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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) ARRAYS -
Part 1: DESIGN REQUIREMENTS
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f) Provisions for use of bifacial modules and modules mounted in non-optimal orientations.

g) New Annex F containing: K, factor calculations for bifacial and non-optimally oriented
systems; anti-PID equipment and arc flash.

The text of this International Standard is based on the following documents:

Draft Report on voting

82/2174/FDIS 82/2193/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the aboye-table
The language used for the development of this International Standard is English.
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accordalnce with ISO/IEC Directives, Part 1 and ISO/IEC Directives, |[EC Supplement, gvailable
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specificl[document. At this date, the document will be
e reconfirmed,
e withdrawn, or
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PHOTOVOLTAIC (PV) ARRAYS -
Part 1: DESIGN REQUIREMENTS

1 Scope

This document sets out design requirements for photovoltaic (PV) arrays including DC array
wiring, electrical protection devices, switching and earthing provisions. The scope includes all
parts of the PV array and final power conversion equipment (PCE), but not including energy
storage i rstriboti i ;

The object of this document is to address the design safety requirements arising from the
particular characteristics of photovoltaic systems. Direct current systems, and"PV arrays in
particular, pose some hazards in addition to those derived from conventionabAC power gystems,
including the ability to produce and sustain electrical arcs with currents that’are not gregter than
normal pperating currents.

In systems supplying AC loads or circuits, the safety requirements mentioned in this document
are however critically dependent on the inverters associated with\PV arrays complying jwith the
requirements of IEC 62109-1, IEC 62109-2 and IEC 62109-3.

Installatjon requirements are also critically dependent on’/compliance with the IEC 60364 series
(see Clause 4).

PV arrays of less than 100 W and less than 35 WWDIC open circuit voltage at STC are not covered
by this document.

PV arrays in grid interconnected systemsconnected to medium or high voltage systemg are not
covered| in this document, except as:fequired by IEC TS 62738. Variations and additional
requirerents for large-scale ground mounted PV power plants with restricted adcess to
personnel are addressed in IEC-TS 62738.

Additionjal requirements _may be needed for more specialized installations, for éxample
concentrating systems tracking systems or building integrated PV.

This dogument also_includes extra protection requirements of PV arrays when they are|directly
connected with batteries at the DC level.

Attentiop is.drawn to the co-existence of IEC 60364-7-712 and IEC 62548. Both standands have
been developed in close coordination, respectively by IEC technical committees 64 and 82.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60228, Conductors of insulated cables
IEC 60269-1, Low-voltage fuses — Part 1: General requirements

IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the
protection of solar photovoltaic energy systems
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IEC 60364-1, Low-voltage electrical installations — Part 1: Fundamental principles, assessment
of general characteristics, definitions

IEC 60364-4 (all parts), Low-voltage electrical installations — Part 4: Protection for safety

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock
IEC 60364-4-41:2005/AMD1:2017

IEC 60364-4-44:2007, Low-voltage electrical installations — Part 4-44: Protection for safety —
Protection against voltage disturbances and electromagnetic disturbances
IEC 60364-4-44:2007/AMD1:2015
IEC 60364-4-44:2007/AMD2:2018

IEC 60364-5 (all parts), Electrical installations of buildings — Part 5: Selection .and ergction of
electrical equipment

IEC 60364-5-52, Low-voltage electrical installations — Part 5-52: Sefection and eregction of
electrical equipment — Wiring systems

IEC 60364-5-54, Low-voltage electrical installations — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements and protective conductors

IEC 60364-6, Low-voltage electrical installations — Part_ 6.¥Verification
IEC 60829, Degrees of protection provided by enclosures (IP Code)

IEC 60898-2, Circuit-breakers for overcurrent\protection for household and similar installations
— Part 2 Circuit-breakers for AC and DC ofperation

IEC 60898-3, Circuit-breakers for overcurrent protection for household and similar installations
— Part 3 Circuit-breakers for DC operation

IEC 60947-1:2020, Low-voltage switchgear and controlgear — Part 1: General rules
IEC 60947-2, Low-voltage switchgear and controlgear — Part 2: Circuit-breakers

IEC 60947-3, Loiwvvoltage switchgear and controlgear — Part 3: Switches, disconpectors,
switch-disconnectors and fuse-combination units

IEC 6121&<(all parts), Terrestrial photovoltaic (PV) modules — Design qualification gnd type
approval

IEC 61439-1, Low-voltage switchgear and controlgear assemblies — Part 1: General rules

IEC 61439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear
and controlgear assemblies

IEC 61643-21, Low-voltage surge protective devices — Part 21: Surge protective devices
connected to telecommunications and signalling networks — Performance requirements and
testing methods

IEC 61643-22, Low-voltage surge protective devices — Part 22: Surge protective devices
connected to telecommunications and signalling networks — Selection and application principles
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IEC 61643-31:2018, Low-voltage surge protective devices — Part 31: Requirements and test
methods for SPDs for photovoltaic installations

IEC 61701, Photovoltaic (PV) modules — Salt mist corrosion testing

IEC 61730-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
construction

IEC 61730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing

IEC TS 61836:2016, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC 61984, Connectors — Safety Requirements and tests

IEC 621|09-1:2010, Safety of power converters for use in photovoltaic power systems + Part 1:
General requirements

IEC 621[09-2, Safety of power converters for use in photovoltaic pewer systems —|Part 2:
Particular requirements for inverters

IEC 621(09-3, Safety of power converters for use in photoveaitaic power systems —|Part 3:
Particular requirements for electronic devices in combination with photovoltaic elements

IEC 62305-2:2010, Protection against lightning — Part.2* Risk management

IEC 62305-3, Protection against lightning — Paft)3: Physical damage to structures |and life
hazard

IEC 62440:2008, Electric cables with a rated voltage not exceeding 450/750 V — Guidqg to use

IEC 62446-1, Photovoltaic (PV)_ systems — Requirements for testing, documentatijon and
maintenfance — Part 1: Grid connected systems — Documentation, commissioning tgsts and
inspectipn

IEC 62446-2, Photovoltaic (PV) systems — Requirements for testing, documentation and
maintenfance — Part 2:'Grid connected systems — Maintenance of PV systems

IEC 62716, Photovoltaic (PV) modules — Ammonia corrosion testing

IEC TS 62738, Ground-mounted photovoltaic power plants — Design gquidelines and
recommlendations

IEC TS 62804-1, Photovoltaic (PV) modules — Test methods for the detection of
potential-induced degradation — Part 1: Crystalline silicon

IEC 62817, Photovoltaic systems — Design qualification of solar trackers

IEC 62852, Connectors for DC-application in photovoltaic systems — Safety requirements and
tests

IEC 62930:2017, Electric cables for photovoltaic systems with a voltage rating of 1,5 kV DC

IEC 62938, Photovoltaic (PV) modules — Non-uniform snow load testing
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IEC 62941, Terrestrial photovoltaic (PV) modules - Quality system for PV module
manufacturing

IEC 63027, Photovoltaic power systems — DC arc detection and interruption
IEC 63104, Solar trackers — Safety requirements

IEC 63112:2021, Photovoltaic (PV) arrays — Earth fault protection equipment — Safety and
safety-related functionality

IEC TS 63126:2020, Guideline for qualifying PV modules, components and materials for

operatiogr-at-hightemperatures

IEC TS p3209-1, Photovoltaic modules — Extended-stress testing — Part 1. Modules
IEC TR 63226:2021, Managing risk related to photovoltaic (PV) systems onibuildings

IEC TR 63227, Lightning and surge voltage protection for photovaitaic (PV) powern supply
systems

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions in IEC TS 61836 and the fpllowing
apply.

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressies:

o |EC [Electropedia: available at hiips://www.electropedia.org/

e |SO|Online browsing platform: available at https://www.iso.org/obp

3.11
blocking diode
diode copnnected in seties with module(s), panel(s), sub-arrays and array(s) to block|reverse
current |[nto such module(s), panel(s), sub-array(s) and array(s)

3.1.2

bifaciallnameplate irradiance

BNPI

higher ikradianee—at—-which—rameplate—verification—is—performed—forbifacial-medules Bifacial
nameplate irradiance (BNPI) is that which corresponds to 1 000 W/m2 on the module front, and

135 W/mZ2 on the module rear

Note 1 to entry: BNPI may be applied in any method allowed by IEC TS 60904-1-2.

[SOURCE: IEC 61215-1:2021, 3.11]

3.1.3
bonding conductor
conductor provided for functional or protective equipotential bonding
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diode

diode connected across one or more cells in the forward current direction to allow the module
current to bypass shaded or broken cells to prevent hot spot or hot cell damage resulting from
the reverse voltage biasing from the other cells in that module

3.1.5
charge

controller

power conversion equipment used between a battery and a PV array to regulate charge

delivere

3.1.6
DC con
DCU
DC to [
moduleq

3.1.7

decisive voltage class

DVC
classific
and the

Note 1 to

[SOUR(

3.1.8

disconnector

mechan
accordg

Note 1 to
or made,
occurs. It
time unde

[SOUR(

3.1.9
double
insulatid

[SOUR(

d to the battery

ditioning units

C power conversion equipment connected to individual PV modules orgroup
or PV strings to modify the voltage and or current of the PV output

ation of voltage range used to determine the protectivemeans against electr
requirements of protection between circuits

entry: See decisive voltage class limits in Clause E.1.

E: IEC 62477-1:2022,3.15]

cal switching device which provides; in the open position, an isolating dis{
nce with specified requirements

entry: A disconnector is capable of opening and closing a circuit when either negligible current
br when no significant change.in(the voltage across the terminals of each of the poles of the dis
is also capable of carrying currents under normal circuit conditions and carrying currents for a
r abnormal conditions such as“those of short circuit.

LE: IEC 60050-441,1984, 441-14-05]

insulation
n comprising both basic insulation and supplementary insulation

EwIEC 60050-195:2021, 195-06-08]

s of PV

c shock

ance in

is broken
tonnector
specified

3.1.10

earth fault

ground

fault (US)

occurrence of an accidental conductive path between a live part and the Earth

Note 1 to

entry: The conductive path can consist of faulty insulation, structures (e.g. poles, scaffoldings, cranes,
ladders), or vegetation (e.g. trees, bushes) and can have a significant impedance.

[SOURCE: IEC 60050-195:2021, 195-04-14]
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ous conductive part

conductive part not forming part of the electrical installation and liable to introduce an electric

potentia

I, generally the electric potential of a local earth

[SOURCE: IEC 60050-851:2008, 851-14-57, modified — The note has been deleted.]

3.1.12

extreme annual mean minimum dry bulb temperature
average of at least 5 years of the lowest yearly measured dry bulb temperatures at a location

3.1.13

indeper
indeper
stored ¢
inonec
are inde

Note 1 to

[SOURC
definitio

3.1.14
live par

conduct
neutral
and PEl

Note 1 to

[SOUR(

3.1.15
low vol
voltage

3.1.16
maximy
MPPT
control
current-
maximu

dent manual operation

dent manual operation of a mechanical switching device

nergy operation where the energy originates from manual power, stored)and o
bntinuous operation (e.g. spring release), such that the speed and forcé.of the o
pendent of the action of the operator

entry:  See Annex F for calculation of X,.

E: IEC 60050-441:1984, 441-16-16, modified — The brackets have been adde
n.]

t

conductor and mid-point conductor, but excluding the PEN conductor, PEM cq
L conductor

entry: This concept does not necessarily @mply a risk of electric shock.

LE: IEC 60050-195:2021, 195:02-19]

age
exceeding DVC A, _but hot exceeding 1 000 V AC or 1 500 V DC

m power point tracking

strategy whereby PV array operation is always at or near the point on a PV

eleased
beration

d to the

ve part intended to be energized under mormal operating conditions, including the

nductor

Hevice's

voltage characteristic where the product of electric current and voltage yig¢lds the

m<electrical power under specified operating conditions

3.1.17

non-separated PCE

PCE wit

3.1.18

hout at least simple separation between the input and output circuits

partial DCU strings

PV strin

g where some but not all PV modules have DCUs fitted

Note 1 to entry: These configurations are sometimes used where some, but not all, modules are subject to shading
on a regular basis.

3.1.19

DCU strings
string of DCUs connected in series on the output side of the DCUs where all PV modules or
groups of PV modules have DCUs fitted
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3.1.20

power conversion equipment

PCE

electrical device converting one kind of electrical power from a voltage or current source into
another kind of electrical power with respect to voltage, current and frequency

Note 1 to entry: Examples include AC-DC converters, DC-AC inverters, DC-DC converters, DC-DC charge
controllers, frequency converters, etc. DCUs are a subset of PCEs.

Note 2 to entry: See Figure 2 to Figure 4.

3.1.21

prospective short-circuit current
RMS vafueof theavaitabtfe currentwhichwoutdftow frorma source conmnected to a port of the
PCE, if the supply conductors from the source are short-circuited by a conductor of negligible
impedance located as near as practicable to the supply terminals of the PCE

Note 1 tolentry: In general, the prospective short circuit current is represented by the sympol/.. In the|particular
case of a|PV port, this document uses I, p,- See 3.2.11.

[SOURCE: IEC 62477-1:2022,3.58, modified — The symbol has ‘been removed [and an
explanation has been added in the note to entry, added the word “available” before “¢urrent”.
Added ‘ffrom a source connected to a port of the PCE” after iflow”. Replaced “to thg circuit”
with “frdgm the source” and replaced “PECS” with “PCE”.]

3.1.22
PV array
assembly of electrically interconnected PV modules, )PV strings or PV sub-arrays and|support
structure, including DCU strings and partial DCU @trings up to:

o the input of the final power conversion equipment (PCE) which supplies loads or gn AC or
DC distribution network

e DC loads or DC distribution system

Note 1 tolentry: For the purposes of thisdocument a PV array is all components up to the DC input ternjinals of a
final PCE|or DC loads. A PV array doesnot include its foundation, tracking apparatus, thermal control, fand other
such components.

Note 2 tolentry: A PV array mayconsist of a single PV module, a single PV string, or several parallel-¢onnected
strings, of several parallel-cennected PV sub-arrays and their associated electrical components, includipg DC-DC
converterp up to the terminals/of the final power conversion equipment (see Figure 2 to Figure 11).

3.1.23
PV array main cable
output dable-of.a PV array that carries the total output current of the array

3.1.24
PV array combiner box

enclosure where PV sub-arrays are connected and which may also contain overcurrent
protection and/or isolation means

Note 1 to entry: Small arrays generally do not contain sub-arrays but are simply made up of strings, whereas large
arrays are generally made up of multiple sub-arrays.

3.1.25
PV module
complete and environmentally protected assembly of interconnected photovoltaic cells

[SOURCE: IEC TS 61836:2016, 3.1.48.7, modified — The adjective "photovoltaic" has been
replaced by "PV" in the term.]
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3.1.26

PV power generation plant
type of ground mounted PV installation, which is operated under supervision with restricted
access solely for the purpose of providing electrical energy to the distribution system

Note 1 to

area”.

Note 2 to

3.1.27

entry: "Under supervision" means that PV power plants are restricted from access by non-qualified
personnel and are continuously monitored for safety and protection, either by on-site personnel or by active remote
monitoring. In some documents such as IEC 62109, this type of area is refered to as a “closed electrical operating

entry: PV systems on buildings do not fall under the definition of PV power generation plants

PV reverse current

current

does nat include backfeed current

supplied by parallel PV strings or sub-arrays into a fault on a string or subraf

ray and

3.1.28

PV string

circuit of one or more series-connected modules

[SOURCE: IEC TS 61836:2016, 3.3.59.6, modified — The adjective’ "photovoltaic" has been

replaced by "PV", and the words "one or more" have been added for clarity.]

3.1.29

PV string cable

cable in
or other

Note 1 to

3.1.30

PV string combiner box

enclosu
devices

Note 1 to

Note 2 to

3.1.31
PV sub

electrical subset of'a PV array formed of parallel connected PV strings

3.1.32
PV sub

ferconnecting the modules in a PV string, or connecting strings to a combiner b
DC loads

entry: See Figure 2 to Figure 4.

re where PV strings are connected which may also contain overcurrent pr
and/or isolation means

entry: See Figure 4.

entry: PV string combiner boxes are only relevant for PV arrays that are divided into sub-array

array

bx, PCE

otection

tarray cable

output cable of a PV sub-array that carries the output current of its associated sub-array

Note 1 to

3.1.33

entry: PV sub-array cables are only relevant for PV arrays that are divided into sub-arrays (see

reinforced insulation
insulation which provides a degree of protection against electric shock equivalent to double
insulation

Note 1 to

entry: Reinforced insulation may comprise several layers which cannot be tested singly as basic

or supplementary insulation.

[SOURCE: IEC 60050-195:2021,195-06-09]

Figure 4).

insulation
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3.1.34

shield

<of a cable> surrounding earthed metallic layer to confine the electric field within the cable
and/or to protect the cable from external electrical influence

Note 1 to entry: Metallic sheaths, armour and earthed concentric conductors may also serve as shields.

[SOURCE: IEC 60050-461:2008, 461-03-04, modified — The words "foils, braids" have been
deleted from the note, as well as the second note.]

3.1.35
separation
preventief—e
metal pa

nductive

Note 1 tolentry: Separation in the context of this document means galvanic isolation.

Note 2 tolentry: Separation may be achieved to different degrees, e.g. simple separationyprotective sepgration.

