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ELECTROTECHNICAL COMMISSION

LOW VOLTAGE ELECTRICAL INSTALLATIONS-OF BUILDINGS -

Part 7-712: Requirements for special installations or locations —
Solar photovoltaic (PV) power supply systems

is_redline version of the official IEC Standard allows the user to identify the chang
hde to the previous edition. A vertical bar appears in the margin

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizat|
comprising all national electrotechnical committees (IEC National Committees). The object\of IEC is
promote international co-operation on all questions concerning standardization in the electrical)and electro
fields. To this end and in addition to other activities, IEC publishes International Standards, Techni
Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides, (hereafter referred
as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any/lEC National Commit
interested in the subject dealt with may participate in this preparatory work. International, governmental 4
non-governmental organizations liaising with the IEC also participate in this preparation. IEC collabora
closely with the International Organization for Standardization (ISO) in accordance with conditions determir
by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters €xpress, as nearly as possible,
international consensus of opinion on the relevant subjects since each technical committee |
representation from all interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made' to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or for 2
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in_their national and regional publications. Any diverger
between any IEC Publication and the corresponding“national or regional publication shall be clearly indica
in the latter.

IEC itself does not provide any attestation of.conformity. Independent certification bodies provide conforni
assessment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible for 4
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC «or_itS directors, employees, servants or agents including individual experts 4
members of its technical commijttees and IEC National Committees for any personal injury, property damg
or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) 4
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to ‘the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.

Attention isedrawn to the possibility that some of the elements of this IEC Publication may be the subjecf
patent rights:* IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60364-7-712 has been prepared by IEC technical committee 64:
Electrical installations and protection against electric shock.

This second edition cancels and replaces the first edition, published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) The technical content has been extensively revised and expanded, taking into account
experience gained in the construction and operation of PV installations, and developments
made in technology, since the first edition of this standard was published.

THe text of this standard is based on the following documents:

FDIS Report on voting
64/2154/FDIS 64/2163/RVD

FJll information on the voting for the approval of this standard canibe found in the report pn
voting indicated in the above table.

THis publication has been drafted in accordance with the ISOHEC Directives, Part 2.

Aftfention is drawn to the co-existence of IEC 60364-7-712 and IEC 62548 standards. Bqth
standards have been developed in close coordination‘by different technical committees.

A |list of all parts in the IEC 60364 series, published under the general title Low voltage
electrical installations, can be found on the |E€ website.

THe reader's attention is drawn to the\ fact that Annex F lists all of the “in-some-countfy
clauses on differing practices of aldess permanent nature relating to the subject of this
standard.

ThHe committee has decided that the contents of this publication will remain unchanged until
the stability date indicated~on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be
e | reconfirmed,

e | withdrawn,

o [ replaced by a revised edition, or

e [ amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

For the purpose of this part of IEC 60364 (IEC 60364-7-712), the requirements of the general

pa

rts 1 to 6 of IEC 60364 apply.

The IEC 60364-7-7XX parts of IEC 60364 contain particular requirements for spec
installations or locations which are based on the requirements of the general parts of
IEC 60364 (IEC 60364-1 to IEC 60364-6). These IEC 60364-7-7XX parts are considered in

(o0}

njunction with the requirements of the general parts.

ial

TH
th
th
mg
]

R

ap
re

Th

pdrt follows the pattern and corresponding references of JEG 60364.-Numbering—of-claus]

el

number of this part are those of the corresponding parts;, or clauses of the other parts of t

IELC
re
th

ap

NU

n

In
af
no
ob

njmber. For annexes, the numbering of figures and tables takes the letter of the annex, t

e particular requirements of this part of IEC 60364 supplement, modify or replace certain
b requirements of the general parts of IEC 60364 being valid at the time of publication
s part. The absence of reference to the exclusion of a part or a clause of a géneral p

bans that the corresponding clauses of the general-requirementscontained-inparis1-to-6
C 60364 part are applicable (undated reference).

quirements of other 7XX parts being relevant for installations coveréd by this part al
ply. This part may therefore also supplement, modify or replace certain of the
uirements valid at the time of publication of this part.

of
of
art
Lof

se

e clause numbering-appearing-after 712 refersto-the-correspepding parts-orclauses of this

es—not—therefore—necessarilyfollow—sequentially: Thé{numbers following the particu

C 60364 series, valid at the time of publication of this part, as indicated in the normati
erences of this document (dated reference). If fequirements or explanations additional

es
ar
he
Ve
to

bse of the other parts of the IEC 60364 serie's/are needed, the numbering of such iteqs

pears as 712.101, 712.102, 712.103, etc.

mbering of figures and tables takes:the number of this part followed by a sequentjal

mber of the part and a sequential-fiamber.

the case where new or amended general parts with modified numbering were publishp

he

er this part was issued, the;€lause numbers referring to a general part in this 712 part mpy

longer align with the™latest edition of the general part. Dated references should
served.

be
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LOW VOLTAGE ELECTRICAL INSTALLATIONS-OFBUHDINGS -

Part 7-712: Requirements for special installations or locations —
Solar photovoltaic (PV) power supply systems

2 Solar photovoltaic (PV) power supply-systems installations

17

NQ
he

71

Th

TE The abbreviation “PV” is used for—selar—photoveltaie® “Photovoltaic”. Photovoltaic installations Jre,

eafter, known as PV installations.

2.1 Scope

is part of IEC 60364 applies to the electrical installation of PV-—peowefsupply systems
ingluding-systems-with-AC-modules intended to supply all or part of an installation.

th
su

R

TH
en

NG
co

NG
of

stems—which-are intended feor st
StemS—WHHECHRafFe—HHEe RGeSt

e equipment of a PV installation, like any other item of'equipment, is dealt with only so
its selection and application in the installation is conggrned.

PV installation starts from a PV module or a §etvof PV modules connected in series w
bir cables, provided by the PV module manufacturer, up to the user installation or the util
pply point (point of common coupling).

quirements of this document apply to

PV installations not connected ta\a system for distribution of electricity to the public,
PV installations in parallel wit’a system for distribution of electricity to the public,
PV installations as an altémnative to a system for distribution of electricity to the public,

appropriate combinations of the above.

is document dogs\\iot cover the specific installation requirements for batteries or oth
ergy storage methods.

TE 1 Additienal requirements for PV installations with battery storage capabilities on the DC side are un
sideratiof.

TE,2_ This document does cover the protection requirements of PV arrays which develop as a result of the |
batt€ries in PV installations.

th
ity

er

er

For systems using DC-DC converters, additional requirements regarding voltage and current
rating, switching, and protective devices can apply. These requirements are under

(o0}

nsideration.

The object of this document is to address the design safety requirements arising from the
particular characteristics of PV installations. DC systems, and PV arrays in particular, pose
some hazards in addition to those derived from conventional AC power installations, including
the ability to produce and sustain electrical arcs with currents that are not greater than normal

op

erating currents.
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In grid connected PV installations the safety requirements of this document are, however,
critically dependent on the PCE associated with PV arrays complying with the requirements of
IEC 62109-1 and IEC 62109-2.

712.2 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.

IEIC 60228, Conductors of insulated cables (LQ

IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements Q;\fuse-/inks for the
4

prptection of solar photovoltaic energy systems /\
/

IEC 60332-1-2, Tests on electric and optical fibre cables under fir nditions — Part 1-2: Te¢st
fof vertical flame propagation for a single insulated wire or le — Procedure for 1 KW
pre-mixed flame C)

IEC 60364 (all parts), Low-voltage electrical installation%\\

IEC 60364-4-41:2005, Low-voltage electrical ins@/ons — Part 4-41: Protection for safety —
Prptection against electric shock

O
IEC 60364-4-43, Low-voltage electrical ingtallations — Part 4-43: Protection for safety| —
Prptection against overcurrent QA

IEC 60364-4-44, Low-voltage ele@@al installations — Part 4-44: Protection for safety| —
Prptection against voltage distu@nces and electromagnetic disturbances

1E
P4

o
D
i}
Y
n
5
)
™™=
P
[¢¢]
o
P
Q
D
oy

IEC 60670 (all pa@,QBoxes and enclosures for electrical accessories for household apd
similar fixed eIech,ca/ installations

IEC/TR 6

Ol n n [ I
L ggqu, Rera—FeqtHFe et +O+— +atiat et pefrat Prot HY VA

IE%QS (all parts), Electrical accessories — Circuit-breakers for overcurrent protection for
household and similar installations

N}
®
.
b
O
&
3
b
Q.
o
3
&
¢}

IEC 60898-2, Circuit-breakers for overcurrent protection for household and similar
installations — Part 2: Circuit-breakers for a.c. and d.c. operation

IEC 60947 (all parts), Low-voltage switchgear and controlgear

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

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

IEC 61140, Protection against electric shock — Common aspects for installation and
equipment

IEC
qua

3

IEC 61439 (all parts), Low-voltage switchgear and controlgear assemblies Q}/

IEC 61439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Po )@\W!tchge ar
and controlgear assemblies

IEC 61557-8:2014, Electrical safety in low voltage distribution systems yp 1 000 V a.c. apd

1 00 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Parf 8:

Insulation monitoring devices for IT systems %)
Q‘b

IEC 62109 (all parts), Safety of power converters for use in pecj)g@\/oltaic power systems

IEC 62109-1:2010, Safety of power converters for use /nsQ%/ovo/taic power systems — Part|1:

Ge¢neral requirements <<
IEC 62109-2, Safety of power converters for uQ n photovoltaic power systems — Part|2:
Pgrticular requirements for inverters N
QO
IEC 62262, Degrees of protection provi by enclosures for electrical equipment against

external mechanical impacts (IK code)@

IEC 62423, Type F and type B e /dual current operated circuit-breakers with and withqut
injegral overcurrent protect/on ousehold and similar uses

IEC 62446-1, Photovo/taC)»PV) systems — Requirements for testing, documentation aphd
maintenance — Part 1, ‘Grid connected systems — Documentation, commissioning tests apd

ingpection O

IEC 62852:201%, - Connectors for DC-application in photovoltaic systems — Safgty
requiremen d tests

712.3 C)% Terms and definitions

s
For the purposes of this document,-the-definitionsof IEC 60050({826)as—wel-as the following

terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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712.3.1

PV cell

photovoltaic cell
solar cell

solar photovoltalc ceII

most elementary deV|ce that exh|b|ts the photovoltalc effect i.e the d|rect non-thermal
conversion of radiant energy into electrical energy

Note 1 to entry: The preferred term is "solar photovoltaic cell" or "photovoltaic cell", colloquially referred to as a

L uu
sqQrar—cetr

[SPURCE: IEC 61836:2007, 3.1.43 a), modified — "that exhibits ... electrical ene@as
been added]
X\

71(2.3.2 (19
PVY module
snpallest complete environmentally protected assembly of |nterconnectedﬂ¥'\cells

Note 1 to entry: See IEC 60904-3. %b(
712.3.3 Qrb
PY string ©
cifcuit-r—whi i e o
Fe}wmd—eu%pm—ve#age of one or more series- connecteds\ Qdules
o

[SPURCE: IEC 61836:2007, modified — "or one or @(e" has been added]
712.3.4 \\<2
PV array ‘\\}
meehameaJ-Ly—anel—e@etpmaW—mteg;afeed Qembly of electrlcally mterconnected PV modules

strings or PV sub-arrays-a R

Nofe 1 to entry: For the purposes of this&cument a PV array is all components up to the DC input terminalq of
anlinvertor or DC loads. A PV array dq@not include its foundation, tracking apparatus, thermal control, and other
su¢h components.

Nofe 2 to entry: A PV array \%’nsmt of a single PV module, a single PV string, or several parallel-connected
str[ngs, or several parallel-con ted PV sub-arrays and their assomated electrical components (see Figure 71p.2
to Figure 712.4). For the poses of this document the boundary of a PV array is the output side of the PV arfay
digconnecting device. &

712.3.5
PV sub-array
electrical subset of a PV array formed of parallel connected PV modules or PV strings
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712.3.6

PV string cable

cable interconnecting—PV¥ the modules-te—ferm in a PV string, or connecting the string to a
combiner box, PCE or other DC loads

Note 1 to entry: Examples of PV string cable are shown in Figure 712.3 and Figure 712.4.

712.3.7
PV array cable
eutput cable of a PV array that carries the total output current of the array

712.3.8

PV AC supply cable
ca(LbIe connecting the AC terminals of the PV-inverter PCE to a'distribution-cireuit board of the
elgctrical installation

712.3.9

PV AC supply circuit
cirlcuit connecting the AC terminals of the PV RQE/ to a distribution board of the electrigal
ingtallation

712.3.10

PY AC module

inﬂegrated module/inverter PCE assembly where the electrical interface terminals are-AGC
alfernating current only and where noaccess is provided to the DC side

712.3.11
PV installation
erected equipment of a P\V_power supply-system installation

712.3.12

standard test conditions
ST1C

t_G-
stgndard.set of reference conditions used for the testing and rating of photovoltaic cells apd
modulesias given in the relevant product standard for example IEC 61215

Noke_%t to nnfry- The standard test conditions gi\lnn inlEC 61215 for P\/ modules gare:
a) PV cell temperature of 25 °C;
b) irradiance in the plane of the PV cell or module of 1 000 W/mZ2;

c) light spectrum corresponding to an atmospheric air mass of 1,5.

Note 2 to entry: This note applies to the French language only.

712.3.13
open-circuit voltage under standard test conditions

Uoc sTc
voltage under standard test conditions across an unloaded (open) PV module, PV string or PV

array;—P\V-generator; or on the DC side of the PV-inverter PCE
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712.3.14
open-circuit maximum voltage

Uoc max
maximum voltage across an unloaded (open) PV module, PV string, or PV array, or on the DC

side of the PV PCE

Note 1 to entry: The method for determining U, is given in Annex B.

OC MAX
712.3.15
short-circuit current under standard test conditions
IsgsTe

short-circuit current of a PV module, PV string or PV array-e+P\-generator under standdrd |
test conditions

712.3.16
short-circuit maximum current

Isg mAX
maximum short-circuit current of a PV module, PV string or PV array

Nofe 1 to entry: The method for determining /g y,ax IS given in Annex B.

712.3.17

bgckfeed current
maximum current that can pass from PCE to the PV arrdy-and its wiring under normal |or
simgle fault conditions

71(2.3.18

reyerse current
current that can backfeed into a PV circuit from. parallel connected strings or sub-arrays jas
the result of a fault, for example a short-circuitin the affected circuit

712.3.19

sHort-circuit current rating
[S :P.V . . o . . . .
maximum prospective short-circuid current from the PV array for which the SPD, in conjunctipn
with the disconnectors specified, is rated

712.3.20
D¢ side
pdrt of a PV installation from-a-PV.-<cell the PV modules to the DC terminals of the PV-inverfer
PCE

712.3.21
AC side
pqrt of & PV installation from the AC terminals of the PV-inverter PCE to the point |of |

connection of the PV supply cable to the electrical installation

712.3.22

maximum power point tracking

MPPT

control strategy whereby PV array operation is always at or near the point on a PV device's
current-voltage characteristic where the product of electric current and voltage yields the
maximum electrical power under specified operating conditions

Note 1 to entry: This note applies to the French language only.
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2.3.23

Imob_max_ocPr
PV module maximum overcurrent protection rating

Note 1 to entry: See IEC 61730-2.

71

2.3.24

blocking diode
diode connected in series with module(s), strings and sub-array(s) to block reverse current

17

712.3.25 A
bypass diode o
dipde connected across one or more cells in the forward current direction Q~
Nofe 1 to entry: The purpose is to allow the module current to bypass shaded or broken cells t vent hot s
or hot cell damage resulting from the reverse voltage biasing from the other cells in that module. ‘91,

712.3.26 /\'\

fupctional earthing /\'

FE

pot

egrthing a point or points in a system or in an installation or in eq-@nent for purposes otHer
than electrical safety Q)Q
Nofe 1 to entry: Such a system is not considered to be an earthed arraQ/C)
Nofe 2 to entry: Examples of functional array earthing include ear@ng one conductor through an impedance,| or
only temporarily earthing the array for functional or performanceQa ns.
Nofe 3 to entry: In a PCE intended for an array not cg ted to a functional earth that uses a resistjve
measurement network to measure the array impedance rth, that measurement network is not considered a
form of functional earth. 5\\)
Nofe 4 to entry: This note applies to the French Ia{@bge only.
[SPURCE: IEC 60050-826:2004, 82662@&10 modified — the notes have been added]
Q\

712.3.27 (e)
o b\
irnadiance N~
G \\0
el¢ctromagnetic radiated @Iar power per unit of area
Nofe 1 to entry: Irradi@s expressed in W/m?2.
[SPURCE: IEC& 36:2007, 3.6.25 modified — the note and sub-entries have been deleted]
712.3.28 Q2
Isp V\
sho@&uit current of the PV array at standard test conditions

N
712.3.29
Iscmop _ -
short-circuit current of a PV module or PV string at standard test conditions (STC), as
specified by the manufacturer in the product specification plate

Note 1 to entry: As PV strings are a group of PV modules connected in series, the short-circuit current of a string
is equal to I yop-

71

2.3.30

Isc s-ARRAY

sh

ort-circuit current of a PV sub-array at standard test conditions (STC)


https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 RLV © IEC 2017 - 15—

712.3.31

power conversion equipment

PCE

system that converts the electrical power delivered by the PV array into the appropriate
frequency and/or voltage values to be delivered to the load, or stored in a battery or injected
into the electricity grid

SEE: Figure 712.2 to Figure 712.4.

Note 1 to entry: This note applies to the French language only.

712.3.32

N}
inverter Qy

PCE which converts DC voltage and DC current of the PV array into AC volt%\g and AC

current
5
,\'\

712.3.33 A\’
isplated PCE ¢

PCE with at least simple separation between the main power outpu-b@rcuits and PV circuits

Nofe 1 to entry: This note applies to the French language only.

Nofe 1 to entry: The simple separation may be either integral to the P@@provided externally, for exampl¢ a
PQE with an external isolating transformer.

Nofe 2 to entry: In a PCE with more than two external circuits, &(e may be isolation between some pairs| of
cirguits and no isolation between others. For example, an invertef,with PV, battery, and mains circuits may prov|de
isdlation between the mains circuit and the PV circuit, but no i ion between the PV and battery circuits.

712.3.34 \\Q
ngn-isolated PCE O

PCQE without the minimum separation betwggn the main power output and PV circuits or wjth
leakage currents greater than the requir@&nts for an isolated PCE

712.3.35 A’\Q

PY array combiner box (@)

enclosure where PV sub-ar ’§' are connected and which may also contain overcurrgnt
prptection and/or switch-di@ection devices

Nofe 1 to entry: Small ar {/s generally do not contain sub-arrays but are simply made up of strings, whergas
large arrays are genera@de up of multiple sub-arrays.

712.3.36 O

PV string co ner box

enclosure e PV strings are connected which may also contain overcurrent protective
devices or switch-disconnectors

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

712.3.38

Uoc ARRAY -
open-circuit voltage at standard test conditions of a PV array

712.3.39

Voc MOD . e
open circuit voltage of a PV module at standard test conditions, as specified by the

manufacturer in the product specification
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2.31 Purposes, supplies and structure
2.31.101 PV array configuration

2.31.101.1 General

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

17

Figure 712 1 illustrates the gnnnral functional r\nnfignrnfinn of 2 P\/ installatiaon
- T T T T T T T T T T B I a
| I !
I I I
I - !
I I !
| 1 I
I I I
I I !
| 1 I
I I !
| 1 Application {
| PV : | circuit :
| |
| array | | |
I I I
I I I
| 1 I
I I !
| Ly !
| Array : | :
! circuit ! |
| I
__________________ I e

IEC
Figure 712.1 — General functional-configuration of a PV installation
THree kinds of application circuit are considered:

71

Th
fu

PV array is connected to DC loads;

separation;

PV array is connected to AC installation via a PCE which does not include simj
separation.

2.31.101.1.1 PV Installation architectures

e relation0f2a PV array to earth is determined by whether any earthing of the array
hctional #€a@sons is in use, the impedance of the earthing connection and also by the ea

PV array is connected tqg "AC installation via a PCE which includes at least simple

e

or
th

status ofthe application circuit (e.g. PCE or other equipment) to which it is connected. This

an

d the location of the earth connection all affect safety for the PV array (refer to Annex A).

The requirements of manufacturers of PV modules and manufacturers of the PCE to which t
PV array is connected shall be taken into account in determining the most appropriate system

ea

rthing arrangement.

he

Protective earthing of any of the conductors of the PV array is not permitted. Earthing of one
of the conductors of the PV array for functional reasons is not allowed unless there is at least
simple separation from mains earth provided either internally in the PCE or externally via a

Se

parate transformer.

If the simple separation is provided externally there shall be no other equipment connected to
the same circuit as the PCE.

NOTE A DC current-carrying conductor that is connected to earth is considered to be a live conductor.
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712.31.101.1.2 Array electrical diagrams

The diagrams in Figure 712.2 to Figure 712.4 show the basic electrical configurations of
single-string, multiple parallel-string and multi-sub-array PV respectively.

PV array
T T T .
A .
/ \
! y
| |
I I
I I
! PV array overcurrent |
| Py protection device if I
: d required |
I I
I I
| | |
PV module | ! |
I I
I
' | A
I ! S oceE =]
I | Power
: \ I [ conversion
| P (A equipment
| v 2\ pFecpp | €quip
I [
} | PV string cable / |
I PV array cable [
I Py |
| |
I
| | |
' I
I
I PV array I
! PV switch-disconnector |
I
I |
I I
I I
I I
I I
I I
' :
l\ PV string ;
i !
A -
Key e X T
----------- Elements that are not\tequired in all cases
— — — Boundary of system or sub-system EC
Figure 712.2 — PV array diagram - single string case
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PV array

PV string overcurrent N
protection device if
applicable

e ™. PV string disconnector
i 1 if applicable
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PV array overcurrent

0
<
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protection device if

l

;pplicable

T
3

|
|
| !
I
| -
| e |
| ! ' ff - 5~ ocro
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! cable ! i ;
Py Py I Py | i | B equipment
| / T
% g ! g - | PV array
/ cable
Py Py I P | I
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S 9 & | N
i y |
v . lJ v J switch-disconnector |
\ PV string combiner l
N box l
| I
| I
PV module PV string I
I
I
]
B
A
e -

------ Elements that are not required in all cases
—-—- Enclosure
— ——Boundary of system or sub-systém

Figure\712.3 — PV array diagram — multiple parallel string case
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[
i
|
|
[
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|
[
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|
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/

Y
\ To other /
- sub-arrays .

Key

.......... Elamantc that ara nat racauirad in all ~acnac
Elements-that-are-notrequired-inal-ea

—-—- Enclosure

———Boundary of system or sub-system

IEC

Figure 712.4 — PV array diagram — multiple parallel
string case with array divided into subarrays

In Figures 712.2, 712.3 and 712.4, components drawn in dotted format are not needed in all
cases. The figures indicate the location in the circuit when they are needed.
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Figure 712.5 — PV array using a PCE with multiple MPPT DC inputs

IEC
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PCE with multiple inputs
common bus

— =G H-———]<=

<=4

— G

Yy
Key PV section 3

~ Elements that are not required in all cases
—-—- Enclosure

——— Boundary of system or sub-system IEC
Figure 712.6 — PV array using a PCE with multiple DC
inputs internally connected to a common DC bus

712.31.101.1.3 Use of PCE with multiple DC inputs
712.31.101.1.3.1 General

PV arrays are often connected to PCEs with multiple DC inputs. Refer to Figures 712.5 and
712.6. 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 backfeed
currents.
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2.31.101.1.3.2 PCEs with separate maximum power point tracking (MPPT) inputs

Where a PCE’s input circuits provide separate MPPT inputs, the overcurrent protection of the

se

ction of the array connected to those inputs shall take into account backfeed current.

Each PV section connected to an input (refer to Figure 712.5) may be treated for the purposes
of this document as a separate PV array. Each PV array shall have a switch-disconnector to
provide isolation of the PCE. The PV array switch disconnectors may be mechanically

integrated in one device and commonly operated.
712.31.101.1.3.3 PCEs with multiple inputs internally connected together in the& E
Where a PCE’s multiple input circuits are internally paralleled onto a common DC \,/ea h
PV section connected to one of those inputs (refer to Figure 712.6) shall be treated for the
pUrposes of this document as a sub-array and all the PV sections combined shal@ classifipd
as| the complete PV array. Each PV sub-array shall have a switch-disconneﬂor to provide
isglation of the PCE. This function may be provided by a commonyFY  array swifch
digconnector. h

b
712.31.101.1.4 Series-parallel configuration "b%
All PV strings within a PV array connected in parallel shall b gf the same technology apd
have the same number of series connected PV modules (s igure 712.2 to Figure 712.4),
urnless such modules are being tracked by separate MP - In addition, all PV modules|in
pgrallel within the PV array shall have similar rated eledtrical characteristics, including short-
cifcuit current, open-circuit voltage, maximum pow%@rrent, maximum power voltage ahd
rated power (all at STC), unless such modules are g tracked by separate MPPTs.
This is a design issue which needs to be co@ered by the project implementer, particulafly
when replacing modules or modifying an ex'@ g PV installation.
712.31.101.1.5 Considerations §$ to prospective fault conditions within a PV

array .
2
Injany installation, the source ot\@u t currents needs to be identified.
N

PY installations containi&g’\\Sétteries may have high prospective fault currents due to the
battery characteristic.
Inla PV installatio hout batteries, the PV cells (and consequently PV arrays) behave like
current sources er low impedance faults. Consequently, fault currents may not be mugh
grgater than r@mal full load currents, even under short-circuit conditions.
THe fau rent depends on the number of strings, the fault location and the irradiance levgl.
This miakes short-circuit detection within a PV array very difficult. Electric arcs can be formefd
in array with fault currents lower than the operating current of an overcurrent protectivef
device:
712.31.101.1.6 Performance issues

A PV array’s performance may be affected by many factors, including but not limited to:

shading or partial shading;
temperature rise;
voltage drop in cables;

soiling of the surface of the array caused by dust, dirt, bird droppings, snow, industr
pollution, etc.;

orientation;

ial
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e PV module degradation.

Care should be 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 that any shadowing be reduced as much as is practicable. Note that even a
small shadow on the array can significantly limit its performance.

Issues of performance degradation due to temperature rise and the need for good ventilation
are described in 712.515.101. Care should be taken to keep modules as cool as practicable

In|the design process the sizing of cables within the array and in cable connections the
arfay to the application circuit affects the voltage drop in those cables under load. W:’ can pe
pdrticularly significant in PV installations with low output voltage and high output turrent. Iffis
recommended that under maximum load conditions the voltage drop from t ost remqte
module in the array to the input terminals of the application circuit should nolf/ xceed 3 %]|of
the PV array voltage at its maximum power point. ,\

4

Pqllution of the surface of PV modules caused by dust, dirt, bird drogppings, snow etc. cpn
significantly reduce the output of the array. Arrangements sh be made to clean the

9

modules regularly in situations where significant pollution may t@ roblem.

71(2.4 Protection for safety . ®$
K\
xO
Calculation of Ugc max and.\{&MAx is performed in Annex B.

712.4.101 General

71(2.4.102 Func@al earthing (FE) of a live part on the DC side

Fqgr functional re&s, some PV module technologies require a live part to be connected|to

egrth. @

Functiona rthing of a live part of the DC side of a PCE is permitted, if there is at legst
simple aration between the AC side and the DC side by means of a transformer havipg
elg¢ctrically separate primary and secondary windings. The transformer may be either internal
orT rnal to the PCE. The transformer winding connected to the PCE shall not be earthgd,
and the PCE shall be suitable for this.

The functional earthing of a live part shall be performed at a single point of the DC side, near
the DC input of the PCE or in the PCE itself.

The earthing should preferably be located between the disconnection device and the DC
terminals of the PV PCE.

The requirements of 712.421.101.2.3 shall also be applied.

A cable used for functional earthing shall not be identified by the colour combination green-
and-yellow. It is recommended to use the colour pink.
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2.41 Protection against electric shock
2.410 Introduction

2.410.101 PV equipment on the DC side shall be considered to be energized, even wh

17

en

the-system AC side is disconnected from the grid or when the PCE is disconnected from the
AC DC side.

R4

TH
an

71

R

Th

sh

71

71

7
on

2.410.3.5 Qy

Q

place the requirements as follows: q/
e protective measures specified in IEC 60364-4-41:2005, Annex B, i.e.A({é(L/se of obstacl
4

d placing out of reach, shall not be used. /\
b‘/
2.410.3.6 (b%
Q)Q
place the requirements as follows:

\(</C)

e protective measures specified in IEC 60364-4-41 :2Q§5, Annex C, i.e.

earth-free local equipotential bonding,

non-conducting location, QQQ
N

electrical separation for the supply of m%sés\%an one item of current-using equipment,

all not be applied. $’®

)
2.410.102 On the DC side, one%\f the following protective measures shall be used:

double or reinforced insulation;
N
SELV or PELV. Q

2.412 Protecti@n’easure: double or reinforced insulation

2.412.101 Tr'@)equipment, for example PV modules, distribution boards or cabinets, us
the DC sid@hall be Class Il or equivalent insulation, according to IEC 61140.
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712.414 Protective measure: extra-low-voltage provided by SELV and PELV \/A
712.414.101 For the use of SELV and PELV protective measures on the DC side\\ oc Miax

shiall not exceed 60 V DC. Q\
71[2.414.102 The smooth DC voltage to be considered is the PV array man@ufn voltage
Ugpc max: A?

