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Preface

This is the First Edition of ANSI/CAN/UL 3741 Standard for Photovoltaic Hazard Control.

UL 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 3741 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.

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.

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

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

To purchase UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToOrder.aspx or call tollfree 1-888-853-3503.

This Edition of the Standard has been formally approved by the UL Standards Technical Panel (STP) on
Photovoltaic Hazard Control, STP 3741.

This list represents the STP 3741 membership when the final text in this standard was balloted. Since that
time, changes in the membership may have occurred.

STP 3741 Membership

Name Representing Interest Category Region

Albee, Hans ReVision Energy Supply Chain USA

Archer, Brock IE Response General USA

Ball, Greg Tesla Producer USA

Berdner, John Enphase Energy Producer USA

Bobruk, Jason SolarEdge Technologies Producer USA

Bower, Ward Ward Bower Innovations L L
C

General USA

Brooks, William Brooks Engineering General USA

Coddington, Michael National Renewable Energy
Laboratory

Government USA

STP 3741 Membership Continued on Next Page
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INTRODUCTION

1 Scope

1.1 Introduction

1.1.1 Fire fighters (FF) performing operations involving buildings with attached or integrated Photovoltaic
(PV) arrays may be exposed to electrical hazards from damaged PV equipment. These requirements
provide a means for evaluation of PV Hazard Control components, equipment and systems that provide a
reduced level of shock hazard from energized PV system equipment and circuits located within the PV
array after the operation of hazard control initiation function(s) where required, such as but not limited to
any PV Rapid Shutdown Equipment (PVRSE) or PV Rapid Shutdown Systems (PVRSS) that comply with
UL 1741 in the United States and CSA C22.2 No 330 in Canada.

NOTE: Damaged PV equipment in arrays includes damage as a result of fire fighter (FF) interaction as identified throughout this
standard and also common PV faults such as PV array ground faults.

1.1.2 This standard is based on the presupposition that the PV array is installed by qualified persons in
accordance with the installation instructions and all applicable installation codes and standards. Evaluation
to this standard should not replace other requirements addressing the control of power source(s) for the
purposes of worker safety during installation or maintenance. Energized circuits can remain in some PV
array equipment after any required hazard control initiation function is operated.

NOTE: Requirements for PV arrays addressed in this standard are intended for compliance with the National Electrical Code (NEC),
NFPA 70, 2017 and 2020 editions and their requirements for controlling electrical shock hazards inside the array boundary as
addressed in NEC section 690.12(B)(2), Rapid Shutdown of PV Systems on Buildings and with the Canadian Electrical Code (CE
Code) C22.1. A PVHCS may or may not additionally comply with the 30V in 30 seconds requirements outside the PV array as
required in 690.12 (B)(1).

1.1.3 This standard evaluates the hazards associated with potential exposure to DC currents through
defined fire fighter (FF) interactions. Alternating current (AC) exposure is limited to not more than 15 Vac,
8A and 240VA for any circuit within the array boundary.

NOTE: This ac voltage limit is aligned with the PVRS requirements in UL 1741 and general electric shock limits.

1.2 Equipment and conditions included in scope

1.2.1 These requirements relate to conditions where PV array equipment or assemblies are subjected to
a safety analysis considering potential fire fighter (FF) interactions while performing duties during an
emergency.

NOTE: These conditions may result in degradation or damage from stresses beyond those covered in existing product safety
standards.

1.2.2 The acceptable shock hazard risk established by these requirements is based on defined
assumptions related to specific personal protective equipment (PPE) in serviceable condition worn by fire
fighters (FF) during structural fire fighting operations on buildings.

NOTE: NFPA 1971 Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting and NFPA 1851
Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting
specify the selection, care, and maintenance of fire fighter PPE.

1.2.3 Types of fire fighter (FF) tools and extinguishing agents, including certain water plus foam
solutions, during specific fire fighter (FF) tasks are considered in this standard.

NOTE: Specifications for these items are outlined in FF PV Array Interactions, Section 12.3.