3.1.36
simultaheously accessible parts
conductjve parts that can be touched simultaneously by a human’being or by livestock

Note 1 to entry: Simultaneously accessible parts may be: live parts, ‘exposed conductive parts, ektraneous
conductive parts, protective conductors or earth electrodes.

[SOURCE: IEC 60050-826:2022, 826-12-12, modifieds — In the note, the words ['soil or
conductjve floor" have been replaced by "earth electrodes".]

3.1.37
standarnd test conditions
STC
referenge values of in-plane irradiance, (G| o= 1 000 W-m=2), PV cell junction temperature

(25 °C),|and air mass (AM = 1,5) to.be“used during the testing of any PV device
[SOURQE: IEC TS 61836:2016,-3.4.16.5]

3.1.38
switch-disconnector
mechanjcal switching\device capable of making, carrying and breaking currents in normal circuit
conditiohs and, when specified, in given operating overload conditions, and able to carry, for a
specified timep'currents under specified abnormal circuit conditions, such as shoft-circuit
conditions and in the open position, satisfies the isolating requirements specified for a
disconnggctor

Note 1 to entry: A switch-disconnector complies with the requirements for a disconnector.

Note 2 to entry: Switch-disconnectors provide a load break isolation function. In this document these switches will
be identified on warning signs and labels as "isolators" for simplicity in interpretation by the public.
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3.1.39

system (functionally-earthed)

system where the PV array has one conductor intentionally connected to earth for purposes
other than electrical safety, by means not complying with the requirements for protective
bonding

Note 1 to entry: Examples of functional array earthing include earthing one conductor through an impedance, relay,
or overcurrent protective device, or systems in which the array is not permanently earthed (opening the earth
connection periodically or under fault conditions). Examples shown in Figure B.1.

Note 2 to entry: Use of a resistive network connected between the array and earth to measure the array insulation
resistance (impedance monitoring) does not create a functionally-earthed array, as the impedance of such
measurement networks is normally very high.

3.1.40
system|(non-earth-referenced)
system Wwhere the PV array has none of its conductors intentionally referencedcto-earth either
directly pr through the power conversion equipment (PCE)

Note 1 tolentry: Examples shown in Figure B.2.

3.1.41
system|(non-separated)
system where the PV array is connected to an intentionally earth-referenced system through a
non-separated PCE

Note 1 tolentry: Typically this refers to a system with a non-separated’inverter, connecting to an earth-rgferenced
AC system, so that when the inverter’'s connection relay (or other‘switching device) is closed, the entife system
including the PV array is earth-referenced.

Note 2 tolentry: Examples shown in Figure B.3.
3.2 Symbols

3.2.1

Igr ToTAL
total comtinuous backfeed current.from all sources other than the PV array itself

Note 1 to|entry: This typically includes backfeed from the PCE and any energy storage system that |s directly
connected to a PV array.

Note 2 tolentry: The current that can flow from parallel PV sub-arrays or strings into a faulty sub-array gr string is
referred tp as "PV reversercurrent” to differentiate it from PCE backfeed current.

Note 3 tolentry: In“1EC 62109-1:2010 (Ed 1) the backfeed current from the PCE includes reverse curren{s from all
other conpected P\Ninputs. It is planned to change this in Edition 2 of IEC 62109-1.”

3.2.2
irradiance
G

electromagnetic radiated solar power per unit of area

Note 1 to entry: Expressed in W/m?2.

[SOURCE: IEC TS 61836:2016, 3.6.25, modified — The adjective "solar" has been added to the
definition, and the note has been replaced.]

3.2.3
rated short circuit making capacity

Icm
short-circuit making capacity of the equipment at the rated operational voltage

Note 1 to entry: Definition derived from IEC 60947-1:2020.
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3.2.4
rated short circuit breaking capacity
1

cn
short-circuit breaking capacity of the equipment at the rated operational voltage

Note 1 to entry: Definition derived from IEC 60947-1:2020.

3.2.5
rated operational current
1

e
rated operational current of an equipment stated by the manufacturer and taking into account
the rated operational voltage the rated frequency the rated duty, the utilization category and
the typerof—protectiveenctosure, if appropriate

Note 1 tolentry: Definition derived from IEC 60947-1:2020.

3.2.6
conventional enclosed thermal current

Ithe
value of current stated by the manufacturer used for temperature-rise tests of an equipment
when mpunted in a specified enclosure

Note 1 tolentry: Definition derived from IEC 60947-1:2020.

3.2.7

Ivob_mAx_ocPr
PV module maximum overcurrent protection ratingdetermined by IEC 61730-2

Note 1 tojentry: This is often specified by module manufacturers as the maximum series fuse rating whicl refers to
the fuse rpted current in IEC 60269-1 and IEC 60269-6:

3.2.8
In
rated cyrrent

3.2.9

Isc mon|
short cifcuit current of @ monofacial PV module or PV string at standard test conditiong (STC),
as spec|fied by the manufacturer on the product name-plate

Note 1 tolentry: Forthe purposes of this document the short circuit current of a string is taken as equal tp /¢ pop-

3.2.10

Isc Bnp
short circuit current of a bifacial PV module or PV string at BNPI test conditions,(see 3.1.2) as
specified by the manufacturer in the product specification plate
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3.2.11

Icp pv

PCE maximum rated prospective short circuit current at the PV input terminals; i.e. the absolute
maximum current the PV input to the PCE is designed to withstand or carry under normal and
fault conditions, for that input

Note 1 to entry: At the system design level, this rating would typically be coordinated with the total /g, of the

connected PV strings, adjusted for temperature, excess irradiance, etc. as required by installation standards (i.e. not
simply the sum of the marked /. ratings of the connected PV modules, since those markings are based on short-

circuit conditions under standard test conditions (STC), and may be exceeded in actual use).

Note 2 to entry: I,p py is used in this document and replaces the previous /g . The committee is attempting to
create a consistent definition across a range of standards. IEC 62109-1:2010. Ed1 uses the symbol 7 PV, but is
being rev|sed in Ed2 under development to use I, py- The current version of the data sheet standard.JEC 62894
but is under revision.

uses the ferm Isc max:

3.2.12
K;

DC curfent rating adjustment factor dependent on site PV module‘type and installation
properties such as module orientation, module shading or module rear-side irradiance

3.2.13
Ns
total number of parallel-connected PV strings in the PV array

3.2.14

Nsa
number]of parallel-connected PV strings in the RP\Wsub-array

3.2.15

Ipcu_ogrr
DCU maximum overcurrent protectionion the DCU string output side

Note 1 tolentry: This may be given as a‘fuse rating.

3.2.16

Ipcu_max
DCU maximum output ‘eurrent

3.2.17

Ie sTRING
fault cufrenf\that may flow in a string due to other parallel connected strings in the arrgy

3.2.18

Ie s.ARRAY
fault current that may flow in a sub-array cable due to parallel connected strings in the array

3.2.19

Ie ARRAY
fault current that may flow in an array cable due to parallel connected strings in the array

3.2.20

Upcu_max
DCU maximum output voltage
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3.2.21
open-circuit maximum voltage

Uoc max
maximum voltage across an unloaded (open) PV-module -string, DCU string, partial DCU string
or PV array, or on the DC side of the PV PCE

Note 1 to entry: The method for determining Ugy yax IS given in Annex F.
3.2.22

Riso
insulation resistance (isolation) between the PV array and earth

3.2.23

Ugus-mpx
maximum voltage output of a group of DCUs

Note 1 tolentry: See Annex J for test requirements.

3.2.24

Uoc ArRRAY
open circuit voltage at standard test conditions of a PV array, and/is equal to:

Uoc ARRAY = Uoc MmopM

where

M is the number of series-connected PV modules in any PV string of the PV array

Note 1 tofentry: This document assumes that all strings within a PV array are connected in parallel; hencqg the open
circuit voltage of PV sub-arrays and PV strings is equakto Uy array-

3.2.25

Uoc mop
open circuit voltage of a PV.module at standard test conditions, as specified|by the
manufagturer in the product specification

3.3 Abbreviated terms

3.3.1
PV-EFP
photovaltaic earth)fault protection

3.3.2
PV-EFPE
photovoltaic earth fault protection equipment

4 Compliance with IEC 60364 series

The design, erection and verification of the PV system shall comply with the requirements of:

e |EC 60364-1,

o |EC 60364-4 (all parts),

e |EC 60364-5 (all parts), and
e |EC 60364-6.


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

IEC 625

5 PV

48-1:2023 © IEC 2023 -21-

array system configuration

5.1 General

5.1.1

Functional configuration of a PV system

PV arrays are used to supply power to an application circuit.

Figure 1

Three k

e PV 4
e PV 4
e PV 4

5.1.2

illustrates the general functional configuration of a PV powered system.
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I
| X |

Figure 1 — General functional configuration of a PV powered system

nds of application circuits are considergd:

rray is connected to DC loads;
rray is connected to a system yia PCE which includes at least simple separati

rray is connected to a system via PCE which does not include simple separati

PV system topologies

function

| reasons is in~use, the impedance of that connection and also by the earth

The reIFion of a PV array:to earth is determined by whether any earthing of the 3

the appl
and the
example

The req

ication circuit\(€7g. inverter or other equipment) to which it is connected. These
location of‘an earth connection all affect safety of a PV array (refer to Ann
s of earthed and unearthed configurations).

Lirements of manufacturers of PV modules and manufacturers of PCE to which

array is

rray for
tatus of
aspects
ex B for

the PV

cannected shall be considered in determining the most appropriate system

parthing

arrangement.

The system may be separated or non-separated between the PV array and the application
circuit. If separated, the separation may be either integral to the PCE or provided externally by
a transformer or other PCE with at least simple separation.

Protective earthing of any of the line or midpoint conductors of the PV array is not permitted.

Functional earthing of one of the line or midpoint conductors of the PV array is permitted where
there is at least simple separation between PV array DC power circuits and the AC mains or
other earthed power system. The separation may be provided either internally in the PCE or

external

ly via a separate transformer.
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Temporary functional earthing is allowed for anti-PID purposes as shown in Annex H. Where a
non separated PCE is in use the temporary functional earth connection may be applied only
after the PCE is disconnected from the AC mains or other earthed power system.

Where the PCE functionally earths the PV array and provides separation using an external

transfor

mer:

e all conductors and equipment located on the AC link between the PCE and the external
transformer shall be rated for the common-mode voltage to earth specified by the PCE
manufacturer, or shall be separated by a transformer or other equipment such that the

com

mon-mode voltage is not present;

e the transformer(s) used shall be rated for the common-mode voltage.

NOTE 1

AC outpu
the PV ar,
to earth o

Where the PCE provides separation using an external transformer and more than ong
connected in parallel to a common winding, the PCEs shall be specifically rated for
connectjon with each other.

NOTE 2

mitigate sjuch currents.

5.1.3

The dia
single s

In a system where the PCE is separated using an external transformer, the AC link between th
and the transformer is often unearthed to allow flexibility regarding functional earthing of the'P
ray is functionally earthed in the PCE, some inverter topologies will impose a high common-mod
h the unearthed AC link circuit.

Parallel connection of PCEs may cause circulating currents through earth if the PCEs are not dg

Array electrical diagrams

grams in Figure 2 to Figure 4 show examples:of the basic electrical configura
ring, multiple parallel string and multi-sub-array PV arrays respectively.

e inverter
V array. If
e voltage

PCE is
parallel

signed to

tions of
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PV array

NOTE 1

NOTE 2

NOTE 3
PCE undqg

NOTE 4

PV array overcurrent
PV protection devices
/ (NOTE 1)
|
|
PV module :
| .+
! ' Po\ver
| convarsion
P p~——= equipment
\\ (PGE)
PV array ‘
PV main cable
PV PV array
switch-disconnector
(NOTE 2) 3
“\\ PV string )

lements that are not required in all cases
oundary of system or sub-system

Overcurrent protection devieces where required (see 6.5).

See 7.2.6 and 7.3,1'for PV array isolator/ isolation means with breaking capabilities requiremen

Overcurrent protection devices and isolation means with breaking capabilities may be located

r certain conditions (see 7.3.1.2).

In this.example there is only one string so the string cable is also the PV array main cable.

Figure 2 — PV array diagram — single string example
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PV string overcurrent
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< - || ........... i
PV PV | | PV array overcurrent
| | protection devices
'| i (NOTE 1)
| -~
I I I
| | ———- : 2y | \
: ! | ! i
%7 l I [ p: """""" Fower
| : | K | cofjversion
PV PV |l | } b>—=) Teqliipment
1
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|
| - 2! i PV array
PV PV II | main cable
< ' |
! i
PV PV |' | PV array
([ S R I R PR P Switch-disconnector
/ PV string combiner
N o (NOTE 2)
=
\
PV module PV string

----------- Elements that are not required in all cases
— — Endosure

——— Boundary of system or sub-system
IEC

NOTE 1 |Overcurrent protection devices where required (see 6.5).

@

NOTE 2 |[See 7.2.6 and 7.3.1 for\PV array isolator/ isolation means with breaking capabilities requiremen

NOTE 3 |In some systems,‘the PV array main cable may not exist and all the PV strings or PV sub-arrays may be
terminatefl in a combiner.box immediately adjacent to or inside the PCE.

Figure 3 — PV array diagram — multiple parallel string example



https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

IEC 62548-1:2023 © |IEC 2023 - 25—
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- _ (NOTE 1)
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To other
sub-arrays
Key
----------- Eleménts/that are not required in all cases
—-—- Enclosure
— —— Boundary of system or sub-system IEC

NOTE 1 Overcurrent protection devices where required (see 6.5).
NOTE 2 See 7.2.6 and 7.3.1 for PV array isolator/ isolation means with breaking capabilities requirements.

NOTE 3 In some systems, the PV array main cable may not exist and all the PV strings or PV sub-arrays may be
terminated in a combiner box immediately adjacent to or inside the PCE.

Figure 4 — PV array diagram — multiple parallel string example
with array divided into sub-arrays
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NOTE 1 Overcurrent protection devices where required (see 6.5).

NOTE 2 See 7.2.6 and 7.3.1 for PV array isolator/ isolation means with breaking capabilities requirements.

Figure 5 — PV array example using a PCE with multiple MPPT DC inputs
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NOTE 1 Overcurrent protection devices where required (see 6.5).
NOTE 2 See 7.2.6 and 7.3.1 for PV array isolator/ isolation means with breaking capabilities requirements.

Figure 6 — PV array example using a PCE with multiple DC
inputs internally connected to a common DC bus
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5.1.4 Use of PCE with multiple DC inputs
5.1.41 General

PV arrays are often connected to PCEs with multiple DC inputs. If multiple DC inputs are in use,
overcurrent protection and cable sizing within the various sections of the PV array(s) are
critically dependent on the limiting of any possible backfeed and/or PV reverse currents.
Backfeed currents may be provided by other energy sources (i.e. other than PV) connected to
the PCE. Reverse currents may be provided from parallel PV strings or sub-arrays. Both
backfeed and PV reverse currents, may feed into a faulty section of the array. (See to Figure 5
and Figure 6).

5.1.4.2 __PCEs with DC-DC converters on the PV inputs

In the cIse of PCEs which have multiple PV inputs, where each input is provided with'd DC-DC
converter (for MPPT or other purposes), and the DC-DC converter is specified by the-manlfacturer
as prevepting PV reverse current, the PV section connected to each input (see Figure 5)|may be
treated for the purposes of this document as a separate PV array.

NOTE 1 |The above applies whether the DC-DC converters have internal separatiop”or not provided| the PCE
manufactiirer specifies the ability to block PV reverse current.

NOTE 2 [IEC 62109-1 Ed. 2 in preparation includes requirements for qualifying‘ahd documenting the ability of DC-
DC conveyters to block PV reverse current.

The ovefrcurrent protection and cable sizing of the array connected to each of those inputs shall
take intp account any backfeed current from the PGE “as required to be specified by the
IEC 62109 series.

Each PY array shall have an isolation means with:1oad breaking capabilities to provide isolation
of the PCE. The provisions of multiple isolation device with breaking capabilities in 7.3 .1 apply,
and a warning sign as required in 10.5.2 shall be provided.

5.1.4.3 PCEs with multiple inputs-internally connected together in the PCE

Where 3§ PCE’s multiple input cireuits are internally paralleled onto a common DC bus | without
DC-DC fkonverters, each PV section connected to one of those inputs (refer to Figure|6) shall
be congidered for the purposes of this document as sub-arrays, and all the PV s$ections
combined shall be classified as the complete PV array.

The ovegrcurrent pretection and cable sizing of each sub-array shall take into account any
backfeed current.from the PCE as required to be specified by the IEC 62109 series, and|reverse
current from the\parallel sub-arrays and strings.

Each PY«sub-array shall have an isolation means with load breaking capabilities to|provide
isolatiormrof the PCE T he provisions of muttipte Tsotatiom device withbreaking capabilities in
7.3.1 apply, and a warning sign as required in 10.5.2 shall be provided.

5.1.5 PV arrays using DCUs

DCUs may be connected to individual PV modules, small groups of PV modules or whole PV
strings to allow DC conditioning of the PV output. Figure 7 to Figure 10 show examples of some
configurations in use. In some circumstances only some of the PV modules in a string may have
DCUs connected (partial DCU string) to provide for modules that have shading on a regular
basis. An example is shown in Figure 8.