4
712.42 Protection against thermal effects

712.420.101 Fire safety of PV installations Q)Q

Applicable national or local fire requirements shall be take\l@@(% account.

X

712.421 Protection against fire caused by eIecthg equipment
712.421.101 Protection against the effects o@@ulation faults

N
712.421.101.1 Protection against the é@cts of insulation faults without at ledst
simple separation ins(%@he PCE or on the AC side
b\

712.421.101.1.1 The functional earth.iskg of a live part on the DC side is not permitted.
K\
712.421.101.1.2 In the event QL@n insulation fault on the DC side, either:

e | the PCE shall be auton\\ﬁ}glly disconnected from the AC side, or
e | the faulty part of the,Fg”array shall be automatically disconnected from the PCE.
NQTE 1 Disconnectio be provided by the PCE; see IEC 62109 (all parts).

NQTE 2 Automz%@connection can be provided by an RCD.

712.421.1 - In the event of an insulation fault on the DC side, an alarm shall pe
automati given (see 712.531.3.101.3).

NG T‘g)f the insulation fault is detected by the PCE, according to IEC 62109 (all parts) an alarm is initiated by fhe
PQE

712.421.101.2 Protection against the effects of insulation faults with simple separation
inside the PCE or on the AC side

712.421.101.2.1 The functional earthing of a live part on the DC side is permitted.

712.421.101.2.2 Without functional earthing of a live part on the DC side, an insulation
monitoring device (IMD), or another device offering equally effective monitoring, shall be
installed.

NOTE An inverter according to IEC 62109 (all parts) can be used to provide this function.
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712.421.101.2.3 Except where the following paragraph applies, PV arrays that have one
conductor connected to a functional earth shall be provided with a device or association of
devices, in accordance with 712.532.102, that interrupts the current in the functional earthing
conductor in the event of an insulation fault on the DC side. The device (or association of
devices) shall also give an alarm according to 712.421.101.2.4.

The requirement of the previous paragraph does not apply where the functional earthing is
connected to earth via a resistor having a resistance R which meets the following condition:

R> Uoc max A

In
where '<\
is the value of current given in Table 712.6. (19

NQTE In the event of an insulation fault, an immediate shut down of the PCE can be,\é‘oe sary for functiopal
regsons.

W|(th functional earthing of a live part on the DC side via a resis Btn insulation monitoripng
dgvice (IMD), or another device offering equal effective monit f§@ shall be installed (sge
712.531.3).

NQTE A PCE according to IEC 62109 (all parts) can be used to provic@«s function.

712.421.101.2.4 In the event of an insulation fault©n the DC side, an alarm shall pe
adtomatically given (see 712.531.3.101.3). Q&

NQTE If the insulation fault is detected by the PCE, acc\§&ing to IEC 62109 (all parts), an alarm is initiated by fhe
PQE.

Adcording to IEC 60364-4-41:2005, 411\’@%1 it is recommended that a fault be eliminated
with the shortest practicable delay. @

.\@
712.43 Protection against cGercurrent
712.430.3 General reckﬁments
712.430.3.101 Genera

Oyercurrent within array can result from faults in array wiring or from fault currents due
to|short-circuits i@odules, in combiner boxes or in module wiring.

PY modul e current limited sources but can be subjected to overcurrents because they
can be cted in parallel and also connected to external sources. The overcurrents can pe
caluse the sum of currents from

° }nlhnla pnaralel adiacent-strings
........ pa e e8RS tHRGSS

e some types of PCEs to which they are connected and/or

e external sources.
712.430.3.102 Requirement for overcurrent protection

Overcurrent protection shall be provided in accordance with 712.430.3.102 to 712.433.1.101
and with PV module manufacturer’s requirements.

Overcurrent protective devices required for the protection of PV modules and/or their wiring
shall be selected to reliably and consistently operate within 2 h when an overcurrent of 135 %
of the nominal device current rating of the PV modules is applied.
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712.430.3.103 Requirement for string overcurrent protection

String overcurrent protection shall be used if:

((Ns =1) x Isc_max ) > ImoD_MAX_OCPR

where:

Ng is the total number of parallel connected strings protected by the nearest overcurrent

protective device.

When circuit-breakers with overcurrent protection elements are used, they may also provifle
the disconnecting means required in 712.536.2.101 to 712.536.2.103. Q}/

71(2.430.3.104 Requirement for sub-array overcurrent protection r<\

Syb-array overcurrent protection shall be provided if more than two sub- arra()is:lrre connectged
in [parallel. /\

'
712.432 Nature of protective devices b‘:\

(D
o

712.432.101 Blocking diodes used to connect the PV strings ngarallel shall not be reli
upon as a means of protection against overcurrents.

712.432.102 The overcurrent protective devices of the Dg/side shall be either gPV fuses|in
accordance with |[EC 60269-6 or another device in ac@dance with IEC 60947 (all parts) |or

IEC 60898 (all parts). Q((

Devices in accordance with IEC 60947 (all pab§) and IEC 60898 (all parts) shall be of types
sufitable for the expected conditions, in part\ ar for operation with direct current, revergse
cufrrent and critical current.

¥

712.433 Protection against overlp@éen—l—he—&@—side current
\

712.433.1 Coordination betvgggn conductors and overload protective devices

cﬁhiﬂ'oﬂ to-P\/ ctrin
LOHtea—to— StHA

712.433.1.101 @rload protection sizing

712.433.1.1@' General

THe sel@ multiplier in 712.433.1.101.2 to 712.433.1.101.4 shall be adjusted to account for
PY s @ s operating in climatic conditions where I is expected to routinely exceed STC
valué

NOTE Numerous climatic and environmental conditions can result in high short-circuit currents of the PV modules
and arrays exceeding STC values, such as geographic locations with unusually high solar resource, reflection from
the snow, or other conditions. For example, in the snow case, short-circuit current is affected by ambient
temperature, incline angle and azimuth angle of PV module, reflection of snow, geographical features, etc.

712.433.1.101.2 PV string overload protection
Where string overload protection is required, either:

1) each PV string shall be protected with an overload protective device, where the nominal
overload protection rating of the string overload protective device shall be I,, where:

[n > 1,5 X ISC MOD and
[n < 2,4 X ISC MOD and



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

W

71

In
fir
oV,

- 28 - IEC 60364-7-712:2017 RLV © IEC 2017

Iy < Iyiob_MAX_OCPR
or

strings may be grouped in parallel under the protection of one overload protective device

provided:
Ing > 1,5 X NTS X ISC_MOD and
Ing <Imop_max_ocpr ~ ((N7s -7) x Isc_mop )

where

’n is the rated current or current enHing of the efring overload prn’rnr\fi\/n rh::\/im::,

Ing is the rated current or current setting of the group overload protective device,

N

2.536.2.103. N

5t weeks or months of operation. This should be taken into
erload protection and cable ratings. Q

N/
Ntg is the total number of strings in a group under the protection of one overloag\ﬁmce

3

here circuit-breakers are used as devices for overload protection, IEC 6036?@ parts) al

permits these to fulfil the role of a disconnecting means as required by 36.2.101

some PV module technologies, /gc yop is higher than the nomin I;\ated value during t
f@unt when establishi

S50
to
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PV string group
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This is only an example and other switching, disconnecting and/or overload protective devices may be required in
individual cases, but for simplicity these are not shown in this figure.

NOTE 1 This is a special case and the design is only possible where the overload protection rating of a PV
module is much larger than its normal operating current.

NOTE 2 In case of specific constraints such as side by side mounting of equipment used simultaneously at
nominal current and/or high ambient temperature, the choice of rated current for the protective device could be
affected.

Figure 712.7 — Example of a PV array diagram where strings
are grouped under one overload protective device per group
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712.433.1.101.3 PV sub-array overload protection

The rated current or current setting (7)) of overload protective devices for PV sub-arrays shall
be determined with the following formulae:

In > 1,25 X ISC S-ARRAY and

< 2,4 x Igc s.ARRAY:

T a1 28 e ltinlin,e ad baora tnctand ~Ff thn 4 E a1 lor tend far ot e 1ot Sl Aol er
T T, Z O TITOrtPIreT HSeRereHhSteatorhe LR |||u|ur.l||u| OoCTUTOT oStritTgS 1o tO SHTOW—EE S

flexibility. A multiplier of 1,25 should not be used in areas where heightened irradiance grs
frgquently as this would be likely to cause nuisance overload protective device operat;

NQTE In case of specific constraints such as side by side mounting of equipment used smultaneﬁ y at nomipal
cufrent and/or high ambient temperature, the choice of current rating of the protective device coud'li/ impacted.

712.433.1.101.4 PV array overload protection /\'\q’

or|where other sources of current may feed into the PV array under t conditions. The ratpd
current (Z,) of PV array overload protective devices shall be rate%ﬁb ollows:

©
I, > 1,25 x Igc s.ARRAY a@/()
A\

P\ array cable overload protection is only required for PV mstallatlo%s/éonnected to batteries

LN
n <24 xIgc A%A@

THe PV array overload protective devices are monly installed between the battery |or
bdtteries and the charge controller as close ‘s\possmle to the battery or batteries. If thege
delvices are appropriately rated, they prowdé&otechon to both the charge controller and the

PY array cable, and consequently no fur: PV array cable overload protection between the
PY array and the charge controller is nesessary.The 1,25 multiplier used here instead of the
1,9 multiplier used for strings is to al designer flexibility. A multiplier of 1,25 should not pe
usied in areas where heightened irradiance occurs frequently as this would be likely to cause

nudisance overload operation.

xO

NQTE In case of specific const!ﬁ&é such as side by side mounting of equipment used simultaneously at nomipal
cufrent and/or high ambient temperature, the choice of current rating of the protective device could be impacted.

71(2.433.2 Posit@ of devices for overload protection

Overload protective devices where required by 712.430.3.101 to 712.430.3.104, and
712.433.1.101 for PV array, PV sub-array, and PV strings shall be placed as follows.

e For string overload protective devices, they shall be where the string cables join the sub-
array or array cables in the string combiner box (refer to Figures 712.3 and 712.4).

e For sub-array overload protective devices, they shall be where the sub-array cables join
the array cables in the array combiner box (refer to Figure 712.4).

e For array overload protective devices, they shall be where the array cables join the
application circuit or the PCE (refer to Figures 712.2 to 712.4).
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NOTE The location of the overload protective devices at the end of those cables furthest from the PV sub-array or
string is to protect from fault currents flowing from other sections of the PV array or from other sources such as
batteries. Due to the inherent current limiting characteristics of PV, there is insufficient fault current from the
source in the faulted circuit itself to cause the overload protective device to operate.

An overload protective device required for a string cable or sub-array cable shall be placed in
each live conductor (i.e. each live conductor not connected to the functional earth).

An exception applies for a string cable not in the same wiring system as sub-array cables, and
for a sub-array cable not in the same wiring system as string cables. In these cases, an
overload protective device need only be placed in one unearthed live conductor of the string
caple or each sub-array cable. The polarity of this conductor shall be the same for all cables

thus protected. Q}/
71[2.433.101 Protection of PV array cable r<\

THe continuous current-carrying capacity (/,) of the PV array cable shall bg -gteater than|or
equal to the maximum short-circuit current of the PV array: /\r\
/\/

ISC MAX Of the PV array < [Z /

712.433.102 Protection of PV AC supply cable Q)Q

THe rated current for the overload protective device of t%gé?c supply cable shall take into
acicount the design current of the PCE. The PCE design ‘etfrent is the maximum AC currgnt
giyen by the PCE manufacturer or, failing that, 1,1 timesits rated AC current.

71(2.434 Protection against short-circuit cuer@

N\
71(2.434.101 The PV AC supply cable shal @protected—by from the effects of short-circpit
er[ by an overcurrent protective device igstalled at the connection to—the-AC—mains the
dgsignated distribution board of the elecbg\‘:c\dl installation.

712.44 Protection against vo@%e disturbances and electromagnetic disturbances

71(2.443 Protection againéf:ivc%nsient overvoltages of atmospheric origin or due to
switching - O
o
712.443.101 Taking into~ account the sensitivity of the setting up of the photovoltaic
modules, detailed a tion should be paid to the protection of the structure itself (building)
adainst direct eff f the lightning; this subject is covered inlEC 62305 (all parts).

.

712.443.4 QS&vervoltage control

712.44 QM Protection against transient overvoltage

Ww@ protection against transient overvoltage is required by
a 1 th

Cl"lll o442 ciich nratantinn oh
S e—rao—SHerpreteeHo—Sht

Depending on the distance between the PCE and the origin of the installation, further
protection against transient overvoltage may be required on the AC side.

Where |IEC 60364-4-44:2007, Clause 443 does not require protection against transient
overvoltage, a risk assessment according to 712.443.5.101 shall be performed.
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712.443.5 Risk assessment method
712.443.5.101 Risk assessment for PV installations

Where the relevant data is available, a risk assessment may be carried out to evaluate if
protection against transient overvoltage is required.

The method of risk assessment is based on the evaluation of the critical length:

Lyt and its comparison with L.

SKDs shall be installed on the DC side of the installation where:

Ly Lcrit (19
where ,\‘1/
e | L is the maximum route length (m) between the PCE and the co’krfection points of the
photovoltaic modules of the different strings. W
e (L. (M) depends on the type of PV installation, and is calculagd)according to Table 712}1:
Table 712.1 — Calculation of the critical length L ;;
\ X/
Type of installation PV installation is attached&\t\he PV installation is not attached tp
building Z the building
Ly (M) 157, )" 200/,
L>Lg; (m) \\gﬁDs are required on the DC side
N4
| o Q , |
o | Ng is the lightning ground flash del@y (flash/km#4/year) relevant to the location to the
power line and connected struct . This value may be determined from ground flash

location networks in many atgds of the world. (IEC 62305-2:2010, Clause A.1 |or
IEC 60364-4-44:2007/AMD"1 :%9 , 443.5)
b\

712.444 Protection Measu against electromagnetic-interference (EMI)-in-buildings
influences C)\\

4
as

712.444.5 \E‘a’rthing and equipotential bonding
71(2.444. @ Functional earthing conductor

712@?5.5.101 Functional earthing terminal of PV array
AN

When the PV array is earthed as described in 712.4.102 the connection to earth shall be
made at a single point and this point shall be connected to the main earthing terminal of the
electrical installation.

NOTE 1 Some electrical installations can have sub-earthing terminals. Connection of the PV functional earth to
sub-earthing terminals is acceptable provided it has been considered for this use.

NOTE 2 The functional earth connection can be established inside the PCE.

In PV installations without batteries, this connection point shall be between the PV array and
the PCE and as close as possible to the PCE.
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In PV installations containing batteries, this connection point shall be between the charge

(o0}

NOTE 3

ntroller and the battery protection device.

the location of the earth connection is important in regards to interruption.

If in some countries disconnection devices are required/allowed to interrupt functional earth conductors;

712.5 Selection and erection of electrical equipment

712.51 Common rules

712.51.101 The method of calculation of Un~ pay @nd Ia~ may iS given in Annex B.

71(2.510.3 General

Add the following:

Equipment in outdoor locations shall have a degree of protection of at |gast’ IP 44 and| a

delgree of protection against external mechanical impact not less than W 87 in accordance

with I[EC 62262.

PY array wiring and associated components are often exposedrio UV, wind, water, snow,

helating due to direct solar radiation, and other environmental ganditions. Particular attentipn

is [drawn to the need for measures to allow the escape of water-that may accumulate even|in

wgtertight enclosures, and the need for measures againét-heating caused by direct sofar

ragliation.

71[2.511 Compliance with standards

71(2.511.1

Add the following:

Sypport structures and module moufiting arrangements shall comply with applicable building

codes regulations and standards and module manufacturer’s mounting requirements.

712.511.101 PV modules. shall comply with the requirements of the relevant equipmgnt

standard 4}@ either IEC 61215494’—er—ysta#+ne—ll\/—medales (aII parts) or IEC 61646.— PV
o te

thg

712.511.103 A combiner box shall comply with IEC 61439-2 or, for household and similar
locations, may alternatively comply with IEC 60670 (relevant parts). Switchgear assemblies

sh

71
71
71

all comply with IEC 61439 (relevant parts).

2.512 Operational conditions and external influences
2.512.1 Operational conditions

2.512.1.1 Voltage
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712.512.1.1.101 Open-circuit maximum voltage Ugc max
The open-circuit maximum voltage Up- way is determined in accordance with Annex B,
Clpuse B1. A
Q&

712.512.1.1.102 Component requirements ,\

N
712.512.1.1.102.1 General (19
Alf components shall comply with the following requirements: /\r\q/
e | be rated for DC use where applicable; /\,

e | have a voltage rating equal to or greater than the ope;b@rcmt maximum voltage
determined in 712.512.1.1.101; Q

e | have a current rating equal to or greater than that shown @%ble 712.2.

Fgr some PV technologies the I . current available during:the first few weeks of operation|is
considerably greater than the normal rated value. In sofae technologies the I, increases over
time. Equipment shall be rated for the highest expe<§ﬁ current value.

Where the DC voltage is conditioned (e.g. wh \a DC/DC converter is used), equipment shiall
be rated for the highest expected current and ltage values.

712.512.1.1.102.2 PV module cIa@

Where the protective measure u-s‘éd on the DC side is double or reinforced insulatipn
according to 712.412, PV moc(oﬁbes shall be selected according to class Il or equivalgnt
ingulation according to IEC 6

Where the protective meagﬂre used on the DC side is extra-low voltage by means of SELV |or
PELV, according to 414, PV modules shall be selected according to class Il or class Il|or
equivalent msulatl ccording to IEC 61140.

712.512.1. 1@3&3 Combiner box class

Where t protective measure used on the DC side is double or reinforced insulatipn
acjcor to 712.412, combiner boxes shall be selected according to class Il or equivalgnt
ins,\@}on according to IEC 61140.

Where the protective measure used on the DC side is extra-low voltage by means of SELV or
PELV, according to 712.414, combiner boxes shall be selected according to class Ill or class
Il or equivalent insulation according to IEC 61140.

712.513  Accessibility

712.513.101 The selection and erection of a PV installation shall facilitate safe maintenance
and shall not adversely affect provisions made by the manufacturer of the electrical
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equipment to enable maintenance or service work to be carried out safely. Combiner boxes
which contain overcurrent and/or switching devices shall be capable of being reached for
inspection, maintenance or repairs without necessitating the dismantling of structural parts,
cupboards, benches or the like.

712.514 Identification

712.514.101 Safety marking

For reasons of safety of the various operators (maintenance personnel, inspectors, public
digtribution network operators, emergency aid services, etc.), it is essential to indicatche
presence of a photovoltaic installation on a building. Q}/

A Bign, such as shown in Figure 712.8, shall be fixed Qr<\
e | at the origin of the electrical installation, and q’
e | at the metering position, if remote from the origin, and /\'\

4
e | at the consumer unit or distribution board to which the supply fronbt‘llak PCE is connected.
©

$e)
>

c\)js‘ IEC
NQTE National committees or national regulations should decide on the labels and locations of such markings.

Figu@ 12.8 — Example of an indication showing the presence
of a photovoltaic installation on a building

71[2.51 4.1e§1ive parts marking

Edqc nt of access to live parts on the DC side, such as distribution boards and cabinefs,
shaN\ave a permanent marking for example bearing the text ‘SOLAR DC - Live parts cpn
remain energized after isolation’.

712.514.103 Isolation marking

All PCEs should bear a marking indicating that, before any servicing operation, the PCE shall
be isolated from all supplies.

712.514.104 Equipment marking

All electrical equipment shall be marked according to the requirements for marking in IEC or
to local standards and regulations when applicable. Markings shall be in the local language or
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use appropriate local warning symbols. English examples of sign texts are included in
Annex C.

71

2.514.105 Requirements for signs

Examples of signs are given in Annex C.

71
71

2.514.106 Labelling of disconnection devices

2.514.106.1 General

Di
P

Al

71

Th
lo

W
Sig
dig
71

Dd

sh
to

71

Ad

TH
frd

71
71
71

sconnection devices shall be marked with an identification name or number accordin&t’(}\t
array wiring diagram. Q.

/\
N
.Q%Q

switches shall have the ON and OFF positions clearly indicated.

2.514.106.2 PV array disconnecting device ,\'\

4
e PV array DC switch disconnector shall be identified by a sig%‘;\\iﬂxed in a promine
ation adjacent to the switch disconnector. "b%

here multiple disconnection devices are used that are not %%ed (refer to 712.536.2.1(
nage shall be provided warning of multiple DC sourceséb
bconnectors to safely isolate equipment. AN\

S

2.514.107 Documentation QQ

cumentation shall be provided in accordance&?h IEC 62446-1.
QO

all be provided to the PV installation ner, which explains the need for immediate acti
investigate and to correct the fault.

)

Q\
2.514.2 Wiring systems\o

<

C)\
e identification of AC ‘and DC circuits shall be such that they are clearly distinguishal
m each other (e@ labels or different coloured cables).

O

2.515 Pn@éntion of mutual detrimental influence

d the following:

2.!&?1 01.1  Thermal aspects
AN

set of operational instructions for the in§ulation fault alarm referred to in 712.531.3.101.

2.515. @ Selection and erection of PV modules in relation with external influenceg

he

nt

3)

the need to turn off all switch

e

Pr

ovisions shall be made in the mounting arrangement of PV modules to allow for t

he

maximum expansion/contraction of the modules under expected operating temperatures,
according to the manufacturer’s recommendations. Similar provisions shall be made for other
applicable metallic components, including mounting structures, conduits and cable trays.

71

2.515.101.2 Mechanical loads on PV structures

The PV array support structures shall comply with national standards and regulations with
respect to loading characteristics. Particular attention should be given to wind and snow loads

on

PV arrays.
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712.515.101.3 Wind

PV modules, module mounting frames, and the methods used for attaching frames
buildings or to the ground shall be rated for the maximum expected wind speeds at
location according to local codes.

to
the

In assessing this component, 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.

load shall be accounted for in assessing the capability of the building to withs

resulting forces. N
S

712.515.101.4 Material accumulation on PV array (1/

selecting suitably rated modules, calculating the supporting struct%‘
likewise, when calculating the building capability to support the arra

unevenly distributed as the snow starts to slide down. This can lead t@gmflcant damage to the module
support structure.

;\\
71(2.515.101.5 Corrosion @)

to|buildings or to the ground, shall be made f tﬁ orrosion resistant materials suitable for
lifgtime and duty of the equipment, for examgk&

W|nd force applied to the PV array will generate a significant load for building structu@lis
d

Srjow, ice, or other material may build up on the PV array and shall /ﬁf counted for whe
e for the modules a

NQTE Immediately after snow falls these loads are often evenly dlstrlbute@fter some time they can be vgry

Module mounting frames, and the methods used@attaching modules to frames and framgs

uminium, galvanized steel, treated timber.

If aluminium is installed in a marine or oﬂ@ highly corrosive environment, it shall be anodizpd

the

D
o 5

gnd

the

D

tola thickness and specification suita for the location and duty of the equipment. Corrosiyve

gases, such as ammonia in farmin%&@&ironments, also need to be taken into account.

MIasureS shall be taken to Prev nt electrochemical corrosion between dissimilar metals. This
may occur between structu«‘\c@and the building and also between structures, fasteners and PV
modules.

Stpnd-off materlaIQ Il be used to reduce electrochemical corrosion between galvanically
digsimilar metal ces, for example nylon washers, rubber insulators.

Manufactu instructions and local codes should be consulted regarding the design |of
mountin tems and any other connections such as earthing connections.

71 2\@/ Wiring systems

712.521 Types of wiring systems
712.521.101 Type
712.521.101.1 Cables used within the PV array shall:

e Dbe suitable for DC application;

e have a voltage rating of equal to or greater than the open-circuit maximum voltage

determined in clause 712.512.1.1.101;

e have a temperature rating according to the application, taking into account that

PV

modules frequently operate at temperatures of the order of 40 K above ambient
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temperature and therefore cable insulation of wiring installed in contact or near PV

modules shall be rated accordingly;

if exposed to the environment, be UV-resistant, or be protected from UV light
appropriate protection, or be installed in UV-resistant conduit or trunking;

be suitable for the expected conditions of exposure to water;

where copper conductors are used, have tinned, multistranded conductors in order
reduce degradation of the cable over time;

in all installations operating at voltages exceeding extra-low voltage, be selected so as

by

to

to

NQ

NQ

III;II;III;LU thc I;Dlr\ Uf ;IIDU:dt;UII fquha (Thlb ;D bUIIIIIIUII:y auhicvcd UD;IIH bdb:cb havi
insulation and a non-metallic sheath, selected and installed in accordance with IEC 6
4-41:2005, 412.2.4.1, particularly for cables that are exposed or laid in metalli y
conduit. This can also be achieved by reinforcing the protection of the wiring aﬂs own
Figure 712.9); N

N Q
be flame retardant as defined in IEC 60332-1-2; ‘l/

have conductors classified according to minimum class 5 of IEC 602/&é\\(}//here subject
movement (such as for tracking installations or where string cables/are exposed to win
or a minimum of class 2 of IEC 60228 where not subject to moverr&n }

TE 1 Some countries require halogen free cables when those cables are r@ through a building

TE 2 |EC 62930, Electric cables for Photovoltaic systems, is under deyelopment.

&
S

g
4-
or
in

to

),



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 RLV © IEC 2017 -39 -

Q

Conductor

Insulation OR

IEC

Non-metallic sheath J Q
"%

»\43
Q
[2)

a) Single or multi conductor cable
where each conductor is both insulated and sheathed

)2 / + A
bnductor Insulating I 1 N ]
conduit ’ Insulatirjg
OR f\ < trunking
L] b‘ L]
Insulation
IEC Q)\) IBC
b) Insulated conductor cable - in insulated@nduitltrunking
Metallic conduit Q @)
Q Metallic trunking
Conductor Q ’/

I I
- | @
Insulation ° Q N 000
O IEC

Non-metallic sheath
. c\}“ IEC

S

Q Conductor Insulating
Q§ bedding
%O Steel wire Insulating
C) armour jacket
&
sutation
IEC

d) Steel wire armoured cable
(usually suitable only for main DC cable)

Figure 712.9 — Examples of cables with reinforced protection
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712.521.101.2 Cables on the DC side shall be selected and erected so as to minimize the
risk of earth faults and short circuits.

712.521.102 General

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.

712.521.103 Wiring loops

Td reduce the magnitude of transient overvoltages, the PV array wiring shall be laid in sucH a
way that the area of conductive loops is minimum (e.g. by laying cables in parallel as.sfoywn
in|Figure 712.10)

1
PV module /V
PV module
junction box
Return | ¥
conductor

IEC
Figure 712.10 — PV string wiring with minimum loop area

712.521.104_sString wiring

In|the case-where wiring of PV strings between modules is not protected by conduit or otHer
erlclosuares, in addition to the requirements for all array wiring the following requirements shgll
al$odapply:

e cables are protected from mechanical damage, and

e the cable is so installed as to relieve tension in order to prevent the conductor from
coming free from the connection.

712.522 Selection and erection of wiring systems in relation to external influences
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71

2.522.101 Installation method

Cables shall be supported so they do not suffer fatigue due to wind/snow affects. They shall
also be protected from sharp edges. Cables shall be supported so that their properties and
installation requirements are maintained over the stated life of the PV plant. All non-metalic

ca

NQ
Md

71

7
un

71
71
A(
C4

wi
to

ble management systems exposed to sunlight shall be of a UV resistant type.
TE Conduit, ducting and cable ties installed under an array might still be exposed to reflected UV radiati
talic cable ties can have sharp edges which over time and subject to wind affects could cause cable dama’g&
2.523 Current-carrying capacities /\Q~
2.523.101 The ambient temperature for cables subjected to direct he from t
derside of PV modules shall be considered to be at least 70 °C. '\(1’/.
2.524 Cross-sectional areas of conductors /\i\
b‘/
2.524.1 %)
Q‘b
©
d the following: C)
ble sizes for PV string cables, PV sub-array cables arfci\*’v array cable shall be determin

h regard to overcurrent protection ratings where @e, the minimum current rating (re
Table 712.2), the voltage drop and prospecé fault current. The largest cable si

obtained from these criteria shall be applied.

