or
e first of the

Charging occurs outside (below) the battery’s minimum permitted discharge temperature;

continues as

9 the marked

8.4.7 For systems that use battery temperature management (heating or cooling), the temperature
management system is permitted to remain operable during the testing of 8.4 when the system is shown to
comply with the requirements of UL 8750 Supplement SA, Requirements for Safety-Related Electronic
Circuits (SREC). A temperature management system not known to comply with the UL 8750 SREC
requirements is to be bypassed when determining compliance with 8.4, Battery Management System
Temperature Protection Performance.

8.5 Battery discharge abnormal test
8.5.1 This test applies to battery systems that include multiple lithium ion batteries connected in series,

including parallel strings of series-connected batteries.
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8.5.2 With the load to the battery system disconnected, one battery in the series (or one string of
batteries in a parallel string system) shall be completely discharged, while the other batteries (or strings)
are fully charged. The load is then to be connected and the battery system permitted to discharge until
completely discharged and stable conditions are realized.

8.5.3 This test shall not result in any of the following:
a) Chemical leaks caused by cracking, rupturing or bursting of the battery jacket;
b) Spillage of liquid from any pressure relief device in the battery;

c) Explosion of the battery; or

d) Enjission of flame or expulsion of molten material outside of the enclosure.

If the assembly becomes inoperable during any test sequence, a new sample may be used t¢ continue the
test program

I 8.6 Mounting means secureness test
| 86.1 Each

surface-mounted subassembly is to be mounted, in)accordance with ifs installation

instructions,
subassembly

means. A wegight of three times the weight of the subassembly'is to be gradually applied 3

maximum pr
the mounting

8.6.2 A bat
follows, with
cable. The ¢
to be held in
is released.

until fully sup

8.7 Mecha
8.7.1

8.7.1.1 Thg
systems sub

Generral

using the hardware provided or specified. Where positional adjustments are |
shall be installed in the manner that provides for\the most severe test of

bjection from the mounting surface and maintained for one hour. Neither the su
hardware shall be pulled from the mounting‘surface.

ery compartment cover secured by, a-cable (or similar) shall be subjected to th
but detachment from the battery compartment or visible damage to or detad
bver is to be released from the battery compartment and secured only by the cz
B horizontal plane with only air-below that allows for full extension of the cable w

bermitted, the
the mounting
t the point of
bassembly or

ree ‘drops’ as
hment of the
ble. It is then
hen the cover

he cover is then to be released in a single motion, allowing gravity to accelefjate the cover

ported by the cable. This-drop is to be repeated two additional times.

nical tests for partable PV luminaire systems

se tests are intended to evaluate the mechanical strength and integrity of the R
ect.to’relocation or temporary storage. Where the PV module is integral to and

from other s

V module for
not separate

Jlefnm ellhneenmhline, the entire eyefnm can be tested with the anplinnr‘n

etermination

based on the
8.7.2 Drop

8.7.2.1

performance of the PV module only.

impact test

Three sample modules are to be placed in a cooling chamber set to — 35.0 £2.0 °C (- 31.0 £3.6

°F) for a minimum of 3 hours. Immediately upon removal from the cooling chamber, the samples are to be
individually dropped (free fall) three times each, in succession, from a height of 3 feet (914 mm) from the
lowest portion of the module onto a concrete surface. Each drop on a given sample is to impact at a point
on the unit different from the impact points for the other drops.

8.7.2.2 The samples shall then be visually examined. No live parts shall be accessible to contact using a
standard articulated probe, and there shall be no visual evidence of cracking or breaking of a substrate or
outer protective laminate material.
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8.7.3 Resistance to compression forces test

8.7.3.1 One sample module is to be placed in a cooling chamber set to —-35.0 £2.0 °C (-31.0 £3.6 °F) for
a minimum of 3 hours. Immediately upon removal from the cooling chamber, the samples is to withstand
for 1 minute a steady compression force of 75 pounds-force (334 N) applied at right angles to the module
surface. The module is to be tested between two parallel, flat, hardwood blocks, each not less than 1/2
inch (12.7 mm) thick. The compression force is to be applied gradually at a rate of 5 pounds-force (22.7 N)
per second until the test value is reached.

8.7.3.2 The sample shall then be visually examined. No live parts shall be accessible to contact using a
standard articulated probe, and there shall be no visual evidence of cracking or breaking of a substrate or
outer protective laminate material

MARKINGS
9 System Markings

9.1 All requjred markings shall be permanent, with adequate background color contrast for|legibility and
in letters not Jess than 0.06 inch (1.6 mm) in height. Markings are required to be visible aft¢r installation
and shall be jon an exterior surface or on the inside of a door or coven*A marking that beqomes visible
when a door|or cover (or similar part) is removed, without disassembling or removing a component or
device, is considered visible after installation.