DCUs shall be qualified to the relevant parts of IEC 62109 series.

The deployment of DCUs has implications for the voltage and current ratings within the PV-array.
Refer to Clauses F.1, and F.2.
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ements that are not required in all cases
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See 7.2.6 and 7.3.1 for PV arrayisolation device with breaking capabilities requirements.
Overcurrent protection devices where required (see 6.5).
The individual PV modules in this diagram may be replaced by multiple PV modules in series or|parallel.
Figure 7 — PV string constructed using DCUs
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NOTE 1 [See 7.2.6 and 7.3.1 for PV array(isolation device with breaking capabilities requirements.
NOTE 2 |Overcurrent protection devices where required (see 6.5).

NOTE 3 |[The individual PV medules in this diagram may be replaced by multiple PV modules in series or|parallel.

Figure 8 — Example of partial DCU string
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NOTE 1 [See 7.2.6 and.7:3.1 for PV array isolation device with breaking capabilities requirements.
NOTE 2 |Overcurrént)protection devices and or isolators where required (see 6.5).
NOTE 3 |[The individual PV modules in this diagram may be replaced by multiple PV modules in series or|parallel.

Ei o _py el etri | usine DCU
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NOTE 1 See 7.2.6 and 7.3.1 for PV array isolation device requirements.

NOTE 2 Overcurrent protection devices and or isolators where required (see 6.5).

Figure 10 — PV string(s) connected to DCUs

Where whole strings are connected to DCUs (see Figure 10), the ratings of the output circuit/s
of the DCU shall take into account the maximum output voltage of the DCU (Upcy max) and the

the maximum output current of the DCU (Ipcy max) @nd any relevant backfeed currents from
parallel and downstream circuits.
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5.1.6 Series-parallel configuration

An important safety issue exists if strings that are connected in parallel have different voltages.
In this situation circulating currents will result especially if the main array DC disconnector is in
the open position. Circulating currents represent a hazard if series connections are broken.

PV arrays shall be designed to minimize circulating currents within the array at open circuit.
The lowest calculated open circuit voltage of a PV string shall be within 10 % of the highest
calculated open circuit voltage of a PV string (all calculations based on PV module STC ratings).

NOTE 1 PV circuit currents should always be measured before opening any connection especially in parallel
connected circuits.

All PV s|trings within a PV array connected in parallel should be of compatible technolpgy with
similar module/string characteristics per manufacturer recommendations unless such modules
are being tracked by separate DCUs or separate MPPT inputs of a PCE. All PV &trings|within a
PV array connected in parallel shall have similar rated electrical characteristics of open circuit
voltage fand maximum power voltage at STC, and temperature coefficients.

Deviatigns may be permitted under engineering supervision and approval by the applicable
manufag¢turers and local approving authorities with engineering justification.

This is A design issue which needs to be considered by designer/installer, particulanly when
replacing PV modules or modifying an existing system.

In the c@se of replacement of PV modules under maintenance where similar rated PV modules
are not pvailable, PV module or PV string level electionics or other measures may be|allowed
under gngineering supervision to meet the similar rated electrical characteristic§. When
replacing PV modules connector compatibility shall be ensured for all connections.

PV modules that are electrically in the sameg string should be all in the same orientation with a
maximum overall angular difference of 40° to avoid mismatch losses (azimuth and tilt angle).

Where e¢ach PV module (or small-groups of PV modules) is connected to individugl MPPT
devices|and the outputs of those devices are then connected to an inverter or other PQE, each
of thosel PV modules or groups-may be oriented differently provided the overall design |s within
the manufacturer’s recommended design parameters.

NOTE 2 [DCUs can contain*MPPT units and so enable the connection of modules in different orientations|.
5.1.7 Batteries'in systems

Batteries connected to the DC side of PV systems via charge controllers or PCEs cpgn be a
source ¢f\Righ prospective fault currents and shall have overcurrent protection installgd which
is rated to Interrupt this prospective fault current. The focation ol overcurrent protection related
to battery systems shall be close to the battery.

Battery overcurrent protection should be placed in all active (non-earthed) conductors including
conductors that are only functionally earthed.

The rating of overcurrent protection on the battery shall take into account both the load and
charge currents required for the battery system. When a PCE or charge controller is used
between the battery and the PV array the PCE’s backfeed current is important in determining
protection ratings for the array see Annex G on backfeed current.

If a battery charge controller is used between a PV array and a battery system the full battery
current may need to be considered if the charge controller does not protect against or limit
currents that flow from the battery to the PV array under fault conditions (i.e. backfeed currents).
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5.1.8 Backfeed and reverse currents

A faulted PV array may be subject to backfeed current and/or PV reverse current feeding into
the faulty circuit.

Backfeed current is supplied by energy sources other than PV, connected either to the array or
to a PCE, such that fault current is able to flow back into the PV array faulty circuit.

PV reverse current into the faulty circuit is supplied by parallel PV strings or sub-arrays within
the same array.

PV array conductor sizing and the need for PV array overcurrent protection shall consider the
availablge backfeed current and PV reverse current. Refer to Clause F.3 addressing P\V|reverse
currentd and Annex G addressing backfeed currents. Backfeed current may affect sygtems at
the strirlg, subarray and array level and may be present in systems connectedcto-single input
or multiple input PCEs.

Iz ToTAL is used in this document to represent the total backfeed curtent, consisting of the

backfeed through PCEs (as required to be specified by the IEC 62189 series) and bfackfeed
from any other energy source connected to the PV array without a(PCE, and excludingl any PV
reverse|current.

5.1.9 Considerations due to prospective fault current.conditions within a PV afray

In any ifpstallation, the source of fault currents needs to«be identified.

Systems$ containing batteries may have high prospective fault currents due to the| battery
characteristic (see 5.1.7). These high prospective fault currents need to be considered in all
sectiong of an array These fault currents are\usually exhibited as backfeed currents, |and the
overcurrent protection needs to be coordinated across the whole array. See Annex G fof further
information. In a PV system without batteries, the PV cells (and consequently PV arrays) behave
like current sources under low impedanee faults. Consequently, fault currents may not he much
greater than normal full load currents; even under short circuit conditions.

The fault current depends on the number of strings, the fault location and the irradiang¢e level.
This malkes short circuit detection and protection within a PV array very difficult. Shor{ circuits
and arcjng faults can be formed in a PV array with fault currents that would not opg¢rate an
overcurrent device.

The imdlicationg that arise from these PV array characteristics are that the possibility] of line-
to-line flaults,<earth faults and inadvertent wire disconnections in the PV array neegd to be
minimized, more than for other electrical installations.

NOTE In other electrical installations, the large inherent fault current capability of the system will generally trigger
the protection system (e.g. fuses, circuit breakers or other), as long as the impedance is low enough. In PV-systems
the short circuit current is limited to the maximum short circuit current of the PV modules..

Refer to 6.5 for overcurrent protection requirements and to 6.4 for insulation fault protection
requirements.

5.1.10 Considerations due to operating temperature

The installation shall not result in the maximum rated operating temperature of any component
being exceeded.

PV modules ratings are stated at standard test conditions (25 °C).
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Under normal operating conditions, cell temperatures rise significantly above ambient. A typical
temperature rise of 25 °C to 30 °C is common with respect to the ambient temperature for
crystalline silicon PV modules under 1 000 W/mZ2 solar irradiance and with adequate ventilation.
The temperature rise can be considerably higher when irradiance levels are greater than
1 000 W/mZ2 and when modules have poor ventilation. In high temperature regions or confined
mounting configurations modules require assessment for qualification at higher temperatures
in accordance with IEC TS 63126:2020.

The following main requirements on the PV array design derive from the operating temperature
of PV modules.

a) For PV technologies, the efficiency reduces as the operating temperature increases.
Thereforezdequate ventitatiomof thePvVarray stroutdbe=adesigmgoatmrordertg ensure
optimum performance for both modules and associated components.

b) All the components and equipment that may be in direct contact or nearthe BV array
(conductors, inverters, connectors, etc.) need to be capable of withstanding“the expected
max|mum operating temperature of the PV array.

c) Any|heat dissipating component that is mounted in proximity to the.PY array or h3gs direct
contpct to it shall not lead to a local temperature increase that-exceeds the maximum
opefating temperature limits of the PV array. The required mihimal clearance under the
modules as mandated by the module manufacturer shall be mdintained.

d) Under cold conditions, for crystalline silicon technology based cells, the voltage increases
(see|[F.1.1 for further considerations).

NOTE Fpr crystalline silicon solar cells, the maximum power typically decreases between 0,25 % to 0,4 % per each
°C rise in|operating temperature.

5.1.11 | Performance issues

A PV afray’s performance may be affectedby many factors, including but not limited to the
following:
e shading or partial shading;
e temperature rise;

e voltgge drop in cables;

e soiling of the surface-of*the array caused by dust, dirt, bird droppings, snow, industrial
pollytion, etc.;

e orientation;
e PV module mismatch;

e PV module.degradation.

Care shplhbe taken in selecting a site for the PV array. Nearby trees and buildings may cause
shadows to fall on the PV array during some part of the day.

It is important to consider the affects of shadowing in any array design. Designs should be
optimized to consider the impact of module shading using suitable engineering analysis. Module
manufacturer guidance should be consulted for acceptable and unacceptable shading scenarios.

NOTE 1 Even a small shadow on the array can in some cases significantly limit its performance.

NOTE 2 Some modules may suffer permanent damage under some shading conditions. IEC TS 63140 provides test
methods for quantifying possible permanent power output change in monolithically integrated PV modules resulting
from some potential partial shade conditions.

Issues of performance degradation due to temperature rise and the need for good ventilation
are important for some module technologies. Care should be taken to keep modules as cool as
practicable.
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In the design process, the sizing of cables within the array and in cable connections from the
array to the application circuit affect the voltage drop in those cables under load. This can be
particularly significant in systems with low output voltage and high output current.

Arrangements should be made to clean the modules regularly in situations where significant
pollution may be a problem. The cleaning instructions of the module manufacturer, if any, should
be considered.

5.1.12 Potential induced degradation

Potential induced degradation (PID) is a performance degradation in some types of
photovoltaic modules.

The majn factors influencing PID are the environment (e.g. humidity and tempe€ratyre), the
system bstructure (e.g. type of earthing, system voltage), the module structure and-the ¢ells.

A measprable and controllable factor is the voltage of the PV modules tg“€arth, that{may be
positive|or negative. PID occurs mostly at negative voltage with respect{o’earth potential.

Some PV module technologies may recover from degradation, if the PV modules are d¢ biased
at night| Some technologies require constant bias during daylighttoprevent permanent damage.

Examplés of typical anti PID solutions are given in Annex H{/This annex also includes important
considefations to be taken into account in design and installation of these systems.

5.1.13 | Corrosion

Module mounting frames, and the methods used.for attaching modules to frames and frames to
buildings or to the ground, shall be made from corrosion resistant materials suitablg for the
lifetime jand duty of the system. For example: aluminium; galvanized steel; treated timjer; etc.

If alumipium is installed in a marine_or-other highly corrosive environment, it shall be anhodized
to a thickness and specification suitable for the location and duty of the system. Corrosive gases
such asfammonia, in farming eqvironments also need to be considered.

Care shill be taken to prevent electrochemical corrosion between dissimilar metals. Tlhis may
occur between structures”and the building and also between structures, fasteners jand PV
modulesg.

Stand-off materials shall be used to reduce electrochemical corrosion between gal{anically
dissimilar metal surfaces; for example nylon washers, rubber insulators, etc.

irg—the—design of

Manufacturers—instractions—and—tocalcodes—shottd—be—<consulted—regard
mounting systems and any other connections such as earthing systems.
5.1.14 Mechanical design

5.1.14.1 General

Support structures and module mounting arrangements shall comply with applicable building
codes regulations and standards and module manufacturer’s mounting requirements.

PV module mounting methods should be prescribed in the module manufacturer mounting
guidelines. The fasteners, fastener locations, location of mounting rails and type of mounting
fittings will all significantly affect the module allowed maximum mechanical loads.
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5.1.14.2 Thermal aspects

Provisions should be taken in the mounting arrangement of PV modules to allow for the
maximum expansion/contraction of the modules under expected operating temperatures,
according to the manufacturer’s recommendations. Similar provisions should be taken for other
applicable metallic components, including mounting structures, conduits and cable trays.

When multiple spans are mechanically connected, the connection mechanism shall be designed
to tolerate thermal contraction/expansion especially when it’s also part of the bonding path.

5.1.15 Mechanical loads on PV structures

5.1.15.—Generat

The PV jarray support structures should comply with national standards, industry standgrds and
regulatipns with respect to loading characteristics. Particular attention should be given [to wind,
snow arjd seismic loads on PV arrays.

5.1.15.2 Mounting structures

Considdration should be given to: strength of mounting structures;(soil conditions with|respect
to anchgring mounting frames; site drainage and, in areas where{he’ground freezes, thq freeze-
thaw chpracteristics of the soil shall also be taken into account

5.1.15.3 Wind
5.1.15.3.1 General

PV modules, module mounting frames, and thesmethods used for attaching frames to buildings
or to the ground shall be verified to meet or exceed the maximum expected wind speeds at the
location|according to local codes.

The system designer or installer shalkensure the system module/mounting structure static and
dynamig loads and safety factors are:appropriate for the site as per the applicable building code
and/or ¢ngineering design, e.g-'considering relevant wind tunnel derived coefficienty for the
mountinjg structure.

Particular attention is drawn to the static and dynamic stability of trackers. Issues such as: fluid-
elastic Instabilities; buffeting; vortex-induced vibrations (VIV); rain—wind-induced vilyrations;
wake-influced vibrations have all been identified as issues affecting dynamic stability.

Stabilityl issues=dépend on many factors including: tracker design and field layout, e.g. [spacing
between trackers.

Trackers should comply with the design qualification standard IEC 62817 and also the safety
standard IEC 63513 (in preparation).

In assessing the wind forces, the wind speed observed (or known) on site shall be used, with
due consideration to wind events (cyclones, tornadoes, hurricanes, etc.). The PV array structure
shall be secured in an appropriate manner or in accordance with local building standards.

Wind force applied to the PV array will generate a significant load for building structures. This
load should be accounted for in assessing the capability of the building to withstand the resulting
forces.

Module manufacturers are required to provide maximum uplift and downforce loads for specific
mounting configurations (fastening methods and locations) of their product.


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

- 38 - IEC 62548-1:2023 © |IEC 2023

Due consideration should be given to the module dead load (module mass) when estimating
the effective downward and uplift loads for the site.

5.1.15.3.2 Use outside of typical applications requiring further analysis

Per the prevailing local codes many large photovoltaic installations of today are designed,
engineered and installed by qualified experts in their structural, mechanical and electrical field.
When applications have requirements that deviate from the typical module uniform pressure
ratings of 2 400 Pa, structure designers may use engineering studies such as boundary layer
wind tunnel studies of that specific structure per allowances in building codes to enable the use
of non-uniform pressure ratings.

Exampl, scenarios are drerentiating designs Tor Interior vs exterior rows, Sstruciures in
hurricane areas and or high snow load areas.

In the ¢pverall system design approach, boundary layer studies, manufacturér’s mounting
configurations, stated design loads and test safety factors may be utilized. {h/such studies, the
licensed professional engineer should consider the factors listed below/for the combined site
specificlwind and snow loads.

e Pregsure coefficients should be derived based on an effective\wind area equal to|one PV
module, from boundary layer wind tunnel tests on the spgecific mounting system [used to
support the PV module.

e Boundary layer wind tunnel tests should be conducted in accordance with recognized
induptry guidance (Example: ASCE 7: 2022 and ASCE“49: 2022 in the USA).

e Additionally for systems using PV trackers:

Mounting system vibrations with natural fréquencies less than 10 Hz may result|in loads
Righer than predicted from static load. calculations, depending on wind spged and
damping ratio of the vibration modej*and should be considered to assess ¢lynamic
gmplification factors;

$ome mounting systems may be.susceptible to instabilities due to vortex shedding which
may not be addressed in building codes; guidance from qualified experts in bpundary
layer wind tunnel testing.of\PV systems may be required to address this risk;

Modules when mounted on trackers that rely on being operational or stowing at a
gpecified angle in extteme wind or snow conditions should be verified to limit loads below
the design load threshold considering the design controls implemented in such trackers.

5.1.15.4 Material.accumulation on PV array

Snow, i¢e, or ather material may build up on the PV array and should be accounted fpr when
selecting suitably rated modules, calculating the supporting structure for the modules and
likewise|, when calculating the building capability to support the array.

NOTE 1 Immediately after snow falls, these loads are often evenly distributed. After some time, they can be very
unevenly distributed as the snow starts to slide down. This can lead to significant damage to the module and support
structure. See IEC 62938 which provides a method for determining how well a framed PV module performs
mechanically under the influence of inclined non-uniform snow loads.

NOTE 2 In some areas, sudden release of snow could create an impulse force on obstructions, in addition to the
static load.
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6 Safety issues

6.1 General

There are many issues that affect the design, site selection and safety measures used in a PV
system. IEC TR 63226:2021 may assist in design decisions related to managing risks for PV
systems on buildings.

NOTE IEC TR 63226:2021 includes measures for reducing the risk of starting a fire and measures supporting
emergency personel in case of a fire.