»

arrays not connected to batteries are é\\?rent limited sources but because of paral

P
connection of strings, and sub-arrays, a@nally high currents can flow in array wiring und
falilt conditions. Overcurrent protecti s specified where required and cables shall
capable of handling the worst caseggurrent from any remote part of the array through t
nearest overcurrent protective devi& plus the worst case current available from any adjace
pdrallel strings. xO

O
712.524.1.101.1 C)\

TH
ba

In
fir
TH

.

e minimum cable @s for PV array wiring, based on current-carrying capacity (Z,), shall
sed upon a cuz;@ rating calculated from Table 712.2.

some PV@ule technologies /g pqop is higher than the nominal rated value during t
bt week months of operation, and in other technologies Igc \op increases over tin
iss e taken into account when establishing cable ratings.

pn.

el
er
be
he
nt

NS
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Table 712.2 — Minimum current rating of circuits

Relevant circuit Protection Minimum current upon which cable cross sectional
area and or other circuit ratings shall be chosen
PV string overcurrent Current rating (/,) of the nearest downstream overcurrent
protection not provided protective device

+ 1,25 x Igc pop X (Ng = 1)
where:

N, is the total number of parallel connected strings

orotected by thg ngargst gvgrourrgnt nrotgctive dgvice
g B4 g T

NOTE A

i) The nearest downstream overcurrent protectiQ‘may
Pl string be the sub-array protection and if this is no’&Present

then it may be the array overcurrent pr%&ion if
present.

ii) When no overcurrent protection i Gbe’d in the
complete array then N is the total'number of parallel
connected strings in the complete PV array; and the
rated current (/) of the neargst overcurrent protectiv
device is replaced by 250,

1%

PV string overcurrent Current rating (7,) of th \thring overcurrent protective]
protection provided device (refer to 712.4 .101 to 712.430.3.104,

712.433.1.101 and('r"l 7433.2.101)
e

PV sub-array overcurrent The greater of llowing:

rotection not provided
P I provi a) Current sSﬁg (1) of the PV array overcurrent

proteCtive device + 1,25 x sum of short circuit curren
of her sub-arrays

b\\1, 5 x I3 5.arRray (O relevant array)

PV sub-array
sQéTE When PV array overcurrent protection is n¢t
N'\Q) used, the / is replaced by zero in Equation (a).
PV sub-array overcurrer@v Current rating () of the PV sub-array overcurrent
protection provided | (%) protective device (refer to 712.430.3.101 to
Q\ 712.430.3.104, 712.433.1.101 and 712.433.2.101)
PV array overc @t 1,25 x [,
protection n IJr%Vided SCARRAY
P\ array PV arra \‘\‘a\f%urrent Current rating (/,) of the PV array overcurrent protective
protectimrovided device (refer to 712.430.3.101 to 712.430.3.104,
\' . 712.433.1.101 and 712.433.2.101)
o
Where a PC other power conversion device is capable of providing backfeed current irjto
the array u fault conditions, the value of this backfeed current shall be taken into accoynt

infall cal @ ions of circuit current ratings. In some circumstances the backfeed current Will
hgve t éadded to the circuit rating as calculated in Table 712.2.

712.525 Voltage drop in consumers installations
712.525.101 Voltage drop in PV installations

For efficiency reasons, other than electrical safety and correct functioning of equipment,
consideration shall be given to the voltage drop in the PV installation. See 712.31.101.1.6.
National requirements should be considered.

When the PV installation is generating power, the voltage at the PCE terminals is higher than
the voltage at the grid connection point. This voltage difference should be kept to a minimum
in order to prevent the PCE from nuisance tripping on overvoltage.


https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 RLV © IEC 2017 -43 -

The recommendations of IEC 60364-5-52:2009, Annex G apply.

71
71

2.526 Electrical connections

2.526.1

Add the following:

Male and female connectors mated together shall be of the same type from the same

m

an

Cq

manufacturer e a male connector from one manufacturer and a female connector fr
other manufacturer or vice versa shall not be used to make a connection. Q
nnectors shall comply with the following requirements: '<\ 3
be rated for DC use (IEC 62852); (19

NG
71

Fd
col

have a voltage rating equal to or greater than the open-circuit m%imum voltage

determined in 712.512.1.1.101; /\

’

be protected from contact with live parts in connected and cggc\:nnected state (e
shrouded);

have a current rating equal to or greater than the current-ca@g capacity for the circuit
which they are fitted (refer to Table 712.2);

be capable of accepting the cable used for the circuit tbgfnich they are fitted;

L\

require a deliberate force to disconnect; o)
if accessible by untrained people, then shall %§® the locking type where two independe
actions are required to disconnect;
N
have a temperature rating suitable for theﬁ(\}\stallation location;
if multi-polar, be polarized; \\S\Q
comply with Class Il for PV install ns operating above 35 V;

if exposed to the environment,*& rated for outdoor use, be UV-resistant and be of an
rating suitable for the Iocatio@

shall be installed in su way as to minimize strain on the connectors (e.g. supporti
the cable on either sic@; the connector);

plugs and socke il‘ets normally used for the connection of household equipment to |
voltage AC povx@ all not be used in PV arrays.

TE The purpo gethis requirement is to prevent confusion between AC and DC circuits within an installatio

2.526.1§‘Connectors on the DC side

r P %stallations not using SELV or PELV protective measures on the DC side, ofly

nt

pwW

n.

ors especially suitable for the DC side of PV installations shall be used.

Connectors in a location accessible to persons other than skilled or instructed persons shall
either be of a type which can only be disconnected by means of a key or a tool or shall be
installed within an enclosure which can only be opened by means of a key or a tool.

71

2.526.102 Wiring installation in combiner boxes

The following provisions apply to the installation of wiring systems combiner boxes.

Where conductors enter a combiner box without conduit, a tension relief arrangement shall be

us

ed to avoid cable disconnections inside the box (for example by using a gland connector).

All cable entries when installed shall maintain the IP rating of the enclosure.
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17

NOTE Water condensation inside combiner boxes can be a problem in some locations; provision can be made to
drain water build-up.

71

2.527 Selection and erection of wiring systems to minimize spread of fire

Under consideration.

71

2.528 Proximity of wiring systems to other services

Under consideration.

71

Ut

71
71
71
w

71

71

R

2.529  Selection and erection of wiring systems in relation to maintainability, Q
including cleaning Q}/
der consideration. (\
S
2.53 Isolation, switching and control ‘.
AN

2.530.3 General and common requirements ,\,

/
2.530.3.101 Residual current devices @b‘

here an RCD is used for protection of the PV AC supply cwc@the RCD shall be of type
accordance with IEC 62423, unless:

the manufacturer’s instructions state that the invertd\}rovides at least simple separati
between the AC side and the DC side, or

the installation provides at least simple sepa@n between the invertor and the RCD
means of separate windings of a transform r\

the invertor is in accordance with IEC 62‘&13);) 1 and the manufacturer’s instructions do 1
require the use of a type B RCD, in %@ch case the type of RCD shall be in accordan
with the manufacturer’s instructions. *0

2.531 Devices for protection &alnst indirect contact (fault protection) by
automatic dlsconne %n of supply

2.531.101 Detect{(ardlsconnectlon and alarm requirements

quirements for detecilgrf of insulation faults, actions required and alarms depend on t

type of system eart and whether the PCE provides electrical separation of the PV arr

frd
of

m the output cir e.g. the grid). Table 712.3 shows the requirements for measuremer
PV array ms ion re3|stance to earth and PV array RCM as well as the actions a

alarms requw a fault is detected.

O
3

he
ay
ts
nd

NS
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Table 712.3 — Requirements for different system types

— 45—

based on PCE isolation and PV array functional earthing

System type

Non-isolated PCE + No
functional earth on PV array

PV array

Isolated PCE + No
functional earth on

Isolated PCE +
Functionally
earthed PV array

Measurement

According to 712.531.3.101.1

Action on fault

a) If the AC side is not part of
an IT system:

Shut down PCE and
disconnect all live
conductors of the AC circuit

R

PV array
insulation or a!I poles of the faulty Connection to the AC circuit i g}\owed
. portion of the PV array from .
r¢sistance (PCE is allowed to operate)
the PCE Q
to earth
b) If the AC side is part of an .
IT system: /\'\q/
No action (PCE is allowed to ’
operate). ’
Alarm on fault Indicate a fault in accordance with 712.531.3 '3
Measurement According to 712.531.3.101.2 Q)\) According to
C) 712.531.3.101.2
Action on fault Shut down PCE and disconnect \Q/ Functional earth
all live conductors of the AC 5\ connection shall bg
circuit or all poles of the fault 0) disconnected (see
PV array portion of the PV array fro ée 712.531.3.101.2);
residual PCE b ] connection to the
" Q Not required AC circuit is
monitoring \§\ allowed.
5\ (PCE is allowed to
@ operate
QO

Alarm on fault

Indicate a f It\Tn accordance
with 712. .3.101.3

Q\

Indicate a fault in
accordance with
712.531.3.101.3

o =

\V array.

(CI0))

brthing on the PV su@

Functional earthing has to beOled out according to 712.4.102.

rjstead of shutting down the PCE and@,connecting the AC circuit it is allowed to isolate the faulted parts of th

ystems using non- |sol@ PCEs where the AC circuit is referenced to earth are not allowed to use functionp
he PCE see 712.4.102.

[)

@.

712@23.101
N

712.531%0 Insulation monitoring devices

Requirements for PV arrays operating at above 60 V

712.531.3.101.1

Array insulation resistance detection

The requirements in 712.531.3.101.1 regarding detection and response to abnormal array
insulation resistance to earth are intended to reduce hazards due to degradation of insulation.

A means shall be provided to measure the insulation resistance from the PV array to earth
before starting operation and at least once every 24 h. This can be done by an insulation
measuring device according to IEC 61557-2, or by an insulation monitoring device (IMD)
according to Annex C of IEC 61557-8:2014, to prevent a possible high risk of fire.

This functionality for insulation resistance monitoring or measurement may be provided within

the PCE.



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

Mi

- 46 - IEC 60364-7-712:2017 RLV © IEC 20

nimum threshold values for detection shall be according to Table 712.4.

Table 712.4 — Minimum insulation resistance thresholds
for detection of failure of insulation to earth

17

It
[ofe

It
mj{

Th

71

W
wh
dig
RN

PV array rating, R limit,
kW kQ
<20 30
> 20 and < 30 20
> 30 and < 50 15 A
> 50 and < 100 10 Q},
> 100 and < 200 7 /\
> 200 and < 400 4 QQ\
> 400 and < 500 2 K v
> 500 1 Lo

is recommended that the threshold of detection for insulatiq(bresistance should, whg
ssible, be set at values greater than the minimum values s &oified in these calculations|

higher value will increase the safety of the PV installation % tecting potential faults earlie
N\

is necessary to disconnect the PV array fun@nal earth connection during t
pasurement. Q

e action on fault required is dependent on tr@type of PCE in use, as follows:
Q
for isolated PCEs, shall indicate a faultZin accordance with 712.531.3.101.3 (operation

recovered to a value higher than t imit above;

not connect to any earthed\@,ltput circuit (e.g. the mains); the device may continue
make the measuremen}, “pay stop indicating a fault and may allow connection to t
output circuit if the ar nsulation resistance has recovered to a value higher than t
limit above.

.
-

2.531.3.101.2 O@esidual current monitoring system
here required\ By Table 712.3, residual current monitoring shall be provided that functio

,connecq eans closed. The residual current monitoring means shall measure the tr
1S (b@; C and DC components) residual current.

If

for non-isolated PCEs, shall ind~|’b\ate a fault in accordance with 712.531.3.101.3, and shall

enever t% E is connected to an earth referenced output circuit with the automatic
i m

is

allowed); the fault alarm shall be intained until the array insulation resistance hps

to
he
he

ns

he

h‘gFSCE AC output connects to a circuit that is isolated from earth, and the PV array is 1

ot

functionally earthed, residual current monitoring is not required.

Detection shall be provided to monitor for excessive continuous residual current, and

ex

a)

cessive sudden changes in residual current according to the following limits:

Continuous residual current: where the RCM indicates a residual current above the limits,

disconnection by a switching device shall operate within 0,3 s and indicate a fault
accordance with 712.531.3.101.3 if the continuous residual current exceeds:

e maximum 300 mA for PCEs with continuous output power rating < 30 kVA;

e maximum 10 mA per kVA of rated continuous output power for PCEs with continuo
output power rating > 30 kVA.

in

us
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NOTE It is possible to implement distributed residual current monitoring for example at sub-array level or in
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 may be affected.

The RCM may attempt to initiate re-connection if the leakage current threshold is below
that specified in this subclause and the array insulation resistance meets the limit in
712.531.3.101.1.

b) Sudden changes in residual current: the PCE shall disconnect from any earth referenced
output circuits (e.g. the mains) within the time specified in Table 712.5 and indicate a fault
in accordance with 712.531.3.101.3 if a sudden increase in the RMS residual current is

detected exceeding the value in the table. A
Table 712.5 — Response time limits for sudden changes in residual currerQy
Residual current sudden change Maximum time for disconnection fronQ

earth referenced circuit |
O
30 mA 03s N
60 mA 0155 A"
, AJ
150 mA 0,04 s Q’)b‘
NOTE These values of residual current and time were original %en from the
RCD standard IEC 61008-1 but are no longer related to protection’against electric
shock in the meaning of this document.

<
A

THe RCM may attempt to initiate re-connection if th Iéakage current threshold is below that
specified in this subclause and the array ilé(ation resistance meets the limit |in
712.531.3.101.2. Q

A\
71(2.531.3.101.3 Insulation fault alar s\

Tq provide an indication as required s\\5\12.531.3.101.1, an insulation fault alarm shall pe
ingtalled. When activated the alarm.iy)gcontinue its operation until the PV installation is shut
ddwn and/or the insulation fault is c@‘rected.
xO

THe alarm shall be of a forra\)&hat ensures that the operator or owner of the PV installatipn
bgcomes aware of the f For example, the alarm may give a visible or audible signal
placed in an area where“eperational staff or owners will be aware of the signal or another
fofm of fault commur@atl‘on such as Email, SMS or similar.

Many PCEs h \)G)insulation fault detection and indication in the form of indicator lighfs.
However, typical’ PCE mounting locations mean that this indication may not be noticgd.
IEC 6210 quires that PCEs have a local alarm and also a means of signalling pn
ins,ulati% It externally.

712\%2 Devices for protection against thermal effects

712.532.101 Protection against the effects of insulation faults which includes the
use of an IMD

Where an IMD is used in connection with protection against the effects of insulation faults, it
shall be in accordance with IEC 61557-8.

If the IMD is an integral part of the PCE, the insulation monitoring function has to be in
accordance with Annex D of IEC 62109-2: 2014.

NOTE 1 Protection against the effects of insulation faults by IMD is a possible choice where AC and DC sides are
galvanically separated without functional earthing of a live part on the DC side (see 712.532.102)
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NOTE 2 An IMD can also be necessary for reasons other than fire prevention, for example for continuous
operation without interruption by a first fault.

In PV arrays > 100 kWp an automatic insulation fault location system according to
IEC 61557-9 is recommended.

712.532.102 Protection against the effects of insulation faults by disconnecting the
functional earthing conductor

The device or association of devices required by 712.421.101.2.3 shall:

e | meet the relevant requirements of IEC 60364-4-43, A

e | be rated for the maximum voltage of the PV array Ugc yax Q}’

e | have a rated breaking capacity not less than the maximum short circuit curre;{\of the PV
array Igc yax, and Q

¢ | have a rated current not exceeding that given in Table 712.6. ,\q,q/

Table 712.6 — Rated current of automatic disconnectin
device in the functional earthing conductob"

Vo Y
Total PV array power rating Rateé%?ent I,

(KWp) _

0to 25 O
\V
>25 to 50 X 2
© 3
>50 to 100 PRY%
>100 to 250 <2\) 4
~
>250 R 5
@\
)

Sgme module technologies require a ctional earth on either the positive or negative main
conductor to bleed charge awa \Gxom the PV cells. This is a functional/operational
refjuirement or it may be requir% prevent degradation of the cells. It is recommended that
thé manufacturer’s instruction followed. It is also recommended that, where possible, the
fupctional earthing to bleed @Lrge from the cells be via a resistor and not directly to earth.
THe recommended resistor\value should be the highest resistor value allowable as per the
manufacturer’s instructions’

71(2.533 Deviﬁgor protection against overcurrent
712.533.1 @e’neral requirements

712.533@ Overcurrent protective devices of the DC side

Tre\Qge%current protective devices of the DC side shall be:

e gPV fuses in accordance with IEC 60269-6, or,

e circuit-breakers in accordance with IEC 60947-2 or |EC 60898-2 for which the
manufacturer declares their suitability for use in PV installations.

These devices shall comply with the following specific measures:

o the rated operating voltage (U,) shall be greater than or equal to the voltage Ugc max Of
the PV array;
o the rated current 7, as defined in 712.433.1.101;

e the rated breaking capacity shall be at least equal to /gc yax Of the PV array and fault
current from any other connected power sources, such as batteries or generators;
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e designed for direct current use;

e be able to switch off critical current as defined in IEC 60947-1;

NOTE The symbol L (IEC 60417-5031:2003-02) is used on some devices to indicate suitability for DC
application.

e operation of the overcurrent protective devices shall be independent of the direction of
current flow.

712.534 Devices for protection against transient overvoltages

712.534.4 Selection and erection of SPDs \/A
712.534.4.4 Selection of SPDs '<\Q~
712.534.4.4.101 Selection of SPDs on the DC side (19
712.534.4.4.101.1 General /\'\ .

4

Due to the very specific electrical setup of PV installations on t ef\DC side, only SPDPs
especially dedicated to PV installations shall be used to pro the DC side of such
ingtallations. The manufacturer of SPDs shall give the relevant ir‘@ ation.

When the PCE incorporates SPDs on the DC side, they a génsidered as fulfilling the surpe
prptective function only if the manufacturer of the PCE ifies their convenient use for the
DC side of PV installations and their specifications&re adequate for the place of the
ingtallation (), /nax: fimp» Iscpy. according 712.534%4.4.101). Otherwise, protection shall pe
provided by external SPDs. Q

NQTE Varistors included in the PCE are not consideré@s\ SPDs.

THe voltage protection level Uy of ex ®al SPDs shall be determined in relation to the
chlaracteristics of the devices incorporated in the PCEs. The PCE manufacturer shall in that
case provide the voltage level needg\ or the selection of external SPDs.

THe characteristics of SP \Qnstalled on the DC side are defined as follows |in
712.534.4.4.101.2 to 712.53\\. 4.101.7.

712.534.4.4.101.2 Selection of SPD test class

Generally SPDs m)e class Il test. If protection against effects of direct lightning strokes|is
specified and sepafration distance S is not kept in accordance with IEC 62305 (all parts), class
| test SPDs be used (generally in conjunction with class Il test SPDs).

712.51{;&&101.3 Selection of SPD voltage protection level Up

Ww&no information is provided by the manufacturer, the impulse withstand voltage U,, shall
be considered equal to that in Table 712.7 for the modules and conversion equipment.
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Table 712.7 — Impulse withstand voltage U,,
where no information is available

Uoc max (V) Uy (kV)
PV module Inverter
100 0,8 -
150 1,5 -
300 2,5 -
489 3+

600 4 4,2 \/Q
800 - 5,1 Q‘

1000 6 5,6 '<\
1500 8 8,5 IV
5

r\'l/
A
71(2.534.4.4.101.4 Selection of SPD maximum continuous ope&q?ing voltage Ucpv

THe value of the maximum voltage acceptable by the surge preﬁ_gave device Ucpy shall pe
selected according to the maximum no-load voltage of the P atray Upc yax- The voltage
Udov shall be greater than or equal to the maximum voltage l@}; max of the PV array.

N
Arl SPD shall be selected and arranged with regarb‘\to the maximum voltage Ugpc mlax

between: Q
O
L

e | its live terminals (+ and — terminals) and GQB .

e | its live terminals (+ and — terminals), and

712.534.4.4.101.5 Selection of SPI@%minal discharge current I

THe minimum value of nominal discAQﬁ current /., of Class Il tested SPDs shall be 5 kA.

NQTE A nominal discharge current e&geding the minimum value will give the surge protective device a longer
selvice life. O

N
712.534.4.4.101.6 §®ction of SPD short circuit current rating Igcpy and |of
protective device associated with the surge protective device

If required by theg?‘uufacturer, the surge protective device shall be provided with an external
adtomatic discennecting device selected in accordance with the manufacturer’s specificatign.
THe device @ be selected to operate whatever the current produced by the PV modules.

A ex@l disconnecting device is required as an SPD could fail to a short-circuit condition|.

Tko\ ort-circuit current rqfing L = shall he gselected nnr\nrding to the maximum current that

can be delivered by the PV array Igcyax- The current Ig-py shall be greater than or equal to
Iscmax of the PV array. Surge protective devices for which this parameter is not given shall
not be used.

712.534.4.4.101.7 Selection of class | tested SPDs impulse current I;

imp

If the impulse current /;,, cannot be calculated, J;,, shall not be less than 12,5 kA. This value

is referring to lightning protection level LPL IlI.

712.534.4.4.102 Erection of SPDs on the DC side

SPDs on the DC side shall be located as close as possible to the PCE.
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To provide protection, additional SPDs may be required, further from the PCE.

NOTE 1 An example is where the distance between the entrance of the DC cable into a building and the PCE is
longer than 10 m.

NOTE 2 The surge voltage level on the equipment depends on its distance away from the SPD. Beyond 10 m, the

value of this voltage can be doubled due to the effect of resonance (amplification phenomena due to the high
frequencies of the lightning surges).

712.534.4.10 Connecting conductors of SPDs

Acnl tho fallaiainey-
CEIEASRE AL EASA A ATRAS I

e | When SPDs are installed on both AC and DC sides of the invertor in ?r}wrete
switchboards, it is recommended to minimize the distance between those switchhoards.

e | For DC SPD connections to the main earthing terminal the conductors Il have| a
minimum cross section of 6 mm2 copper or equivalent for Class Il test SPDs anpd
16 mmZ2 copper or equivalent for Class | tested SPDs. Fl/

71[2.536 Isolation and switching A’

712.536.2 Isolation ©
Q‘b

¢g FXR

PSRN N £58 B

~
—

2.536.2.101 () Disconnections means

side an AC side.

O

Dis ecting means with isolation function shall be provided in PV array to isolate circujts
and equipment.

Discom@ﬁ%‘means with isolation function shall be provided for the invertor, on both the DC

712.536.2.102 Location of the switch-disconnector for the PCE
The switch-disconnector shall be so located that maintenance of the PCE (e.g. change of a

PCE module, change of fans, cleaning of filters) is possible without risk of electrical hazards.
The switch-disconnector may be in the same enclosure with the PCE.

In case of multiple DC inputs the above requirements apply to each input.
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2.536.2.103 Devices for isolation within the PV array

Devices shall be provided in accordance with Table 712.8.

Table 712.8 — Disconnection device requirements in PV array installations

17

Circuit or part of circuit Means of isolation Requirement
String Disconnection device @ Recommended
Disconnection device @ Required
Spt=array Means of isolation offering load- Recommended
breaking capabilities ° A
Alrray Means of isolation offering load- Required Q__V
breaking capabilities N

[

N
Sheathed (touch safe) connector, fuse combination unit, or isolator are examples of suita?ﬁisconnectic
devices.

Where a switch-disconnector is used, this may also provide the isolation function. /\'\q/

=]

th

w
an
fo

/\/

Means of isolation that are not capable of breaking load current Y‘be marked to indicg

ht they are no-load break devices, and shall be accessible on means of a tool or key.

here multiple sub-array disconnection devices are insta@dose to the PCE (i.e. within 2
d within line of sight), a PV array cable need not be provided and therefore there is no ne
a PV array load breaking switch. In this case thzs@ ches for the sub-arrays shall all

logd breaking switches.

w
pr

71

71

Al
re

Sy

here multiple disconnection devices are re% d to isolate the PCE, a warning sign shall
bvided indicating the need to isolate multi upplies.

2.536.5 Functional switching @s}itrol)
%)
2.536.5.101 Disconnectors ad}i switch-disconnectors

switch-disconnectors sha&L\‘be selected and erected to comply with the followi
uirements: \\Q

not have exposed live metal parts in connected or disconnected state;

have a current @l g equal to or greater than that required for the circuit conductors;

not be pola 'tg'éensitive (fault currents in a PV array may flow in the opposite direction
normal o@ing currents).

nt manual operation.

incde\&/n

/itct1(-§nnectors shall be compliant with IEC 60947-3 and have mechanisms that haje

of

71

2.54 Earthing arrangements and protective conductors-and-protective-bonding

71
71

2.542 Earthing arrangements

2.542.101 Functional earthing

For mechanical protection, the minimum cross-sectional area for a functional earthing

co

nductor is 4 mmZ2 copper or equivalent.
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71

2.542.102 Separate earth electrode

If a separate earth electrode is provided for the PV array, this electrode shall be connected to
the main earthing terminal of the electrical installation by main equipotential bonding

Cco

71

nductors.

2.542.103 Bonding of PV metal structures

Where such bonding is necessary (e.g. to facilitate the correct operation of the array
insulation resistance detection referred to in 712.531.3.101.1), the metallic structures

su Q
Sych bonding may be necessary, for example, where a transformerless PCE in@’s an
electrostatic charge.
Q\
THe bonding conductor shall be connected to any suitable PE terminal. q/q/
N

Where these metal structures are of aluminium, appropriate connectlon,((/\ces shall be usgd.
THe bonding conductors (insulated or bare) shall have a m|n|mu~§3cross section of 4 mmn?2
copper or equivalent. Q)Q
P\ array bonding conductors shall be run as close to the itive and negative PV array aphd
or[sub-array conductors as possible to reduce inducedkvoltages due to lightning. See also
712.521.103. Q
NQTE The bonding referred to in 712.542.103 also ensuQs the protection against the effects of discharge]| of
elgctrostatic charges. \

QO
712.55 Other equipment %)

71

In
a

NQ
NQ

71
Bl

Bl

$
2.55.101 Measures to prevent % on-load interruption

order to prevent arcing, every de\)ice without breaking capacity that could be used to opgen
DC circuit shall be secured ag@st inadvertent or unauthorized operation.

TE 1 Examples of devices@}hich this requirement applies are SPD carriages and fuse carriers.

TE 2 This can be ach ed by locating the device in a lockable space or enclosure or by padlocking.

2.55.102 B@ng diodes

bcking dlo@hall not be used as an alternative to overcurrent protective devices.

3cki83@iodes may be used to prevent reverse currents in sections of a PV array.

1% hlnrking diaodes shall nnmply with the fnllnwing rpquirpmpn’rQ'

have a voltage rating at least 2 times Ugc yax

have a current rating I)ypx of at least 1,4 times the short circuit current at STC of the
circuit that they are intended to protect; that is:

— 1,4 x Isc mop for PV strings;

— 1,4 x Isc s.arRRAY for PV sub-arrays;
— 1,4 x I5c arRay for PV arrays;

be installed so no live parts are exposed;

be protected from degradation due to environmental factors.



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

- 54 - IEC 60364-7-712:2017 RLV © IEC 2017

The use of blocking diodes is shown in detail in Annex D.

NOTE See 712.433.1.101 for requirements for adjusting 7, multipliers for certain climatic conditions.
712.6 Inspection and testing

IEC 62446-1 gives requirements for system documentation, commissioning tests and
inspection which are additional to the requirements of this document.



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

—_ 55—

IEC 60364-7-712:2017 RLV © IEC 2017

20/5pLL O3 Klesseosu §I ‘801A8p-aA10810.d JUBLINIBAQ
............................... /
— o= —
xoq uonoun( Jojesausb Ad — | |qed Buuys Ad
—= \\\
——— &= b---
1 111 1.1
7 17 17
Jueas|al ji |<_- L_qu |<_-
‘a01nap aAjo9j0ud abeyoniang é -8
--+ 1 1
I~ I I I
—_— 17 S17 17
(jeuondo) ainsojous :oE_ﬁoo i-=—e n L_? L_T |<_|
Ilﬂ+— ] u I“
(zz'9esziL) |+w |+w .ﬁ
uolje|os| Joy 821A8( ] 1
ov / 'lll_ 'l = '.ll
T - = : : : aInpow Ad
e e | - . H
\I—/y\\\ [, / \\
I od / +1 9-=n -1, -5
‘Jowlojsuel | 3 | _l_ 1 1
JOLISAUI Ad algeduiew o Ad 7 §17 S17
| =4 ==
JueASRI I (52298572 .G_ ! |
a  ‘qoy PUE |'L'Z'9EGEhL) -4 -14 -4
uolje|osi o} saoIeQg _\_ | 1 i
BREE—n 17 N7 a7
Alquasse Jeabyoums Y- Y- Y-
(1 | 1 1
T965°Z1L) --4 -14 --¢
JueAs|al
a|qed >_a%w/ d 11 ‘apoIp A_N A_N ﬂ_v
RS Butoolg .+. .*. .+. Bumis Ad
\ III— 'I lh 'I
opIs OV pIis 0d 23 -
m\w_ —= / ens|al §i
T~ —_ ‘sapolp ssed-Ag
_ A -—=
= ) L p——
_ 1 1
sjuswdinba Buisn I ® [ X XS o= idgesauab Ad

huauino BuiAjddns synoi

JueAael §i

\ paJinbai se Buusisy juiod Alddng Buipuoq |enusjodinba aAnosjoid
Jeq Buipuoq |enuajodinba utepy
(L'veveLs) 3d/N3d
201ABp aA3os)01d : : ¢
JUaLIN0IBAQ f d
-I‘I- L
| S— PIEoq uonquIsIg



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 RLV © IEC 2017

2009711 031 /
_ a
H

uonejjeisul Ad /7
\ i Keue pnd
JIVT Y]
xoq uopoun( Aeue Ad 1 ‘901Aap 9A1309)04d JUBLINDIAAQ X

Sai -

/ n\. == — 8|qeo Buwis Ad

% == | +— I
& —== I —
4 r — J\
x0q uopoun( ioyessuab Ad .vll I_

/ e =

N 1 —

Ll
<
L

h
L
=ty Ty

— 56—

-] "
= H
—_— i [ 2 i I_
‘1 7 sd7 oy
L |*| |*| |*|
4 L d
A ]
2 === —
PP _——— —~——
* m\l\" “IIHI. AETIe Ad
ov —_— 1.5 |
...................... -] oresousb A —]
oa |_\I s ———
A 3¢ ——- ainpow Ad
L5 I ——
i  Sy——
Japanul Ad a|qed ulew 0a Ad 3 == \\
34} —_——
(g'zToeseiL p
pue |'1'z'9e5°Z1L) (m—— =
uolje|os| Jo} saoIAe(q T ==

e
=
L

Algwasse Jeabyoumsg

:
1o I W

— b
\ Z ) :
g (LLCLGCLL H
\ .III._. JueA9jal A T *5 N
+ .
1 'spoip /
! Buptoolg m+_w M_u m+_u
| s|qeo Aeue Ad — = = Bums Ad
! === A H e
1 11 .
— \\ A2 0 nlll.
1 JueAs|ai JI .\:\. ——=
1 “eo1n0p aAR08}01d = | ey |
| abejjonlan0 P ——
| "~ ey
! \
|
I 1 1 jueasjal §t Keue pnd
1 JJJZ sapolp ssed-Ag
1
T } TiUens|al JT ‘Bupuoq [epuajodinba 8A08}0Id



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 RLV © IEC 2017 - 57 -

Annex A
(informative)

PV installation information

Figures A.712.1 to A. 712.6 provide information on PV installation, as referred to in
712.31.101.1.1.