Full document details: UL 3741 2020
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1.2.4 Body resistances of adult fire fighters (FF) are defined in this standard to set the criteria by which
shock hazards are evaluated.

1.2.5 The materials and methods used to construct the PV array are included in the evaluation. The
evaluation to this standard is intended to result in an identified list of PV Hazard Control Equipment
(PVHCE) determined to be necessary for the PV hazard control means. The list of PVHCE, and any
characteristics of other connected equipment or systems that are essential to maintain the operational
integrity of the hazard control function are documented in the PVHCE and / or the PV Hazard Control
System (PVHCS) installation instructions in accordance with this standard.

1.2.6 The evaluation is based on a risk assessment of the electrical shock hazards to fire fighters (FF)
working in the vicinity of the PV array.

1.2.7 The evaluation addresses the electrical hazard potential of PV array equipment on or integrated
into buildings.

1.3 Equipment and conditions excluded from scope1

1.3.1 The evaluation does not include equipment where the hazard control systems or functions have
been rendered ineffective due to physical damage not specifically addressed in this standard. Examples of
physical damage not addressed are the direct exposure of components to fire, smoke, high-pressure hose
spray, or major systemic physical damage such as building collapse, destruction or removal of the array.

NOTE: See Section 12.3 for the fire fighter (FF) interactions, including handheld hose lines, specifically addressed by this standard.
Firefighting Monitors are controllable high capacity water jets that operate at higher pressures and volumes which can result in
mechanical or structural damage to equipment and are therefore excluded from the scope of this standard.

1 Additional installation requirements addressing rapid shutdown of PV system circuits can be found in the National Electrical Code
(NEC), NFPA 70, Section 690.12, Rapid Shutdown of PV Systems on Buildings, and the Canadian Electrical Code (CE Code) C22.1
64-218 requirements.

1.3.2 While this standard accounts for fire fighters (FF) wearing new or serviceable used PPE, it does not
include consideration for any damage to PPE that occurred prior to fire fighter (FF) interaction with the PV
array.

NOTE: Standard operating procedures is to replace damaged fire fighting PPE.

1.3.3 The use of extinguishing agents not specified in this standard, such as seawater or high foam
concentrations, are not included in the evaluation.

NOTE: The requirements and resistance data in this standard are based on expected practices and are considered to provide
information sufficient for performing a safety analysis.

1.3.4 These requirements do not replace any electrical safe work practices for persons installing,
servicing or maintaining the PV system.

1.3.5 Though all components, equipment, and systems that could be used to construct the PV array are
considered in the evaluation, not all array equipment and components are required to be identified to
perform the PV hazard control function, or be specifically addressed in the installation instructions for the
purposes of this standard.

NOTE: Examples for parts that are not required to be identified are parts such as nuts, bolts and other passive components not used
directly to provide hazard reduction, as determined by the analysis in Section 12.

Full document details: UL 3741 2020
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1.3.6 These requirements do not address any electrical shock hazards not covered by this standard or
other hazards that PV arrays may present such as slip, trip or fall hazards.

1.3.7 This standard is not intended to address fire fighter (FF) interactions involving PV array equipment
not installed on a building.

2 Components and Equipment

2.1 A component of a product covered by this standard and systems, including equipment evaluated by
this standard, shall comply with the requirements for that component or equipment as specified in this
Standard. A component and equipment shall comply with the CSA or UL standards as appropriate for the
country where the product is to be installed.

3 Units of Measurement

3.1 Values and their respective units of measurement that are stated without parentheses constitute the
requirement of the standard and those in parentheses constitute explanatory or approximate information.

4 Undated References

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

5 Referenced Publications

5.1 The following standards are referenced in this standard, and portions of these referenced standards
may be essential for compliance. Some of the standard references are country specific depending upon
whether or not the PV system is intended for installation in the Unites States, in Canada, or both.