6.2 Protection against electric shock

6.2.1 General

For protection against electric shock, the requirements of IEC 60364-4-41 shalla@pply.

One of fhe following protective measures shall be used in the PV array andthe DC bug:

o double or reinforced insulation (see 6.2.2);
o extra-low voltage (SELV or PELV) (see 6.2.3).

6.2.2 Protective measure: double or reinforced insulationh

The reqliirements of IEC 60364-4-41:2005, Clause 412, shall apply, with the following adlditions.

All equipment used in a PV array (up to the DC terminals of the final PCE), shall be class Il or
equivalent insulation.

6.2.3 Protective measure: extra-low-voltage provided by SELV or PELV

The redquirements of IEC 60364-4-41:2005, Clause 414.4.5, shall apply with the fpllowing
additionfs.

Basic protection is not required”if'the nominal voltage does not exceed 35 V DC as given by
DVC A for wet locations (see Annex E and also IEC 62109-1).

6.3 Plrotection against-thermal effects
6.3.1 General

Applicalble natienal or local fire requirements shall be taken into account.

Protectipn@gainst thermal effects is provided in this document by:

e protection against the effects of insulation faults (refer to 6.4),

e overcurrent protection (refer to 6.5),

e appropriate rating of conductors and components (refer to Clause 7), and

e signage to alert emergency services workers (refer to Clause 10).

In DC systems, overheating of connections and consequent arc faults may occur when high
resistance connections are present or develop due to temperature cycling in an installation. It
is important that care be taken to ensure:

e all connections are correctly tightened to avoid points of failure over time,

e all connectors are properly locked into place, and
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e all crimp connections are performed according to manufacturer's instructions. Special care
should be taken in the case where DC connectors and wire harnesses are assembled on
site.

NOTE 1 Failure of connectors (due to poor assembly or crimping or mismatch of connectors from different
manufacturers) has been identified as a statistically significant failure mode.

NOTE 2 For connector requirements see 7.2.9.
6.3.2 Protection against fire caused by arcs

It is recommended that special measures be taken to protect against the effects of arc faults
(refer to Annex D) in circuits on the DC side for installations of:

e building integrated PV systems.
Examplé¢s of such special measures include:

e Arc fault protection equipment (AFPE) in compliance with IEC 63027 org

e non-{combustible material in proximity to parts on the DC side, e.g..stone tile roofing, fire-
protected cable management systems.

NOTE 1 |National committees may decide if the use of AFPEs is made a requirement or a recommendatipn in their
national standard.

NOTE 2 |A material is considered to be non-combustible if in compliange with ISO 1182 and ISO 1716, i{ does not
support combustion.

Where an AFPE is in use and not integrated into the. PCE the designer shall ensure |that the
AFPE ig compatible with the PCE as required by IEC.63027.

NOTE 3 [It is important that cabling loops be minimised‘in~all connections to the AFPE to reduce noise which may
cause nuisance tripping.

6.3.3 Protection against arc flash

Installes should be aware of the risk of arc flash in installations. An informative guide to arc
flash in @n installation is included.in’Annex |. Local codes and regulations may apply rggarding
protectiye equipment for installers and maintenance staff working on an installation. Installers
and system designers maythe’required by local regulations to perform arc flash caldulations
and to grovide signage providing operators and maintenance workers with information [such as
arc flash energy levels{ approach boundaries, and PPE requirements.

6.4 Protection‘against the effects of insulation faults

6.4.1 General

The protective measures to be applied depend on how the PV system's DC circuits are earth
referenced. Examples of earth configurations are given in Annex B, Figure B.1, Figure B.2 and
Figure B.3.

PV arrays may be categorised as:
e functionally earthed PV arrays, i.e. an array with one of the main DC conductors connected
to a functional earth, Figure B.1,

¢ non earth referenced PV arrays, i.e. a PV array that has none of its main DC conductors
referenced to earth either directly or through the PCE. Figure B.2, and

e non separated PV arrays, i.e. PV arrays where PV DC circuits are connected to an earth
referenced system via a PCE without separation, Figure B.3.

NOTE 1 System types are categorised by the type of earth referencing of the main DC PV array circuits in 6.4.1.
This is independent of any frame earthing requirements.
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NOTE 2 Functionally earthed systems include PV arrays connected via a protection/isolation means to the system
earth or connected via a resistance to the system earth.

Some module technologies require a functional earth on either the positive or negative main
conductor to bleed charge away from the PV cells. This is a functional/operational requirement
or it may be required to prevent degradation of the cells. It is recommended that manufacturer’s
instructions be followed.

6.4.2 Segregation of PV circuits from other circuits
PV circuit conductors shall be separated from other conductors by:

— insulation on both sets of conductors, rated for the highest voltage of either circuit, or

— double insulation on either set of conductors, rated for the highest voltage circuitr(e|g. a PV
circyit double insulated to 1 500 V adjacent to a communications circuit insulateq to 5 V.
The |[double insulation on the PV circuit is sufficient to satisfy this requirement)- or

— mechanical barriers that are either earthed or non-conductive, or

— a mjnimum distance of 25 mm to prevent contact between circuits\vand maintained by
mechanical cable management means (e.g. cable ties, loom, etc.).

6.4.3 Earth fault detection and indication requirements

6.4.3.1 General

6.4.3.1.1 Overview

Table 1[shows the requirements for measurements of\PV array earth insulation resistapce and
PV array residual currents as well as the actions and”indications required if a fault is detected,
according to system type.

The follpwing aspects of the system topology affect the approaches needed to protect/against
earth fallts in the PV array:

— the PV system may or may not have separation between the PV array and the AC mains or
other earthed power system,

— the PV array may or may not'be functionally-earthed,

— the AC mains or other-power system that the PV system output connects to may or mmay not
be ah earthed system:

In consideration of.the above aspects, this document uses system types described in $.4.1, to
define requirements for protection against earth faults.

Earth fault detection may not function properly when electronic equipment (e.g. D|CUs) is
located petween the PV-EFPE and the fault location. Manufacturers of the PV-EFPE and/or the
electronic equipment should be contacted to ensure that the equipment is compatible with
respect to earth fault detection.

Earth fault monitoring is achieved by a combination of measuring the insulation resistance of
the array to earth and where applicable measuring earth fault currents from the array. This may
be achieved either centrally at the main PV conductors as they enter the PCE or it may be
achieved in a decentralised fashion by monitoring each set of sub array conductors. In large
arrays it is helpful to be able to split the array into sections to increase the sensitivity of the
detection system but decentralised systems require careful design to ensure proper operation.

The detection system shall be able to detect a fault at any location within the array, e.g.
including a mid point or on a functionally earthed conductor.
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6.4.3.1.2 Systems with more than one sub-array

Where the PV-EFP thresholds in this document are based on the PV array power rating, the
system topology determines whether the thresholds are based on the total PV array power
rating, or the rating of each sub-array, as follows in 6.4.3.1.3 and 6.4.3.1.4.

6.4.3.1.3 Separated sub-arrays

Where the PV sub-arrays are separated from each other throughout the system, including in
the PCE, the PV-EFP thresholds apply to each sub-array based on its power rating.

6.4.3.1.4 Non-separated sub-arrays

Where t(te PV sub-arrays are not separated from each other, the PV-EFP insulation resistance
measur¢ment thresholds apply to the complete array and are based on the total power| rating.

If the regidual current monitoring is achieved by residual current measurements at the siib-array
level the thresholds apply to each sub-array based on its power rating.

If the rgsidual current monitoring is achieved by residual current measurements at the array
level thg thresholds apply based on the total array power rating.
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Table 1 — Requirements for different system types based
on PCE separation and PV array functional earthing

System type

Non-separated

Functionally-earthed

Non-earth-referenced

Figure B.3 Figure B.1 Figure B.2
Earthing on the PV side Unearthed Functionally earthed Unearthed
. Non- Non-
Separation Non-separated Separated separated Separated separated
Earthing on the load 2 Earthed or Earthed? or 2
side® (AC mains or DC) Earthed unearthed Unearthed unearthed Unearthed

Measurement: According
to IEC 63112 and 6.4.3.2

Measurement: According
IEC 63112 and 6.4.3.2

Measurement: According
IEC 63112 and 6.4.3.2

PV array to earth
insulation resistance
measureément (insulation

nmjonitoring)

Response:

1. According to IEC 63112 and

2. Indicate an earth fault in accordance with 6.4.3.6

Reset: If the insulation resistance of the PV array to earth has tecovered to g value

higher than the threshold setting, the system is allowed to @utomatically
(re-)establish its normal connections and begin/resume_operation

PV array residual or
earth cyrrent monitoring

Monitoring: Residual or
earth current monitoring
according to IEC 63112
and 6.4.3.3 and 6.4.3.4

Monitoring: Residual or
earth current monitoring
according to IEC 63112
and 6.4.3.3 and 6:4.3.4 or
a functional earthing
overcurrentprotective
device in“faceordance with
IEC 63112 and 6.4.3.5

Detection/protectign: Not
required

Response:

1. According to IEC 63112%and

2. Indicate an earth faultsin accordance with 6.4.3.6.

Response: Not applicable

Reset: If:

1. the residual @f.earth current has returned to a level
below the\imit'in 6.4.3.3 and 6.4.3.4 or 6.4.3.5 or
the proteCtive device has reset or been replaced,

and

2. . the insulation resistance has recovered to a value
higher than threshold setting,

then the system is allowed to automatically re-establish
its normal connections and resume operation.

Reset: Not applicaple

the i

In a gystem with-more than one sub-array IEC 63112 allows disconnectionof the faulty sub-array from the PCE,
therefore isolating the fault from earth, and allows continued operation of the system using the remaining un-
faultdd sub=arrays. IEC 63112 also in some cases allows the system to continue to operate from the full array,
after |ntetrupting the earth fault current by isolating the array from earth. Prompt servicing is essential
elihood of a second fault occurring.

o reduce

NOTE

In this table separation means galvanically isolated.

It is generally not acceptable to functionally earth the PV array in a non-separated system connected to an
earthed power system, as installation codes and standards do not allow a system to be earthed in more than
one place (to prevent operational currents from flowing through earth).

3 "Load" side of the system refers to the output of the final PCE to which the PV array supplies power (e.g. the
AC mains for a grid-interactive system or the DC load circuits for a DC system).

6.4.3.2

Array insulation resistance detection

The requirements in this clause regarding detection and response to abnormal values of
insulation resistance of the PV array to earth are intended to reduce hazards due to degradation
of insulation.
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A means compliant with IEC 63112 shall be provided to measure the DC insulation resistance
from the PV array to earth before starting operation:

— for PV-EFPE for functionally-earthed systems, in no case less often than once every 24 h,

— for PV-EFPE for non-separated systems, in no case less often than once every 24 h except
for PV-EFPE incorporating fire hazard current monitoring according to 6.4.3.4 or 6.4.3.5,
the monitoring interval may be adjustable to a value not exceeding 72 h in a large ground-
mounted PV plant with continuous supervision by qualified on-site staff,

— for PV-EFPE for non-earth-referenced systems, the insulation shall be monitored
continuously, except for equipment in which the operational power is derived from the PV
array, monitoring is not required during periods where irradiance is inadequate for the PV-
EFPE to function.

The funftionality for insulation resistance monitoring or measurement may be provideld within
the PCH or other DC side equipment according to IEC 63112.

The inslilation monitoring equipment shall be capable of detecting insulationresistange below
its threshold (setting). The threshold or setting of the equipment shall be injaccordance with the
applicafyle limit in Table 2, based on rated system size.

Minimurmn threshold values for detection shall be according to Table 2.

Table 2 — Minimum insulation resistance’thresholds
for detection of failure of insulationto earth

PV array rating’ R limit
kW kQ
<20 30
> 20 and < 30 20
> 30 and < 50 15
> 50 and < 100 10
> 100 and < 200 7
> 200 and(= 400 4
> 400tand < 500 2
> 500 1

' PV array'rating is at the maximum power point at STC.

For PV Brrays formore than 500 kW, capacitance to earth should be estimated and taken into
account|{for eomparison to the maximum capacitance to earth rating of the IMD. Selectipn of an
IMD with an‘inadequate capacitance rating may lead to improper IMD operation.

It is recommended that the threshold of detection for insulation resistance should be set at
values greater than the minimum values specified in Table 2. A higher value will increase the
safety of the PV installation by detecting potential faults earlier.

NOTE The values in Table 2 for PV array insulation resistance are significantly lower than typical thresholds for
other types of systems. This is a necessary result of the characteristics of PV arrays. For more information refer to
IEC 63112:2021, Annex B.

For functionally earthed and non-separated PV arrays, the earth reference shall be
automatically disconnected during the measurement.

The action on fault required is dependent on the type of system in use, and shall be according
to Table 1.

In all cases of insulation fault, the insulation resistance detection measurements may continue,
the fault indication may stop and the system may resume normal operation if the insulation
resistance of the PV array to earth has recovered to a value higher than the limit above.
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6.4.3.3 Shock hazard protection by a residual or earth current monitoring system
6.4.3.3.1 General

Shock hazard current monitoring according to IEC 63112 shall be provided to detect sudden
changes in residual or earth fault current that may indicate a person coming in contact with live
parts and earth and provide protection against shock through low current thresholds and fast
response times. The sudden change in residual or earth current is above whatever steady state
(continuous) baseline current is flowing under normal conditions.

6.4.3.3.2 Provisions for reset

After a shock hazard current monitoring response, the PV-EFPE may stop indicating a fault and
may allgw the host system to resume operation in the normal state if:

— the PV-EFP continuous (fire hazard) residual or earth current monitoring function is not
detecting a fault, and

— the PV-EFP insulation resistance R;;, monitoring function measures a value higher than the
threghold set in the PV-EFPE.

6.4.3.4 Fire hazard protection by a residual or earth current monitoring system

Where rlequired by Table 1 and where an earth fault interrupting means according to 6]4.3.5 is
not provided, PV array residual or earth current monitoring according to IEC 63112 ghall be
provideii that is active whenever the PV array is connected to an earth reference fand the
monitoring device has operating power. The residual @p earth current monitoring mealns shall
measure the total (both AC and DC components) RMS-\residual or earth current.

Detectign shall be provided to monitor for excessive continuous residual or earth| current
according to the limits shown below.

The sysfem topology determines whetherthe limits are based on the total PV array powgr rating,
or the rating of each sub-array, as perthe requirements in 6.4.3.1.2.

The PV}FEFP residual or earth(current monitoring system shall respond in accordance with
Table 1within 0,3 s and indicate a fault in accordance with 6.4.3.6 if the residual or earth current
for the nelevant section of the array exceeds:

e max|{mum 300 mA for PV array or subarray power rating < 30 kW;

e the lesser of 5Avor (10 mA per kW) of PV array or subarray power where the relejant PV
array or sub¢array power rating > 30 kW.

If the P\ array is functionally earthed via a resistor of high enough value such that the mfaximum
residuall or‘earth current that can occur on a single fault is less than the limits above, qr where
an earth Tault interrupiing device according to 6.4.3.5 1S provided, then no fire hazard residual
current monitoring is required. The resistor shall be rated for continuous application of the
maximum voltage and power dissipation it will be subjected to under normal and fault conditions.

NOTE 1 It is possible to implement a distributed residual current monitoring system for example at sub-array level
orin smaller subsections of the array. This can be beneficial especially in large arrays as it enables smaller thresholds
of detection to be implemented. This can lead to more rapid identification of potential faults and can assist in
identifying the section of the array that can be affected.

The residual or earth current monitoring system may attempt to re-connect in accordance with
Table 1.

NOTE 2 This residual or earth current functionality may be integrated into a PCE or other DC side equipment. For
non-separated PV arrays it may also be provided by a residual current circuit breaker according to IEC 61008 or
IEC 61009 or residual current device according to IEC 60755 installed on the AC output circuit of the inverter.
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6.4.3.5 Fire hazard protection by an overcurrent device in the PV array functional
earthing path

Where required by Table 1, and where residual current monitoring according to 6.4.3.3 is not
provided, a functionally earthed PV array shall be provided with an overcurrent protective device
in the functional earthing path.

If the PV array is functionally earthed via a resistor of high enough value such that the maximum
current through the array functional earthing path due to a single fault is less than the limits in
Table 3 below, then a means of interupting an earth fault is not required. The resistor shall be
rated for continuous application of the maximum voltage and power dissipation it will be
subjected to under normal and fault conditions.

The ovegrcurrent protective device shall automatically interrupt the current in the, functional
earthind conductor in the event of an earth fault on the DC side, and shall

e be rated for the maximum voltage of the PV array Ugc yax: and

e have a rated breaking capacity not less than the maximum short cifedit current of the PV
array Ir aArray, (see F.3.4), and

e have a trip current not exceeding that given in Table 3.

Table 3 — Trip current of functional earthing overcurrent protection.

Total PV array power rating at STC Trip current
kW A
0to 25 1
> 25 to 50 2
> 50 to 100 3
> 100 to 250 4
> 250 5

6.4.3.6 Earth fault indication

Earth faults shall be indicdted as required by 6.4.3.1, Table 1.

PV-EFPE devices compliant with IEC 63112 provide both integral and remote means| of fault
indicatign.