PV array

PV array cable

& ————— 8 < T

'S
Power
P conversion
v equipment
or
. DC load

P /

PV array main switch

-
i
i
|
|
|
|
|
|

/

PV module |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

S

IEC

Figure A.712.1 — Single string PV array
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PV array

- Overcurrent protective I
_ device (if required) |
o ~ I
! |
! Means of I
|J _ _‘7{ isolation |
| i l DC switch
I —

/disconnector
|

|

|

[
I
|
| +
| +
I
|
|
|
|
| | | |
: T | T I
I )
: I : : + Power
| | I | convefsion
| lI | | equipment
I | ‘ I onBC load
: | et
| i |
I | I I !
: | | | :
|

| I I ] |
| | i P\ array |
| 1 | cable I
I 1 { - | Combinef |
| - e — /’} box I
| - |
| i
N / ____________________________________ .

PV module PV string IEC

Figure A.712.2 — Parallel connected multi-string PV array

THe following types of application circuit‘@re considered:

e [ PV array is connected to AC load§via a PCE with a transformer inside the PCE;
e [ PV array is connected to AC_loads via a PCE with a transformer outside of the PCE;

e | PV array is connected to AC loads via a PCE without a transformer.

In|Table A.712.1, several*eonfigurations are considered. No consideration is given to earthihg
of lexposed conductivevparts.

Table A.712.1 — PV DC configurations

DCDC side Figures Application circuit Consequence on the
status of the PV array

Unhearthed Figure AC side connected via a PCE with a Floating

A.712.3 transformer inside of the PCE

Figure AC side connected via a PCE without a Fixed by the status of the neutral or a

A.712.4 transformer line conductor of the supply circuit
Earthed Figure AC side connected via a PCE with a Fixed to earth

A.712.5 transformer inside of the PCE

Figure AC side connected via a PCE without a Fixed to earth

A.712.6 transformer inside of the PCE but a

transformer outside of the PCE

The following Figures A.712.3 to A.712.6 illustrate the arrangements listed in Table A.712.1:
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PV array

— 59 —

Power conversion equipment
with transformer inside

L1

L2/N
™~/

PV array cable

PV AC supply cable

=

Figure A.712.3 — Unearthed PV array connected to the AC side
via a PCE with transformer

Power conversion equipment

PV array without transformer inside
L+ —__ L1
"(d —_—— —
|
|
L- ’J/d ~ L2/N

PV array cable RV AC supply cable

IEC

Figure A.712.4 — Unearthed PV array<{gonnected to the AC side
via a PCE without a’transformer

Power conversion equipment

PV array with transformer inside
L - L1
+ /r’d — — —

|
|

L- L2/N

- ~
PV, array cable PV AC supply cable

IEC

Figure A.721.5 — Earthed PV array connected to the AC side

via a PCE with transformer
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Power conversion equipment

PV array without transformer inside Separate
transformer
L+ L1 L1
s —_——
| (
|
L— L2/N L2/N
~7q .
PV array cable PV AC supply cable
A

IEC

Figure A.712.6 —Earthed PV array connected to the AC side via
a PCE without a transformer, the transformer being separate
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B.

Annex B
(normative)

Calculation of Ugc yax and Igc max

1 Calculation of Ugc max

Uoc max is the maximum voltage across an unloaded (open circuit) PV module or PV string or
P

TH
Cco

wh

al

all
or

NG

all

Fag

arg
manufact and has to be considered in the calculation of Ugc max-

temperature variation coefficient of Uy voltage provided by the PV modu)i'm

<l Ll
array, UGIUUIGLCU Uy uaie IUIIUVVIIIy IUIIIIUIG

3

Uoc max = Ky Uoc stc Qy

e correction factor K, takes into account the increase of open circuit volta Q'} modulg
nsidering 7,,,, the lowest ambient temperature of the PV installation 5|[,ek d aUgpc t
nufacturer:

/\

‘b@
ere Q
/oc  is the temperature variation coefficient of Uge modu@%ltage, in %/°C;
in is the lowest temperature of the PV installation si °C.

Uoc is a negative factor, which can be provided by?&nodule manufacturer either in mV/
in %/°C. When aUq is expressed in mV/°C, w @ out in %/°C by using the formula:

aUOC (%/OC) = 0,1 aUOC @OC) / UOC STc_MOdule (V)
<

TE Example of module with aUg expressed h&w"c. The following calculation is an example:
Multicrystalline module, Ugc g1 dule = 38,3 V and aUgc = — 133 mV/°C
—aUgc = - 0,35 %/°C o)

Tnin = =15 °C — (T - 25) :J;}OC_’KU"]14_’UOCMAX'114UOCSTC
—>UOC ax = 1,14 x 3(}\- 43,7V

oc can have veréqk’ferent values depending on the technology of PV modules.

r amorpheo g‘ﬁicon modules, electrical characteristics during the first weeks of operati
highe@the specified characteristics. This phenomenon is indicated by the modt

'C

bn
le

pn

to

Wt@)mformation of the expected minimum temperature of the site or without informati
abjout”the temperature coefficient of the PV module. Ugs yax shall be chosen equal
1.2 Ugc stc

B.2 Calculation of Igc yax

The maximum short-circuit current of a PV module or PV string or PV array is calculated by
the following formula:

Mi

Isc max = KiIsc sTc

nimum value for K| is 1,25.
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Under certain conditions, K, shall be increased to take into account environmental situations,
for example increased reflection or solar intensity.
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Annex C
(informative)

Examples of signs

Annex C provides examples (see Figures C.712.1 and C.712.2) of appropriate signs as
specified in 712.514.102 to 712.514.106.

THe sign should comply with the local fire services information requirements.

National committegs Jor national regulations should decide on the labels and locations of su

markings.

SOLAR D.C.

IEC

Figure C.712.1 — Example of sign required on
PV array combiner boxes (712.514.102)

IEC

Figure. C,712.2 — Example of switchboard
sign\for identification of PV on a building



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

D.

- 64 - IEC 60364-7-712:2017 RLV © IEC 20

Annex D
(informative)

Blocking diode

1 General

17

Annex D describes blocking diodes intended to be used to prevent reverse current in a PV

ar

D,

A
@)

th¢ reverse direction. Provided correctly rated and functioning blocking\diodes are in use
th¢ PV array, reverse currents are prevented and fault curren&’ either eliminated
significantly reduced (see examples in Figure D.712.3). 5
Q

In|lsome countries blocking diodes are allowed to replace ov %rent protective devices. This
is|an effective method of overcurrent/fault prevention @?ded the reliability of blocki
digdes over time can be ensured. 'Y

O
D3 Some considerations relating to sh ircuit

A\
D.p.1  Short-circuit in PV string ‘\0
7

If & short-circuit develops in a string with@ blocking diodes as shown in Figure D.712.1 a)

fa

o 3

%
2 Use of blocking diodes to prevent overcurrent/fault current in arrgwg~
N

blocking diode is an effective means of stopping reverse current (Q/QPV array
ercurrent/fault current in arrays is generally caused by current flowing frdm,one section

an| array operating normally into a section of an array containing a fault. TA\e ault current is

1t current will flow around the f d modules and extra fault current in the rever

difection will flow in some module ‘\@ﬂh the source of that current being from other string

THe reverse current can be interrupted by an overcurrent protective device provided t

Cu
Ca

Fi

rrent is greater than the interrupting current of the overcurrent device. This may not be t
ise under low illumination.conditions.

jure D.712.1 b). fault current around the faulted modules cannot be intercepted w

THe situation of the ssrﬁe fault with an array with blocking diodes in each string is shown

th¢ blocking diotp owever, the amount of fault current can be significantly reduced by t
0

blpcking diodesob'structing the reverse current supplied from other strings as shown

Fi

whether t

jure D.71 ). This functionality for this type of fault is useful for all PV installatio
V array is earthed or not and whether the PCE is a separated PCE or not.

of
in
in
or

ng

S.
he
he

in
th
he

in
ns

&S
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I S e e

= H= Gl =
= = G{ H= -
(= = =

-
t
¥ Parallelidrcing point
9 Parallel arcing point IEC
IEC
a) without a blocking diode b) with,a blocking diode at each string

Figure D.712.1 — Effect of blocking diode af)short circuit in PV string

D.3.2 Insulation fault in PV string for the artay’with a functional earth

Figure D.712.2 shows the fault current path&when an insulation fault occurs in a string of a
P\ array which is installed with a negative(ide functional earth. The worst case fault occyrs
when the fault is closest to the top of thesstring (i.e. the side furthest away from earth). In this
calse the blocking diodes need to be insfalled in the positive side of the strings.
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1

-

x Ground fault point - x Ground fault point
IEC IEC

a) without a blocking diode b) with7a blocking diode in each string

Figure D.712.2 — Effect of blocking diode’ where there is an insulation
fault on a PV installation with earthing on the DC negative side

Figure D.712.3 shows the fault current paths. . when an insulation fault occurs in a string of a
PY array which is installed with a positive side functional earth. The worst case fault occyrs
when the fault is closest to the bottom of\{he string (i.e. the side furthest away from earth).|In
this case the blocking diodes need to bg, installed in the negative side of the strings.

é
E

|
H
H
H
=

]

—

t

:

(o H= =

D= = G = CH=
B = H o = H =
B = H= o= H =

)
|||
AW =T

ML
) )

¥ Ground fault point ¥ Ground fault point
IEC IEC

a) without a blocking diode b) with a blocking diode in each strings

Figure D.712.3 — Effect of blocking diode where there is a fault
on a PV installation with earthing on the DC positive side
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In these cases Figure D.712.2 and Figure D.712.3 clearly show the advantage of a blocking
diode in eliminating the fault current contribution from adjacent strings of the array. This
diagram shows the situation of a directly earthed array with no impedance in the earth
connection. It is preferred in this document to install functional earths with limiting resistors in
the earth connection. If this method is used the potential fault current under these conditions
is significantly reduced by the effect of the resistance limiting the maximum current.

D.

4 Specification of blocking diode

S

D.

Bg
1

de

W

due to the reflection of w or other conditions, the multiplier for the calculation of Iy,

sh

e 11£.00.1UZ. A

&
5 Heat dissipation design for blocking diode /\
N

cause the voltage drop of the blocking diode in the forward current operatiaﬁl%ight exce

sign methodology is shown in the following procedures: ,

Calculate maximum current Iy;ax by PV module current Igc TC.
Iyax =1,4 x Isc mop (Use a higher factor depending on ope g conditions)

Obtain the operating forward voltage of the bIocklrQ/cdmde Vb op at Iyax from t
operating characteristics of the diode. g\
O

Calculate power dissipation P <<
PcaL = Vb op X Iuax 0

Calculate the thermal resistance Rty ac % |ng to the following expression so that f
junction temperature T, of the bIockméx iode should not exceed the limit value
consideration of ambient temperature%B

Ryy = (Ty - Tams)PcaL $
If the thermal resistance require@g’s less than the diode’s junction to case plus case to
thermal resistance, then a he\'@smk will be required.

hen there is a pOSSIbI|I @%ncreased short-circuit current of the PV module, for examy

ould be larger thar&”f.

C)O

@.
Q~
O
3

ed

/, it is necessary to consider a heat dissipation design of diode for relj ity. A heatsipk
may be required to keep diode junction temperatures within safe I|m|ts’\A heat dissipati

he
in

Rir

e

N
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Annex E
(informative)

Arc fault detection and interruption in PV arrays

17

Unlike traditional electrical products, PV modules and wiring do not have an overall enclosure
to contain arcs and fires resulting from component or wiring faults. Many PV installations
operate at DC voltages which are very capable of sustaining DC arcs.

Th

If
ar
se

re
be
Slg

TH
ing

ca|
P(

geEerally able to be stopped quickly by removing the electrical load from the PV array. In t

ere are three main categories of arcs in PV installations (refer to Figure E.712.1).

series arc which may result from a faulty connection or a series break in wiring;

a parallel arc which may result as a partial short circuit between adjacent wiring which
at different potentials;

arcs to earth which result from failure of insulation.

An arc develops due to a fault in a PV array this can result in significant damage to t
ay and may also result in damage to adjacent wiring and buildihg structures. The mqd

uires cables in PV array wiring to be suitable to be used*with Class |l equipment, a
cause of this requirement parallel arcs are very unlikély+’ unless caused as a result
nificant insulation damage due to fire damage or severeNriechanical damage to cables.

e most likely type of arc to occur in a PV instaltation is a series arc. This is because |
tallations typically contain a very large numbel” of series connections. Series arcs 3

e of grid connected PV installations this ¢aA be accomplished easily by shutting down t
LE. Parallel arcs are much more difficult t@extinguish but are also much less likely to occl

9

4
-

Series arcs

-

N

Arcs to earth

W

Ay

S

he
st

rious arc is likely to be a parallel arc because of the energy thabis available to feed this
type of arc, especially when the arc is between the main PV arpay)conductors. This documse

nt
nd
of

re
he

—

| Parallel arcs

o

Figure E.712.1 — Examples of types of arcs in PV arrays
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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 installations quickly. A new standard has been developed by Underwriters
Laboratories — UL1699B “Photovoltaic (PV) DC Arc-Fault Circuit Protection” and
manufacturers are in the process of developing equipment to meet this standard. The purpose
of the arc-fault circuit protection equipment is to detect and discriminate accurately arcs in PV
arrays and to take action to interrupt the arc.



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

-70 - IEC 60364-7-712:2017 RLV © IEC 2017

Annex F
(informative)

List of notes concerning certain countries

Country | Subclause N° Nature Rationale Wording
(permanent (detailed
or less justification for Q
permanent the requested ¥
according to | country note) Q~
IEC A
Directives) '\
AT 712.414.101 In Austria, 'g’g/
part|cul aracteristics gf
PV mski tions”, as stated
ope of thls

h equipment is as well
ed by ordinary persons

()| only a limit of 35 V is
NS

acceptable.

in th
g@ﬁﬁent and the fact, thaft
S

AT 712.521.101 .1 O\ In Austria, halogen free loy

Q<< smoke DC cables are
<

=

required when those cable$
are routed inside buildings

NO 712.536.2 %) In Norway, where double 9
reinforced insulation is useg

$ as protective measure for
X7) protection against electric

X\ shock on the DC side,

\O means of isolation shall be
N~ provided between sections
N\ of PV modules limiting the

. O Uoc max Of the section to

N\ 120 v DC.

o

CHi 712.54{2}@)\3 In Switzerland, in buildings

. with a LPS the minimum
@ cross section of copper is

10 mm?Z2.
>
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOW VOLTAGE ELECTRICAL INSTALLATIONS -

Part 7-712: Requirements for special installations or locations —
Solar photovoltaic (PV) power supply systems

FOREWORD

1)| The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatjon
comprising all national electrotechnical committees (IEC National Committees). The object\of IEC is|to
promote international co-operation on all questions concerning standardization in the electricalyand electropic
fields. To this end and in addition to other activities, IEC publishes International Standards, Technical
Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides, (hereafter referred to
as “IEC Publication(s)”). Their preparation is entrusted to technical committees; any/IEC National Commitfee
interested in the subject dealt with may participate in this preparatory work. International, governmental gnd
non-governmental organizations liaising with the |IEC also participate in this preparation. IEC collaborajes
closely with the International Organization for Standardization (ISO) in accordance with conditions determirjed
by agreement between the two organizations.

2)| The formal decisions or agreements of IEC on technical matters €xpress, as nearly as possible, |an
international consensus of opinion on the relevant subjects since each technical committee has
representation from all interested IEC National Committees.

3)| IEC Publications have the form of recommendations for international use and are accepted by IEC Natiopal
Committees in that sense. While all reasonable efforts are made' to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or for gny
misinterpretation by any end user.

4)| In order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publicatigns
transparently to the maximum extent possible in their national and regional publications. Any divergernce
between any IEC Publication and the corresponding-national or regional publication shall be clearly indicajed
in the latter.

5)| IEC itself does not provide any attestation of.conformity. Independent certification bodies provide confornjity
assessment services and, in some areas,.access to IEC marks of conformity. IEC is not responsible for gny
services carried out by independent cettification bodies.

6) | All users should ensure that they have the latest edition of this publication.

7)| No liability shall attach to IEC «or_its directors, employees, servants or agents including individual experts gnd
members of its technical commijttees and IEC National Committees for any personal injury, property damdge
or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) gnd
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8)| Attention is drawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.

S

9) | Attention iscdrawn to the possibility that some of the elements of this IEC Publication may be the subjecf of
patent rights.;*IEC shall not be held responsible for identifying any or all such patent rights.

Infernational Standard IEC 60364-7-712 has been prepared by IEC technical committee 4:
Electrical installations and protection against electric shock.

This second edition cancels and replaces the first edition, published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) The technical content has been extensively revised and expanded, taking into account
experience gained in the construction and operation of PV installations, and developments
made in technology, since the first edition of this standard was published.
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e text of this standard is based on the following documents:
FDIS Report on voting
64/2154/FDIS 64/2163/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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standards have been developed in close coordination by different technical committées.
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ention is drawn to the co-existence of IEC 60364-7-712 and |IEC 62548 standards.”Bd

list of all parts in the IEC 60364 series, published under the general title/Low volta
betrical installations, can be found on the IEC website.

e reader's attention is drawn to the fact that Annex F lists all of.the “in-some-count

e committee has decided that the contents of this publication will remain unchanged up
p stability date indicated on the IEC website under, “http://webstore.iec.ch” in the ds
ated to the specific publication. At this date, the publication will be
reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

ge

y

uses on differing practices of a less permanent nature relating to the subject of this
standard.

til
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INE’ORTANT — The 'colour inside' logo on the cover page of this publication indicate

t it contains colours:’which are considered to be useful for the corres
derstanding of its contents. Users should therefore print this document using
lour printer.
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INTRODUCTION

For the purpose of this part of IEC 60364 (IEC 60364-7-712), the requirements of the general

pa

Th

rts 1 to 6 of IEC 60364 apply.

e IEC 60364-7-7XX parts of IEC 60364 contain particular requirements for spec

ial

installations or locations which are based on the requirements of the general parts of
IEC 60364 (IEC 60364-1 to IEC 60364-6). These |IEC 60364-7-7XX parts are considered in
conjunction with the requirements of the general parts.

THe particular requirements of this part of IEC 60364 supplement, modify or replace certain

th

this part. The absence of reference to the exclusion of a part or a clause of a general p
ans that the corresponding clauses of the general part are applicable (undated.reference).

m

Re
ap

requirements valid at the time of publication of this part.

Th

IEC 60364. The numbers following the particular number dJf+this part are those of t
cofresponding parts, or clauses of the other parts of the IEC(60364 series, valid at the time

pu
re

IEC 60364 series are needed, the numbering of such“items appears as 712.101, 712.1Q
712.103, etc.
Nymbering of figures and tables takes the .number of this part followed by a sequent

nu
nu

In
aff
no
ob

requirements of the general parts of IEC 60364 being valid at the time of publication

quirements of other 7XX parts being relevant for installations covered\ by this part al
ply. This part may therefore also supplement, modify or replace\ certain of the

e clause numbering of this part follows the pattern and eorresponding references

blication of this part, as indicated in the normative réferences of this document (dat
erence). If requirements or explanations additional:to” those of the other parts of t

mber. For annexes, the numbering of figures and tables takes the letter of the annex, t
mber of the part and a sequential number.

the case where new or amended<general parts with modified numbering were publish
er this part was issued, the clause numbers referring to a general part in this 712 part m
longer align with the latest-edition of the general part. Dated references should
served.
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LOW VOLTAGE ELECTRICAL INSTALLATIONS -

Part 7-712: Requirements for special installations or locations —
Solar photovoltaic (PV) power supply systems

2 Solar photovoltaic (PV) power supply installations

17

NG
ing

7

Th
all

TH
as

A
thq
su

R4

Th

energy storage methods.

NG
co

NG
of

Fd
ra
co|

TE The abbreviation “PV” is used for “Photovoltaic”. Photovoltaic installations are, hereafter, known_as
tallations.

2.1 Scope

or part of an installation.

e equipment of a PV installation, like any other item of equipment,is dealt with only so
its selection and application in the installation is concerned.

PV installation starts from a PV module or a set of PV modules connected in series w
pir cables, provided by the PV module manufacturer, up46,the user installation or the util
pply point (point of common coupling).

quirements of this document apply to

PV installations not connected to a system_for distribution of electricity to the public,
PV installations in parallel with a systenifor distribution of electricity to the public,
PV installations as an alternative to_a system for distribution of electricity to the public,

appropriate combinations of the @above.

is document does not coverithe specific installation requirements for batteries or oth

TE 1 Additional requirements for PV installations with battery storage capabilities on the DC side are un
sideration.

TE 2 This docuniént-does cover the protection requirements of PV arrays which develop as a result of the U
patteries in PV installations.

r systems<using DC-DC converters, additional requirements regarding voltage and currg
ing, switching, and protective devices can apply. These requirements are ung
nsideration.

PV

is part of IEC 60364 applies to the electrical installation of PV systems intended to supply

th
ity

er

Her

nt
er

The object of this document is To address the design safety requirements arising from t

e

particular characteristics of PV installations. DC systems, and PV arrays in particular, pose
some hazards in addition to those derived from conventional AC power installations, including
the ability to produce and sustain electrical arcs with currents that are not greater than normal
operating currents.

In grid connected PV installations the safety requirements of this document are, however,
critically dependent on the PCE associated with PV arrays complying with the requirements of
IEC 62109-1 and IEC 62109-2.
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712.2 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 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the
protection of solar photovoltaic energy systems

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Tgst
for vertical flame propagation for a single insulated wire or cable — Procedure_for 1 KW
pre-mixed flame

IEC 60364 (all parts), Low-voltage electrical installations

IE[C 60364-4-41:2005, Low-voltage electrical installations — Part 4-41>Protection for safety —
Prptection against electric shock

IEC 60364-4-43, Low-voltage electrical installations — Paft y4-43: Protection for safety| —
Prptection against overcurrent

IEC 60364-4-44, Low-voltage electrical installations, — Part 4-44: Protection for safety|—
Prptection against voltage disturbances and electromagnetic disturbances

IEC 60670 (all parts), Boxes and enclosurésofor electrical accessories for household apd
sitnilar fixed electrical installations

.

3

IEC 60898 (all parts), Electrical accessories — Circuit-breakers for overcurrent protection for

hausehold and similar installations

IEC 60898-2, Circuit-breakers- for overcurrent protection for household and similar
installations — Part 2: Circuit<breakers for a.c. and d.c. operation

IEC 60947 (all parts), Low-voltage switchgear and controlgear
IEC 60947-1, Low-voltage switchgear and controlgear — Part 1: General rules
IEC 60947-2Low-voltage switchgear and controlgear — Part 2: Circuit breakers

IEC 60947-3, Low-voltage switchgear and controlgear — Part 3: Switches, disconnectofs,
swifeh-disconnectors and fuse-combination units

IEC 61140, Protection against electric shock — Common aspects for installation and
equipment

IEC 61215 (all parts), Terrestrial photovoltaic (PV) modules — Design qualification and type
approval

IEC 61439 (all parts), Low-voltage switchgear and controlgear assemblies

IEC 61439-2, Low-voltage switchgear and controlgear assemblies — Part 2: Power switchgear
and controlgear assemblies
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IEC 61557-8:2014, Electrical safety in low voltage distribution systems up to 1 000 V a.c. and
1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures — Part 8:
Insulation monitoring devices for IT systems

IEC 62109 (all parts), Safety of power converters for use in photovoltaic power systems

IEC 62109-1:2010, Safety of power converters for use in photovoltaic power systems — Part 1:
General requirements

IE"‘ a210Q .9 Qofrtfv, f ooy Ao o tora for 11oa [ tovanliain ooy oo tapa Doyt 2-
Oz ToIzZ, oarcty U poUwCeT COnveTItero— 10T aSC—T1171 .

Particular requirements for inverters

IEC 62262, Degrees of protection provided by enclosures for electrical equipment against
external mechanical impacts (IK code)

IEC 62423, Type F and type B residual current operated circuit-breakers\with and withqut
integral overcurrent protection for household and similar uses

IEC 62446-1, Photovoltaic (PV) systems — Requirements for teSting, documentation apd
maintenance — Part 1: Grid connected systems — Documentation,) commissioning tests ahd
ingpection

IEC 62852:2014, Connectors for DC-application in “photovoltaic systems — Safety
requirements and tests

712.3 Terms and definitions

Far the purposes of this document, the following terms and definitions apply.

ISP and IEC maintain terminological databases for use in standardization at the followipg
addresses:

e [ IEC Electropedia: available at-http://www.electropedia.org/

e [ ISO Online browsing platform: available at http://www.iso.org/obp

712.3.1

PV cell

photovoltaic cell
salar cell

sdlar photovoltaic cell
most elementary device that exhibits the photovoltaic effect, i.e the direct non-thermal
conversion of radiant energy into electrical energy

Nofe 4 to“entry: The preferred term is "solar photovoltaic cell" or "photovoltaic cell", colloquially referred to a$ a
"sqlar eell".

[SOURCE: IEC 61836:2007, 3.1.43 a), modified — "that exhibits ... electrical energy" has
been added]

712.3.2
PV module
smallest complete environmentally protected assembly of interconnected cells

Note 1 to entry: See IEC 60904-3.

712.3.3
PV string
circuit of one or more series-connected modules
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[SOURCE: IEC 61836:2007, modified — "or one or more" has been added]

712.3.4
PV array
assembly of electrically interconnected PV modules, PV strings or PV sub-arrays

Note 1 to entry: For the purposes of this document a PV array is all components up to the DC input terminals

of

an invertor or DC loads. A PV array does not include its foundation, tracking apparatus, thermal control, and other

such components.

str|ngs, or several parallel-connected PV sub-arrays and their associated electrical components (see
igure 712.4). For the purposes of this document the boundary of a PV array is the output side of the PV ar

¢ctrical subset of a PV array formed of parallel connected PV modules or PV strings

712.3.6

PV string cable
caple interconnecting the modules in a PV string, or connecting the'string to a combiner bg
PCE or other DC loads

Note 1 to entry: Examples of PV string cable are shown in Figure 7128,and Figure 712.4.

712.3.7
PV array cable
caple of a PV array that carries the total output current of the array

712.3.8

PV AC supply cable
caple connecting the AC terminals of the PV PCE to a distribution board of the electriq
ingtallation

712.3.9

PV AC supply circuit
cifcuit connecting the AC {erminals of the PV PCE to a distribution board of the electric
ingtallation

712.3.10

PV AC module

infegrated medule/PCE assembly where the electrical interface terminals are alternati
current onlyand where no access is provided to the DC side

712.3.41
PV installation

Figure 71 : .
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712.3.12

standard test conditions

STC

standard set of reference conditions used for the testing and rating of photovoltaic cells a
modules as given in the relevant product standard for example IEC 61215

Note 1 to entry: The standard test conditions given in IEC 61215 for PV modules are:
a) PV cell temperature of 25 °C;
b) irradiance in the plane of the PV cell or module of 1 000 W/m?;

c) light spectrum corresponding to an atmospheric air mass of 1,5.

nd
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Note 2 to entry: This note applies to the French language only.

712.3.13
open-circuit voltage under standard test conditions

Uoc sTc
voltage under standard test conditions across an unloaded (open) PV module, PV string, or

PV array, or on the DC side of the PV PCE

712.3.14
open-circuit maximum voltage

Ugc MAX
maximum voltage across an unloaded (open) PV module, PV string, or PV array, or on the\DC

side of the PV PCE

Nofe 1 to entry: The method for determining Ug. yiax IS given in Annex B.