UL Standards

UL 969 Marking and Labeling Systems
UL 1703 Flat-Plate Photovoltaic Modules and Panels
UL 1741 Inverters, Converters, Controllers and Interconnection System Equipment for Use With
Distributed Energy Resources
UL 2703 Mounting Systems, Mounting Devices, Clamping/Retention Devices, and Ground Lugs for Use
with Flat-Plate Photovoltaic Modules and Panels
UL 4703 Photovoltaic Wire
UL 6703 Connectors for Use in Photovoltaic Systems
UL 61730-1 Photovoltaic (PV) Module Safety Qualification – Part 1: Requirements for Construction
UL 61730-2 Photovoltaic (PV) Module Safety Qualification – Part 2: Requirements for Testing
UL 840 Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment
UL 62109-1 Power Converters for use in Photovoltaic Power Systems – Part 1: General Requirements
UL 50 Enclosures for Electrical Equipment, Non-Environmental Considerations
UL 3003 Distributed Generation Cables
UL 1565 Positioning Devices
UL 62275 Cable Management Systems – Cable Ties for Electrical Installations

CSA Group Standards

C22.1 Canadian Electrical Code, Part I Safety Standard for Electrical Installations
C22.2 No. 330 Photovoltaic Rapid Shutdown Systems
C22.2 No. 0.15 Adhesive Labels

Full document details: UL 3741 2020
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International Electrotechnical Commission (IEC) Standards

IEC 60812 Standard for Analysis Techniques for System Reliability – Procedures for Failure Mode and
Effects Analysis (FMEA)
IEC 60479-1 Effects of current on human beings and livestock – Part 1: General aspects
IEC 60529 Degrees of protection provided by enclosures (IP Code)

International Standards Organization (ISO) Standards

ISO 3864-2 Graphical Symbols – Safety Colours and Safety Signs – Part 2: Design Principles for Product
Safety Labels

National Fire Protection Association (NFPA) Codes and Standards

NFPA 70 National Electrical Code
NFPA 1001 Standard for Fire Fighter Professional Qualifications
NFPA 1851 Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire
Fighting and Proximity Fire Fighting
NFPA 1981 Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency
Services
NFPA 1971 Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting

National Electrical Manufacturers Association (NEMA) Standards

NEMA Z535.1 Safety Colors
NEMA Z535.2 Environmental and Facility Safety Signs
NEMA Z535.3 Criteria for Safety Symbols
NEMA Z535.4 Product Safety Signs and Labels
NEMA Z535.5 Safety Tags and Barricade Tapes (for Temporary Hazards)
NEMA Z535.6 Product Safety Information in Product Manuals, Instructions, and Other Collateral Materials

6 Glossary

6.1 For the purpose of this standard, the following definitions apply.

6.2 ARRAY – A mechanically and electrically integrated grouping of PV modules with support structure
including any mechanically attached system components such as inverter(s) or dc-to-dc converter(s) and
combiner boxes.

6.3 ARRAY BOUNDARY – A zone extending 305 mm (1 ft) from the array in all directions.

6.4 ATTENUATE OR ATTENUATED – To reduce either the voltage or current, or both, in controlled
conductors resulting in a reduction of the respective magnitudes and a reduction in available energy to
levels as specified in sections of this standard where the function is required. The attenuation or
attenuation equipment as specified in this standard may use active electronic circuits or dissipative
methods that are switched or permanently connected.

6.5 BASIC INSULATION – Insulation that provides a single level of protection against electric shock
under fault-free conditions. Basic insulation only applies to components in which there are not existing
requirements for double or reinforced insulation.

6.6 DOUBLE INSULATION – Insulation comprising both basic insulation and supplementary insulation.

Full document details: UL 3741 2020
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6.7 ENHANCED PROTECTION – An additional level of hazard control protection applied to PV array
equipment or circuits as evaluated by this standard. This protection is added to basic, double or reinforced
insulation. Examples may include: an added physical barrier, electrical insulation or barrier, high
impedance semiconductor device or controlled air gap.

6.8 EQUIPMENT UNDER TEST (EUT) – Generic reference to the equipment, component or system
being evaluated.

6.9 FAULT – An event that results in unintended current flow.

NOTE: Most fault current paths considered in this standard will include the FF body.