Where pperational staff and or system operators are in a location where the integral fault
indicatian{system will not readily be apparent then the remote indication system shall be
implemented to ensure that the system aperator ar owner of the system becomes quickly aware
of the fault. For example, the indication system may be a visible or audible signal placed in an
area where operational staff or system owners will be aware of the signal or another form of
fault communication like RS485, e-mail, SMS or similar. When implementing remote fault
indication, manufacturer’s instructions shall be followed.

A set of operational instructions shall be provided to the system owner which explains the need
for immediate action to investigate and to correct the fault. Refer to 10.7.

Many inverters have earth fault detection and indication in the form of indicator lights. However,
typical inverter mounting locations mean that this indication may not be noticed. IEC 62109-2
requires that inverters have a local indication and also a means of signalling an earth fault
remotely.
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6.5 Protection against overcurrent
6.5.1 General

Overcurrent within a PV array can result from fault currents due to short circuits or earth faults
in module or array wiring or in junction boxes, combiner boxes or other equipment.

PV modules are current limited sources but the modules and associated wiring can be subjected
to overcurrents because they are typically connected in parallel and also may be connected to
external sources (e.g. batteries). These parallel and additional sources increase available
current into a downstream fault, and can cause backfeed (reverse) fault current into an
upstream fault. The overcurrents can be caused by the sum of currents from

— multjple parallel adjacent strings,
— bacKfeed from some types of PCE to which they are connected, and/or

— bacKfeed from external sources.

Refer tg Annex G.

In order|to determine the need for overcurrent protection and if required the size/rating of the

protection it is necessary to know:

e Thelarray configuration ie strings and subarrays where présent

e The|number of strings in the array and the number of{strings in each sub-array

e Type of strings ie DCU strings only or strings withypartial DCUs or no DCUs

e The K factor associated with the modules and module placement (See Annex F)

e The|module short circuit current rating at STC

e DCU maximum current where DCUs are:in use

e Igr toTaL = sum of all backfeed currents not originating from the array itself (refer to
Annex G)

* Ivop_MAX_OCPR

e Ipcy ocpr Where applicable

. ISTR NG_MAX see Clause F.2
o IF STRING: ]F S-ARRAY" and IF ARRAY see F31 tO F34
6.5.2 Requirement for overcurrent protection

Overcurrent protection shall be provided in accordance with 6.5.3 to 6.5.5 and in accprdance
with PV[module manufacturer’s requirements.

The overcurrent protective devices of the DC side shall be either gPV fuses in accordance with
the IEC 60269-6 standard or another devices in accordance with IEC 60947 (relevant parts) or
IEC 60898-2 or IEC 60898-3. Overcurrent protective devices shall be selected such that the
cable current carrying capacity, module maximum overcurrent protection rating and the
maximum current of other equipment are not exceeded.

NOTE The thermal withstand capability of a PV module under reverse current is qualified during a 2 h test specified
in the module safety test from IEC 61730 and is specified on the module as the "maximum overcurrent protection”
value.

When circuit breakers with overcurrent protection elements are used, they may also provide the
disconnecting means required in 7.3.1.


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

6.5.3
6.5.3.1

- 48 — IEC 62548-1:2023 © |IEC 2023

Requirements for overcurrent protection of circuits

Strings

String level protection aims at protecting the PV modules from damage due to reverse currents
under fault conditions.

In the case where no DCUs are in use on a string then:

a) If (Ir sTrRING * IBF TOTAL) > IMOD MAX ocpr then string overcurrent protection shall be

prov

ided. Refer to Table 4.

Where DClIs are in use on all modules of a string then:

b) If (/f
Refg

Where S

checked.

6.5.3.2

Sub-arr
protectg
survive
to Tablsg

6.5.3.3

Array ¢
the cab
overcur
shall be

In Tablg

sTrING T IsF ToTAL) > Ipcu ocpr then string overcurrent protection shall-bep
rto Table 4.

trings contain DCUs on some modules but not all then both a) and, b)yabove ha

Sub-arrays

rovided.

Ve to be

by cable overcurrent protection is not compulsory. ‘PV sub-array cables ghall be

d under normal operation and under single fault conpditions by either rating the

cable to

b worst case single fault condition (see 7.2.2) or have overcurrent protection a¢cording

4 and cables according to 7.2.2.

Array

ble overcurrent protection is not compulsory. If no overcurrent protection is grovided
e size shall be as per Table 6 in_theirelevant section for no overcurrent protgction. If

ent protection is provided then the rating shall be as per Table 4 and the ca
as per Table 6 in the relevant section for protected by overcurrent protection.

4 the multiplier for the minimum overcurrent protection ratings is 1,0, but in si

where there is a high degree of‘variability such as frequent cloud focusing events consi

should
trips frg
enclosu
temperg

e given to using a_higher multiplier to avoid the situation where the overcurren
quently. Careful~eonsideration should be given to fuse ratings especially
res as higher temperatures generally cause fusing current ratings to be red
ture increases,

ble size

tuations
Heration
it device
when in
Liced as
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Table 4 — Overcurrent protection nominal rating

Circuit Overcurrent protection nominal rating
PV string with no DCUs 1,0 % Istring Max < Tn S ImoD MAX OCPR
1,0 % Istring Max < Tn S IMoD MAX OCPR
For Partial DCU strings and
Iy = Ipcy ocpr
Full DCU strings 1,0 % Istring Max < 1n < Ibcu ocpr

Where strings of PV modules either with or without DCUs are used, strings may be
grouped in parallel (see Figure 11 for the case of PV strings) under the protection of

Groups ¢f strings

one overcurrent device provided:

Ig> 1.0 X Ng % Igrring max> @nd
Ihg < Ipevice _ocpr = (Vg = 1) * IstrinG max)
where
Ng is the number of strings in a group under the protectign_of the one overgurrent
device;

Ing is the overcurrent protection current rating of the_group overcurrent profection

device.

IstrinG Max iS the rating relevant to the type-of group ie PV string, DCU string or
partial DCU string. Refer to Clause F.1

Inevice _ocpr = Imop max ocer for R\ strings

Inevice _ocpr = ‘ocu ocer for BCU strings

Inevice _OCPR ™ Tvob maxecer ©F Iocu ocpr Whichever is less for partial DCU strings
>
Sub-array I, Z 1,0 X Ngp * IgrrinG maX
>
Array I, = 1,0 x Ng X Igrring mAx

NOTE The row regarding “Groups (©f 'strings” is generally only applicable to thin film PV modules where the
overcurrent protection rating is much higher than the short circuit rating.
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NOTE This is only an example and other switching, disconnecting and/or overcurrent protection devicg¢s can be
required ip individual cases, but for simplicity are not shown in this figure.
Figure 11 — Example of a PV array diagram where strings are grouped

underone overcurrent protectiomdevice pergroup

6.5.4 Overcurrent protection for PV systems connected to batteries

Overcurrent protection for the PV array needs to take into account any backfeed from batteries.
Refer to 5.1.9 and Annex G.

Overcurrent protection for the battery shall be placed in all active (non-earthed) conductors and
located as close as practicable to the battery.
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6.5.5 Overcurrent protection location

Overcurrent protection devices where required by 6.5 for PV array, PV sub-array, and PV strings
shall be placed:

e for string overcurrent protection devices, they shall be where the string cables are combined
or connected to the sub-array or array main cables (refer to Figure 3 and Figure 4);

o for sub-array overcurrent protection devices, they shall be where the sub-array cables are
combined (refer to Figure 4);

for array overcurrent protection devices, they shall be where the array main cables join the
application circuit, energy storage device or the PCE (refer to Figure 2 to Figure 6).

NOTE 1 |The location of the overcurrent protection devices at the end of those cables which are furthes)dway from
the PV, slib-array or string is to protect the system and wiring from fault currents flowing from othersectipns of the
PV array pr from other sources such as batteries.

Overcurrent protection devices shall be in locations where they are capableof being feached
for inspection, maintenance or repairs without necessitating the dismantling of structurgl parts,
parts of|the PV array, cupboards, benches or the like.

NOTE 2 |For example a device behind a cover that requires a tool or key to open-the cover for inspectiof satisfies
this requifement.

An overpurrent protective device required for a string cabl€,or'sub-array cable shall be placed
in each Jive conductor (i.e. each live conductor not connécted to the functional earth).

An excelption applies for systems that are not functionally earthed and that have only two active
conductprs per string (ie an array with no mid-point conductor) if:

o ther¢ is segregation by a physical barrier between string cables, sub-array cables apd array
cablgs, or

e therg¢ are no sub-array or array cabfes i.e. in small systems,

an ojercurrent protective device\need only be placed in one unearthed live conductgr of the
string cables,and the sub-array.cables. The polarity of this conductor shall be the §ame for
all cables thus protected.

The propision of a single~evercurrent device is allowed for non earth referenced systems and
non-separated systems under these circumstances because of the requirement for detection
and alafm on a singlé.earth fault and because of the double insulation required on conductors
in all artay circuits.

6.6 Protection against effects of lightning and overvoltage

6.6.1 Geéeneral

The installation of a PV array on a building often has a negligible effect on the probability of
direct lightning strikes; therefore it does not necessarily imply that a lightning protection system
should be installed if none is already present. However, if the physical characteristics or
prominence of the building do change significantly due to the installation of the PV array, it is
recommended that the need for a lightning protection system be assessed in accordance with
IEC 62305-2:2010 and, if required, it should be installed in compliance with IEC 62305-3.

If a lightning protection system (LPS) is already installed on the building, the PV system should
be integrated into the LPS as appropriate in accordance with IEC 62305-3. The type of any
existing lightning protection system (LPS) shall be identified so that any integration of the PV
installation into the LPS does not negate the performance of any isolated LPS, by defeating the
required separation distance in accordance with IEC 62305-3.


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

- 52 - IEC 62548-1:2023 © |IEC 2023

In the case where no lightning system is required on a building or in a case of a free-standing
array, overvoltage protection may still be required to protect the array and the inverter and all

parts of

the installation.

Guidance may be obtained by referring to IEC TR 63227.

6.6.2
6.6.2.1

Protection against overvoltage

General

All DC cables should be installed so that positive and negative cables of the same string and
the main array cable should be bundled together, avoiding the creation of loops in the system.

Refer tp—73-33—Fte |cqui|c|ncn‘l for 'uunu'iing ctudes arry assoctated—earth
conductprs.
Long caples (e.g. PV main DC cables over about 50 m) should be either

e instg

to th
e be b
e bec
is cd

e bep

These 1
inductar
condens
designe

NOTE 1
and betwg
equipmen|

NOTE 2
installatio

6.6.2.2
Where

lled in earthed metallic conduit or trunking, where the conduit or,tfunking is co
e equipotential bonding,

uried in the ground (using appropriate mechanical protection),

nnected to the equipotential bonding, or

rotected by a surge protective device (SPD).

neasures will act to both shield the cables from inductive surges and, by ing
ce, attenuate surge transmission. Be aware of the need to allow any v
ation that may accumulate in the conduit or trunking to escape through
d and installed vents.

To protect the DC system as a whole, sutge protective devices can be fitted between active ¢
en active conductors and earth at the.inverter end of the DC cabling and at the array. To prote
t, surge protective devices can be fitted as close as is practical to the device.

IEC 61643-32, describes selection and application principles for SPDs connected to ph
ns

Risk assessment for lightning transient overvoltage

evaluate whether protection against transient overvoltage is required. The method

assessn

L and
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nent is based on the evaluation of the critical length:

its Comparison with L.

onding

hnected

hbles incorporating mechanical protection which will provide’a screen, where the screen
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ater or
broperly

bnductors
Lt specific

lotovoltaic

ground flash density data is available, a risk assessment should be carried out to

of risk

SPDs shall be installed on the DC side of the installation where: L = L

where

crit-

e [ is the maximum route length (m) between the PCE and the connection points of the
photovoltaic modules of the different strings, excluding any length of cable having an
earthed metallic sheath, armour, screen or enclosure or any length of cable buried in the

grou

nd.

e L. (m) depends on the type of PV installation, and is calculated according to Table 5.

Table 5 — Calculation of the critical length L

Type of installation PV installation is PV installation is not
attached to the building | attached to the building

Loy (M) 115/N 200/N,
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e Ny is the lightning ground flash density (flash/km?/year) relevant to the location to the power

line and connected structures. This value may be determined from ground flash location
networks in many areas of the world (IEC 62305-2:2010, Clause A.1 or
IEC 60364-4-44:2007, 443.5).

6.6.2.3 Surge protection devices (SPDs)
6.6.2.3.1 General
SPDs are incorporated into electrical installations to limit transient overvoltages of atmospheric

origin transmitted via the supply distribution system, whether AC or DC or both, and against
switching-surges

Some gfid connect inverters (PCEs) have some form of in-built SPD; however discrete|devices
may alsp be required. In such cases, the coordination between the two SPDs should be|verified
with the[equipment supplier.

To protegct specific equipment, SPDs should be fitted as close as is practical to the equipment
intended to be protected.

These measures are included here as a guide. Overvoltage protection is a complex ispue and
a full evigluation should be undertaken particularly in areas where lightning is common

6.6.2.3.2 Surge protection devices (SPDs) DC

Where BPDs are required on the DC side of the”PV installation, they shall comply with
IEC 6164 3-31:2018 for the PV array circuit and b€ Class | or Class Il tested.

Where $PDs are installed in a location where they may be subjected to high available short
circuit current from a battery, the SPD shall have a short circuit withstand rating not lgss than
the tota| available fault current at that {ocation, or shall be protected by a current limitjng fuse
or other{device that limits the fault current.

NOTE 1 |PV SPDs are generally not rated for the high short-circuit currents normally associated with batteries.

NOTE 2 |Batteries may be copnected to a DC bus and may have dedicated SPDs for their protection.

If the P|V system is connected to other incoming networks (such as telecommunicafion and
signallirlg services);xSPDs will be required to protect the information technology equipment.

6.6.2.3.8 Surge protection devices (SPDs) information technology equipment

For the protection of information technology equipment SPDs shall be selected according to the
requirements of IEC 61643-22. These SPDS shall comply with IEC 61643-2T.

7 Selection and erection of electrical equipment

71 General

All PV power conversion equipment shall be qualified to IEC 62109-1 and all other applicable
parts of the IEC 62109 series according to the equipment type.

PV array wiring, equipment and associated components are often exposed to UV, wind, water,
snow and other environmental conditions. Wiring and components should be fit for purpose and
erected in such a way as to minimise exposure to detrimental environmental effects.

PCE shall be selected according to the environmental requirements in IEC 62109-1:2010,
Clause 6.
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Particular attention is drawn to the need for prevention of water accumulation in cable/module

support

systems.

7.2 Component requirements

7.2.1

General

All components, wiring and equipment shall comply with the following requirements:

e be rated for DC use;

e in the case of PV circuits have a voltage rating equal to or greater than the PV array
maximum voltage determined in F.1.1. For other circuits the voltage rating shall be equal to

org

e all gquipment shall be rated for the maximum common mode voltage to earth. tha
experienced due to the location of the equipment in the circuit;

NOTHE 1 Equipment may be used in a location within the system that imposes a voltage/with respeq

on th
to a

150QV.

e havs

that

e havg

to th
IEC

In selecting the IP ratings humidity and dust are extremely important factors to be ta

account

still excluding dust, and

e shal

e haveg a temperature rating appropriate to their location and application;

NOTE 2
very high|

Where [DCUs are used in thé.design of a PV array, attention is drawn to the voltage and

ratings

All components used.in salt mist conditions should be suitable for use in these conditig

To avoi
ensure

7.2.2

edler thahn tne maximuin voltage rating or the CIFCUIt,

e equipment that is different from its line to line voltage rating(s). For example, aybCU may be
b5 V DC PV module that is part of a series string where the DC voltage to~earth could be as

shown in Table 6 or as given elsewhere in 7.2.6;

e outside environment the IP rating shall be at leastP 54 compliant in accorda
60529.

Care should be taken in design to avoidcgondensation buildup within equipme

be UV resistant unless installed it location protected against sunlight;

PV arrays are installed in full suh,;and ambient temperatures and temperatures inside enclosur
This is an important consideration when selecting components.

elated to DCUs described in F.1.2, and F.2.

 series.drcs it is important to select terminals and connection equipment wh
contact'pressure over the lifetime of the system.

I will be

t to earth
onnected
much as

a current carrying and (where applicable) interrupting rating equal to or greater than

an IP rating suitable for their location and environmént. Where equipment is ¢xposed

hce with

ken into
nt while

Ps can be
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ns.
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Current rating of PV circuits

The current carrying capacity of PV circuits, shall be equal to or greater than the minimum
current rating calculated from Table 6.

In some PV module technologies, Ig¢ \op is higher than the nominal rated value during the first
weeks or months of operation. In other technologies /g \op increases over time. This should
be taken into account when establishing cable ratings.
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Table 6 — Minimum current rating of circuits

Relevant
circuit

Protection

Minimum current rating of circuits ie the minimum current
upon which cable cross-sectional area and or other circuit
ratings should be chosen 2 P

Where there is only one string in the system, the string becomes
the array. See requirements for the array. In all other cases:

1 + 1

F STRING BF TOTAL

NOTE 1 There are requirements in some cases to install

overcurrent protection on strings, see 6.5.3.1.

NOTE 2 There is always an option to install overcurrent protection
on string cables to rediice cable size as a design nptinn

PV string

PV string overcurrent
protection not provided

NOTE 3 If the PV array cable is protected by an overcurrefjt device
then Ige 1o7aL in the above formula may be replaced by’th¢ current

rating (/) of that PV array overcurrent protectiopn device wpichever
is the least.