712.3.15
short-circuit current under standard test conditions

Isg stC
shjort-circuit current of a PV module, PV string, or PV array under standard test conditions

712.3.16
short-circuit maximum current

Is¢ max
maximum short-circuit current of a PV module, PV stringcorPV array

Nofe 1 to entry: The method for determining /. yax 1S given imAnnex B.

712.3.17

bgckfeed current
maximum current that can pass from PCE>to the PV array and its wiring under normal |or
single fault conditions

712.3.18

reyerse current
current that can backfeed intg a-PV circuit from parallel connected strings or sub-arrays jas
the result of a fault, for example a short-circuit in the affected circuit

712.3.19

short-circuit current.rating
Tsgpv J N : : . .
maximum prospective short-circuit current from the PV array for which the SPD, in conjunctipn
with the diseconnectors specified, is rated

712.3.20
DC side
partef a PV installation from the PV modules to the DC terminals of the PV PCE

712.3.21

AC side

part of a PV installation from the AC terminals of the PV PCE to the point of connection of the
PV supply cable to the electrical installation

712.3.22

maximum power point tracking

MPPT

control strategy whereby PV array operation is always at or near the point on a PV device's
current-voltage characteristic where the product of electric current and voltage yields the
maximum electrical power under specified operating conditions
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Note 1 to entry: This note applies to the French language only.

712.3.23

Imob_mAx_ocPR _ _
PV module maximum overcurrent protection rating

Note 1 to entry: See IEC 61730-2.

712.3.24
blocking diode

diad i . it le(s). stri | sub- S) to bl

712.3.25
bypass diode
dipde connected across one or more cells in the forward current direction

Note 1 to entry: The purpose is 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.

712.3.26

fupctional earthing
FE
edrthing a point or points in a system or in an installation or infequipment for purposes other
than electrical safety

Note 1 to entry: Such a system is not considered to be an earthed atray.

Note 2 to entry: Examples of functional array earthing includé~earthing one conductor through an impedance,|or
only temporarily earthing the array for functional or performafce/easons.

Nofe 3 to entry: In a PCE intended for an array not\connected to a functional earth that uses a resistjve
measurement network to measure the array impedance. to earth, that measurement network is not considered a
form of functional earth.

Nofe 4 to entry: This note applies to the Frenchilanguage only.

[SPURCE: IEC 60050-826:2004, 826-13-10, modified — the notes have been added]

712.3.27

irnadiance
G
el¢ctromagnetic radiated solar power per unit of area

Note 1 to entry: Igradiance is expressed in W/mZ2,

[SPURCE;IEC 61836:2007, 3.6.25 modified — the note and sub-entries have been deleted]

712.3.28

IsEC ARRAY
short-circuit current of the PV array atl standard test conditions

712.3.29

Isc mop
short-circuit current of a PV module or PV string at standard test conditions (STC), as

specified by the manufacturer in the product specification plate

Note 1 to entry: As PV strings are a group of PV modules connected in series, the short-circuit current of a string

is equal to I5: yop-

712.3.30

Isc s-ARRAY .
short-circuit current of a PV sub-array at standard test conditions (STC)
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712.3.31

power conversion equipment

PCE

system that converts the electrical power delivered by the PV array into the appropriate
frequency and/or voltage values to be delivered to the load, or stored in a battery or injected
into the electricity grid

SEE: Figure 712.2 to Figure 712.4.

Note 1 to entry: This note applies to the French language only.

71(2.3.32
inyerter
PCE which converts DC voltage and DC current of the PV array into AC voltage and AC
current

Nofe 1 to entry: This note applies to the French language only.

71(2.3.33
isplated PCE
PCE with at least simple separation between the main power output.circuits and PV circuits

Note 1 to entry: The simple separation may be either integral to the PGE or provided externally, for exampl¢ a
PQE with an external isolating transformer.

Note 2 to entry: In a PCE with more than two external circuits, there may be isolation between some pairs| of
cirguits and no isolation between others. For example, an invertef with PV, battery, and mains circuits may prov|de
isdlation between the mains circuit and the PV circuit, but no isolation between the PV and battery circuits.

712.3.34

ngn-isolated PCE
PCE without the minimum separation between the main power output and PV circuits or wjth
leakage currents greater than the requirements for an isolated PCE

712.3.35

PV array combiner box
enclosure where PV sub-arrays are connected and which may also contain overcurrgnt
prptection and/or switch-disconnection devices

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

712.3.36

PV string combiner box
enclosure ,where PV strings are connected which may also contain overcurrent protective
delvices _and/or switch-disconnectors

71(2.3.37
PV-sub-array cable
output cable of a PV sub-array that carries the output current of its associated sub-array

712.3.38

Uoc ARRAY B
open-circuit voltage at standard test conditions of a PV array

712.3.39

Vocmop B -
open circuit voltage of a PV module at standard test conditions, as specified by the

manufacturer in the product specification
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2.31 Purposes, supplies and structure
2.31.101 PV array configuration
2.31.101.1 General

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

Figure 712.1 illustrates the general functional configuration of a PV installation.

Th
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Array
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Figure 712.1 — General functional configuration of a PV installation

ree kinds of application circuit are considered:

PV array is connected to DC loads;

PV array is connected to AC ifstallation via a PCE which includes at least simjy
separation;

PV array is connected to-AC installation via a PCE which does not include simg
separation.

2.31.101.1.1 PV.lnstallation architectures

e relation of a~PV array to earth is determined by whether any earthing of the array
nctional reasens”is in use, the impedance of the earthing connection and also by the ea

e

e

or
th

status of the~application circuit (e.g. PCE or other equipment) to which it is connected. This

an

Th

d the location of the earth connection all affect safety for the PV array (refer to Annex A).

e requirements of manufacturers of PV modules and manufacturers of the PCE to which t

P

he

array is connected shall be taken into account in determining the most appropriate syste

m

ea

rthing arrangement.

Protective earthing of any of the conductors of the PV array is not permitted. Earthing of one
of the conductors of the PV array for functional reasons is not allowed unless there is at least
simple separation from mains earth provided either internally in the PCE or externally via a

se

parate transformer.

If the simple separation is provided externally there shall be no other equipment connected to
the same circuit as the PCE.

NOTE A DC current-carrying conductor that is connected to earth is considered to be a live conductor.
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712.31.101.1.2 Array electrical diagrams

The diagrams in Figure 712.2 to Figure 712.4 show the basic electrical configurations of
single-string, multiple parallel-string and multi-sub-array PV respectively.
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Figure 712.2 — PV array diagram - single string case
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Figure712.3 — PV array diagram — multiple parallel string case
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Figure 712.4 — PV array diagram — multiple parallel
string case with array divided into subarrays

In Figures 712.2, 712.3 and 712.4, components drawn in dotted format are not needed in all
cases. The figures indicate the location in the circuit when they are needed.
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Figure 712.5 — PV array using a PCE with multiple MPPT DC inputs
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Figure 712.6 — PV array using a PCE with multiple DC
inputs internally connected to a common DC bus

712.31.101.1.3 Use of PCE with multiple DC inputs
712.31.101.1.3.1 General

PV arrays are often connected to PCEs with multiple DC inputs. Refer to Figures 712.5 and
712.6. 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 backfeed
currents.
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2.31.101.1.3.2 PCEs with separate maximum power point tracking (MPPT) inputs

Where a PCE’s input circuits provide separate MPPT inputs, the overcurrent protection of the

se

ction of the array connected to those inputs shall take into account backfeed current.

Each PV section connected to an input (refer to Figure 712.5) may be treated for the purposes
of this document as a separate PV array. Each PV array shall have a switch-disconnector to
provide isolation of the PCE. The PV array switch disconnectors may be mechanically

int

egrated in one device and commonly operated.

7
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here a PCE’s multiple input circuits are internally paralleled onto a common DC bus;’ea
section connected to one of those inputs (refer to Figure 712.6) shall be treated for t
rposes of this document as a sub-array and all the PV sections combined shall"be classifi
the complete PV array. Each PV sub-array shall have a switch-disconnector to provi
lation of the PCE. This function may be provided by a common,PV array swit
connector.

2.31.101.1.4 Series-parallel configuration

PV strings within a PV array connected in parallel shall be-of the same technology a
ve the same number of series connected PV modules (see,Figure 712.2 to Figure 712.

ugless such modules are being tracked by separate MPRJFs. In addition, all PV modules
p

rallel within the PV array shall have similar rated electrical characteristics, including sho
cuit current, open-circuit voltage, maximum power edrrent, maximum power voltage a
ed power (all at STC), unless such modules are being tracked by separate MPPTs.

is is a design issue which needs to be considered by the project implementer, particula
en replacing modules or modifying an existing PV installation.

2.31.101.1.5 Considerations due to prospective fault conditions within a |
array

any installation, the source of fault currents needs to be identified.

installations containing.:batteries may have high prospective fault currents due to t

bdttery characteristic.

In
cu

gr

Th
Th
in

a PV installation without batteries, the PV cells (and consequently PV arrays) behave li
rrent sources under low impedance faults. Consequently, fault currents may not be mu
pater than normal full load currents, even under short-circuit conditions.

e fault’current depends on the number of strings, the fault location and the irradiance leve
is makes short-circuit detection within a PV array very difficult. Electric arcs can be forme

2.31.101.1.3.3 PCEs with multiple inputs internally connected together in the PT:E

h
he
ed
de
ch

nd
4),

in
rt-

—_
<

ne

ke
ch

l.
d

a RV array with fault currents lower than the operating current of an overcurrent protectivef

7

VIUT.

2.31.101.1.6 Performance issues

A PV array’s performance may be affected by many factors, including but not limited to:

shading or partial shading;
temperature rise;
voltage drop in cables;

soiling of the surface of the array caused by dust, dirt, bird droppings, snow, industr
pollution, etc.;

orientation;

ial
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PV module degradation.

17

Care should be taken in selecting a site for the PV array. Nearby trees and buildings may

ca

use shadows to fall on the PV array during some part of the day.

It is important that any shadowing be reduced as much as is practicable. Note that even a
small shadow on the array can significantly limit its performance.

Issues of performance degradation due to temperature rise and the need for good ventilation

ar

In
ar

e described in 712.515.101. Care should be taken to keep modules as cool as practicable

the design process the sizing of cables within the array and in cable connections from t
ay to the application circuit affects the voltage drop in those cables under load. This-can

particularly significant in PV installations with low output voltage and high output current. It

re
m
thq

Pa
Sig
m

7
7

C4

7

Fd

commended that under maximum load conditions the voltage drop from the‘most remg
pdule in the array to the input terminals of the application circuit should nof eéxceed 3 %
b PV array voltage at its maximum power point.

[lution of the surface of PV modules caused by dust, dirt, bird droppings, snow etc. c
nificantly reduce the output of the array. Arrangements should be made to clean t
bdules regularly in situations where significant pollution may bé a-problem.

2.4 Protection for safety
2.4.101 General
lculation of Ugc max @nd Isc max is performed imAnnex B.

2.4.102 Functional earthing (FE) of alive part on the DC side

r functional reasons, some PV module technologies require a live part to be connected

edrth.

Fy
sin

nctional earthing of a live partyof the DC side of a PCE is permitted, if there is at leg
hple separation between the AC side and the DC side by means of a transformer havi

electrically separate primary‘and secondary windings. The transformer may be either interr

or
an

Th
thq

Th
te

external to the PCE. The transformer winding connected to the PCE shall not be earthe
d the PCE shall be suitable for this.

e functional edrthing of a live part shall be performed at a single point of the DC side, ne
p DC input of'the PCE or in the PCE itself.

e earthing should preferably be located between the disconnection device and the [
minals.of the PV PCE.

he
be
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te
of

an
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st

ng
al
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ar

DC

Tk

g requirements of 71242+ 101273 shattatso beapptied:

A cable used for functional earthing shall not be identified by the colour combination green-

an

71
7
7

d-yellow. It is recommended to use the colour pink.
2.41 Protection against electric shock
2.410 Introduction

2.410.101 PV equipment on the DC side shall be considered to be energized, even whe

n

the AC side is disconnected from the grid or when the PCE is disconnected from the DC side.
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2.410.3.5

Replace the requirements as follows:

The protective measures specified in IEC 60364-4-41:2005, Annex B, i.e. the use of obstacles

an

7

d placing out of reach, shall not be used.

2.410.3.6

Ré

Th

sh

7

7

71
on

7

71
sh

7

71
71
AR

place the requirements as 1ollows:

e protective measures specified in IEC 60364-4-41:2005, Annex C, i.e.

non-conducting location,
earth-free local equipotential bonding,

electrical separation for the supply of more than one item of current-using equipment,

all not be applied.

2.410.102 On the DC side, one of the following protective measures shall be used:

double or reinforced insulation;
SELV or PELV.

2.412 Protective measure: double or reinfotrced insulation

2.412.101 The equipment, for example PV-modules, distribution boards or cabinets, us
the DC side shall be Class Il or equivalent'insulation, according to IEC 61140.

2.414 Protective measure: extra:low-voltage provided by SELV and PELV

2.414.101 For the use of SELV-and PELV protective measures on the DC side, Ugc
all not exceed 60 V DC.

2.414.102 The smooth-DC voltage to be considered is the PV array maximum voltage
C MAX:

2.42 Protection against thermal effects
2.420.101_<Fire safety of PV installations

plicablenational or local fire requirements shall be taken into account.

7

2.421 Protection against fire caused by electrical equipment

ed

7

7

7

7

2.421.101 Protection against the effects of insulation faults

2.421.101.1 Protection against the effects of insulation faults without at least

simple separation inside the PCE or on the AC side

2.421.101.1.1 The functional earthing of a live part on the DC side is not permitted.

2.421.101.1.2 In the event of an insulation fault on the DC side, either:

the PCE shall be automatically disconnected from the AC side, or

the faulty part of the PV array shall be automatically disconnected from the PCE.

NOTE 1 Disconnection can be provided by the PCE; see IEC 62109 (all parts).
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NOTE 2 Automatic disconnection can be provided by an RCD.

712.421.101.1.3 In the event of an insulation fault on the DC side, an alarm shall be
automatically given (see 712.531.3.101.3).

NOTE If the insulation fault is detected by the PCE, according to IEC 62109 (all parts) an alarm is initiated by the
PCE.

712.421.101.2 Protection against the effects of insulation faults with simple separation
inside the PCE or on the AC side

712.421.101.2.1 The functional earthing of a live part on the DC side is permitted.

712.421.101.2.2 Without functional earthing of a live part on the DC side, an insulatipn
monitoring device (IMD), or another device offering equally effective monitoring,\ shall pe
ingtalled.

NQTE An inverter according to IEC 62109 (all parts) can be used to provide this function.

71(2.421.101.2.3 Except where the following paragraph applies, PV ,arrays that have ope
cojnductor connected to a functional earth shall be provided with a.device or association |of
deyvices, in accordance with 712.532.102, that interrupts the currentin the functional earthipg
conductor in the event of an insulation fault on the DC side.(Fhe device (or association |of
devices) shall also give an alarm according to 712.421.101.2(4,

is

THe requirement of the previous paragraph does not apply where the functional earthing
connected to earth via a resistor having a resistance® which meets the following condition:

U
R> oc'max
[n
where
I, is the value of current given in\Table 712.6.

NQTE In the event of an insulation, fault, an immediate shut down of the PCE can be necessary for functiopal
regsons.

W(th functional earthing, of“a live part on the DC side via a resistor, an insulation monitoring
device (IMD), or another device offering equal effective monitoring shall be installed (sge
712.531.3).

NQTE A PCE aecording to IEC 62109 (all parts) can be used to provide this function.

712.421.101.2.4 In the event of an insulation fault on the DC side, an alarm shall pe
automatically given (see 712.531.3.101.3).

NQTE. " If the insulation fault is detected by the PCE. according to IEC 62109 (all parts). an alarm is initiated by the
PCE.

According to |IEC 60364-4-41:2005, 411.6.3.1 it is recommended that a fault be eliminated
with the shortest practicable delay.

712.43 Protection against overcurrent
712.430.3 General requirements
712.430.3.101 General

Overcurrent within a PV array can result from faults in array wiring or from fault currents due
to short-circuits in modules, in combiner boxes or in module wiring.
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PV modules are current limited sources but can be subjected to overcurrents because they
can be connected in parallel and also connected to external sources. The overcurrents can be
caused by the sum of currents from

o multiple parallel adjacent strings,

e some types of PCEs to which they are connected and/or

e external sources.

712.430.3.102 Requirement for overcurrent protection

Oyercurrent protection shall be provided in accordance with 712.430.3.102 to 712.433.1\1P1
and with PV module manufacturer’s requirements.

Oyercurrent protective devices required for the protection of PV modules and/or"their wiring
shiall be selected to reliably and consistently operate within 2 h when an overcurrent of 135|%
ofthe nominal device current rating of the PV modules is applied.

712.430.3.103 Requirement for string overcurrent protection

Stfing overcurrent protection shall be used if:

((Ns =1) x Isc_max ) > ImoD_MAX (O¢PR
where:

Nd is the total number of parallel connected strings protected by the nearest overcurrgnt

prptective device.

When circuit-breakers with overcurrent protection elements are used, they may also provifde
th¢ disconnecting means required in 712.536:2:101 to 712.536.2.103.

71(2.430.3.104 Requirement for sub-array overcurrent protection

Syb-array overcurrent protection shall be provided if more than two sub-arrays are connected
in [parallel.

712.432 Nature of protective devices

712.432.101 Blocking.diodes used to connect the PV strings in parallel shall not be relipd
uplon as a means of protection against overcurrents.

712.432.102_<«Thé overcurrent protective devices of the DC side shall be either gPV fuses|in
aclcordancelwith IEC 60269-6 or another device in accordance with IEC 60947 (all parts) |or
IEC 60898-(all parts).

Devices in accordance with IEC 60947 (all parts) and IEC 60898 (all parts) shall be of types
sultabte for the expected conditions, In particutar for operation with difect current, Teverse
current and critical current.

712.433 Protection against overload current

712.433.1 Coordination between conductors and overload protective devices
712.433.1.101 Overload protection sizing

712.433.1.101.1 General

The selected multiplier in 712.433.1.101.2 to 712.433.1.101.4 shall be adjusted to account for
PV systems operating in climatic conditions where I . is expected to routinely exceed STC
values.
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NOTE Numerous climatic and environmental conditions can result in high short-circuit currents of the PV modules
and arrays exceeding STC values, such as geographic locations with unusually high solar resource, reflection from
the snow, or other conditions. For example, in the snow case, short-circuit current is affected by ambient
temperature, incline angle and azimuth angle of PV module, reflection of snow, geographical features, etc.

712.433.1.101.2 PV string overload protection
Where string overload protection is required, either:
1) each PV string shall be protected with an overload protective device, where the nomin
overload protection rating of the string overload protective device shall be /,, where:
[n > 1,5 X [SC_MOD and
In < 2,4 X ]SC MOD and
Iy = Imop_MAX_OCPR
or
2)| strings may be grouped in parallel under the protection of one overload ‘protective device

Where circuit-breakers are used as devices for overload protection, IEC 60364 (all parts) al
permits these to fulfil the role of a disconnecting means as required by 712.536.2.101
712.536.2.103.

In

first weeks or months of operation(This should be taken into account when establishi
overload protection and cable ratings.

provided:

Ing > 1,5 x Nqg x ISC_MOD and

Ing <Ivop_max_ocpr ~ ((N1s -7) x Isc_mop )

where

I, is the rated current or current setting of the string overlead protective device,

Ing is the rated current or current setting of the group‘overload protective device,

Ntg is the total number of strings in a group undef,the protection of one overload device

some PV module technologies, /5cwop IS higher than the nominal rated value during t

al

50

to
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This is only an example and other switching, disconnecting and/or overload protective devices may be required in
individual cases, but for simplicity these are not shown in this figure.

NOTE 1 This is a special case and the design is only possible where the overload protection rating of a PV
module is much larger than its normal operating current.

NOTE 2 In case of specific constraints such as side by side mounting of equipment used simultaneously at
nominal current and/or high ambient temperature, the choice of rated current for the protective device could be
affected.

Figure 712.7 — Example of a PV array diagram where strings
are grouped under one overload protective device per group
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712.433.1.101.3 PV sub-array overload protection

The rated current or current setting (7)) of overload protective devices for PV sub-arrays shall
be determined with the following formulae:

]n > 1,25 X ]SC S-ARRAY and

Iy < 2,4 x Igc s.ARRAY-

T 4 28 ot line oA b mataad £ th 1 5 palticolior oad atrinac 1ot allow dacia er
T Lo artpPoT oSC U TToTCT TIStTCat U T o MartapioT oSCUTOT ST Ty S 19 tU-antovw- ao STyt

fleixibility. A multiplier of 1,25 should not be used in areas where heightened irradiance ocgyrs
frgquently as this would be likely to cause nuisance overload protective device operation.

NQTE In case of specific constraints such as side by side mounting of equipment used simultaneeusly at nomipal
cufrent and/or high ambient temperature, the choice of current rating of the protective device could‘be impacted.

712.433.1.101.4 PV array overload protection

PV array cable overload protection is only required for PV installations connected to batteries
or|where other sources of current may feed into the PV array under fault conditions. The rated
current (Z,) of PV array overload protective devices shall be rated.as follows:

]n > 1,25 X ]SC S-ARRAY and

Iy < 2,4 x Igc ARRAY

THe PV array overload protective devices are ‘commonly installed between the battery |or
batteries and the charge controller as close as)possible to the battery or batteries. If thege
devices are appropriately rated, they provide‘protection to both the charge controller and the
PV array cable, and consequently no further PV array cable overload protection between the
PV array and the charge controller is necessary.The 1,25 multiplier used here instead of the
1,% multiplier used for strings is to allow' designer flexibility. A multiplier of 1,25 should not pe
used in areas where heightened irradiance occurs frequently as this would be likely to cauge
nuisance overload operation.

NQTE In case of specific constraints such as side by side mounting of equipment used simultaneously at nomipal
cufrent and/or high ambient temperature, the choice of current rating of the protective device could be impacted.

71(2.433.2 Position of devices for overload protection
712.433.2.101 Overload protection location

Oyerload ptotective devices where required by 712.430.3.101 to 712.430.3.104, apd
712.433.1.101 for PV array, PV sub-array, and PV strings shall be placed as follows.

o | For-string overload protective devices, they shall be where the string cables join the syb-
array or array cables in the string combiner box (refer to Figures 712.3 and 712.4).

e For sub-array overload protective devices, they shall be where the sub-array cables join
the array cables in the array combiner box (refer to Figure 712.4).

e For array overload protective devices, they shall be where the array cables join the
application circuit or the PCE (refer to Figures 712.2 to 712.4).

NOTE The location of the overload protective devices at the end of those cables furthest from the PV sub-array or
string is to protect from fault currents flowing from other sections of the PV array or from other sources such as
batteries. Due to the inherent current limiting characteristics of PV, there is insufficient fault current from the
source in the faulted circuit itself to cause the overload protective device to operate.

An overload protective device required for a string cable or sub-array cable shall be placed in
each live conductor (i.e. each live conductor not connected to the functional earth).
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An exception applies for a string cable not in the same wiring system as sub-array cables, and
for a sub-array cable not in the same wiring system as string cables. In these cases, an
overload protective device need only be placed in one unearthed live conductor of the string
cable or each sub-array cable. The polarity of this conductor shall be the same for all cables
thus protected.

712.433.101 Protection of PV array cable

The continuous current-carrying capacity (/,) of the PV array cable shall be greater than or
equal to the maximum short-circuit current of the PV array:

Isc max of the PV array < 1,

71(2.433.102 Protection of PV AC supply cable

THe rated current for the overload protective device of the AC supply cable” shall take into
acicount the design current of the PCE. The PCE design current is the maximum AC currgnt
given by the PCE manufacturer or, failing that, 1,1 times its rated AC cusrent.

712.434  Protection against short-circuit currents

71(2.434.101 The PV AC supply cable shall be protected from(the effects of short-circuit py
an| overcurrent protective device installed at the connection)to the designated distributipn
board of the electrical installation.

712.44 Protection against voltage disturbancés and electromagnetic disturbances

712.443 Protection against transient overvoltages of atmospheric origin or due to
switching

71[2.443.101 Taking into account the sensitivity of the setting up of the photovoltaic modulgs,
detailed attention should be paid to the “protection of the structure itself (building) against
difect effects of the lightning; this subject is covered inlEC 62305 (all parts).

712.443.4 Overvoltage control
71(2.443.4.101  Protection-against transient overvoltage

Where protection against transient overvoltage is required by I|EC 60364-4-44:200Q7,
Clause 443, such protection shall also be applied to the DC side of the PV installation.

Depending on-\the distance between the PCE and the origin of the installation, further
prptection against transient overvoltage may be required on the AC side.

Where IEC 60364-4-44:2007, Clause 443 does not require protection against transignt
overvoltage, a risk assessment according to 712.443.5.101 shall be performed.

712.443.5 Risk assessment method
712.443.5.101 Risk assessment for PV installations

Where the relevant data is available, a risk assessment may be carried out to evaluate if
protection against transient overvoltage is required.

The method of risk assessment is based on the evaluation of the critical length:
L.t and its comparison with L.

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

where

e [ is the maximum route length (m) between the PCE and the connection points of the
photovoltaic modules of the different strings.

e L. (m)depends on the type of PV installation, and is calculated according to Table 712.1:

Table 712.1 — Calculation of the critical length L,

Type of installation PV installation is attached to the PV installation is not attached\tp
building the building
Ly (M) 115/Ng 200/Ng
L>L (m) SPDs are required on the DC side

o | Ng is the lightning ground flash density (flash/km?2/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/AMD1:2015, 443.5)

712.444 Measures against electromagnetic influences
712.444.5 Earthing and equipotential bonding
712.444.5.5 Functional earthing conductor
71(2.444.5.5.101 Functional earthing terminal of PV array

When the PV array is earthed as described\in 712.4.102 the connection to earth shall pe
made at a single point and this point shall\be connected to the main earthing terminal of the
ctrical installation.

©

NQTE 1 Some electrical installations can.have sub-earthing terminals. Connection of the PV functional earth| to
sub-earthing terminals is acceptable proyided it has been considered for this use.

NQTE 2 The functional earth connection can be established inside the PCE.

In|PV installations without-batteries, this connection point shall be between the PV array apd
the PCE and as close ‘as possible to the PCE.

In|PV installations’ containing batteries, this connection point shall be between the charpge
controller andsthe battery protection device.

NQTE 3 Jf\in“some countries disconnection devices are required/allowed to interrupt functional earth conductdrs;
thg location of the earth connection is important in regards to interruption.

712.8°  Selection and erection of electrical equipment

712.51 Common rules

712.51.101 The method of calculation of Uy pyax @nd Isc max iS given in Annex B.

712.510.3 General

Add the following:

Equipment in outdoor locations shall have a degree of protection of at least IP 44 and a
degree of protection against external mechanical impact not less than IK 07 in accordance
with IEC 62262.
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PV array wiring and associated components are often exposed to UV, wind, water, snow,
heating due to direct solar radiation, and other environmental conditions. Particular attention
is drawn to the need for measures to allow the escape of water that may accumulate even in
watertight enclosures, and the need for measures against heating caused by direct solar
radiation.

712.511 Compliance with standards
712.511.1

) T :
ACU arc 10rnowirty.

Sypport structures and module mounting arrangements shall comply with applicable<buildipng
co(des regulations and standards and module manufacturer’s mounting requirements

712.511.101 PV modules shall comply with the requirements of the relevant equipment
standard, either IEC 61215 (all parts) or IEC 61646.

71(2.511.102 PCEs shall comply with IEC 62109 (all parts).

Adcording to the foreseeable environmental conditions, the PCE _shall be selected accordipg
to[IEC 62109-1:2010, Clause 6.

712.511.103 A combiner box shall comply with IEC 6%439-2 or, for household and similar
logations, may alternatively comply with IEC 60670 _(relevant parts). Switchgear assemblies
shiall comply with IEC 61439 (relevant parts).

71[2.512  Operational conditions and external influences
712.512.1 Operational conditions

712.512.1.1 Voltage

712.512.1.1.101 Open-circuit maximum voltage Ugc max

THe open-circuit maximum wvpltage Ugc max iS determined in accordance with Annex (B,
Clause B1.

712.512.1.1.102 Component requirements
712.512.1.1.102.1 General
All components shall comply with the following requirements:

e | be(rated for DC use where applicable;

e | have a voltage rating equal to or greater than the open-circuit maximum voltage
determined in 712.512.1.1.101,;

e have a current rating equal to or greater than that shown in Table 712.2.

For some PV technologies the I . current available during the first few weeks of operation is
considerably greater than the normal rated value. In some technologies the I, increases over
time. Equipment shall be rated for the highest expected current value.

Where the DC voltage is conditioned (e.g. where a DC/DC converter is used), equipment shall
be rated for the highest expected current and voltage values.
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2.512.1.1.102.2 PV module class

17

Where the protective measure used on the DC side is double or reinforced insulation
according to 712.412, PV modules shall be selected according to class Il or equivalent
insulation according to IEC 61140.

Where the protective measure used on the DC side is extra-low voltage by means of SELV or
PELV, according to 712.414, PV modules shall be selected according to class Ill or class Il or

€q

uivalent insulation according to IEC 61140.
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2.512.1.1.102.3 Combiner box class

here the protective measure used on the DC side is double or reinforced insulati
cording to 712.412, combiner boxes shall be selected according to class |l or“equivale
ulation according to IEC 61140.

here the protective measure used on the DC side is extra-low voltage by 'means of SELV

br equivalent insulation according to IEC 61140.