6.10 FAILURE – A condition in which a component's electrical safety function is compromised.

NOTE: See Informative Annex E for examples of typical failures considered in this standard.

6.11 FIRE FIGHTER (FF) – A person who has demonstrated the knowledge and skills to function as an
integral member of a fire fighting team under direct supervision in hazardous conditions. A fire fighter is
required to wear PPE and is trained in the use of that PPE.

NOTE 1: For the purposes of this standard, it is assumed that a fire fighter will have:

a) A base level of fire fighting training;

b) An established hierarchy of command and responsibility;

c) A minimum amount of PPE; and

d) A common set of fire fighting tools.

NOTE 2: See NFPA 1001 or appropriate equivalent standard for further information on qualifications of fire fighters.

6.12 FIRE FIGHTER (FF) INTERACTION – An action that may occur during the performance of a task
that subjects the FF to contact with array equipment or components.

6.13 FUNCTIONAL SAFETY – Part of the hazard reduction for emergency responders, which depends
on the correct execution of specific functions performed by mechanical assemblies, electrical circuits,
components, or software.

NOTE: Mechanical assemblies may include inherent or passive construction features or hazard reduction means that may be part of
the PVHCE or PVHCS.

6.14 HAZARD LEVEL (HL) – A defined criteria for reactions to exposure current as stated by IEC 60479-
1 as modified for adult females as shown in Table 8.

6.15 NORMAL CONDITION – Un-faulted state, after the activation of an automatic RSS system.

6.16 PERSONAL PROTECTIVE EQUIPMENT (PPE) – The full complement of FF garments that are
normally required for structural fire fighting, including turnout coat, protective trousers, fire fighting boots,
fire fighting gloves, a protective hood, a helmet with eye protection, a self-contained breathing apparatus
(SCBA) and a personal alert safety system (PASS) device.

NOTE 1: For the purposes of establishing baseline risk factors, the requirements of this standard assume that FF are equipped with
standard and basic levels of PPE, and are trained in the following:

a) The proper use and maintenance of protective equipment;

Full document details: UL 3741 2020
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b) An understanding of when personal protective equipment is necessary;

c) An understanding of the kind of protective equipment that is necessary;

d) An understanding of the limitations of personal protective equipment in protecting FF from injury; and

e) Proper procedures for putting on, adjusting, wearing, removing and maintaining personal protective equipment.

NOTE 2: See NFPA 1001, Chapter 3, or appropriate equivalent standard for further descriptions of personal protective clothing and
equipment. See NFPA 1971 or appropriate equivalent standard for further information on protective ensembles for FFs. See NFPA
1981 or appropriate equivalent standard for further information on types of SCBA.

6.17 PV HAZARD CONTROL COMPONENT (PVHCC) – A component of a PVHCS. PVHCC are often
incomplete but may serve a function related to compliance of PVHCS. Examples may include the physical
barriers associated with Enhanced Protection.

6.18 PV HAZARD CONTROL EQUIPMENT (PVHCE) – A complete piece of equipment evaluated for
compliance with this standard (in addition to other applicable normative standards in Section 5) that
performs function (s) related to reduction of electric shock hazards for FFs performing their work in the
vicinity of the PV array.

6.19 PV HAZARD CONTROL SYSTEM (PVHCS) – Systems of one or more PVHCE and other specific
or generic specified PV array equipment that have been evaluated to comply with the system requirements
of this standard when installed in accordance with the manufacturer’s installation instructions.

6.20 VOLTAGE, PVHC MAXIMUM CIRCUIT (PVHC Maximum Circuit Voltage) – The highest voltage
within a PVHCS that is available after PVHCS actuation which may take action to segment a PV string or
array. Where applicable, this voltage includes temperature correction for photovoltaic module maximum
open-circuit voltage based upon the lowest rated PVHCS operating temperature. If it is not otherwise
defined in the specific PV module ratings the PVHC Maximum Circuit Voltage is 1.25 times the rated PV
module Voc at Standard Test Conditions (STC).