NOTE 4 If the PV sub-array cable is protécted by an overgurrent
device then the above formula may be_replaced by

I, + (Ngp = 1) X Igrring Max

Where Ng, is the number of parallel strings in that PV sub-grray and
I, is the current rating of,that/ PV sub-array overcurrent pfotection
device.

PV string overcurrent
protection provided

—

Current rating (7,) of the PV string or DCU string overcurref
protection device (refer to 6.5)

PV sub-array

PV sub-array
overcurrent protection
not provided

If the PV array’cable is not protected by an overcurrent,
the sub array ‘cable rating shall be:

1 1

F S-ARRAY + BF TOTAL

If the PV array cable is protected by an overcurrent device fhen
Is@ toTaL N the above formula may be replaced by the currgnt

rating (/) of that PV array overcurrent protection device

PV sub-array
overcurrent protection
provided

=}

Current rating (1) of the PV sub-array overcurrent protectig
device (refer to 6.5)

PV array overcurrent
proteétion not provided

The greater of the following:

a) I prray refer to Clause F.3

protection provided

PV array b) Igr to7aL refer to Annex G
PV array overcurrent Current rating () of the PV array overcurrent protection dgvice
protection provided (refer to 6.5)

Battery Bnﬂnry overcurrent

cdarrent rating (In) orthe battery overcurrent protection device

a8 The operating temperature of PV modules and consequently their associated wiring can be significantly higher
than the ambient temperature. A minimum operating temperature equal to the maximum expected temperature
at the site with ambient air temperature plus 40 °C should be considered for cables installed near or in contact
with PV modules.

The location and method of installation (i.e. enclosed, clipped, buried, etc.) of cables also need to be
considered in establishing a cable rating. Cable manufacturer's recommendations need to be taken into
account in establishing the rating according to installation method.

7.2.3

7.2.3.1

PV modules

Operational conditions and external influences

PV modules shall comply with the relevant parts of the IEC 61215 series. Systems with voltages
above 50 V DC should include bypass diodes.
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Some thin film modules do not require bypass diodes installed. Module manufacturer’s
instructions should be followed to ensure bypass diodes are used where required.

7.2.3.2 Equipment class

PV modules shall be qualified to IEC 61730-1 and IEC 61730-2 and shall only be used in
applications applicable to their class rating for protection against electric shock.

For building mounted applications, local building codes and regulations should be taken into
account.

For protection against electric shock,

e class Il modules according to IEC 61730-1 shall be used where system voltages|exceed
DVQ A.

7.2.3.3 Additional standards for PV modules
Guidange on additional PV module reliability may be provided by the following IEC stapdards.

e |ECB1701, Photovoltaic modules — salt mist corrosion testing,(injcoastal environments)

e |ECB2716, Photovoltaic modules — ammonia corrosion¢testing (in intensive Ifvestock
envifonments)

e |EC|TS 62804-1, Photovoltaic (PV) modules — Test methods for detection of pptential-
induced degradation — Part 1: Crystaline silicon

e |EC 62938, Photovoltaic (PV) modules — Non-uniferm snow load testing

o |EC B2941, Terrestrial photovoltaic (PV).miedules — Quality system for PV |module
manpfacturing

o |EC([TS 63126, Guidelines for qualifying PV modules, components and matefials for
operation at high temperatures

e |EC TS 63209-1 Photovoltaic modules — Extended-stress testing — Part 1: Modules
7.2.4 PV array and PV stringjcombiner boxes
7.2.4.1 Environmentaleffects

Any endlosure IP rating_shall suit the environmental conditions. This IP rating shall gpply for
the releyant mounting position and orientation. Gasket materials chosen should be rated for the
environment and.duration of use and a replacement schedule identified if applicable.

7.2.4.2 LLocation of PV array and PV string combiner boxes

PV array—and+V DtI;IIU combiner-boxes—which—containoverctrrentand ot ovv;tuhillu devices
shall be capable of being reached for inspection, maintenance or repairs without necessitating
the dismantling of structural parts, cupboards, benches or the like.

NOTE 1 Under some conditions, combiner boxes can be part of the PCE. See 7.3.1.2.

NOTE 2 There is a growing trend to use pre-manufactured string wiring assemblies commonly referred to as
"harnesses." Harnesses aggregate the output of multiple PV string conductors along a single main conductor. The
harnesses are secured within the array, and can or cannot include fusing on the individual string conductors that tap
off the main conductor, depending on over-current protection requirements. These are in a sense similar to combiner
boxes in function and are used most commonly with thin film systems due to the very low string currents in each
string. The purpose is to reduce balance of system components and cost for systems with large numbers of parallel
low-current strings. In larger systems, the harness main conductors are then combined in a sub-array combiner box
with larger fuses (e.g. 20 A to 30 A).
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7.2.5 Fuses

7.2.51 Accessibility

Where fuses are used they shall be only accessible with the use of a tool or key. i.e. only
accessible by trained service personnel.

7.2.5.2 Fuse links

Fuse links used in PV arrays shall comply with the following requirements:

be rated to interrupt fault currents from the PV array and any other connected power sources
such_as batteries, generators and the grid, if present;

be olf type gPV complying with IEC 60269-6 unless the prospective shortcircuit,cuprent due
to squrces such as batteries requires the use of higher rated fuses.

Overcurnrent protection should be graded to ensure coordination between different currgnt rated

sectiong of the system..

When fyses are provided as means of isolation, where load breaking'capabilities are required,

the use |of fused switch-disconnectors (fuse-combination units) is,recommended.

Fuse ralings need to take into account the environment in which'they are located. Fuse$ should

typicallyl be derated for higher temperatures and when enclased.

Temperature derating factors should be considered while'sizing any electrical equipment. Fuses
in a different environment to the cable or equipment they are protecting may requirg careful

rating agsessment to avoid nuisance tripping or under protection.

NOTE Fpses when enclosed in a fuse holder may-change their characteristic due to increases in |operating

temperatdre.

7.2.5.3 Fuse bases and fuse holders

Fuse bases and fuse holders-'shiall have a current rating equal to or greater than the

correspopnding fuse link.

7.2.6 Circuit breakers used for overcurrent protection

Circuit breakers used\for overcurrent protection in PV arrays shall:

a)
b)

c)

d)

comply with |EXC 60947-2,

be rated(to'interrupt currents in both directions (fault currents in a PV array may flow in the
oppg¢sitesdirection to normal operating currents,

be rated to interrupt full load and prospective fault currents from the PV array and any other
connected power sources such as batteries, generators and the grid if present, and

be rated or set for overcurrent according to 6.5 for the relevant circuit,
The current ratings of circuit breakers shall be selected as follows:
The required nominal current rating /, according to Table 4.

The nominal current rating I, of the circuit breaker at the PV array maximum voltage shall
be greater than or equal to the operational current for the circuit to which it is fitted.

NOTE In the case of a PV circuit without DCUs the operational current is the maximum power point current at
the switch location. The maximum power point current could be limited by a PCE to a value lower than the
maximum power point current of the PV array. In the case of a DCU output circuit the operational current is the
sum of maximum output current rating of all parallel connected DCUs at the switch location.
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The current making and breaking capacity of the circuit breaker at the PV array maximum
voltage shall be rated as a minimum to make and interrupt the current rating of the circuit
(refer to Table 6) to which it is fitted.

Temperature derating factors should be considered while sizing any electrical equipment.
Circuit breakers in a different environment to the cable or equipment they are protecting may
require careful rating assessment to avoid nuisance tripping or under protection.

7.2.7 Isolation means and isolation means with breaking capabilities
7.2.71 General

In the context of this document, "isolation means" is used as a general term to specify a method
of electfical disconnection in a circuit which provides a method of electrical isolation. put may
not be Ipad breaking. Examples include: fuse holders, plugs, sockets and connectaors:

An "isolption means with breaking capabilities" provides both load breaking and isolation and
may be:

a) swit¢h disconnectors according to 7.2.7.2 ,or
b) circyit breakers with isolation according to 7.2.7.3 ,or

c) inthe case of PCE isolation, the isolation means with breaking‘capabilities may be a¢cording
to 7)2.7.4,

d) alogd breaking plug connection according to 7.2.7.5¢
Devices| providing an isolation means shall:

e comply with voltage and current ratings and gnvironment protection according to 7.2.1;

e not have exposed live parts in connected.or disconnected state.

Tempergture derating factors should be considered while sizing any electrical equipmgnt.

7.2.7.2 Switch-disconnector

A switchi-disconnector used as ‘an isolation means with breaking capabilities shall conply with
IEC 60947-1 and IEC 60947:3 and have mechanisms that have independent manual ogeration.

NOTE 1 [Independent manual operation refers to a mechanism in which the speed of separation of the contacts is
independé¢nt of the way.in\which the user operates the actuator (handle, knob, etc.).

The ratihgs of switch disconnectors shall be selected as follows:

a) The|required current carrying capacity Iy, (thermal enclosed current rating according to
IEC p0947-3) of the switch shall be calculated according to:

Iine 2 the current rating of the circuit to which they are fitted as calculated in Table 6.

The value of I, will depend on the installation conditions where I, shall be de-rated for
temperature conditions at the installation location e.g. indoor, outdoor, exposed to sun, etc.

NOTE 2 The I, value is not dependant on voltage ratings.

The current carrying capacity at the operating ambient temperature shall be rated according
to IEC 61439-1 and IEC 61439-2 for enclosures for assemblies.

b) The rated operational current 7, at the PV array maximum voltage shall be greater than or
equal to the operational current for the circuit to which it is fitted.
NOTE 3 In the case of a PV circuit without DCUs the operational current is the maximum power point current
at the switch location. The maximum operational current could be limited by a PCE to a value lower than the

maximum power point current of the PV array. In the case of a DCU output circuit, the operational current for
the switch is the sum of maximum output current ratings of all parallel connected DCUs at the switch location.


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

IEC 62548-1:2023 © |IEC 2023 - 59 -

c) The current making and breaking capacity at the PV array maximum voltage shall be rated
as a minimum to make and interrupt the current rating of the circuit (refer to Table 6) to

whic

h it is fitted.

NOTE 4 The ., I, and [, values vary dependent on the voltage rating of the switch.

NOTE 5 The minimum current rating of the circuit includes fault current.

d) It shall interrupt current and isolate all live conductors (including functionally earthed
conductors if present).

In addition, switch-disconnectors shall comply with one of the following requirements:

e) Switch-disconnector of utilisation category DC-PV2 (fault currents in a PV array may flow in
the opposite direction to normal operating currents) according to IEC 60947-3.

f) Switch-disconnector tested according to utilisation category DC-PV1 that has_add

beer
the 1

g) whe

current can flow in the reverse direction from any other sources thequtilisation cat
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r to Table/6) to which it is fitted.

hture-derating factors should be considered while sizing any electrical equipmsg

itionally
rents in

and no
bgory of

w in the
ny other

earthed

nominal current rating I, of the circuit breaker at the PV array maximum voltage shall

current at
than the
ent is the

aximum
e circuit

nt.

7.2.7.4

Isolation means with breaking capabilities incorporated in PCEs

7.2.7.4.1 General

Isolation means with breaking capability within a PCE shall be a switch disconnector according
to 7.2.7.2 or a circuit breaker according to 7.2.7.3 or Isolation means with breaking capabilities
using electronics according to 7.2.7.4.2.

7.2.7.4.2 Isolation means with breaking capabilities using electronics

Non-load-break rated isolation means may be used in combination with electronic load breaking
means where:

e The

load breaking electronics are integral to the PCE


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

- 60 - IEC 62548-1:2023 © |IEC 2023

e The electronic load breaking system is single-fault tolerant as indicated by the PCE
manufacturer’s installation documentation

e« The interruption shall be initiated by not more than two deliberate actions by the user

e the interrupting means shall be rated to interrupt the maximum short circuit rating /cp py

(according to IEC 62109-1) of the PCE as indicated by the PCE manufacturer’s installation
documentation

e the non load break isolation means is labeled “Do Not Disconnect Under Load” and shall
require either two independent actions, or the use of a tool to disconnect.

The electronic load breaking system single fault-tolerance requirement means that the current
will be interrupted before the isolation means is operated, even with a single fault applied in the
PCE anfi with no further action from the user.

NOTE 1 |The fault tolerance requirement is intended to ensure that the non-load-break rated isolation means will
not be subjected to making or breaking load current due to a fault in the electronic load breaking‘system.

NOTE 2 |An example is a PCE in which inititaion causes a power transistor to turn off, and fallt tolerance ig provided
by a second independent device capable of interrupting the current in case of failure of the'transistor.

NOTE 3 [Requirements for the electronic load-breaking means included in a PCE ‘are under consideratjon in the
second edition of IEC 62109-1.

7.2.7.5 Load break plug connections

Plug cohnections compliant with both IEC 62852 for P\/-eonnector safety and IEC 61984 for
interruption under load may also be used as an isolatiofy means with breaking capabilifies.

NOTE Only specially constructed plugs and sockets are capable of interrupting load safely. Plugs and socKets which
are not specially constructed for load interruption if disconnected under load represent a safety risk and|generally
incur danjage to the connection which will compromise*the  quality of the electrical connection and cou|d lead to
overheatiphg of the connection.

7.2.8 Cables
7.2.8.1 Size
7.2.8.1.1 General

Cable dizes for PV stringscables, PV sub-array cables and PV array main cable ghall be
determiped with regard-to:

a) overgcurrent protection ratings where in use,
b) the minimunicurrent rating (refer to Table 6),
c) voltage drop and prospective fault current.

The largest’cable size obtained from these criteria shall be applied

PV arrays not connected to batteries are current limited systems, but because of parallel
connection of strings, and sub-arrays, abnormally high currents may flow in array wiring under
fault conditions. Overcurrent protection is specified where required and cables need to be
capable of handling the worst case current from any remote part of the array through the nearest
overcurrent protection device plus the worst case current available from any adjacent parallel
strings.

7.2.8.1.2 Current carrying capacity (CCC)

The minimum cable sizes for PV array wiring, shall be based on the minimum current rating of
the relevant circuit shown in Table 6, and the current carrying capacity of cables as specified
in Table A.3 of IEC 62930:2017 taking into account the current rating conversion factors for
different ambient temperatures in Table A.4 of IEC 62930:2017 . Cable derating factors taking
into consideration cable location and installation method, according to IEC 60364-5-52, shall
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be applied.Where an inverter or other power conversion equipment is capable of providing
backfeed current into the array under fault conditions, the value of this backfeed current shall
be taken into account in all calculations of circuit current ratings. Refer to Annex G.

7.2.8.2

Type

Cables used within the PV array shall meet the following requirements:

— All PV cables shall:

have a voltage rating equal to or greater than the PV array maximum voltage determined

— PV dtring cables shall comply with IEC 62930.

- PV

qualjfied to other nationakstandards governing direct-buried cables. Special cableg
a higher protection against mechanical stress and ingress of water or appropriate prj
meapures shall to be provided if a cable is required to be installed in ground. P\
qualjfied to only<lEC 62930 are not able to be direct buried. Cables used in situation
the
appljcation-e.g. condition AD8 of IEC 62440:2008.

NOTE 1
ingress.

in Clause F.1, and have a temperature rating according to the application.

here movement of the cable is pxppr‘fpd the conductaor of the cable shall bhe

flexible

ualified to IEC 62930, and marked as IEC131 or IEC133 . Examples where sug
re required are: string cables; trackers, and where cables are connected-usirn
nd sockets. Refer to IEC TS 62738 for more guidance on wire manhagen
rackers.

0 00O <

where no movement of the cable is expected, the conductor of the cable can be §
(class 2 of IEC 60228) or flexible (class 5 of IEC 60228).
v
e

here installed in buildings it is recommended that halogen free cables are
ables qualified to IEC 62930, and marked as IEC131 or {EC132.

gub-array and array cables that are not direct buried shall comply with IEC 6

Ih all systems operating at voltages above DV.C A, be selected for the erection
qo as to minimise the risk of earth faults and-short-circuits. This is commonly 4
ysing reinforced or double-insulated cables, particularly for cables that are exp
laid in metallic tray or conduit. This can*also be achieved by reinforcing the pr
gf the wiring as shown in the examples of Figure 12.

H

e suitable for DC application.

If exposed to the environment, be UV-resistant, or be protected from UV
gppropriate protection, orbg’installed in UV-resistant conduit.

array and sub-array cablés that are direct-buried shall be suitable for direct b

cable may~be permanently submersed in water shall be suitable for this

Cables’in buried conduit may be expected to contain water for long periods through condensatio

h cables

g plugs
nent for

tranded

sed i.e.

930, or

method
chieved
osed or
ptection

light by

urial, or
having
otection
cables
s where
type of

h or water

NOTE 2 UL 493 may be useful for qualifying cables for use in direct buried applicatons.
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IEC

Figure 12a — Single or multi-conductor cable where each conductor is both insulated and sheathed

+ -

7.2.8.3

Y
EAG

Figure 12b - Single conductor cable - in suitable insulated conduit/trunking

IEC

Figure 12 — Examples of reinforced protection of wiring

Erection method

The general requirements of |IEC 60364-5-52 shall be considered. Additionally Ann

IEC 629

Cables
also be
to exce
instructi
IEC 624

Cables
over the
cables.