In Canada, bjlingual marking is the jurisdiction of Canadian-provincial regulatory authoritie, which may
require markipg to also be in French.

9.2 The sygtem shall be marked with the Manufacturer's name, model number, and date period of
manufacture {no less precise than any three consecutive months).

9.3 The sygtem shall be marked with ,its-permitted ambient temperature range, based |on the most
constrained Known limits for the key subassemblies (PV module, battery, or luminaire). The marking shall
be in the form: “CAUTION. Suitable for installation only where ambient temperatures are hot expected
below __ °Cl orabove ___ °C.”.The blanks shall identify the minimum (-20 °C, or lower) andfor maximum
(+40 °C, or hjgher) temperature rating of the system subassembly with the most constrainefl low or high
limit. All mared temperatures’shall be in no less than 5 °C increments (i.e., 15 °C or 20 °Clis permitted;
18 °C is not permitted).

9.4 Systemg with-no“operating voltages exceeding 30 Vdc (or 15 Vac) are permitted to be marked as
suitable for wet\locations. Systems with internal operating voltages exceeding 30 Vdc (or[ 15 Vac) are
permitted to He marked as suitable for wet locations when:

a) The subassembly with these higher voltages complies with the wet location requirements from
the applicable standard (see 4.2); and

b) The subassembly includes a system of double insulation between any parts operating at these
higher voltages and any accessible surface.

9.5 The battery charger input voltage and current shall be marked adjacent to the input terminals to the
charging circuit. The battery output voltage shall be marked where visible when servicing the battery.

9.6 Battery replacement information shall be marked adjacent to the battery, “Replace only with

model battery” with the blanks filled with the manufacturer and battery designation; or “Replace only
with batteries as shown at ” where the blank provides a website address where the specific battery
replacement information is stored.
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9.7 If the PV module or battery output are limited to class 2 voltage, current, and power levels, these
outputs are permitted to be marked “Class 2”.

9.8 The luminaire input voltage and current (or wattage) shall be visible when servicing the luminaire. If
the luminaire has a replaceable light source, markings shall either provide the light source replacement
information or identify a website where the information is available.

9.9 A subassembly whose exterior surface temperature exceeds 90 °C in accordance with 8.1.5, and
that is intended to be in direct contact with a supporting structure or surface, shall be marked “CAUTION:

Install only on non-combustible surfaces.” This marking shall be visible during installation.

9.10 Ifar

er that states

“Replace onl
fuse ratings.

9.11 Anye
indicator ligh

9.12 PV lun
Multiple pow
systems with

9.13 Inadd
panel for acq
INSIDE", or

instructions f

INSTRUCTI(
10 Genera

10.1 Install
instructions.
injury, the in
soil condition

10.2 Forot
be performe
local rules ar

laceable fuse is prn\lirlod, there shall hg 2 markina laocated near the fusehaol

y with same type A, V fuse.” The blanks are to be filled in with|th

kposed components intended to convey information to users or service perso
s, switches, etc.) shall be marked to identify their function, if not ebVious.

hinaire systems shall be marked at an appropriate location.on.an exterior surfag
er sources. Disconnect the PV module and battery prior to servicing.” For
a supplement utility-connected power source see A6«

ition to the marking of 9.12, a PV module or battery disconnect means that requi
ess, per 7.9.4, shall be marked on an exterior<surface of that panel "DISCONN
similar wording. If the means for removing the panel is not obvious, the marking
br removal.

DNS

ation instructions can be integrated with or provided separate from use and
For ground mounted\equipment where failure could reasonably lead to proper
structions shall refer responsibility for addressing mechanical and structural iss
s, wind, and snew loading) to local or regional regulations.

ner thanportable PV luminaire systems, the installation instructions shall state th
by an.appropriately qualified professional, and that the installation shall cor
d regulations.

e appropriate

nnel (meters,

e “CAUTION:
PV luminaire

res opening a
FCT SWITCH
shall include

maintenance
ty damage or
ues (such as

at installation
nply with any

10.3 An instruction manual shall be provided and include a safety instruction section that identifies steps
the user should take to avoid reasonably foreseeable uses or misuses that may create a risk of fire,
electric shock, and injury to persons. The instructions shall identify all appropriate system operations and
maintenance recommended by the manufacturer. If appropriate, the instructions shall state that service
activities should only be performed by qualified service personnel.
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