NOTE: The PVHC Maximum Circuit Voltage will be the same as the NEC 690.7, PV maximum system voltage if the PVHCS does not
segment the PV array. Some PVHCS partition an array or string into multiple segments which are less than the PV Maximum system
voltage.

6.21 VOLTAGE, EXPOSURE (exposure voltage) – The highest voltage between two points to which a
FF is available to contact through the specified interactions after PVHCS actuation including any
applicable isolation or attenuation (where applicable). This voltage includes temperature correction (based
upon the lowest rated PVHCS operating temperature) for photovoltaic module maximum open-circuit
voltage or electronic device output voltages ratings, which may take action to segment a PV string or array.
This maximum exposure voltage is used to calculate the exposure current considering the PV array, PVHC
circuit characteristics, FF tool, PPE and FF body resistances.

NOTE: The exposure voltage value depends on the FF interaction and is equal to the PVHC maximum circuit voltage or lower if the
PVHCS provides protection to limit exposure.

6.22 REINFORCED INSULATION – A single insulation system applied to live parts, which provides a
degree of protection against electric shock equivalent to double insulation under the conditions specified.

NOTE: A single insulation system does not imply that the insulation must be one homogeneous piece. It may comprise several layers
which cannot be tested singly as basic or supplementary insulation.

6.23 STRING – A circuit of one or more series connected PV modules including but not limited to
interconnection conductors, wiring devices, UL 1741 compliant PVRSE or other equipment.

Full document details: UL 3741 2020
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6.24 STRUCTURAL FIRE FIGHTING – The activities of rescue, fire suppression, and damage mitigation
on or in buildings.

6.25 SUPPLEMENTARY INSULATION – Independent insulation applied in addition to basic insulation in
order to provide protection against electric shock in the event of a failure of basic insulation.

6.26 WIRE MANAGEMENT / SECUREMENT SYSTEM – Methods within a PV array that do not involve
enclosure of wires in raceway or conduit, such as wires or bundles of wires secured to a racking system,
cable tray or channel by the use of clips, clamps, ties, or similar restraining components.

CONSTRUCTION

7 Array Component Requirements – PVHCS Requirements

7.1 PVHCS compliant with this standard are shown in a safety analysis to have sufficiently reduced
shock hazard current exposure to FF during specific interactions by one or more of:

a) Limiting current flow between points of likely FF contact to within thresholds as defined in the
standard, or

b) Limiting voltage between points of likely FF contact to within thresholds outlined in the standard,
or,

c) Sufficiently demonstrating the low likelihood of FF contact between points that have higher
thresholds of current or voltage.

NOTE: This standard recognizes the limitation of equipment installed to provide electrical safety when that equipment may be
subjected to damaging conditions exceeding those addressed by typical safety standards. Due to the nature of the scope of this
standard therefore, a probabilistic assessment of risk is inherent in the evaluation. As such, there is no single set of component or
equipment construction requirements. Systems relying on mechanical protection, separation, or isolation will rely more heavily on
design/construction measures than those with an inherently low operating voltage, for example.

7.2 Figure 1 shows examples of potential PVHC implementations relative to the scope of this standard,
including a collection of likely or possible components. This standard is intended to supplement the
required applicable equipment and component standards. The PVHC evaluation under this standard is
only required for the components and equipment identified as necessary to achieve the required level of
shock hazard reduction.

7.3 A PV hazard control system may be comprised of either components or an individual piece of
equipment that fulfills the necessary functions, or multiple pieces of equipment coordinated to perform the
functions as defined in the installation instructions to reduce but not eliminate risk of electric shock hazard
within a damaged PV array during fire fighting procedures.