All non-

Cables
installat

NOTE 1

Cable ti
than or

30:2017 shall be considered.

shall be supported so they do not suffer fatigué due to wind/snow affects. Th
protected from sharp edges. Methods of securement shall prevent cable dam

Taut cables may cause strain on connections.)

metalic conduit and ducting exposed to sunlight shall be of a UV resistant type

on site.

In some.Jocations rodents can cause cable damage with potential for earth faults and arc faults.

ex A of

ey shall
hge due

Esive stress or tension due to loading or-sharp radii bends. (Refer to manufacturer's

ons for minimum permissable bend radius for recommended radii, see Table 3 of
40:2008).
hall be supported so that their properties and installation requirements are ma

intained

stated life of the PV plant. Allowance shall be made for expansion and contraction of

shall be protected from flora and fauna where these are a known problem at the

bsshall not be used as a primary means of support unless they have a lifetime| greater
equal to the life of the system or the scheduled maintenance period. Where cable ties

are used as a means of support, they shall be installed such that they do not damage the cable.

NOTE 2 Conduit, ducting and cable ties installed under an array can still be exposed to reflected UV radiation.
Metalic cable ties can have sharp edges which over time and subject to wind affects can cause cable damage.

7.2.9

Plugs, sockets and connectors in PV circuits

Plugs and socket connectors mated together in a PV system shall be of the same product family
from the same manufacturer, i.e.:

e a plug from one manufacturer and a socket from another manufacturer or vice versa shall
not be used to make a connection, or

e a plug and socket of different product family from the same manufacturer shall not be used

tom

ake a connection.
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NOTE 1 For more information regarding hazards and issues related to mismatched PV connectors refer to
IEC TR 63225. When standards are in place regarding a common specification between connectors of two
manufacturer’s products, this will be considered for a future revision of IEC 62548.

Plugs, sockets and connectors shall comply with the following requirements:

e |EC 62852;
e be rated for DC use;

e have a voltage rating equal to or greater than the PV array maximum voltage determined in
Clause F.1;

e be protected from contact with live parts in connected and disconnected state (e.g.
shrouded);

e have a current rating equal to or greater than the current carrying capacity for the-gircuit to
whidh they are fitted (refer to Table 6);

e be cppable of accepting the cable used for the circuit to which they are fitted;

e requlire a deliberate force to separate;

o if accessible by untrained people then shall be of the locking typewhere two independent
actigns or a tool are required to disconnect;

e haveg a temperature rating suitable for their installation location;
o if muylti-polar, be polarised;
e comply with class Il for systems operating above DVCG-A.voltages;

o if exposed to the environment, be rated for outdeor use, be UV-resistant and be pf an IP
rating suitable for the location;

e shal| be installed in such a way as to minimjséZstrain on the connectors (e.g. suppofting the
cablg on either side of the connector);

e plugpk and socket outlets normally used’for the connection of household equipment to low
voltgge AC power shall not be used in\PV arrays;

NOTHE 2 The purpose of this requirement is to prevent confusion between AC and DC circuits [within an
installation.

e shal| be installed in such a way as to minimize contamination by the environment (¢.g. soil,
standing water, insects, 'dust, stickers, paint, heat shrink tubing);

e unmpted connectors'(or "connectors not in use") shall be protected by a dust|cap (or
"profective cap") against ingress of pollution like dust or moisture.

The requirements \of this section do not apply to connections that are designed as connectors
and arellocated\inside the housing of a piece of equipment, for example inside a PCE|. In that
case the requirements of the respective equipment standards apply.

7.2.10 —Wiringimcombiner boxes

Wherever possible, there should be segregation between positive and negative conductors
within combiner boxes to minimise the risks of DC arcs occurring between these conductors.

7.2.11 Bypass diodes

Bypass diodes may be used to prevent PV modules from being reverse biased and consequent
hot spot heating. If external bypass diodes are used, and they are not embedded in the PV
module encapsulation or not part of factory mounted junction boxes, they shall comply with the
following requirements:

e have a voltage rating at least 2 x K; x Ugc mop ©f the protected module;
e have a current rating of at least 1,4 x K| x I5¢ mop:

e be installed according to PV module manufacturer’s recommendations;
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e be installed so no live parts are exposed;

e be protected from degradation due to environmental factors.

NOTE For calculation of K, and K| refer to Annex F.

7.2.12 Blocking diodes

Blocking diodes may be used to prevent reverse currents in sections of a PV array.

In some countries, blocking diodes are permitted as a replacement for overcurrent protection.
In other countries, diodes are not considered reliable enough to replace overcurrent protection
because their failure mode is generally to a short-circuited state when subjected to voltage
tranSie vV requiremer Nould pe taken INto a our 1 vstem daesiqgr

In systems containing batteries it is recommended that some device should be implemgnted to
avoid rgverse current leakage from the batteries into the array at night. A number of solutions
exist to @pchieve this including blocking diodes.

If used, |blocking diodes shall comply with the following requirements:

e have a voltage rating at least 1,3 x PV array maximum voltagé determined in F.1.1

e havae a current rating Iypx of at least 1,4 times the short cjrcuit current at STC of thie circuit
that they are intended to protect; that is:

— 1.4 x Igc mop for PV strings;
- 1,4 X Isc mop X Nga for PV sub-arrays;
- 1,4 x Igc mop X Ng for PV arrays;
e be installed so that no live parts are exposed;

e be protected from degradation due to~environmental factors.

When there is a possibility of high short-circuit current of the PV module due to reflect|on from
the snoy or other conditions, theactor for calculation of Iy;4x should be larger than [1,4. For

exampleg in the snow case, shortcircuit current is affected by ambient temperature, incline angle
and azimuth angle of PV madule, reflection of snow, geographical features and so on] Ijyax is
decided|according to thelclimatic condition, etc.

The usq of blocking'diodes is shown in detail in Annex C.

7.2.13 | Powerconversion equipment (PCE) including DC conditioning units (DCUs)

PCEs shallcomply with IEC 62109-1 and any other applicable part of the IEC 62109 series.

NOTE At present IEC 62109-2 covers inverters, IEC 62109-3 covers PV module integrated PCEs.
The PV input of DCUs and PCEs shall be rated for:
e the maximum open circuit voltage of the input circuit connected.

The absolute maximum prospective short circuit current rating of a PCE’s PV input port is Icp py.-
The PCE shall be selected with an Ip py rating greater than the maximum short circuit current
rating of the PV circuit to which it is connected.
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7.3 Location and installation requirements

7.3.1 Isolation means

7.3.11 General

An isolation means shall be provided in PV arrays to isolate the PV strings, sub-arrays, and
array from equipment and from other circuits to allow for maintenance and inspection tasks to

be carried out safely. Refer to 7.2.6 for requirements related to isolation means and isolation
means with breaking capabilities.

Devices shall be provided in accordance with Table 7.

Table 7 — Isolation means in PV array installations

Circuit or part of circuit Type of isolation means

PV string, DCU string |solation means @ Required

Isolation means @ Required

PV sub4array not directly connected to a PCE
Isolation means with breaking capabilities - Reconfmended

PV sub-array, directly connected to a PCE Isolation means with breaking’capabilities ¢ | Required
PV array Isolation means with breaking capabilities ¢ | Required
PV modules directly connected to DCU Isolation means with- Breaking Required
within thfe PV array capabilities -¢.d

a8 Shedthed (touch safe) connector, fuse combination unit, or isolator are examples of suitable isolationl means.

b Fusg-switch disconnectors, switch disconnectors ands circuit-breakers are examples of isolatio means
with | breaking capabilities.

¢ The Hevice may be a single device or a combinatioh of devices, providing isolation and breaking fundtion.

4 In the case of one or two modules connected.td-a DCU refer to 7.3.1.2e) for breaking capability exceptions.

Means pf isolation that are not\capable of breaking load current shall be marked ['Do not
disconngct under load" and shal’be able to be opened only by use of a tool or key.

Multiple|isolation means may be mechanically integrated in one device and commonly operated.

7.3.1.2 Isolationmeans for power conversion equipment (PCE)

Where required:by 7.3.1.1 the isolation means for PCEs shall be accessible and meet the
requirements of an isolation means with breaking capabilities (refer to 7.2.6).

NOTE 1 TLocal installation codes can allow certain fypes of systems to be installed without a DC isolation means
with breaking capabilities between modules and the PCE, for example below certain voltage and current thresholds,
where DC isolation means with breaking capabilities are provided elsewhere in the system, or where a plug and
connector system is used that is either rated for disconnection under load or provided with a means to ensure no
load current is flowing before opening the connector.

NOTE 2 While this document only deals with the PV side of the system, isolation of a PCE is critically dependent
on also isolating other sources: e.g. the AC grid, aux AC source, battery, etc.

Where isolation means are required, they shall be installed in all current carrying conductors.

It shall be possible to isolate the PCE from all poles of the PV module/s such that maintenance
of the PCE is possible without risk of electrical hazards, except for PCE permanently attached
to a PV module in accordance with IEC 62109-3, such that servicing is only possible by
replacing the combined assembly

NOTE 3 Module integrated PCEs are ones that are permanently attached to a PV module. (e.g. a PCE bonded to a
PV module backsheet).
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Smaller PCEs are often serviced by replacement, rather than being repaired in place,; whereas
larger PCEs are usually repaired in place (i.e. by replacing internal components). Where a PCE
or the main power electronic section of a PCE is removed the remaining wiring shall be touch
safe.

For PCEs repaired by replacement, one of the following methods shall be used to allow safe
isolation of the PCE:

a) an adjacent isolation means with breaking capability, physically separate from the PCE; or

b) an isolation means with breaking capability that is mechanically connected to the PCE and
allows the PCE to be removed from the section containing the isolation means without risk
of electrical hazards; or

NOTH 4 This method typically uses a fixed chassis containing the isolation means with load breaking|capability
and g removable section containing the serviceable electronic section of a PCE.

c) an isolation means with breaking capability located within the PCE, where 'the neans of
isolgtion can only be operated with a tool and is labeled with a readily yisible warnfing sign
or text indicating "Do not disconnect under load"; or

NOTE 5 This method is typically used where a PCE has a load breaking means~internal to the PCH and plug
conngctions for isolation.

d) where a PCE is connected to only one or two modules, -afd where the load hreaking
capability is provided by covering one or two PV module/s, to prevent the modulg/s from
genegrating current. The PCE shall include a means of isolation which can only be gperated
with[a tool and is labeled with a readily visible wafning sign or text indicating ['Do not
discpnnect under load”. The documentation of the P¥ system shall include a descrjption of
a safe system of work and materials required to achieve safe load breaking.

NOTE 6 |A detailed documentation of the covering procedure is very important. For example, turning a AV module
top down may work for some module technologies, but miay. hot work for others, like bifacial modules.

For PCHs repaired in place, the isolation nmiéans with breaking capability shall be locafed such
that ma|ntenance of the PCE (e.g. change of an inverter module, change of fans, clegning of
filters) [s possible without risk of électrical hazards. This isolation means with breaking
capability may be in the same enclosure with the PCE, provided that protection is grovided
against [inadvertent contact with\any parts that remain energized with the isolation means
opened

Suitablyl rated circuit-bréakers, having the characteristics described in 7.2.7.3 and ysed for
overcurrent protection\may also provide the function of an isolation means with breaking
capabilities.

Isolation meanssnot capable of breaking load current shall be marked "Do not disconneft under
load".

An additional DC isolation means with breaking capabilities may be specified for systems with
long DC cable runs through buildings. This isolation means with breaking capabilities is
generally used at the point of cable entry into the building.

Where multiple sub-array isolation means are used to isolate a PCE they shall be installed close
to (i.e. within 3 m and in line of sight of) the power conversion equipment. In this case the
isolation means with load breaking capabilities for the sub-arrays shall all be load breaking
isolation means. This distance is also applicable to initiators for remote controlled sub-array
isolation means, where the sub-array combiners are not close to the PCE. In this case remote
disconnection is allowed where an indication of the proper operation of the disconnection
function is given at the PCE.

The distance between the isolation means and the PCE shall be measured from the outside
boundary of the PCE to the isolation means.
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Where multiple isolation means are required to isolate power conversion equipment they shall

either:

e beg

anged so that they all operate simultaneously, or

e they shall all be grouped in a common location within 3 m and in line of sight of the PCE
and there shall be a warning sign indicating the need to isolate multiple supplies to isolate
the equipment.

An exception for PV power generation plants is allowed where multiple sub-array isolation
means are used to isolate a PCE. In the case of PV power generation plants the isolation means
with load breaking capabilities for the sub-arrays do not need to be within 3 m and in line of
sight provided they are all lockable.

When u
they are

7.3.2
7.3.2.1
The foll
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dete
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eart

5ing isolation means for a PCE the conductors should always be tested toyma
not live before carrying out any maintenance.

Earthing and bonding arrangements
General
pwing options for earthing or bonding of parts of a PV arrayexist.

tional earthing of conductive non-current carrying parts (e.g. to allow fo
ction of leakage paths to earth, insulation monitoring.and residual current de
hing/bonding of exposed conductive parts of .aPV array shall be perfo
rdance with Figure 13 requirements.

hing for lightning protection.
potential bonding to avoid uneven potentials across an installation.

tional earthing of one current carrying pole of the PV array, so called fun
ned PV array. Refer to 7.3.2.4.3 and7.3.2.4.4 for further details.

Some module types require earthing _for proper operation. This earthing is considerg

function

An eart
dimensi

Annex H

7.3.2.2

The con

al earthing only.

h conductor may perferm one or more of these functions in an installati
bns and location of the‘conductor are very dependent on its function.

contains examples of functional earthing arrangements in PV systems.

Bonding conductor size — separated systems

ductorrused to earth exposed metallic support structure of the PV modules i

ke sure

I better
ection).
'med in

ctionally

d to be

bn. The

hcluding

cable tr?ys shall have a minimum size of 4 mm?2 copper or equivalent.

For some system configurations the minimum conductor size may need to be larger due to
lightning system requirements (refer to Figure 13).

Figure 14 shows an example of earthing requirements of exposed conductive parts on a PV

array.
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PV array
maximum voltage
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/ Earth \\
[ with conductor sized

| according to 7.4.2.1 and
| IEC 60364-5-54

\Minimum size 16 rrjmz//

~

b

\

/
\

b realize earthing in the field, see IEC 62305-3.

/

\

swer this question, see the recommendations of IEC/62305-2:2010 and IEC 62305-3 or refg
ation such as number of thunder days per year(ér other lightning characteristics. Assessmeg

e relative position of the PV array to other buildings, and structures able to protect the PV 3
hg strikes.

Figure 13 — PV array exposed conductive parts
functional earthing/bonding decision tree
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IEC 60364-5-54
\\Minimum size 6 mm?
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Exposed conductive
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circuit
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7.3.2.3

If a sep
the mair

Equipotential bonding
where required®

/ Main earthing

Earthing equipment terminal 1

if required?

prth connections shown in this diagram.are™all functional earth connections. The exposed mé
ctions may also be required for lightning_protection.

btential bonding between the PV array~and application circuit is essential in protecting electrical
t lightning overvoltages. The equipbtential bonding conductor should be run as physically close a
live conductors to reduce wiring'loops.

bltage protection surge protective devices (SPDs).

Figure 14 —Exposed conductive parts earthing in a PV array

Separate‘earth electrode

prate earth electrode is provided for the PV array, this electrode shall be conn
earthing terminal of the electrical installation by main equipotential bonding cor

See rec

EC

tal frame

quipment
5 possible

bcted to
ductors.

7.3.2.4

bmmendations on the design of electrades for lightning protection in IEFC 62305

Equipotential bonding

7.3.2.4.1 General

There are two forms of equipotential bonding: main equipotential bonding and supplementary
equipotential bonding.

Main equipotential bonding is the connection of exposed conductive parts to the main earthing

terminal

. These conductors are termed "main equipotential bonding conductors".
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Supplementary equipotential bonding is the connection of exposed conductive parts to exposed
conductive parts and/or extraneous conductive parts. Supplementary equipotential bonding
may be required in order to keep the magnitude of the voltages between simultaneously
accessible exposed conductive parts / extraneous conductive parts sufficiently low to prevent
electric shock.

PV array frame bonding shall be done in accordance with the decision tree presented in
Figure 13.

7.3.2.4.2 PV array bonding conductors

To reduce induced voltages due to lightning, PV array bonding conductors shall be run as close
to the ppsittveand negative PV array and or sub-array conductors as possibie to teduce the
area of conductive loops.

7.3.2.4.3 Functional earthing terminal of PV array

When the PV array is earthed as described in 7.3.2.1d), the connection to\earth shall he made
at a single point and this point shall be connected directly or indirectly-to the main parthing
terminal of the electrical installation if present.

Some electrical installations may have sub-earthing terminals.«Coennection of the PV functional
earth to[sub-earthing terminals is acceptable provided it has been considered for this yse.

The fun¢tional earth connection may be established inside the PCE.

In systems without batteries, the connection to earth shall be on the load side of the RV array
isolation device with breaking capabilities.

In systems containing batteries, the connegtion to earth shall be between the charge cpntroller
and the [battery protection device.

NOTE Iflin some countries isolation means are required/allowed to interrupt functional earth conductors, the location
of the earth connection is important tosinterruption of eath fault currents.