2.513 Accessibility

2.513.101 The selection and erection of a PV installation _shall facilitate safe maintenan
d shall not adversely affect provisions made by thés manufacturer of the electrig
uipment to enable maintenance or service work to be\carried out safely. Combiner box|
ich contain overcurrent and/or switching devices’shall be capable of being reached
pection, maintenance or repairs without necessitating the dismantling of structural par
pboards, benches or the like.

2.514 Identification

2.514.101 Safety marking

r reasons of safety of the various operators (maintenance personnel, inspectors, pub
tribution network operators, 'emergency aid services, etc.), it is essential to indicate t
bsence of a photovoltaic installation on a building.

5ign, such as shown,in.Figure 712.8, shall be fixed

at the origin of-the electrical installation, and

at the metering position, if remote from the origin, and

at the eensumer unit or distribution board to which the supply from the PCE is connected.

bn
nt

or

ELV, according to 712.414, combiner boxes shall be selected according to class Il or class

lic
he
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to(local standards and regulations when applicable. Markings shall be in the local language
use appropriate localhwarning symbols. English examples of sign texts are included |i
Arnnex C.

712.514.105_«~Requirements for signs

EX

IEC

TE National committees or national regulations should decide on the labels and locatiens of such markings.

Figure 712.8 — Example of an indication showing the'presence
of a photovoltaic installation on a building

2.514.102 Live parts marking

ch point of access to live parts on the DC side, such)as distribution boards and cabine
all have a permanent marking for example bearing the text ‘SOLAR DC - Live parts ¢
main energized after isolation’.

2.514.103 Isolation marking

PCEs should bear a marking indicating that, before any servicing operation, the PCE sh
isolated from all supplies.

2.514.104 Equipment marking

electrical equipment shall"be marked according to the requirements for marking in IEC

amples'of signs are given in Annex C.

7

2.514.106 Labelling of disconnection devices

[s,
an

fall

or
or

71

2.514.106.1 General

Disconnection devices shall be marked with an identification name or number according to the
PV array wiring diagram.

All

7

switches shall have the ON and OFF positions clearly indicated.

2.514.106.2 PV array disconnecting device

The PV array DC switch disconnector shall be identified by a sign affixed in a prominent
location adjacent to the switch disconnector.
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Where multiple disconnection devices are used that are not ganged (refer to 712.536.2.103)
signage shall be provided warning of multiple DC sources and the need to turn off all switch
disconnectors to safely isolate equipment.

712.514.107 Documentation

Documentation shall be provided in accordance with IEC 62446-1.

A set of operational instructions for the insulation fault alarm referred to in 712.531.3.101.3
shall be provided to the PV installation owner, which explains the need for immediate action
tolinvestigate and to correct the fault.

71(2.514.2 Wiring systems

Add the following:

THe identification of AC and DC circuits shall be such that they are clearly distinguishaljle

frgm each other (e.g. by labels or different coloured cables).

712.515 Prevention of mutual detrimental influence

712.515.101 Selection and erection of PV modules in relation with external influence

\'4

712.515.101.1 Thermal aspects

Prpvisions shall be made in the mounting arrangément of PV modules to allow for the
maximum expansion/contraction of the modules{under expected operating temperaturgs,
according to the manufacturer’s recommendations. Similar provisions shall be made for otHer
applicable metallic components, including maunting structures, conduits and cable trays.

712.515.101.2 Mechanical loads on PV structures

THe PV array support structures shall comply with national standards and regulations wjth
respect to loading characteristics. Particular attention should be given to wind and snow loads
on PV arrays.

712.515.101.3 Wind

PY modules, module\\mounting frames, and the methods used for attaching frames |to
buildings or to the ground shall be rated for the maximum expected wind speeds at the
lo¢ation according_to local codes.

In|assessing‘this component, the wind speed observed (or known) on site shall be used, wjth
due consideration to wind events (cyclones, tornadoes, hurricanes, etc.). The PV arrpy
stqucture“shall be secured in an appropriate manner or in accordance with local building
st:imdards.

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

712.515.101.4 Material accumulation on PV array

Snow, ice, or other material may build up on the PV array and shall be accounted for when
selecting suitably rated modules, calculating the supporting structure for the modules and
likewise, when calculating the building capability to support the array.

NOTE 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.
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2.515.101.5 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 suitable for the
lifetime and duty of the equipment, for example aluminium, galvanized steel, treated timber.

If aluminium is installed in a marine or other highly corrosive environment, it shall be anodized
to a thickness and specification suitable for the location and duty of the equipment. Corrosive
gases, such as ammonia in farming environments, also need to be taken into account.

m

St

dig

Miasures shall be taken to prevent electrochemical corrosion between dissimilar metals. This
may occur between structures and the building and also between structures, fasteners and'|

pdules.

PV

hnd-off materials shall be used to reduce electrochemical corrosion between.galvanically

similar metal surfaces, for example nylon washers, rubber insulators.

Manufacturer’s instructions and local codes should be consulted regafding the design

m

7
7
7
71

bunting systems and any other connections such as earthing connections.

2.52 Wiring systems

2.521 Types of wiring systems

2.521.101 Type

2.521.101.1 Cables used within the PV array shall;

be suitable for DC application;

have a voltage rating of equal to orCgreater than the open-circuit maximum volta
determined in clause 712.512.1.1.101

have a temperature rating accarding to the application, taking into account that §
modules frequently operate at®temperatures of the order of 40 K above ambig
temperature and therefore «¢able insulation of wiring installed in contact or near |
modules shall be rated accordingly;

if exposed to the environment, be UV-resistant, or be protected from UV light
appropriate protection, or be installed in UV-resistant conduit or trunking;

be suitable for the\expected conditions of exposure to water;

where copper.conductors are used, have tinned, multistranded conductors in order
reduce degradation of the cable over time;

in all installations operating at voltages exceeding extra-low voltage, be selected so as
minimize the risk of insulation faults (This is commonly achieved using cables hauvi
insulation and a non-metallic sheath, selected and installed in accordance with IEC 6036

of

ge
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by

to

to

ng
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4:-41:2005, 412.2.4.1, particularly for cables that are exposed or laid in metallic tray

or

conduit. This can also be achieved by reinforcing the protection of the wiring as shown
Figure 712.9);

be flame retardant as defined in IEC 60332-1-2;

have conductors classified according to minimum class 5 of IEC 60228 where subject

in

to

movement (such as for tracking installations or where string cables are exposed to wind),

or a minimum of class 2 of IEC 60228 where not subject to movement.

NOTE 1 Some countries require halogen free cables when those cables are routed through a building

NOTE 2 |EC 62930, Electric cables for Photovoltaic systems, is under development.
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Conductor
Insulation o OR w
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Non-metallic sheath J A
IEC \/
a) Single or multi conductor cable /\
where each conductor is both insulated and sheathed Q'\
> Z + A
bnductor Insulﬁtiqg I I N I Insulatirlg
condui ’
OR f\ [“— trunking
(] b‘ [ ]
Insulation
IEC % IfC
b) Insulated conductor cable - in insulated\%ﬂduit/trunking
Metallic conduit Q @)
Q Metallic trunking
Conductor Q ’/

>

9 5

I I
- | ®
Insulation o Q N Ooo
O IEC

Non-metallic sheath \J?
‘\CJ IEC

c) g‘\{gle conductor cable — in metallic conduit/trunking

O®‘

Q Conductor Insulating

@ bedding

%O Steel wire Insulating
C) armour jacket

NS

Insulation

IEC

d) Steel wire armoured cable
(usually suitable only for main DC cable)

Figure 712.9 — Examples of cables with reinforced protection

2.521.101.2 Cables on the DC side shall be selected and erected so as to minimize the

risk of earth faults and short circuits.
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712.521.102 General

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.

712.521.103 Wiring loops

To reduce the magnitude of transient overvoltages, the PV array wiring shall be laid in such a
way that the area of conductive loops is minimum (e.g. by laying cables in parallel as shown
in Figure 712.10)

T
PV module /V
PV module
junction box
Return e
conductor

IEC
Figure 712.40 — PV string wiring with minimum loop area

712.521.104 String Wiring

In|the case wheré wiring of PV strings between modules is not protected by conduit or otHer
enclosures, in_addition to the requirements for all array wiring the following requirements shall
also apply:

e [ cables*are protected from mechanical damage, and

to relieve tension in order to prevent the conductor fram

e [ thé cable is so installed as

cominafraoa fram tha ~AannA~t
SO g e oM C—COoCT

712.522 Selection and erection of wiring systems in relation to external influences
712.522.101 Installation method

Cables shall be supported so they do not suffer fatigue due to wind/snow affects. They shall
also be protected from sharp edges. Cables shall be supported so that their properties and
installation requirements are maintained over the stated life of the PV plant. All non-metalic
cable management systems exposed to sunlight shall be of a UV resistant type.

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

2.523.101 The ambient temperature for cables subjected to direct heating from the

derside of PV modules shall be considered to be at least 70 °C.
2.524 Cross-sectional areas of conductors
2.524 .1

Add the following:

CH
wi
T3
frg

P
co
fa
ca
ne

pdrallel strings.

7
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h regard to overcurrent protection ratings where in use, the minimum current rating (refer

m these criteria shall be applied.

arrays not connected to batteries are current limited sources but because of paral
nnection of strings, and sub-arrays, abnormally high currents can flow in*array wiring und
Ilt conditions. Overcurrent protection is specified where required” and cables shall

pable of handling the worst case current from any remote part(of the array through t
arest overcurrent protective device plus the worst case current~available from any adjacg

2.524.1.101.1

e minimum cable sizes for PV array wiring, based~on current-carrying capacity (/,), shall
sed upon a current rating calculated from Table 712.2.

some PV module technologies Igc mop S “higher than the nominal rated value during t
st weeks or months of operation, and:in-other technologies /g yop increases over tim
is shall be taken into account when establishing cable ratings.

ble sizes for PV string cables, PV sub-array cables and PV array cable shall be determingd

to

ble 712.2), the voltage drop and prospective fault current. The largest cable size\ obtaingd

lel
er
be
he
nt

he
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Table 712.2 — Minimum current rating of circuits

Relevant circuit

Protection

Minimum current upon which cable cross sectional
area and or other circuit ratings shall be chosen

PV string overcurrent
protection not provided

Current rating (/) of the nearest downstream overcurrent
protective device

+ 1,25 x Igc pop X (Ng— 1)
where:

N, is the total number of parallel connected strings

orotected-bythe-nearest-overcurrent-orotectivve-deice.
L J Lig -

NOTE
i) The nearest downstream overcurrent protection"may
PV string be the sub-array protection and if this is not\present
then it may be the array overcurrent protection if
present.
ii) When no overcurrent protection is 'used in the
complete array then N is the total'number of parallel
connected strings in the complete PV array; and the
rated current (/) of the nearest overcurrent protectivg
device is replaced by zero,
PV string overcurrent Current rating (7,) of the-PV string overcurrent protective]
protection provided device (refer to 712.480:3.101 to 712.430.3.104,
712.433.1.101 and/7127433.2.101)
PV sub-array overcurrent The greater of the following:
rotection not provided
P I provi a) Current rating (/) of the PV array overcurrent
protecCtive device + 1,25 x sum of short circuit curren
of all'\other sub-arrays
b)s 1,25 x I of relevant arra
PV sub-array ) *Isc s-array ( y)
NOTE When PV array overcurrent protection is no¢t
used, the / is replaced by zero in Equation (a).
PV sub-array overcurrent Current rating () of the PV sub-array overcurrent
protection provided protective device (refer to 712.430.3.101 to
712.430.3.104, 712.433.1.101 and 712.433.2.101)
PV array overcurre_nt 1,25 x Igc ARRAY
protection not provided
P\ array PV array-overcurrent Current rating (/,) of the PV array overcurrent protective
protection_provided device (refer to 712.430.3.101 to 712.430.3.104,
712.433.1.101 and 712.433.2.101)
Where a PCE_or other power conversion device is capable of providing backfeed current irjto
th¢ array under fault conditions, the value of this backfeed current shall be taken into accoynt
in[all calculations of circuit current ratings. In some circumstances the backfeed current vill
have to-be added to the circuit rating as calculated in Table 712.2.
NQIE. The value of backfeed current provided by power conversion equipment (PCE) can be obtained frbm

information provided by the PCE manufacturer.

712.525 Voltage drop in consumers installations

712.525.101 Voltage drop in PV installations

For efficiency reasons, other than electrical safety and correct functioning of equipment,
consideration shall be given to the voltage drop in the PV installation. See 712.31.101.1.6.
National requirements should be considered.

When the PV installation is generating power, the voltage at the PCE terminals is higher than
the voltage at the grid connection point. This voltage difference should be kept to a minimum
in order to prevent the PCE from nuisance tripping on overvoltage.
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The recommendations of IEC 60364-5-52:2009, Annex G apply.

7
7

2.526 Electrical connections

2.526.1

Add the following:

17

Male and female connectors mated together shall be of the same type from the same

m

nufacturer i e a male connector from one manufacturer and a female connector fr

m

an

Cq

NQ
7

Fao
co|

other manufacturer or vice versa shall not be used to make a connection.

nnectors shall comply with the following requirements:

be rated for DC use (IEC 62852);

have a voltage rating equal to or greater than the open-circuit, maximum volta
determined in 712.512.1.1.101;

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

have a current rating equal to or greater than the current-carrying capacity for the circuit
which they are fitted (refer to Table 712.2);

be capable of accepting the cable used for the circuit,to.which they are fitted;
require a deliberate force to disconnect;

if accessible by untrained people, then shall be'of the locking type where two independs
actions are required to disconnect;

have a temperature rating suitable for theitinstallation location;
if multi-polar, be polarized;
comply with Class Il for PV installations operating above 35 V;

if exposed to the environment,-be rated for outdoor use, be UV-resistant and be of an
rating suitable for the location;

shall be installed in sugchCa way as to minimize strain on the connectors (e.g. supporti
the cable on either side of the connector);

plugs and socket qutlets normally used for the connection of household equipment to |
voltage AC power'shall not be used in PV arrays.

TE The purpose of this requirement is to prevent confusion between AC and DC circuits within an installatio

2.526.101< Connectors on the DC side

ge

nt

pW

n.

r PY jinstallations not using SELV or PELV protective measures on the DC side, only

nnectors especially suitable for the DC side of PV installations shall be used.

Connectors in a location accessible to persons other than skilled or instructed persons shall
either be of a type which can only be disconnected by means of a key or a tool or shall be
installed within an enclosure which can only be opened by means of a key or a tool.

7

2.526.102 Wiring installation in combiner boxes

The following provisions apply to the installation of wiring systems combiner boxes.

Where conductors enter a combiner box without conduit, a tension relief arrangement shall be

us

ed to avoid cable disconnections inside the box (for example by using a gland connector).

All cable entries when installed shall maintain the IP rating of the enclosure.
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NOTE Water condensation inside combiner boxes can be a problem in some locations; provision can be made to

dra

7

in water build-up.

2.527 Selection and erection of wiring systems to minimize spread of fire

Under consideration.

7

2.528 Proximity of wiring systems to other services

Under consideration.

7

Un

7
&
7

w
in

71

7

Re

type of system earthing and whether the PCE provides electrical separation of the PV arr

frd
of

alarms required\if a fault is detected.

2.529 Selection and erection of wiring systems in relation to maintainability,
including cleaning

der consideration.

2.53 Isolation, switching and control
2.530.3 General and common requirements
2.530.3.101 Residual current devices

here an RCD is used for protection of the PV AC supply circtit;”the RCD shall be of type
accordance with IEC 62423, unless:

the manufacturer’s instructions state that the invertor_provides at least simple separati
between the AC side and the DC side, or

the installation provides at least simple separation between the invertor and the RCD
means of separate windings of a transformer, 6r

the invertor is in accordance with IEC 62109-1 and the manufacturer’s instructions do 1
require the use of a type B RCD, in which case the type of RCD shall be in accordan
with the manufacturer’s instructions.

2.531 Devices for protection.against indirect contact (fault protection) by
automatic disconnegtion of supply

2.531.101 Detection, disconnection and alarm requirements

quirements for detection of insulation faults, actions required and alarms depend on t

m the output circuit (e.g. the grid). Table 712.3 shows the requirements for measuremer
PV array insulation resistance to earth and PV array RCM as well as the actions a

he
ay
ts
nd
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Table 712.3 — Requirements for different system types
based on PCE isolation and PV array functional earthing

System type
Non-isolated PCE + No Isolated PCE + No Isolated PCE +
functional earth on PV array | functional earth on Functionally
PV array earthed PV array
Measurement According to 712.531.3.101.1
Action on fault a) If the AC side is not part of
an IT system:
Shut down PCE and
disconnect all live
conductors of the AC circuit
7 LT or all poles of the faulty
insulation ortion of the PV arrav from Connection to the AC circuit is, allowed
r¢sistance P y (PCE is allowed to operate)
the PCE
t¢ earth
b) If the AC side is part of an
IT system:
No action (PCE is allowed to
operate).
Alarm on fault Indicate a fault in accordance with 712.531.3¢104.3
Measurement According to 712.531.3.101.2 According to
712.531.3.101.2
Action on fault Shut down PCE and disconnect Functional earth
all live conductors of the AC connection shall bd
circuit or all poles of the faulty disconnected (see
PV array portion of the PV array from.the 712.531.3.101.2);
résidual PCE _ connection to the
clrrent Not required AC circuit is
monitoring allowed.
(PCE is allowed to
operate)
Alarm on fault Indicate a fault in accordance Indicate a fault in
with 712.5871.3.101.3 accordance with
712.531.3.101.3

[)

rjstead of shutting down the PCE and‘disconnecting the AC circuit it is allowed to isolate the faulted parts of th
\V array.

B

Functional earthing has to becarried out according to 712.4.102.

(¢)]

ystems using non-isolated PCEs where the AC circuit is referenced to earth are not allowed to use functiong
Arthing on the PV side of the PCE see 712.4.102.

[)

712.531.3 Insulation monitoring devices

71(2.531.3.101 Requirements for PV arrays operating at above 60 V

712.531.3.101.1 Array insulation resistance detection

The requirements in 712.531.3.101.1 regarding detection and response to abnormal array
insulation resistance to earth are intended to reduce hazards due to degradation of insulation.

A means shall be provided to measure the insulation resistance from the PV array to earth
before starting operation and at least once every 24 h. This can be done by an insulation
measuring device according to IEC 61557-2, or by an insulation monitoring device (IMD)
according to Annex C of IEC 61557-8:2014, to prevent a possible high risk of fire.

This functionality for insulation resistance monitoring or measurement may be provided within
the PCE.
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Mi

nimum threshold values for detection shall be according to Table 712.4.

Table 712.4 — Minimum insulation resistance thresholds
for detection of failure of insulation to earth

It
[ole

higher value will increase the safety of the PV installation by ‘detecting potential faults earlie

It
m{

Th

7

W
wh
dig

RMS (beth"AC and DC components) residual current.

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
> 400 and < 500 2

> 500 1

is recommended that the threshold of detection for insulation-resistance should, whsg
ssible, be set at values greater than the minimum values specified in these calculations,

is necessary to disconnect the PV array functional earth connection during t
basurement.

e action on fault required is dependent on thextype of PCE in use, as follows:

for isolated PCEs, shall indicate a faultZin accordance with 712.531.3.101.3 (operation
allowed); the fault alarm shall be maintained until the array insulation resistance h
recovered to a value higher than th&limit above;

not connect to any earthed:‘output circuit (e.g. the mains); the device may continue
make the measurement, ‘thay stop indicating a fault and may allow connection to t
output circuit if the array-insulation resistance has recovered to a value higher than t
limit above.

2.531.3.101.2 Residual current monitoring system

here required. by Table 712.3, residual current monitoring shall be provided that functio

connection means closed. The residual current monitoring means shall measure the tr

If

S
as

for non-isolated PCEs, shall indicate a fault in accordance with 712.531.3.101.3, and shfall

to
he
he

ns

enever the“PCE is connected to an earth referenced output circuit with the automatic

ue

he'PCE AC output connects to a circuit that is isolated from earth, and the PV array is not

functionally earthed, residual current monitoring is not required.

Detection shall be provided to monitor for excessive continuous residual current, and

ex

cessive sudden changes in residual current according to the following limits:

a) Continuous residual current: where the RCM indicates a residual current above the limits,

disconnection by a switching device shall operate within 0,3 s and indicate a fault
accordance with 712.531.3.101.3 if the continuous residual current exceeds:

e maximum 300 mA for PCEs with continuous output power rating < 30 kVA;

e maximum 10 mA per kVA of rated continuous output power for PCEs with continuo
output power rating > 30 kVA.

in

us
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NOTE It is possible to implement distributed residual current monitoring for example at sub-array level or in
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 may be affected.

The RCM may attempt to initiate re-connection if the leakage current threshold is below
that specified in this subclause and the array insulation resistance meets the limit in

712.5631.3.101.1.

b) Sudden changes in residual current: the PCE shall disconnect from any earth referenced
output circuits (e.g. the mains) within the time specified in Table 712.5 and indicate a fault
in accordance with 712.531.3.101.3 if a sudden increase in the RMS residual current is
detected exceeding the value in the table.

Table 712.5 — Response time limits for sudden changes in residual current
Residual current sudden change Maximum time for disconnection from
earth referenced circuit
30 mA 0,3s
60 mA 0,15s
150 mA 0,04 s
NOTE These values of residual current and time were originally.taken from the
RCD standard IEC 61008-1 but are no longer related to protection’ against electric
shock in the meaning of this document.

THe RCM may attempt to initiate re-connection if the leakage current threshold is below that

specified in this subclause and the array insulation resistance meets the limit [in

712.531.3.101.2.

7

Tdg
ing

dgwn and/or the insulation fault is corrected.

Th
be

placed in an area where“operational staff or owners will be aware of the signal or anoth

fo

Many PCEs have’insulation fault detection and indication in the form of indicator ligh

Hg
IE
ing

7

2.531.3.101.3 Insulation fault alarm

provide an indication as required by *712.531.3.101.1, an insulation fault alarm shall pe

talled. When activated the alarm.is>to continue its operation until the PV installation is sH

ut

e alarm shall be of a form\that ensures that the operator or owner of the PV installatipn

comes aware of the fault.”"For example, the alarm may give a visible or audible sign

m of fault communication such as Email, SMS or similar.

wever, typical PCE mounting locations mean that this indication may not be notice

71

al
er

[s.
d.

C 62109-2<{requires that PCEs have a local alarm and also a means of signalling pn
ulation\fault externally.

2.532 Devices for protection against thermal effects

2.532.101 Protection against the effects of insulation faults which includes the

use of an IMD

Where an IMD is used in connection with protection against the effects of insulation faults, it

sh

all be in accordance with IEC 61557-8.

If the IMD is an integral part of the PCE, the insulation monitoring function has to be in

ac

NOTE 1

gal

cordance with Annex D of IEC 62109-2: 2014.

vanically separated without functional earthing of a live part on the DC side (see 712.532.102)

Protection against the effects of insulation faults by IMD is a possible choice where AC and DC sides are
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NOTE 2 An IMD can also be necessary for reasons other than fire prevention, for example for continuous
operation without interruption by a first fault.

In PV arrays > 100 kWp an automatic insulation fault location system according to
IEC 61557-9 is recommended.

712.532.102 Protection against the effects of insulation faults by disconnecting the
functional earthing conductor

The device or association of devices required by 712.421.101.2.3 shall:

e [ meet the relevant requirements of IEC 60364-4-43,
¢ | be rated for the maximum voltage of the PV array Ugc max

e [ have a rated breaking capacity not less than the maximum short circuit current 'of the PV
array Igc max, and

¢ | have a rated current not exceeding that given in Table 712.6.

Table 712.6 — Rated current of automatic disconnecting
device in the functional earthing conductor

Total PV array power rating Rated current I
(kWp) (A)
0to 25 1
>25 to 50 2
>50 to 100 3
>100 to 250 4
>250 5

Sdme module technologies require a functional earth on either the positive or negative main
conductor to bleed charge away.drom the PV cells. This is a functional/operational
requirement or it may be required_to prevent degradation of the cells. It is recommended that
the manufacturer’s instructions be’ followed. It is also recommended that, where possible, the
functional earthing to bleed ehiarge from the cells be via a resistor and not directly to earth.
THe recommended resistorivalue should be the highest resistor value allowable as per the
manufacturer’s instructions:

71(2.533 Device's for protection against overcurrent
712.533.1 General requirements
712.533.101 Overcurrent protective devices of the DC side

The ©vercurrent protective devices of the DC side shall be:

e gPV fuses in accordance with IEC 60269-6, or ,

e circuit-breakers in accordance with IEC 60947-2 or IEC 60898-2 for which the
manufacturer declares their suitability for use in PV installations.

These devices shall comply with the following specific measures:

o the rated operating voltage (U,) shall be greater than or equal to the voltage Ugc pmax Of
the PV array;
o the rated current 7, as defined in 712.433.1.101;

o the rated breaking capacity shall be at least equal to Igc yax Of the PV array and fault
current from any other connected power sources, such as batteries or generators;

e designed for direct current use;
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e be able to switch off critical current as defined in IEC 60947-1;

NOTE The symbol L (IEC 60417-5031:2003-02) is used on some devices to indicate suitability for DC
application.

e operation of the overcurrent protective devices shall be independent of the direction of
current flow.

712.534 Devices for protection against transient overvoltages

712-534-4—Selectionand-erectionof SPDs

712.534.4.4 Selection of SPDs
712.534.4.4.101 Selection of SPDs on the DC side
712.534.4.4.101.1 General

Dye to the very specific electrical setup of PV installations on the DC side, only SPDs
esppecially dedicated to PV installations shall be used to protect the DC side of such
ingtallations. The manufacturer of SPDs shall give the relevant information.

When the PCE incorporates SPDs on the DC side, they are considered as fulfilling the surpge
prptective function only if the manufacturer of the PCE specifies their convenient use for the
DC side of PV installations and their specifications are’,adequate for the place of the
ingtallation (Z,,, Inaxs fimp: Iscpys according 712.534.4.4:101). Otherwise, protection shall pe
prpvided by external SPDs.

NQTE Varistors included in the PCE are not considered as SPDs.

THe voltage protection level U, of external’'SPDs shall be determined in relation to the
chiaracteristics of the devices incorporated4h the PCEs. The PCE manufacturer shall in that
calse provide the voltage level needed for\the selection of external SPDs.

THe characteristics of SPDs installed on the DC side are defined as follows [in
712.534.4.4.101.2 to 712.534.4:4.101.7.

712.534.4.4.101.2 Selection of SPD test class
Generally SPDs will be.class Il test. If protection against effects of direct lightning strokes|is

splecified and separation distance S is not kept in accordance with IEC 62305 (all parts), clalss
| test SPDs shall(be used (generally in conjunction with class |l test SPDs).

71(2.534.4,4.401.3 Selection of SPD voltage protection level Up

Wherenp information is provided by the manufacturer, the impulse withstand voltage U,, shall
beg considered equal to that in Table 712.7 for the modules and conversion equipment.
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Table 712.7 — Impulse withstand voltage U,,
where no information is available

Uoc max (V) Uy (KY)
PV module Inverter

100 0,8 -
150 1,5 -
300 2,5 -
400 3+
600 4 4,2
800 - 5,1
1000 6 5,6
1500 8 8,5

71(2.534.4.4.101.4 Selection of SPD maximum continuous operating voltage Ucpv

THe value of the maximum voltage acceptable by the surge profective device U, shall pe
selected according to the maximum no-load voltage of the PV-aftray Ugc pmax- T%e voltage
Udov shall be greater than or equal to the maximum voltage Upc max of the PV array.

An SPD shall be selected and arranged with regard<to the maximum voltage Ugc wmlax
between:

o | its live terminals (+ and — terminals), and

o | its live terminals (+ and — terminals) and earth.
71(2.534.4.4.101.5 Selection of SPD‘nominal discharge current I,

THe minimum value of nominal discharge current /,, of Class Il tested SPDs shall be 5 kA.

NQTE A nominal discharge current exceeding the minimum value will give the surge protective device a longer
sefpvice life.

712.534.4.4.101.6 Selection of SPD short circuit current rating Igcpy and |of
protective device associated with the surge protective device

If required by the-manufacturer, the surge protective device shall be provided with an external

automatic discoannecting device selected in accordance with the manufacturer’s specificatign.
THe device shall be selected to operate whatever the current produced by the PV modules.

Arn extefnal disconnecting device is required as an SPD could fail to a short-circuit condition|.

The-short-circuit current rgfing L shall he selected nnr\nrding to the maximum-current that

OUFV
can be delivered by the PV array Igcpyax- The current Ig-py shall be greater than or equal to

Iscmax of the PV array. Surge protective devices for which this parameter is not given shall
not be used.

712.534.4.4.101.7 Selection of class | tested SPDs impulse current I;

imp

If the impulse current /;,, cannot be calculated, J;,, shall not be less than 12,5 kA. This value

is referring to lightning protection level LPL IlI.