Full document details: UL 3741 2020
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Figure 1

Example PVHC implementations
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NOTE: Examples of array equipment that may provide hazard reduction as identified by numbers in Figure 1 include:
(1) Power electronic devices within the string, on or within module(s) that separate strings into lower voltage segments.
(2) PVRSE Combiner box level switching devices performing a PVHC function intended to isolate or attenuate PV output circuits from
inverter, other strings and/or from intentional or unintentional ground potential reference.
(3) Control and communication devices that coordinate switching or attenuation.
(4) Inverter PV input circuit disconnection and isolation.
(5) String or sub-string level switching (electrical or electromechanical isolation or attenuation) devices inserted into the string wiring
located within the array specifically for the PVHC function.
(6) Mechanical and or access prevention enhanced protection provided by mounting system hardware, enhanced physical
protection/barrier of modules, wiring and wire management, separation of circuits, etc.

Full document details: UL 3741 2020
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7.4 PVHC systems shall be built with equipment and components compliant with the applicable
standards for the specific purpose. The component and equipment compliance standards shall be
documented in the safety analysis.

NOTE: See Informative Annex E worksheets for common PV equipment and components compliance standards.

7.5 PVHCC and PVHCE that is not evaluated and rated for outdoor application in PV systems as
required by 7.4 shall be evaluated under UL 1741 and using the environmental ratings from UL 1741,
Table 88.1, for the rated installation location in the PVHCS. All roof top mounted PVHCC and PVHCE
located within the array boundary that are relied upon to perform protective functions shall have a
minimum 4x or IP65 rating or be subjected to the corresponding enclosure test on the component,
equipment or assembly.

8 Protection Requirements

8.1 Basis of requirements

8.1.1 The requirements outlined in this Standard are intended to reduce the likelihood of muscle
tetanization (involuntary contraction) and ventricular fibrillation from electrical shock by damaged or
undamaged PV arrays during FF operations.

8.1.2 Under normal conditions and abnormal conditions evaluated under product safety standards, PV
systems do not present a shock hazard. When properly installed in accordance with the manufacturer’s
instructions and installation codes, protection from access to live circuits, is incorporated in equipment and
components and conductors. Insulation is the primary means to guard against the physiological effects
described in 8.1.1. Other measures already required for PV systems, equipment and components address
safety and fire-protection objectives but may not necessarily protect against these physiological effects
accounting for the specific FF interactions. This standard defines additional evaluation of equipment within
an array considering potential damage from FF interaction (s) to determine if additional enhanced
protection mechanisms are required.

Exception: This requirement for enhanced protection does not apply for a PVHCS that does not exceed
the shock hazard current limits defined in risk assessment.

8.1.3 For the purposes of reducing shock hazards in this standard, it is assumed that a FF as described
in 6.11 will have training and PPE as described in 6.16.

8.2 Application of requirements

8.2.1 Protection Requirements, Section 8, applies to equipment and components of the PV array that
have a potential to pose a risk of electric shock to FF. A safety analysis as defined in Section 12 shall be
performed to select the components, foreseeable faults or failures, anticipated FF interactions, and
performance tests in Section 13 to be evaluated for a specific PVHCS or PVHCE protection. The
evaluation of a PVHCS begins with an analysis of the relevant array equipment and components as
required in Section 12 of this standard:

a) Identify and list energized array equipment that can be contacted by the FF during interactions.

b) Analyze the identified equipment to determine if they pose a risk of electric shock as a result of
FF interactions combined with array equipment and wiring fault conditions.

c) Determine a list of components and equipment that will be relied upon to provide protection from
the shock hazard. These components and equipment shall be identified as PVHCC or PVHCE of
the PVHCS.

Full document details: UL 3741 2020
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NOTE: It is possible that several protective mechanisms will be required, in various combinations, on a single PV array to provide
protection depending on the design.

8.2.2 The evaluation of a PVHC includes a determination of the effectiveness of each specific protective
mechanism employed at each component of the PV array/system identified in 8.2.1.

8.2.3 The extent of performance testing required is dependent on the construction features. PVHCE that
meet a minimum level of protection and/or have operational limits below the thresholds specified in this
standard to reduce shock hazards can reduce or eliminate testing requirements.