7.3.24.4 Functional earthing conductor of PV array

Where a functional earth(either a direct earth connection or via a resistor) is used to [connect
one of fhe main PV farray conductors to earth, the minimum current carrying capacity of the
functionjal earth cgnductor shall be no less than the lesser of:

o the mominalrating of the earth fault interrupting means (refer to 6.4.3.4 and 6.4.3.5|), or

e whefeda resistor is used in the functional earth path (PV array maximum voltage)/R, where

R is theresistance value used in-series with the functional earth connection

With respect to material and type, insulation, identification, installation and connections,
functional earthing conductors shall comply with the provisions for functional earthing
conductors specified in national wiring standards, or in absence of such standards, with the
provisions set out in IEC 60364-5-54.

7.3.3 Wiring system
7.3.3.1 General

Wiring of PV arrays shall be undertaken with care (to prevent damage occurring) such that the
possibility of line-to-line and line-to-earth faults occurring is minimised.

All connections shall be verified for tightness and polarity during installation to reduce the risk
of faults and possible arcs during commissioning, operation and future maintenance.
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7.3.3.2 Compliance with wiring standards

The PV array wiring shall comply with the cable and installation requirements in this document
and the wiring requirements mandated by local standards and regulations. In absence of
national standards and or regulations, wiring systems used in PV arrays shall comply with
IEC 60364 (all parts).

Particular attention needs to be given to the protection of wiring systems against external
influences.

7.3.3.3 Wiring loops

To reduce—themagnitudeof-transtent=induced-overvottages—and—EME—interference—with other
installatjons, the PV array wiring should be laid in such a way that the area of conductiye loops
is minimum, for example by laying cables in parallel as shown in Figure 15.
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Figure 15a) — Wiringminimum loop area, example 1
PV
module
-+
| 1 |
v
PV
module
junction
box
IEC

Figure 15b) — Wiring minimum loop area, example 2
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7.3.3.4

In the ¢
other en
shall als

e cabl

e the
from

7.3.3.5

The foll

Where (
avoid st

All cablg entries when installed shall' maintain the IP rating of the enclosure. Conduit g

shall be
seal cor

Water c
to be pr

7.3.3.6

Except

Figure 15¢) — Wiring minimum loop area, example 3

Figure 15 — Examples of string wiring with minimum loop area

String wiring

closures, in addition to the requirements for all array wiring th@ following requif
o apply:

bs are protected from mechanical damage, and

the connection.
Wiring of enclosures

bwing provisions apply to the installation of wiring systems for equipment.

sealed according to manufacturer’s instructions. Expanding foam shall not be
duit openings.

bvided to drain water build-up.

Wiring identification

where’ the wiring is concealed in a wall, permanent indelible identification

IEC

pse where wiring of strings between modules or DCUs is notprotected by conduit or

ements

table is clamped to relieve tension in order to prevent the conductor from coming free

onductors enter enclosures without conduit, a tension relief system shall be |used to
Fain on connections inside the enclosures (for example by using a gland connector).

penings

used to

bndensation inside enclosures can be a problem in some locations; provision may need

hall be

provided fof PV array cabling installed in or on buildings. PV array (and sub-array) cabling shall

be ident

ified by one of the following methods:

e PV cabling using distinctively marked PV cables shall be permanently, legibly and indelibly
marked (e.g. cables to IEC 62930).

e Where cabling is not distinctively marked, distinctive coloured labels marked with the words
‘SOLAR DC’ shall be attached at an interval not exceeding 5 m under normal conditions and
not exceeding 10 m on straight runs where a clear view is possible between labels.

e Where cable is enclosed in a conduit or ducting, labelling shall be attached to the exterior

of th

e enclosure at intervals not exceeding 5 m.

Where multiple PV sub-arrays and or string conductors enter a combiner box or PCE they
should be grouped or identified in pairs so that positive and negative conductors of the same
circuit may easily be distinguished from other pairs.
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8 Acceptance

Acceptance testing should be performed according to the requirements of IEC 62446-1.

9 Operation/maintenance

Refer to

the operation and maintenance requirements in IEC 62446-1.

Provision should also be given during the design phase to the PV system’s ongoing operation

and mai

ntenance requirements, per IEC 62446-2.

10 Ma

10.1 E

'king and documentation

quipment marking

All electrical equipment shall be marked according to the requirements for\marking in |

local st4
use app

ndards and regulations when applicable. Markings should be.in,the local lang
ropriate local warning symbols. English examples of sign texts‘are included in A

10.2 Requirements for signs

All sign{

a) be if

b) be |
exarj

c) bec

d) be u

Two exa

10.3

(¢

For rea

required in Clause 10 shall:

delible,

pgible from at least 0,8 m unless otherwise”specified in the relevant clause
nples of signs are in Annex A),

onstructed and affixed to remain legible for the life of the equipment it is attg

relatEd to, and

derstandable by the operators:

mples of signs are given-in Annex A.

entification of a PV installation

sons of safety of_-the various operators (maintenance, personnel, inspectors

distribufion network ©perators, emergency aid services, etc.), it is essential to indi

e of a photovoltaic installation on a building.

such-as“shown in Figure A.2, shall be fixed:

EC or to
uage or
nnex A.

5 (some

ched or

, public
cate the

e origin of the electrical installation,

e metering position, if remote from the origin,

e atthe consumer unit or distribution board to which the supply from the inverter is connected,

presenc
A sign,
e atth
e atth

and
e atal

| points of isolation of all sources of supply.

10.4 Labelling of PV array and PV string combiner boxes

A sign containing the text “SOLAR DC” shall be attached to PV array and PV string combiner
boxes as well as labels indicating "live during daylight" to DC combiner boxes and switches.
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10.5 Labelling of isolation means

10.5.1

General

Isolation means shall be marked with an identification name or number according to the PV

array wi

ring diagram.

All switches shall have the ON and OFF positions clearly indicated.

10.5.2
The PV

PV array isolation means with breaking capabilities

array DC isolation means with breaking capabilities shall be identified by a sign affixed

minant loaaatinn Sdiasant o tha ioalation oo yath heaaloina ~nn o

in a profa

Where 11

hilitin
o roCotoTTata Tt to—tTe ISOoratHo—meanS—wWHth ooy~ CapaottCoT

nultiple isolation means are used that are not ganged (refer to 7.3.1.2) signage shall be

provide$ warning of multiple DC sources and the need to turn off all isolation” megns with

breaking

10.6 Warning sign for anti-PID equipment

A warni
in use a

10.7 Dlocumentation

Documsg

A warni
alarm o
allowed
A warni
remove

finding and remediation.

capabilitiesto safely isolate equipment.

ng sign shall be displayed at all points of isolation indicating.that anti-PID equipment is
nd needs to be isolated before working on the array.

ntation shall be provided in accordance with [EC 62446-1 specifications for P\| arrays.

g shall be placed in the documentation t&Zinform users the implication of an egrth fault
N a system. This is particularly important in systems separated from the earth [that are
to operate after the first fault because a second fault may be extremely darjgerous.
ng shall be included stating that\'simply shutting down the array is not sufficient to
any risk. It is extremely important after a fault condition is detected to initigte fault
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Annex A
(informative)

Examples of signs

Annex A provides examples (see Figure A.1 and Figure A.2) of appropriate signs as specified
in Clause 10.

SOLAR DC

F

g

=

Figure A.1 — Example of sign required on PV array combiner boxes (10:4)

] r _ L
e N
' 'y,
7 -,
PV
L Jd orL -

IEC 60417-6400 or 6400A: Photovoltaic\array installation symbol

ure A.2 - Example of switchboard sign‘for identification of PV on a buildi

The sign should comply with the local fire. services information requirements.

Nationa
marking

committees or national regulations should decide on the labels and locations
S.

ng

of such


https://iecnorm.com/api/?name=3e81a3d9caf334da3e32fd1712f32e87

IEC 62548-1:2023 © |IEC 2023 -77 -

Annex B
(informative)

Examples of system earthing
configurations in PV arrays

Functionally-earthed PV system (per 3.1.1) - with external separation

PCE without internal separation

FV - module(s) EXiernal rransrormer

H H (separated)
: ~|:
z o AC
: : Mains
/ :---------------------: AC.mains
may be
PV array = PCE AC output earthed or
functional unearthed unearthed
earthing*

* For example earthing via a fuse or other overcurrent protection device, and/or switching meang,
impedance, etc.; typically located in the PCE

-

unctionally-earthed PV system (per 3.1.1) - withxinternal separation

PCE with internal separation

PV module(s) Internal Transformer

. (separated) :
H A~ H
& . AC
. ; Mains
/ -..........................x...................- AC mains
= i may be
PV array F;CE |nternta;1| 'ZC earthed or
functional Ink unearthe unearthed
earthing*

n

Linctionally<earthed PV system (per 3.1.1) - with non-separated DC-DC PCE

/

Non-separated DC-DC Converter

DC bus,
loads, etc.

PV array = Unearthe_d D_C
functional output circuit
earthing*

IEC

Figure B.1 — Functionally earthed system topologies
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Non-earth-referenced PV system (per 3.1.2) - with external separation
PCE with external separation
by External Transformer
H . (separated)
: ~ | :
: : AC
E H Mains
AC mains
. . may be
oTredartued PTE AT output earthed or
PV array unearthed unearthed
Non-earth-referenced PV system (per 3.1.2) - with internal separation
PCE with internal separation
PV : Internal Transformer E
E (separated) .
. ~ H
: . AC
2 H Mains
SssssssssssssssssssnsaENebaa\gnananan R R R R AC mains
Unearthed PV i may be
array P_CE internal AC earthed or
link unearthed unearthed

IEC

Figure B.2 — Non-earth-referenced system topologies
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Non-separated system (per 3.1.3) - with inverter

Non-separated PCE**

Unearthed PV
array

PV . :
. H AC
. . Mains
E _: ?\ Earthed
/ AC mains
Unearthed PV
array
Non-separated system (per 3.1.3) - with DC-DC PCE
Non-separated DC-DC PCE**
v : - : DC’bus,
E : loads,
: : etc.
) \ Earthed DC
output

**Typically including switehing”devices to separate the PV array from the AC mains
or DC output circuit in_fesponse to earth faults or other faults

Figure B.3 — Non-separated system topologies

IEC
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Annex C
(informative)

Blocking diode

C.1 General

This informative annex describes blocking diodes intended to be used to prevent reverse current

ina PV

C.2 |

A bloch
Overcur
of an ar
in the rd
the PV &
reduced

In some

array.

ing diode is an effective means of stopping reverse current in, PV
rent/fault current in PV arrays is generally caused by current flowing from one
ray operating normally into a section of an array containing a fault. The fault c
verse direction. Provided correctly rated and functioning blockingydiodes are i
rray, reverse currents are prevented and fault currents either eliminated or sign
(see examples in Figure C.1, Figure C.2 and Figure C.3).

is an e:]ective method of overcurrent/fault prevention providedthe reliability of blocking

over fi

C.3 I

C.3.1

Clause
fault cur

C.3.2

If a sho
fault cur
will flow
current
than the
illumina

The situ

countries, blocking diodes are allowed to replace overeurrent protection devic

e can be assured.

Fxamples of blocking diode use in fault situations

General

C.3 shows examples of the use-of blocking diodes to prevent or significantly
rent in PV arrays.

Short circuit in PV string

rt circuit develops ifnna“PV string without blocking diodes as shown in Figure
rent will flow around the faulted modules and extra fault current in the reverse ¢
in some modules with the source of that current being from other strings. The
can be interrupted by an overcurrent protection device provided the current is
interrupting* current of the overcurrent device. This may not be the case un
ion conditions.

ation“of the same fault with an array with blocking diodes in each string is s

Jse of blocking diodes to prevent overcurrent/fault current in arrays

arrays.
section
irrent is
n use in
ificantly

es. This
) diodes

reduce

C.1a), a
irection
reverse
greater
der low

hown in

Figure C

_’Ih)_ ln-this case the fault current r\nmparnr'l to case 9) S eignifif\anfly reduced

and as

a result the fire hazard is reduced because the blocking diodes prevent a contribution to the
fault current from other parallel strings. This functionality for this type of fault is useful for all
systems types whether the PV array is earthed or not and whether the inverter is a separated

inverter

or not.
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Y1)

\
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A= H= o
A= = b

ARG
= H=g=
SESCETG="
= H=d=

-
=0 =7
=2=7
==

K=
(==
= CH=
==

K Parallelarcing point

x Parallel arcing point IE
IEC

a) without a blocking diode b) with ablocking diode in each string

Figure C.1 — Effect of blocking diode where-there is a short circuit in PV string
Figure ¢.2 shows the fault current paths when\an earth fault occurs in a string of a RV array
which i installed with a negative side functional earth. The worst case fault occurs when the
earth fallt is closest to the top of the stringi.e. the side furthest away from earth). In this case
the blocking diodes need to be installed,in the positive side of the strings.

S G IRLRE
o T T T N
K N I MK N

Y 5 5 5 N MM M o
THERERE - LB
T T T T
VI ? ? ? ?
i) ] 1 LRIRIgE

X Ground fault point - EC X Ground fault point B IEC

a) without a blocking diode b) with a blocking diode in each string

Figure C.2 — Effect of blocking diode where there is an earth fault
on a system with earthing on the negative side
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Figure C.3 shows the fault current paths when an earth fault occurs in a string of a PV array
which is installed with a positive side functional earth. The worst case fault occurs when the
earth fault is closest to the bottom of the string (i.e. the side furthest away from earth). In this
case, the blocking diodes need to be installed in the negative side of the strings.

}

== H= = H=
== H= G ==
== H= = H=

A
i |
N
il i

&

%
L J

¢ Ground fault point ¢ Ground fault point

Figure C.3 — Effect of blocking diode where there is
an earth fault on a system<with positive side earthing

a) without a blocking diode b)) with a blocking diode in each strifg

IEC IHC

Figure €.1, Figure C.2 and Figure C.3 show the operation of a blocking diode in elimingting the

fault cu

rrent contribution from adjacent strings of the array. In this document a method of
detecting and interupting an earth fault’is required and can be implemented using othe
than blpcking diodes. Figure C.2\.shows the situation of a directly earthed array
impedance in the earth connection. It is preferred in this document to install functiong
with limiting resistors in theearth connection. If this method is used, the potential faulf

rmeans
with no
| earths
current

under these conditions jsisignificantly reduced by the effect of the resistance limiting the

maximum current.

C.4

Blocking diodes shall comply with the requirements in 7.2.12.

C.5

Specification of blocking diode

Heat dissipation design for blocking diode

Because the voltage drop of a blocking diode in forward current operation might become over
1V, itis necessary to consider a heat dissipation design of diode for reliability. A heatsink may
be required to keep diode junction temperatures within safe limits. A heat dissipation design
methodology is shown in the following procedures.

e Calculate maximum current Iy;px by PV module current K| x Igc pop in STC.

Iyax = 1,4 x K| x Isc mop (Use higher factor dependent on operating conditions).

Refer to Clause F.4 for K| calculation.

» Obtain the operating forward voltage of the blocking diode Up op at Iy ax from the operating
characteristic of diode.
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e Calculate power dissipation Py .

PcaL = Vb _op X Imax:
e Calculate the thermal resistance Rty as follows so that junction temperature 7 of blocking
diode should not exceed the limit value in consideration of ambient temperature Thg.

Ryy = (Ty = Tam)/ PcAL-
e |If the calculated thermal resistance required is less than the diode’s junction to case plus
case to air thermal resistance, then a heatsink will be required.

When there is a possibility of increased short-circuit current of the PV module e.g. due to the
reflection of snow or other conditions. the multiplier for the calculation of /y,,y should be larger

than 1,4.
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Annex D
(informative)

Arc fault detection and interruption in PV arrays

Unlike traditional electrical products, PV modules and wiring do not have an overall enclosure
to contain arcs and fires resulting from component or system faults. Many PV systems operate
at DC voltages which are very capable of sustaining DC arcs.

There are three main categories of arcs in PV systems (refer to Figure D.1):

e serig

e a parallel arc which may result as a partial short circuit between adjacent wiring whiich is at
different potentials;

e arcs|to earth which result from failure of insulation.

If an arq develops due to a fault in a PV array this can result in significantydamage to the array
and may also result in damage to adjacent wiring and building structufes?” The most serjous arc
is likely|to be a parallel arc because of the energy that is available to feed this typg of arc,
especially when the arc is between the main PV array conductors. This document fequires
double |nsulation on cables used in PV array wiring and because of this double insulation
requirement parallel arcs are very unlikely unless caused, as-a result of significant infsulation
damage| due to fire damage or severe mechanical damage to cables. The most likely] type of
arc to ogcur in a PV system is a series arc. This is becaus€ PV systems typically contain a very
large nymber of series connections. Series arcs are\generally able to be stopped quickly by
removing the electrical load from the PV array. In the-case where a PCE is the only load for the
section pf the PV array experiencing a series arcythis may be accomplished by shuttipg down
the PCE (e.g. grid connected inverter systems). Parallel arcs are much more difficult to
extinguish but are also much less likely to occur.

L N
I I A
Series arcs
PV PV
—

Arcs to earth

PV PV fé\

I | [ Parallel arcs

IEC

Figure D.1 — Examples of types of arcs in PV arrays

If a series arc is not extinguished quickly it may propagate to involve other conductors and
produce parallel arcs. It is therefore desirable to have a method of detecting and interrupting
arcs in PV systems quickly.
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