712.534.4.4.102 Erection of SPDs on the DC side

SPDs on the DC side shall be located as close as possible to the PCE.


https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

- 48 — IEC 60364-7-712:2017 © IEC 2017

To provide protection, additional SPDs may be required, further from the PCE.

NOTE 1 An example is where the distance between the entrance of the DC cable into a building and the PCE is
longer than 10 m.

NOTE 2 The surge voltage level on the equipment depends on its distance away from the SPD. Beyond 10 m, the

value of this voltage can be doubled due to the effect of resonance (amplification phenomena due to the high
frequencies of the lightning surges).

712.534.4.10 Connecting conductors of SPDs

A dtha folloainey-
qe—thre TOTTOWITTY™

e [ When SPDs are installed on both AC and DC sides of the invertor in separgte
switchboards, it is recommended to minimize the distance between those switchhoards.

e | For DC SPD connections to the main earthing terminal the conductors shall have| a
minimum cross section of 6 mm?2 copper or equivalent for Class Il tested SPDs aphd
16 mm2 copper or equivalent for Class | tested SPDs.

712.536 Isolation and switching
712.536.2 Isolation

712.536.2.101 Disconnections means

Disconnecting means with isolation function shall be provided for the invertor, on both the DC
sige and the AC side.

Disconnecting means with isolation function shallbe provided in PV array to isolate circujits
and equipment.

712.536.2.102 Location of the switch-disconnector for the PCE

THe switch-disconnector shall be soocated that maintenance of the PCE (e.g. change of a
PCE module, change of fans, cleaning of filters) is possible without risk of electrical hazards.
THe switch-disconnector may be in the same enclosure with the PCE.

In|case of multiple DC inputs-the above requirements apply to each input.

71[2.536.2.103 Deuvices for isolation within the PV array

Degvices shall be provided in accordance with Table 712.8.

Table 712.8 — Disconnection device requirements in PV array installations

Circuit or part of circuit Means of isolation Requirement
String Disconnection device @ Recommended
Disconnection device 2 Required
Sub-array Means of isolation offering load- Recommended

breaking capabilities °

Array Means of isolation offering load- Required
breaking capabilities

a8 Sheathed (touch safe) connector, fuse combination unit, or isolator are examples of suitable disconnection
devices.

b Where a switch-disconnector is used, this may also provide the isolation function.

Means of isolation that are not capable of breaking load current shall be marked to indicate
that they are no-load break devices, and shall be accessible only by means of a tool or key.
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Where multiple sub-array disconnection devices are installed close to the PCE (i.e. within 2 m
and within line of sight), a PV array cable need not be provided and therefore there is no need
for a PV array load breaking switch. In this case the switches for the sub-arrays shall all be
load breaking switches.

Where multiple disconnection devices are required to isolate the PCE, a warning sign shall be
provided indicating the need to isolate multiple supplies.

712.536.5 Functional switching (control)

712.536.5.101 Disconnectors and switch-disconnectors

All switch-disconnectors shall be selected and erected to comply with the folHowing
requirements:

¢ [ not have exposed live metal parts in connected or disconnected state;
e [ have a current rating equal to or greater than that required for the circuit'eonductors;

e [ not be polarity sensitive (fault currents in a PV array may flow in the opposite direction|of
normal operating currents).

Syitch-disconnectors shall be compliant with IEC 60947-3 and(have mechanisms that haye
independent manual operation.

712.54 Earthing arrangements and protective conductors
71(2.542 Earthing arrangements
712.542.101 Functional earthing

Fgr mechanical protection, the minimum., cross-sectional area for a functional earthipg
conductor is 4 mm?2 copper or equivalent,

71(2.542.102 Separate earth electrode

If &8 separate earth electrode is provided for the PV array, this electrode shall be connected|to
thé main earthing terminal~6f the electrical installation by main equipotential bondipg
conductors.

71(2.542.103 Bonding of PV metal structures

Where such bonding is necessary (e.g. to facilitate the correct operation of the arrpy
ingulation resistance detection referred to in 712.531.3.101.1), the metallic structures
supporting-the PV modules (including metallic cable trays) shall be bonded.

Sych, bonding may be necessary, for example, where a transformerless PCE induces pan
elgctrostatic charge.

The bonding conductor shall be connected to any suitable PE terminal.
Where these metal structures are of aluminium, appropriate connection devices shall be used.

The bonding conductors (insulated or bare) shall have a minimum cross section of 4 mm?2
copper or equivalent.

PV array bonding conductors shall be run as close to the positive and negative PV array and
or sub-array conductors as possible to reduce induced voltages due to lightning. See also
712.521.103.
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NOTE The bonding referred to in 712.542.103 also ensures the protection against the effects of discharge of
electrostatic charges.

712.55 Other equipment

712.55.101 Measures to prevent DC on-load interruption

In order to prevent arcing, every device without breaking capacity that could be used to open
a DC circuit shall be secured against inadvertent or unauthorized operation.

NOTE 1 Examples of devices to which this requirement applies are SPD carriages and fuse carriers.

NQTE 2 This can be achieved by locating the device in a lockable space or enclosure or by padlocking.

712.55.102 Blocking diodes

Blpcking diodes shall not be used as an alternative to overcurrent protective devices.
Blpcking diodes may be used to prevent reverse currents in sections of a PV array.

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

Th

NQ

712.6 Inspection and\testing

e use of blocking diodes is shown.irv detail in Annex D.

TE See 712.433.1.101 for requirements for adjusting I, multipliers for certain climatic conditions.

have a voltage rating at least 2 times Ugc yaxs

have a current rating I)ypx of at least 1,4 times the short circuit current at STC of the
circuit that they are intended to protect; that is:

- 1,4 x Igc mop for PV strings;

- 1,4 x Igc s.aRRAY fOr PV sub-arrays;

— 1,4 x Igc aArray for PV arrays;

be installed so no live parts are exposed;

be protected from degradation due toxenvironmental factors.

IEC 62446-1 gives _requirements for system documentation, commissioning tests apd

ing

pection which are~additional to the requirements of this document.
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Annex A
(informative)

PV installation information

Figures A.712.1 to A. 712.6 provide information on PV installation, as referred to in
712.31.101.1.1.
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Figure A.712.1 — Single string PV array
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Figure A.712.2 — Parallel connected multi-string PV array

THe following types of application circuit‘are considered:

e [ PV array is connected to AC loadsvia a PCE with a transformer inside the PCE;
e [ PV array is connected to AC_loads via a PCE with a transformer outside of the PCE;
e [ PV array is connected to AC loads via a PCE without a transformer.

In|Table A.712.1, several‘eonfigurations are considered. No consideration is given to earthipg
of lexposed conductiveparts.

Table A.712.1 — PV DC configurations

transformer outside of the PCE

DCDC side Figures Application circuit Consequence on the
status of the PV array

Unearthed Figure AC side connected via a PCE with a Floating

A.712.3 transformer inside of the PCE

Figure AC side connected via a PCE without a Fixed by the status of the neutral or a

A.712.4 transformer line conductor of the supply circuit
Earthed Figure AC side connected via a PCE with a Fixed to earth

A.712.5 transformer inside of the PCE

Figure AC side connected via a PCE without a Fixed to earth

A.712.6 transformer inside of the PCE but a

The following Figures A.712.3 to A.712.6 illustrate the arrangements listed in Table A.712.1:
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Figure A.712.3 — Unearthed PV array connected to the AC side
via a PCE with transformer
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Figure A.712.4 — Unearthed PV array<connected to the AC side
via a PCE without a‘transformer
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Figure A.721.5 — Earthed PV array connected to the AC side
via a PCE with transformer
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Figure A.712.6 —Earthed PV array connected to the AC side via
a PCE without a transformer, the transformer being separate
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Annex B
(normative)

Calculation of Ugc yax and Igc wax

1 Calculation of Ugc max

17

Uoc max is the maximum voltage across an unloaded (open circuit) PV module or PV string or
P

TH
Cco

temperature variation coefficient of Uy voltage provided by the PV module'manufacturer:

wh

al

all
or

NG

all

Fa

arge
manufacturer-and has to be considered in the calculation of Ugc max:

2l +lo
alrray, UGIUUIGLCU Uy uaic IUIIUVVIIIB IUIIIIUIG

Uoc max = Ky Uoc sTc

e correction factor K, takes into account the increase of open circuit voltagé of modulg
nsidering 7,,, the lowest ambient temperature of the PV installation site' anhd aUgc t

ere

'oc  is the temperature variation coefficient of Ugc module voltage, in %/°C;

in is the lowest temperature of the PV installation sitesin °C.

oc is a negative factor, which can be provided by the-module manufacturer either in mV/

in %/°C. When aUq is expressed in mV/°C, work'it out in %/°C by using the formula:

aUOC (%/OC) =0,1 aUOC (mV/OC) / UOC STc_MOdule (V)

TE Example of module with aU, expressed inomV/°C. The following calculation is an example:
Multicrystalline module, Ugc gTeModule = 38,3 V and aUgc = — 133 mV/°C
—aUgc = - 0,35 %/°C
Thin = =15 °C = (T - 25) =l=40°C — K, = 1,14 = Ugc max = 1:14 Upc s1cC
—Ugc max = 1,14 x 38,3-= 43,7V

oc can have verydifferent values depending on the technology of PV modules.

r amorpheous_silicon modules, electrical characteristics during the first weeks of operati
higher than' the specified characteristics. This phenomenon is indicated by the modt

'C

bn
le

on

to

Without“information of the expected minimum temperature of the site or without informati
about’the temperature coefficient of the PV module. Ugs yax shall be chosen equal
1.2 Ugc stc:

B.2 Calculation of Igc yax

The maximum short-circuit current of a PV module or PV string or PV array is calculated by
the following formula:

Mi

Isc max = KiIsc sTc

nimum value for K| is 1,25.
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Under certain conditions, K, shall be increased to take into account environmental situations,
for example increased reflection or solar intensity.
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Annex C
(informative)

Examples of signs

Annex C provides examples (see Figures C.712.1 and C.712.2) of appropriate signs as
specified in 712.514.102 to 712.514.106.

THe sign should comply.with the local fire services information requirements.

National committees.or national regulations should decide on the labels and locations of su

markings.

SOLAR D.C.

Figure C.712.1 — Example of sign required on
PV array combiner boxes (712.514.102)

IEC

Figure:C.712.2 — Example of switchboard
sign-for identification of PV on a building

IEC
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D.

Annex D
(informative)

Blocking diode

1 General

Annex D describes blocking diodes intended to be used to prevent reverse current in a PV

ar

D.

A
0]
an
thy
thq
Sig
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dipdes over time can be ensured.

D.

D.

If
fa
din
TH
cu
ca

TH
Fi
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wh

2 Use of blocking diodes to prevent overcurrent/fault current in arrays

blocking diode is an effective means of stopping reverse current in -PV array
ercurrent/fault current in arrays is generally caused by current flowing from,.one section
array operating normally into a section of an array containing a fault. Thefault current is

PV array, reverse currents are prevented and fault currents’ either eliminated
nificantly reduced (see examples in Figure D.712.3).

an effective method of overcurrent/fault prevention provided the reliability of blocki

3 Some considerations relating to shorf-circuit

3.1 Short-circuit in PV string

b short-circuit develops in a string without blocking diodes as shown in Figure D.712.1 a)
it current will flow around the faulted modules and extra fault current in the rever
ection will flow in some modules with the source of that current being from other string
e reverse current can be interrupted by an overcurrent protective device provided t
rrent is greater than the interrupting current of the overcurrent device. This may not be t
se under low illumination.conditions.

e situation of the same fault with an array with blocking diodes in each string is shown
jure D.712.1 b). The fault current around the faulted modules cannot be intercepted w
b blocking diode,-however, the amount of fault current can be significantly reduced by t
cking diodewobstructing the reverse current supplied from other strings as shown
jure D.712y10b). This functionality for this type of fault is useful for all PV installatio
ether the\RV array is earthed or not and whether the PCE is a separated PCE or not.

b reverse direction. Provided correctly rated and functioning blocking diodes are in usel|i

of
in

or

some countries blocking diodes are allowed to replace overcurrent protective devices. This

ng

in
th
he
in
ns
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Fi
P
wh

calse the blocking diodes need to be installed in the positive side of the strings.

.B.2 Insulation fault in PV string for the artay' with a functional earth

'

{— = of o =
= = Goef o H=
(= = =

—O
¥ Parallelidrcing point
9 Parallel arcing point IEC
IEC
a) without a blocking diode b) with,a blocking diode at each string

Figure D.712.1 — Effect of blocking diode at)short circuit in PV string

jure D.712.2 shows the fault current paths&when an insulation fault occurs in a string of a
array which is installed with a negative(side functional earth. The worst case fault occyrs
en the fault is closest to the top of thetstring (i.e. the side furthest away from earth). In this

)

<
= Hep of = o —

= K o = H=
= Hop Gof = Hm
(= HA Gof = Bk b

U

¥ Ground fault point - ¢ Ground fault point
IEC IEC

a) without a blocking diode b) with a blocking diode in each string

Figure D.712.2 — Effect of blocking diode where there is an insulation
fault on a PV installation with earthing on the DC negative side
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Figure D.712.3 shows the fault current paths when an insulation 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 fault is closest to the bottom of the string (i.e. the side furthest away from earth). In

thi

In

s case the blocking diodes need to be installed in the negative side of the strings.

i
~
i

é
t
]
t
3

o€ Ground fault point M, Ground fault point
IEC IEC

= = = HA
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|
| e

:

a) without a blocking diode b) cwith a blocking diode in each strings

Figure D.712.3 — Effect of blocking‘diode where there is a fault
on a PV installation with earthing on the DC positive side

these cases Figure D.712.2 and Figure ®.712.3 clearly show the advantage of a blocki

ng

diide in eliminating the fault current caontribution from adjacent strings of the array. This
diagram shows the situation of a directly earthed array with no impedance in the ea

th
connection. It is preferred in this document to install functional earths with limiting resistors|in
theé earth connection. If this method*is used the potential fault current under these conditions
is significantly reduced by the effect of the resistance limiting the maximum current.
D4 Specification of'blocking diode
Sge 712.55.102.
D/5 Heatdissipation design for blocking diode
Bgcause 'the voltage drop of the blocking diode in the forward current operation might excegd
1 V;&8it/is necessary to consider a heat dissipation design of diode for reliability. A heatsink
m y bc lcquilcd tU kccp d;UdU junut;un tclllpcldtulcb VVith;ll aafc “III;tb. A hcat dlcblpdtl n
design methodology is shown in the following procedures:
e Calculate maximum current Iy ax by PV module current Igc yop in STC.

Iyax =1,4 x Isc mop (Use a higher factor depending on operating conditions)

e Obtain the operating forward voltage of the blocking diode Vp op at Iyax from the

operating characteristics of the diode.
Calculate power dissipation P

PcaL = Vb _op % Imax

Calculate the thermal resistance Ry according to the following expression so that the
junction temperature T, of the blocking diode should not exceed the limit value in
consideration of ambient temperature 7.
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Rty = (Ty- TamB)/PcaL

o |If the 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, for example
due to the reflection of snow or other conditions, the multiplier for the calculation of Ijyax
should be larger than 1,4.
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Annex E
(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 wiring faults. Many PV installations
operate at DC voltages which are very capable of sustaining DC arcs.

THere are three main categories of arcs in PV installations (refer to Figure E.712.1).

e [ series arc which may result from a faulty connection or a series break in wiring;

e | a parallel arc which may result as a partial short circuit between adjacent wiring which|is

at different potentials;

e [ arcs to earth which result from failure of insulation.

If an arc develops due to a fault in a PV array this can result in sighificant damage to the
arfay and may also result in damage to adjacent wiring and building structures. The mg@st
sefrious arc is likely to be a parallel arc because of the energy that'is available to feed this
type of arc, especially when the arc is between the main PV array)conductors. This document
requires cables in PV array wiring to be suitable to be used with Class Il equipment, apd
because of this requirement parallel arcs are very unlik€ly;” unless caused as a result |of
significant insulation damage due to fire damage or sevete ‘'mechanical damage to cables.

THe most likely type of arc to occur in a PV installation is a series arc. This is because PV
ingtallations typically contain a very large nuniber of series connections. Series arcs dre
generally able to be stopped quickly by removing the electrical load from the PV array. In the
calse of grid connected PV installations this can be accomplished easily by shutting down the
PCE. Parallel arcs are much more difficulite’extinguish but are also much less likely to occur.

—

e

5 % Series" arcs

S
2v PV \/ — .

g [
I

Figure E.712.1 — Examples of types of arcs in PV arrays

Arcs to earth-

Parallel arcs

IEC

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 installations quickly. A new standard has been developed by Underwriters
Laboratories — UL1699B “Photovoltaic (PV) DC Arc-Fault Circuit Protection” and
manufacturers are in the process of developing equipment to meet this standard. The purpose
of the arc-fault circuit protection equipment is to detect and discriminate accurately arcs in PV
arrays and to take action to interrupt the arc.
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Annex F
(informative)

List of notes concerning certain countries

Country | Subclause N° Nature Rationale Wording
(permanent (detailed
or less justitication for

permanent the requested

according to country note)
IEC

Directives)

AT 712.414.101 In Austria, due.'the
“particular’characteristics d
PV installations”, as stated
in the scope of this
doCument and the fact, thaft
such equipment is as well
used by ordinary persons
only a limit of 35 V is
acceptable.

—h

AT 712.521.101.1 In Austria, halogen free loy
smoke DC cables are
required when those cable$
are routed inside buildings

=

NO 712.536.2 In Norway, where double 9
reinforced insulation is use
as protective measure for
protection against electric
shock on the DC side,
means of isolation shall be
provided between sections
of PV modules limiting the
Uoc max Of the section to
120 vV DC.

o

CH 712.542:103 In Switzerland, in buildings
with a LPS the minimum
cross section of copper is
10 mm?Z2.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

INSTALLATIONS ELECTRIQUES BASSE TENSION -

Partie 7-712: Exigences applicables aux installations ou emplacements
spéciaux — Installations d'énergie solaire photovoltaique (PV)

AVANT-PROPOS

1)| La Commission Electrotechnique Internationale (IEC) est une organisation mondiale dej)naermalisatjon
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'l[EG)."L'IEC a ppur
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, '|EC — entre autres activités —(publie des Nornjes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles|au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujéet, traité peut participer. lles
organisations internationales, gouvernementales et non gouvernementales, enfligison avec I'l[EC, participgnt
également aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISP),
selon des conditions fixées par accord entre les deux organisations.

2)| Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mestire
du possible, un accord international sur les sujets étudiés, étant donng que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3)| Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréges
comme telles par les Comités nationaux de I'lEC. Tous lessefferts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publigations; I'lEC ne peut pas étre tenue responsaple
de I'éventuelle mauvaise utilisation ou interprétation qui~en,est faite par un quelconque utilisateur final.

4)| Dans le but d'encourager I'uniformité internationale,\les Comités nationaux de I'lEC s'engagent, dans toutq la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publicatigns
nationales et régionales. Toutes divergences~entre toutes Publications de I'lEC et toutes publicatigns
nationales ou régionales correspondantes doiyvent étre indiquées en termes clairs dans ces derniéres.

5)| L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendahts
fournissent des services d'évaluation, de,’conformité et, dans certains secteurs, accédent aux marques |de
conformité de I'lEC. L’'IEC n'est responsable d'aucun des services effectués par les organismes |de
certification indépendants.

6) | Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7)| Aucune responsabilité ne’doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires |ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comifés
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque \nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frpis
de justice) et les dépenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou|de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicatigns
référencées._est obligatoire pour une application correcte de la présente publication.

9) | L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fdire
I'objet~de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
dreits de brevets et de ne pas avoir signalé leur existence.

La—Normeimtermatiomate TEC60364-7-7 t2—a &t ¢etablic par te comité d'études 64 de 11EC:
Installations électriques et protection contre les chocs électriques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2002. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) le contenu technique a été considérablement revu et étendu, pour tenir compte du retour
d'expérience dans la construction et I'exploitation des installations photovoltaiques, et des
développements technologiques depuis la parution de la premiére édition de cette norme.
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texte de cette norme est issu des documents suivants:
FDIS Rapport de vote
64/2154/FDIS 64/2163/RVD

17

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

ab

outi a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.
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Un

ttention est attirée sur la co-existence des normes IEC 60364-7-712 et IEC 62548.,C
ux normes ont été élaborées en étroite collaboration par deux comités techniques, différer

e liste de toutes les parties de la série IEC 60364, publiées sous lé€)titre géné

Installations électriques a basse tension, peut étre consultée sur le site web_de I'IEC.

L’attention du lecteur est attirée sur le fait que I’Annexe F énumeére tous les articles traita

de
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Le

s différences a caractére moins permanent inhérentes a certains-pays, concernant le su
la présente norme.

comité a décidé que le contenu de cette publication ne sera pas modifié avant la date

stabilité indiquée sur le site web de I'IEC sous "http://Wwebstore.iec.ch" dans les donné
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INTRODUCTION

Pour les besoins de la présente partie (IEC 60364-7-712), les exigences des parties

générales 1 a 6 de I'lEC 60364 s’appliquent.

Les parties 7-7XX de I'IlEC 60364 contiennent des exigences particulieres pour |

es

installations et emplacements spéciaux, qui sont fondées sur les exigences des parties
générales de I'lEC 60364 (parties 1 a 6). Ces parties IEC 60364-7-7XX sont prises en compte

conjointement avec les exigences des parties générales.

Lels exigences particuliéeres de la présente partie de I'lEC 60364 complétent, modifient
remplacent certaines des exigences des parties générales de I'lEC 60364 en vigUeur
moment de la publication de la présente partie. L'absence de référence a I'exclusion d’u
pdrtie ou d’un article d’'une partie générale signifie que les articles correspondants de la par
générale sont applicables (références non datées).

Les exigences des autres parties 7XX pertinentes pour les installations couvertes par
présente partie s’appliquent également. Par conséquent, la présente ‘partie peut égaleme
compléter, modifier ou remplacer certaines de ces exigences en yigueur au moment de
publication.

numérotation des articles de la présente partie sujt( la structure et les référenc
cofrespondantes de I'lEC 60364. Les numéros placés dérriere le numéro spécifique de
présente partie sont ceux des parties ou des articles correspondants des autres parties
C 60364, en vigueur au moment de la publication de la présente partie, comme indiq
dans les références normatives du présent document (références datées). Si des exigenc
ou des explications en plus de celles des autres\parties de I'lEC 60364 sont nécessaires,

numérotation de tels éléments se fait de la maniére suivante 712.101, 712.102, 712.103, etg.

La numérotation des figures et des tableaux est constituée du numéro de la partie concern
sujivi d'un numéro séquentiel. En ce qui\concerne les annexes, la numérotation des figures
des tableaux est constituée de la lettre de I'annexe, du numéro de la partie et d'un num§g
séjquentiel.

Si| des parties générales nauvelles ou amendées étaient publiées avec une numérotati
modifiée aprés la parution;de la présente partie, les numéros d’articles se référant a u
pdartie générale dans cette partie 7-712 pourraient ne plus correspondre avec la dernié
é§|ition des parties gé€nérales. Il conviendrait alors de prendre en compte les référenc
ddtées.
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Partie 7-712: Exigences applicables aux installations ou emplacements
spéciaux — Installations d'énergie solaire photovoltaique (PV)

17

712 Installations d'énergie solaire photovoltaique (PV)

NQTE Dans la suite du texte, le terme abrégé «PV» est utilisée pour «photovoltaique». Ainsi les installatid
photovoltaiques sont ci-aprés appelées installations PV.

712.1 Domaine d'application

La présente partie de I'lEC 60364 s'applique a l'installation électrique de systémes PV cong

po

Le
po

Un
sé
de
co|

Le

Le

NG
de

NQ
I"ut

Pg
su

ur alimenter tout ou partie d'une installation.

s équipements d'une installation PV, ainsi que tout autre élément,xne sont traités que
int de vue de leur choix et mise en ceuvre dans l'installation.

e installation PV commence d'un module PV ou d'un ensémble de modules PV reliés
rie au moyen de leurs cables, fournis par le fabricant de’modules PV, jusqu'a l'installati
l'utilisateur ou le point d'alimentation du réseau de distribution public (point de coupla
mmun).

s exigences du présent document s'appliquent

aux installations PV non reliées a un réseau de distribution public,
aux installations PV parallélement a ut.réseau de distribution public,
aux installations PV comme variante a un réseau de distribution public,

a des combinaisons appropriées des installations ci-dessus.

b batteries du coté counant continu sont actuellement a I'étude.

TE 2 Le présent document traite des exigences de protection des groupes PV, qui s'imposent du fait
ilisation de batteries dans les installations PV.

ur _less systémes utilisant des convertisseurs continu-continu, des exigenc

en
on

ge

présent document ne concerne pas les exigences d'installation spécifiques relatives ajux
batteries ou autres méthodes de stockage d’énergie.

TE 1 Des exigencess«supplémentaires applicables aux installations PV ayant des capacités de stockage dans

dig

pasitifs de protection peuvent s'appliquer. Ces exigences sont a I'étude.

pplémentaires relatives a la tension assignée, au courant assigné, a la coupure et arx

L'objet du présent document est de traiter des exigences de sécurité de conception découlant
des caractéristiques particuliéres des installations PV. Les systémes a courant continu, en
particulier les groupes PV, présentent certains dangers qui viennent s'ajouter a ceux des
systémes d'alimentation en courant alternatif conventionnels, notamment leur tendance a
produire et a maintenir des arcs électriques sous des intensités de courant ne dépassant pas

ce

lles des courants de fonctionnement normaux.

Toutefois, dans les installations PV connectées au réseau électrique, les exigences de
sécurité du présent document dépendent essentiellement du PCE associé aux groupes PV

co

nformes aux exigences des normes IEC 62109-1 et IEC 62109-2.
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7

2.2 Références normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60228, Ames des céables isolés

IEC 60269-6, Fusibles basse tension — Partie 6: Exigences supplémentaires concernant les

éléments de remplacement utilisés pour la protection des systemes d'énergie solajre
pHhotovoltaique

IEC 60332-1-2, Essais des cables électriques et a fibres optiques soumis au feu + Partie 112:
esisai de propagation verticale de la flamme sur conducteur ou céable isolé — Procédure pqur
fldmme a pré-mélange de 1 kW

IEC 60364 (toutes les parties), Installations électriques a basse tension

IEC 60364-4-41:2005, Installations électriques a basse tension — Rartie 4-41: Protection pqur
asisurer la sécurité — Protection contre les chocs électriques

IEC 60364-4-43, Installations électriques a basse tension,— Partie 4-43: Protection pqur
asisurer la sécurité — Protection contre les surintensités

IEC 60364-4-44, Installations électriques a basse jtension — Partie 4-44: Protection pqur
asisurer la sécurité — Protection contre les perturbations de tension et les perturbations
électromagnétiques

IEC 60670 (toutes les parties), Boites<'et enveloppes pour appareillage électrique pqur
installations électriques fixes pour usages domestiques et analogues

IEC 60898, (toutes les parties), Djsjoncteurs pour la protection contre les surintensités pqur
ingtallations domestiques et analogues

IEC 60898-2, Disjoncteurs’ pour la protection contre les surintensités pour installatiops
ddmestiques et analogues — Partie 2: Disjoncteurs pour le fonctionnement en courgnt
alternatif et en courant'continu

IEC 60947 (toutes les parties), Appareillage a basse tension

IEC 609471, Appareillage a basse tension — Partie 1. Regles générales

IECN\60947-2, Appareillage a basse tension — Partie 2: Disjoncteurs

IEC 60947-3, Appareillage &a basse tension — Partie 3: Interrupteurs, sectionneurs,

interrupteurs-sectionneurs et combinés-fusibles

IEC 61140, Protection contre les chocs électriques — Aspects communs aux installations et
aux matériels

IEC 61215 (toutes les parties), Modules photovoltaiques (PV) pour application terrestre —
Qualification de la conception et homologation

IEC 61439 (toutes les parties), Ensembles d'appareillage a basse tension
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IEC 61439-2, Ensembles d'appareillage a basse tension — Partie 2: Ensembles d'appareillage
de puissance

IEC 61557-8:2014, Sécurité électrique dans les réseaux de distribution basse tension de
1000 Vc.a. et 1500V c.c. — Dispositifs de contréle, de mesure ou de surveillance de
mesures de protection — Partie 8: Contréleur permanent d'isolement pour réseaux IT

IEC 62109 (toutes les parties), Sécurité des convertisseurs de puissance utilisés dans les
systemes photovoltaiques

IE
G4

IE
ph

IE
leq

IE
av
an

IE
et
es

IE
ph

71

Pa

L'l
en

C 62109-1:2010, Safety of power converters for use in photovoltaic power systems — Part
bneral requirements (disponible en anglais seulement)

C 62109-2, Sécurité des convertisseurs de puissance utilisés dans les™ system
otovoltaiques — Partie 2: Exigences particuliéres pour les onduleurs

C 62262, Degrés de protection procurés par les enveloppes de matérjels, électriques con
5 impacts mécaniques externes (Code IK)

C 62423, Interrupteurs automatiques a courant différentiel résiduel de type B et de type
ec et sans protection contre les surintensités incorporée \pour usages domestiques
alogues

C 62446-1, Systemes photovoltaiques (PV) — Exigences pour les essais, la documentati
la maintenance — Partie 1: Systemes connectés‘@au réseau électrique — Documentatid
sais de mise en service et examen

C 62852:2014, Connecteurs pour applications en courant continu pour system

ofovoltaiques — Exigences de sécurité gt(éssais
2.3 Termes et définitions
ur les besoins du présent document, les termes et définitions suivants s’appliquent.