9 Protective Elements

9.1 General

9.1.1 A wide range of protective elements may be employed as part of the PVHCS, including but not
limited to those summarized in Referenced Publications, Section 5.

9.1.2 Electronic protective circuits and associated components of a PVHCE or PVHCS shall comply with
the PVRSE and PVRSS requirements of UL 1741, including but not limited to the applicable Sections 87 –
97 for the specific functions that the equipment performs, and any applicable requirements in C22.2 No
330. This shall include the functional safety evaluation even if the electronic equipment is not designated
PVRSE/PVRSS. UL 1741 requires compliance with functional safety requirements for the PVRSE and
PVRSS.

9.2 PV circuit-interrupting device

9.2.1 PV circuit-interrupting devices shall revert to the isolated or attenuated condition upon activation of
PVHC, upon loss of control power or upon loss of communication signal and shall interrupt power to the
intended connected PV source circuitry within 30 seconds or less. The interrupting device’s primary
function may be to achieve one or both of the following:

a) Energized circuit segmentation (isolation).

b) Limit current flow to below thresholds defined in this standard (attenuation).

9.3 System or equipment ground circuit interrupting or attenuation

9.3.1 Circuit-interrupting (such as PV ground fault interrupters) and attenuation devices intended to
disconnect or attenuate array circuits from grounded conductor(s) upon activation of PVHC, shall revert to
the isolated or attenuated condition position upon loss of control power or upon loss of communication
signal in 30 seconds or less.

NOTE: PV GFDI ground fault protection for ground referenced PV arrays is normally not intended to prevent shock, but this
methodology to open the PV array ground bond/reference as a precaution could reduce electric shock hazards by electrically floating
the array dc circuit.

9.4 Protection by enhanced protection from live parts

9.4.1 Enhanced protection measures may be achieved by the addition of another level of hazard control
protection applied to PV array equipment or circuits as evaluated by this standard. This protection is added
to basic, double or reinforced insulation.

NOTE: Examples may include an added physical barrier, electrical insulation or barrier, high impedance resistors or semiconductor
device or controlled air gap. Some examples are shown in Table B.1 and Table B.2.

Full document details: UL 3741 2020
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9.4.2 Protection measures comprising exposed conductive parts shall be evaluated in Section 12 for
their likelihood to become energized under relevant single point failure and system level fault conditions.

9.4.3 Resistive and semiconductor devices intended to limit current to acceptable levels upon activation
of PVHC, by inserting impedance into (rather than interrupting) circuits, shall comply with 9.1.2 including
the requirements for PVRSE attenuation devices. These devices shall revert to the high impedance
condition upon loss of control power or upon loss of communication signal within 30 seconds or less.

9.5 Limited access to live parts of different voltages

9.5.1 Protective measures to limit simultaneous access to live parts and/or circuits of different voltages,
that could place a FF into a current path, may be achieved by designs placing distance between circuits,
by controlled fixed spacing, by physical barriers, or equivalent means.

9.5.2 Circuits relying solely on distance between live parts of different potential that may be exposed
through FF interactions that exceed defined hazard limits shall be separated by a minimum of 2.4 m (8 ft).

Exception: Live parts that may be exposed through FF interactions may be closer than 2.4 m (8 ft) if they
do not exceed the PVHC shock hazard thresholds following the FF interaction evaluation in Fire fighter
(FF) PV array interactions, Section 12.3.

9.5.3 Enhanced protection may be used to reduce the likelihood of contact with live parts or faults.
Physical barriers may be used to limit access and prevent personnel from simultaneously contacting two
or more circuits of different potentials.

9.5.4 Physical barriers comprising exposed conductive parts shall be evaluated in Section 12 for their
likelihood to become energized under foreseeable single point failure and system level fault conditions.

10 Fire Fighter (FF) Current Path Resistance Determination

10.1 Body resistance

10.1.1 Annex D, Table D.1 and Table D.2, provide DC body resistance data for adult FF. This FF body
resistance plus the PPE resistance is used in conjunction with the specific FF exposure voltage to
calculate the potential current that could pass through the fire fighter’s body during their fire fighting
interactions with the damaged PV array. Annex D, Table D.2, provides a percentage multiplier for Annex D,
Table D.1, values based upon the current path(s) through the body.

NOTE: The limits for adult females are roughly 2/3 of the limits for men so this standard will use the female limits.

10.2 Personal protective equipment (PPE) resistance

10.2.1 This section and the Annex D, Table D.3 and Table D.4, address the resistance of various FF PPE
while it is wet with 1500µS/cm water which simulates being soaked in a higher conductivity liquid such as
human sweat and or a fire fighting liquid such as water with a foam surfactant.

NOTE 1: While wetting of PPE with sea water will reduce the resistance of the PPE it was determined that fighting fires with salt
water is exceedingly rare unless other freshwater alternatives are not available.

NOTE 2: FF boots are certified to provide electrical isolation and were excluded from the current pathway evaluation because new
and used boots provide good electrical isolation. Once boots are worn or damaged to the point they leak water they lose isolation
properties. FF boots that leak water should be taken out of service and are not considered to be serviceable PPE.

Full document details: UL 3741 2020
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10.2.2 This standard utilizes water as the sole agent considered for testing and performance evaluation.
Class A foam and water mixtures in percentages of less than 1% foam to water are sometimes used by
fire departments since in low percentages, foam serves as a surfactant. Previous research has shown that
the electrical conductivity of low concentration foam is higher than common tap water. Furthermore
general fire service procedures for fighting fires involving PV arrays state that a foam should not be used.
Blanketing or covering a PV array with a thick foam layer has not been found to have any reliable effect at
blocking light and is not a recommended fire fighting practice, so has not been included in this standard.

NOTE: See https://ulfirefightersafety.org/research-projects/firefighter-safety-and-photovoltaic-systems.html for further information.

10.3 Water spray conductivity

10.3.1 Water resistance values (nozzle to electrically live target) calculated in Annex D, Table D.5,
reference UL Fire Fighter Safety Report Table 6.1.4.1 with water conductivity of 1525 µS/cm, using a full
stream of a distance of 3 m (10 ft).

NOTE: The UL Firefighter Safety and Photovoltaic Installations Research Project report included testing of hose spray at simulated
energized PV system components. This practice has been incorporated into fire fighting training through distribution of the UL report.
See https://ulfirefightersafety.org/research-projects/firefighter-safety-and-photovoltaic-systems.html for further information.

11 Indication Systems

11.1 Indication system equipment if provided, shall comply with 9.1.2.

12 Safety Analysis

12.1 General

12.1.1 PVHC systems shall have a safety analysis evaluation as described in this section that identifies
key safety components and circuits of the system. The overall process is shown in Figure 2, and the steps
to the safety analysis are shown in Annex A, Figure A.1 and Figure A.2. Annex F provides an additional
explanation and examples.

Example documentation for the safety analysis can be found in Table A.1 and Table A.2. The analysis shall
consider:

a) The compatibility of the parts of the PV system (e.g. modules, control devices, wire management
systems, etc.) with regard to the hazard reduction efficacy of the overall system, and

b) The range of relevant single point failures, system level faults, FF interactions, and

NOTE: These conditions are beyond those of single point failures that are evaluated as part of equipment safety standards.
Examples of some component single point failures are listed in Informative Annex E.

c) The performance tests to be conducted to assess potential hazard reduction

12.1.2 The analysis shall be performed by the manufacturer of the PVHC system, manufacturers of
components of the PVHC system, or the entity that integrates the components and equipment that
comprise the PVHC system. Guidance for the analysis can be found in IEC 60812, and Annex A.

NOTE: Analysis of a single components outside of a system will be limited and may or may not address all of the critical aspects of its
use in the end PVHCS.

12.1.3 Electrical and electronic devices used for hazard reduction of the PV system shall comply with
9.1.2. Based upon the risk assessment for a PVHCS, the voltage and current limit inside the PV array for
the PVHC identified through the application of this standard are allowed to be different than the 30 Vdc, 15
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