SO et I'IEC tiennent a jourdes bases de données terminologiques destinées a étre utilisé
normalisation, consultables aux adresses suivantes:

IEC Electropediai disponible a I'adresse http://www.electropedia.org/

ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

C
C

llule-photovoltaique
llule-solaire

eS

ire

dispositif le plus élémentaire présentant |'effet photovoltaique, c'est-a-dire la conversion
directe non thermique de I'énergie rayonnante en énergie électrique

Note 1 a Il'article: Le terme préférentiel est "cellule photovoltaique solaire" ou "cellule photovoltaiqu
communément désignée "cellule solaire".

[SOURCE: IEC 61836:2007, 3.1.43 a), modifiée — "présentant ...

ajouté]

7

2.3.2

module PV
plus petit ensemble complet, protégé des intempéries, de cellules interconnectées

e"

énergie électrique" a été
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Note 1 a I'article: Voir I'lEC 60904-3.

71
ch
cir

2.3.3
aine PV
cuit constitué d'un ou de plusieurs modules connectés en série

[SOURCE: IEC 61836:2007, modifiée — "d'un ou de plusieurs" a été rajouté]

712.3.4

groupe PV

erlsemble de modules PV, de chaines PV ou de sous-groupes PV interconnecigés
électriquement

Note 1 a 'article: Pour les besoins du présent document, un groupe PV représente tous les composants jusqu'qux
bornes d'entrée du cbété courant continu de I'onduleur ou des charges en courant continu. Un~groupe PV |ne
comprend pas les fondations des supports, le systeme de suivi de trajectoire, les dispositifs de contréle thermique
et putres accessoires.

Nofe 2 a I'article: Un groupe PV peut étre constitué d'un seul module PV, d'une seule chaine PV ou de plusieprs
chaines montées en paralléle, ou de plusieurs sous-groupes PV montés en paralléle’ ainsi que des composapts
élgctriques qui leur sont associés (voir Figures 712.2 a 712.4). Pour les besoins du, présent document, la linfite
d'un groupe PV est le cbté sortie du dispositif de sectionnement du groupe PV.

712.3.5

squs-groupe PV

sous-ensemble électrique d'un groupe PV constitué dedmodules PV ou de chaines PV
connectés en paralléle.

712.3.6

cﬂble de chaine PV

céple servant a interconnecter les modules .en chaine PV ou a connecter la chaine a un
cofffret de regroupement, un PCE ou d'autres charges en courant continu

Note 1 a l'article: Des exemples de cable de chaine PV sont donnés a la Figure 712.3 et la Figure 712.4.
71(2.3.7

cﬂble de groupe PV

caple de sortie d'un groupe PV-ransportant le courant de sortie total du groupe

71(2.3.8

cﬂble d'alimentation.PV en courant alternatif

céple reliant les barnes du cbété courant alternatif du PCE PV a un tableau de répartition de
I'installation électrique

71(2.3.9

circuit d‘alimentation PV en courant alternatif

cincuit(reliant les bornes du c6té courant alternatif du PCE PV a un tableau de répartition de

I'in

stallation électrique

7

2.3.10

module alternatif PV
ensemble intégré module/PCE pour lequel les bornes d'interface sont uniguement en courant

alt

7

ernatif et pour lequel il n'est prévu aucun accés du c6té courant continu

2.3.11

installation PV

€q

uipements mis en ceuvre dans une installation d'alimentation PV
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712.3.12

conditions d'essai normalisées

STC

ensemble normalisé de conditions de référence utilisées pour les essais et le
dimensionnement des cellules et des modules photovoltaiques, comme indiqué dans la norme
produit pertinente, par exemple IEC 61215

Note 1 a I'article: Les conditions d'essai normalisées indiquées dans I'lEC 61215 pour les modules PV sont:
a) une température de cellule PV de 25 °C;

b) _un éclairement énergétique dans le plan de la cellule ou du module PV de 1 000 W/m?;

c) | un spectre lumineux correspondant a une masse d'air atmosphérique de 1,5.

-~

D

Nofe 2 a l'article: Le terme abrégé «STC» est dérivé du terme anglais développé correspondant «standard test
conditions».

712.3.13
tension en circuit ouvert dans des conditions d'essai normalisées

Ugc sTC
tension, dans des conditions d'essai normalisées, aux bornes d«in” module PV, d’upe

chiaine PV ou d’un groupe PV non chargé (ouvert) ou aux bornes, ¢4té courant continu, fdu
PCE PV

712.3.14
tepsion maximale en circuit ouvert

Uac max
temsion maximale aux bornes d’'un module PV, d’'une-chaine PV ou d’un groupe PV npn

chiargé (ouvert) ou aux bornes, c6té courant continu;du PCE PV

Nofe 1 a l'article: La méthode de détermination de U, iy €st donnée a I'Annexe B.

712.3.15
cdurant de court-circuit dans des conditions d'essai normalisées

Is¢ stc
courant de court-circuit d'un modulé’ PV, d'une chaine PV ou d'un groupe PV dans dgs

conditions d'essai normalisées

712.3.16
cdurant maximal de court:circuit

Isg MAX
courant maximal de-caurt-circuit d'un module PV, d'une chaine PV ou d'un groupe PV

Nofe 1 a l'article; \\La méthode de détermination de g, \ax €St donnée a I'Annexe B.

712.3.17

cqurant-de retour
colurant_ maximal pouvant passer du PCE au groupe PV et a son cablage dans des conditions
ndrniales ou de premier défaut

712.3.18

courant inverse

courant pouvant réalimenter un circuit PV a partir de chaines ou de sous-groupes connectés
en paralléle par suite d'un défaut, par exemple un court-circuit dans le circuit affecté

712.3.19
courant de court-circuit assigné

Iscpv
valeur maximale présumée d'un courant de court-circuit du groupe PV pour lequel sont

prévues les caractéristiques assignées du parafoudre, associées a ses sectionneurs spécifiés
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712.3.20

coté courant continu

partie d'une installation PV située entre les modules PV et les bornes du cété courant continu
du PCE PV

712.3.21

coté courant alternatif

partie d'une l'installation PV située entre les bornes c6té courant alternatif du PCE PV et le
point de connexion du cable d'alimentation PV a l'installation électrique

712.3.22

suivi du point de fonctionnement a puissance maximale
MPPT

stiatégie de contréle dans laquelle le fonctionnement du groupe PV est toujours)égal au pu
prpoche du point des caractéristiques de tension-courant du dispositif PV, auquehle produit du
courant et de la tension génére la tension électrique maximale dans des onditions fe
fonctionnement spécifiées

Nofe 1 a l'article: Le terme abrégé «MPPT» est dérivé du terme anglais développé correspondant «maximum
poyer point tracking».
712.3.23

ImMpp_mAX_OCPR _ _ C
valeur assignée maximale de protection contre les surintensités du module PV

o

Note 1 a I'article: Voir I'lEC 61730-2.

712.3.24

dipde antiretour

dipde connectée en série a un ou plusieurs modules, chaines et sous-groupes pour bloquer
colurant inverse

e

712.3.25
dipde de dérivation
digde connectée en paralléle a une ou plusieurs cellules dans le sens direct du courant

Nofe 1 a l'article: L'objectif est de.permettre au courant du module de contourner les cellules voilées ou en défaut
polir empécher des dommagesidus a des points chauds ou des cellules chaudes qui résulteraient de la polarisat|on
paf une tension inverse des autres cellules de ce module.

71(2.3.26

mise a la terre pour des raisons fonctionnelles
FE
mise a la térre d'un ou de plusieurs points d'un réseau, d'une installation ou d'un matérjel
pdur des-raisons autres que la sécurité électrique

Note “/a 'article: Un tel systéme n'est pas considéré comme étant un groupe relié a la terre.

Note 2 a Il'article: Des exemples de mise a la terre d'un groupe pour des raisons fonctionnelles comprennent la
mise a la terre d'un conducteur a travers une impédance, ou seulement la mise a la terre temporaire du groupe
pour des raisons fonctionnelles ou de performance.

Note 3 a l'article: Dans un PCE congu pour un groupe non relié a une terre fonctionnelle qui utilise un réseau de
mesure résistif pour mesurer I'impédance du groupe par rapport a la terre, ce réseau de mesure n'est pas
considéré comme une forme de terre fonctionnelle.

Note 4 a l'article: Le terme abrégé «FE» est dérivé du terme anglais développé correspondant «functional
earthing».

[SOURCE: IEC 60050:2004, 826-13-10, modifiée — les notes ont été ajoutées]
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712.3.27

éclairement énergétique

G

alimentation photovoltaique rayonnée électromagnétique par unité de zone

Note 1 & l'article: L'éclairement énergétique est exprimé en W/m?2.
[SOURCE: IEC 61836:2007, 3.6.25 modifiée — la note et les sous-articles ont été supprimés]

712.3.28

Is¢ ARRAY o B _ o
colurant de court-circuit du groupe PV dans des conditions d'essai normalisées

712.3.29
Is¢ mop
courant de court-circuit d’'un module ou d'une chaine PV dans des conditions d’essai
ndrmalisées (STC) conformément aux spécifications indiquées par le fabricant sur la plague
signalétique du produit

Note 1 a l'articlez:  Comme les chaines PV sont un groupe de modules PV connectés’en série, le courant de codirt-
cirguit d’'une chaine est égal a Iy \op-

712.3.30

Iog
SC S-ARRAY
colurant de court-circuit d'un sous-groupe PV dans des conditions d'essai normalisées (STC

71(2.3.31

équipement de conversion de puissance
PCE

sygtéme convertissant la puissance électrique-fournie par le groupe PV pour lui donner des
va(lieurs de fréquence et/ou de tension~appropriées pour l'alimentation d'une charge, |le
stockage dans une batterie ou I'injection dans le réseau électrique

VQIR: Figures 712.2 4 712.4.

Note 1 a l'article: Le terme abrégé «PCE» est dérivé du terme anglais développé correspondant «power
comversion equipmenty.

712.3.32
ornduleur
PCE qui convertit (Ia) tension continue et le courant continu du groupe PV en une tensipn
alfernative et un courant alternatif

Note 1 a l'article: Le terme abrégé «PCE» est dérivé du terme anglais développé correspondant «power
comversionsequipment».

712.3.33
PCE.isolé
PCE avec au moins une séparation galvanique entre les circuits de sortie de l'alimentation
principale et les circuits PV

Note 1 a l'article: La séparation galvanique peut étre intégrée au PCE ou bien externe, par exemple un PCE avec
un transformateur d'isolement externe.

Note 2 a I'article: Dans un PCE avec plus de deux circuits externes, il peut y avoir un isolement galvanique entre
certaines paires de circuits et pas d’isolement galvanique entre d'autres paires. Par exemple, un onduleur avec un
circuit PV, un circuit de batterie et un circuit d'alimentation peut fournir un isolement galvanique entre le circuit du
réseau de distribution et le circuit PV, mais ne pas en fournir entre le circuit PV et le circuit de batterie.

712.3.34

PCE non isolé

PCE sans séparation galvanique entre les circuits de sortie de I'alimentation principale et les
circuits PV ou avec des courants de fuite supérieurs aux limites exigées pour les PCE isolés
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7

2.3.35

coffret de regroupement de groupes PV
enveloppe dans laquelle les sous-groupes PV sont connectés et qui peut également contenir
des appareillages de protection contre les surintensités et/ou des appareillages de coupure et

se

ctionnement

Note 1 a l'article: En général, les groupes de petites dimensions ne contiennent pas de sous-groupes et s
simplement constitués de chaines, contrairement aux groupes importants qui sont généralement constitués de

plu

&

sieurs Sous-groupes.

2.3.36

ont

cdffret de regroupement de chaines PV

enveloppe dans laquelle les chaines PV sont connectées et qui peut également contenir, d
appareillages de protection contre les surintensités et/ou des appareillages de coupure
sectionnement

712.3.37
cible de sous-groupe PV
caple de sortie d'un sous-groupe PV transportant le courant de sortie du-sous-groupe auqyel

il
7

Ug
te

71
Vq
te

sp)
71
71
71

Le

La

st associé

2.3.38

C ARRAY
nsion en circuit ouvert d'un groupe PV dans des conditions'd'essai normalisées

2.3.39

C MOD
nsion en circuit ouvert d’'un module PV dans des conditions d’essai normalisées, tel q

ecifié par le fabricant dans la spécification duproduit
2.31 Objet, alimentations et structure
2.31.101 Configuration de groupe PV

2.31.101.1 Généralités

s groupes PV servent a alimenter un circuit d’utilisation.

Lo

et

Figure 712.1 représente la configuration fonctionnelle générale d'une installation PV.
T - T ———————= 1T ————=———=
| L |

|
| Ly !
|
: K !
| L '
| I !
| ) !
| L !
: Ly Circuit |
| | Groupe L d’utilisation :
| PV : | |
| |
| L '
| L '
| I |
|
| L !
! Circuit de X |
: groupe | : [

Figure 712.1 — Configuration fonctionnelle générale d'une installation PV

Trois types de circuits d'utilisation sont envisagés:
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le groupe PV est connecté a des charges en courant continu;

le groupe PV est connecté a une installation a courant alternatif via un PCE comportant au
moins une séparation galvanique;

le groupe PV est connecté a une installation a courant alternatif via un PCE ne comportant
pas de séparation galvanique.

712.31.101.1.1 Architectures de l'installation PV

La I|a|son d un groupe PV a Ia terre est determmee par I utlllsatlon eventuelle d' une mise a la

Un
du
fo
mi
trg

Si

NG
71

Le
de

gr

e mise a la terre pour des raisons de protection n'est admise pournraucun des conductel

TE Un conducteur a courant continu relié a la terre, estconsidéré comme un conducteur sous tension.

2.31.101.1.2 Schémas électriques’des groupes

bupes, respectivement.

dquipement) auquel il est raccordé. Ces éléments, ainsi que I'emplacement de la connexipn
terre, affectent la sécurité du groupe PV (voir I'Annexe A).

s exigences des fabricants de modules PV et de PCE auxquels le groupe PV est connegté
ivent étre prises en compte dans la détermination des mesures les plus appropriées pour|la
ise a la terre du systéme.

—

s
groupe PV. La mise a la terre d'un des conducteurs du grodpe PV pour des raisohs

nctionnelles n'est pas admise sauf s'il existe au moins une géparation galvanique avec|la
se a la terre du réseau de distribution au sein méme du PCE ou depuis I'extérieur via pn
nsformateur distinct.

une séparation galvanique est fournie de fagon/externe, il ne doit pas y avoir d'autres
équipements reliés au méme circuit que le PCE.

s schémas de la Figure 712.2 a la Figure 712.4 représentent les configurations électriqules

base d'un systeéme PV a une chaine, a plusieurs chaines en paralléle et a plusieurs soys-
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Groupe PV
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|
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I
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I
I
I
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L

Chaine PV
Légende R W <.\, —
----------- Eléments qui ne sont pas exigés-dans tous les cas

— — — Limite du systéme ou du sous-systéme Ec

Figure 712.2 ~Schéma d'un groupe PV - cas d'une chaine unique
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Groupe PV

Dispositif de protection i
contre les surintensités de
la chaine PV si applicable

-

|
I
PO ™. Sectionneur de la chaine :
i \1 PV si applicable I
L N A A |
|
| I |
v v } PV : Lo | Dispositif de protection contre |
- - : - L . "les surintensités du groupe |
| | | | | PV si applicable I
| | | | 5o . .
| | _—— | | —'_l 77 _.\
| | | | \\ | | A
I A e
' chaine PV | i \ 05 conversion
PV Py | Py | ! I : ; de
! '/ ! i N puissance
- < I Ll | cablede
|
/ groupe PV
PY Py | PY |
| .
!
M M L M |
iy "y ,r iy J Interrupteur-sectionneur
i' — de groupe PV
| Coffret de
N 4 regroupement

T

\

Module PV Chaine PV

|
|
|
I
|
|
|
|
I
|
de chaines PV l
|
|
|
|
I
|
|
|

- Eléments qui ne sont pas exigés dans:tous les cas
—-—- Enveloppe
— —— Limite du systéme ou du sous-systéme

Figure 712.3 — Schéma d'un groupe PV — cas de plusieurs chaines en paralléle
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Groupe PV

Cable de
sous-groupe PV Dispositif de protection
Icontre les surintensités
ldu groupe PV si cela

Iest exige

I

I

\I Equipement

Coffret de i de
regroupement ||I Convfgs'on

\ de chaines PV 1 puissance

-~ Cable de

| groupe PV !

' |

| |

| Interrupteur- sectlonr?eur

de groupe PV

\Coffret de
egroupement

de groupes PV

\ Dispositif de sectionnement
Y du sous-groupe PV

]
Dispositif de protection contre les
surintensités du sous-groupe PV(a)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
/

Coffret de
regroupement
| sl / de chaines PV "w
\
i Vers les autres f’f
! N sous-groupes //

Légende

---------- Eléments qui ne sont pas exigés dans tous les cas
—-—- Enveloppe

———Limite du systéme ou du sous-systéme

IEC

Figure 712.4 — Schéma d'un groupe PV - cas de plusieurs chaines
en paralléle avec groupe divisé en sous-groupes

Dans les Figures 712.2, 712.3 et 712.4, les composants représentés en pointillés ne sont pas
nécessaires dans tous les cas. Les Figures indiquent I'emplacement, dans le circuit, des
composants qui sont nécessaires.
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Figure 712.5 — Groupe PV qui utilise un PCE avec plusieurs
entrées en courant continu MPPT
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sectionneurs

de groupe PV

PCE avec plusieurs entrées
bus commun

|
|
|
|
|
|
|
|
|
I Interrupteurs-
|
|
|
|
|
|
|
|
|
|
|

<=4

— <t H<s G GJ———

Yy

Légende Section PV 3

4 Eléments qui ne sont pas exigés dans tous les cas

— — FEnveloppe

—-— Limite du systéme ou du sous-systeme IEC

Figure 712.6 — Groupe PV qui utilise un PCE avec plusieurs entrées en courant
continu connectées en interne a un bus commun en courant continu

712.31.101.1.3 Utilisation d’'un PCE avec plusieurs entrées en courant continu
712.31.101.1.3.1 Généralités

Les groupes PV sont souvent connectés a des PCE avec plusieurs entrées en courant continu.
Voir les Figures 712.5 et 712.6. Si plusieurs entrées en courant continu sont utilisées, la
protection contre les surintensités et le dimensionnement du cable dans les différentes
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sections du groupe ou des groupes PV dépendent largement des limitations des courants de
retour.

712.31.101.1.3.2 PCE avec des entrées de suivi du point de fonctionnement a
puissance maximale (MPPT) séparées

Lorsque les circuits d’entrée d’'un PCE fournissent des entrées MPPT séparées, la protection
contre les surintensités de la section du groupe connectée a ces entrées doit prendre en
compte tout courant de retour.

Chaque section PV connectée a une entrée (voir la Figure 712.5) peut étre traitée dans|le
cadre du présent document comme un groupe PV distinct. Chaque groupe PV doit avoir' un
inferrupteur-sectionneur pour assurer le sectionnement du PCE. Les interfupteurs-
selctionneurs du groupe PV peuvent étre intégrés mécaniquement a un dispositif et facilemgnt
manceuvres.

712.31.101.1.3.3 PCE avec plusieurs entrées interconnectées en“interne dans |le
PCE

Ldrsque plusieurs circuits d'entrée d'un PCE sont mis en paralléle-'en interne dans un bus
commun en courant continu, chaque section PV connectée a |une de ces entrées (voir(la
Figure 712.6) doit étre traitée dans le cadre du présent document comme un sous-groupe|et
tolites les sections PV combinées doivent étre classées camme appartenant au groupe PV
complet. Chaque sous-groupe PV doit avoir un interrupteur-sectionneur pour assurer |le
selctionnement du PCE. Cette fonction peut étre remplie par un interrupteur-sectionngur
commun au groupe PV.

712.31.101.1.4 Configuration série-paralléle

Tqutes les chaines PV d'un groupe PV connecté en paralléle doivent étre de la méme
te¢chnologie et avoir le méme nombre desmodules PV connectés en série (voir Figure 712.4 a
Figure 712.4), sauf si de tels modules’ sont suivis par des MPPT distincts. Tous les
modules PV connectés en paralléle. dans le groupe PV doivent en outre posséder les mémEs
caractéristiques électriques assignées, y compris le courant de court-circuit, la tension pn
cirfcuit ouvert, le courant a la puissance maximale, la tension a la puissance maximale et|la
puissance assignée (toutes aux conditions d'essai normalisées), sauf si de tels modules sqnt
sulivis par des MPPT distinets-

Il $’agit la d’un probléme de conception qu'il est nécessaire de prendre en considération par
le |chef de projet, en“particulier lors du remplacement de modules ou de la modification d’'uhe
ingtallation PV exXistante.

712.31.101.4.5 Considérations dues aux conditions de défaut présumées d'un
groupe PV

Qudelque soit le type d’installation, il est nécessaire d’identifier I'origine des courants de
défaut.

Les installations PV contenant des batteries peuvent avoir des courants de défaut présumés
élevés dus aux caractéristiques des batteries.

Dans une installation PV sans batteries, les cellules PV (et par conséquent les groupes PV)
se comportent comme des sources de courant en cas de défauts a basse impédance. Les
courants de défaut peuvent donc ne pas étre beaucoup plus élevés que les courants de
pleine charge normaux, méme en situation de court-circuit.

Le courant de défaut dépend du nombre de chaines, de 'emplacement du défaut et du niveau
d’ensoleillement. Cela rend les courts-circuits trés difficiles a détecter dans les groupes PV.
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Des arcs électriques peuvent se former dans un groupe PV avec des courants de défaut plus
faibles que le courant de fonctionnement d'un dispositif de protection contre les surintensités.

712.31.101.1.6 Questions de performance

Les performances d'un groupe PV peuvent étre affectées par de nombreux facteurs, y
compris, sans toutefois s'y limiter, ce qui suit:

e |es ombres, méme partielles;

e |'échauffement;

e [ une chute de tension dans les cables;

e [ des salissures sur la surface du groupe provoquées par la poussiere, des impurétes, des
déjections d'oiseaux, la neige, la pollution industrielle, etc.;

e [ 'orientation;

e | la dégradation du module PV.

Lg site d'implantation du groupe PV doit étre choisi avec soin. Le ‘groupe PV peut éfre
ombragé a certains moments de la journée par des arbres ou des béatiments situés a proximjté.

Il pst important de réduire autant que possible toute source diombre. Noter que méme uhe
petite ombre sur le groupe peut considérablement limiter ses(performances.

Les problemes de dégradation des performances dusca I'échauffement et au besoin d'uhe
ventilation adaptée sont décrits au 712.515.101. Il_€onvient de maintenir les modules aussi
frgids que possible.

Ldgrs du processus de conception, le dimensionnement des cables dans le groupe et dans les
connexions de cables entre le groupe et le Circuit d’utilisation affecte la chute de tension daE

cels cables en présence d'une charge. Cela peut revétir une importance particuliere dans les
ingtallations PV caractérisées par uneltension de sortie basse et un courant de sortie élevé.
Sdlon les recommandations indiquéés, il convient que, dans les conditions de charge
maximale, la chute de tension .entre le module le plus éloigné du groupe et les bornes
d'entrée du circuit d’utilisation, he” dépasse pas 3 % de la tension du groupe PV au point de
fonctionnement a puissance_maximale.

La pollution de la surface des modules PV causée par la poussiere, la saleté, les déjections
d'giseaux, la neige,-&te., peut diminuer considérablement le rendement du groupe. Il convignt
d'organiser le netteyage régulier des modules si la pollution peut constituer un probléme
important.

712.4 Protection pour assurer la sécurité

712.4.101 Généralités

Les calculs de UOC MAX et ISC MAX sont decrits a 'Annexe B.

712.4.102 Mise a la terre pour des raisons fonctionnelles (FE) d'une partie active du
coté courant continu

Pour des raisons fonctionnelles, certaines technologies de modules PV exigent qu’'une
polarité active soit reliée a la terre.

La mise a la terre pour des raisons fonctionnelles d'une polarité active du cété courant
continu d'un PCE est admise, s'il existe au moins une séparation galvanique entre le cé6té
courant alternatif et le co6té courant continu assurée par un transformateur dont les
enroulements primaire et secondaire sont séparés électriquement. Le transformateur peut
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étre soit a l'intérieur soit a I'extérieur du PCE. L’enroulement du transformateur raccordé au
PCE ne doit pas étre relié a la terre, le PCE doit donc étre congu en conséquence.

La mise a la terre pour des raisons fonctionnelles d'une partie active doit étre réalisée en un
seul point du c6té courant continu, a proximité de I'entrée en courant continu du PCE ou dans

le

PCE proprement dit.

Il convient de préférence que la mise a la terre soit située entre le dispositif de sectionnement

et

les bornes du c6té courant continu du PCE PV.

Le

Un

identifié par la combinaison de couleurs vert-jaune. Il est recommandé d'utiliser du rose.
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s exigences de 712.421.101.2.3 doivent aussi étre appliquées.

cable utilisé pour la mise a la terre pour des raisons fonctionnelles ne doit, pas é

2.41 Protection contre les chocs électriques
2.410 Introduction
2.410.101 Le matériel PV du c6té courant continu doit étre considéré sous tension, mér

sque le c6té courant alternatif est déconnecté du réseau ou lersque le PCE est déconned
cbté courant continu.

2.410.3.5

mplacer les exigences comme suit:

s mesures de protection spécifiées a 'Annexe B de I'lEC 60364-4-41:2005, c'est-a-d
tilisation d'obstacles et la mise hors de pertée, ne doivent pas étre appliquées.

2.410.3.6

mplacer les exigences comme(Suit:

s mesures de protectiop-spécifiées a ’Annexe C de I'lEC 60364-4-41:2005, c'est-a-dire

emplacement non tonducteur,
liaisons équipotentielles locales non reliées a la terre,

séparation_électrique pour I'alimentation de plusieurs éléments consommateurs de courz

doivent pas étre appliquées.

2.410.102 Du c6té courant continu, I'une des mesures de protection suivantes doit &

aI

ne
té

nt,

pliquée:

[ ]
7
71

€q

double isolation ou isolation renforcée;
TBTS ou TBTP.

2.412 Mesure de protection: isolation double ou renforcée

2.412.101 Le matériel, par exemple les modules PV, les tableaux ou les armoires de
répartition, les cables, utilisé du c6té courant continu doit étre de classe Il ou isolation

uivalente, conformément a I'lEC 61140.
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712.414 Protection par trés basse tension (TBTS et TBTP)

712.414.101 Pour l'utilisation de mesures de protection TBTS et TBTP du cbté courant
continu, Ugc ax Ne doit pas dépasser 60 V courant continu.

712.414.102 La tension continue lissée a prendre en compte est la tension maximale
Uoc max du groupe PV.

712.42 Protection contre les effets thermiques

712.420.101 Securite incendie des installations PV

Lels exigences de prévention des incendies applicables au plan national ou local doivent éfre
prises en compte.

712.421 Protection contre I'incendie provoqué par un matériel électrique
71(2.421.101 Protection contre les effets de défauts d'isolement

71(2.421.101.1  Protection contre les effets de défauts d'isolement avec PCE saps
séparation galvanique du c6té courant alternatif

71(2.421.101.1.1 La mise a la terre pour des raisons fonctionnelles d'une partie active du
coté courant continu n'est pas admise.

71(2.421.101.1.2 En cas de défaut d'isolement du c6té‘courant continu:

e [ le PCE doit étre automatiquement déconnecté dw'coté courant alternatif, ou

o [ la partie en défaut du groupe PV doit étre,automatiquement déconnectée du PCE.
NQTE 1 La déconnexion peut étre assurée par le RCE; voir I'lEC 62109 (toutes les parties).

NQTE 2 La coupure automatique peut étre assurée par un DDR (dispositif a courant différentiel résiduel)

712.421.101.1.3 Une alarme doit* étre déclenchée automatiquement en cas de défgut
d'isolement du cbté courant continu (voir 712.531.3.101.3).

NQTE Si le défaut d'isolement est détecté par le PCE, conformément a I'lEC 62109 (toutes les parties), yne
algrme est déclenchée par le PCE.

71(2.421.101.2 Protection contre les effets de défauts d'isolement avec PCE avpc
séparation galvanique du c6té courant alternatif

712.421.101:2:* La mise a la terre pour des raisons fonctionnelles d'une partie active du
coté courant eontinu est admise.

71(2.424.101.2.2 Sans mise a la terre pour des raisons fonctionnelles d'une partie active fdu
cotencourant continu, il doit étre installé un contrdleur permanent d'isolement (CPI) ou tqut
autre dispositif assurant une surveillance effective équivalente.

NOTE Pour assurer cette fonction, il peut étre utilisé un onduleur conforme a I'lEC 62109 (toutes les parties).

712.421.101.2.3 Sauf dans les cas ou l'alinéa suivant est appliqué, les groupes PV qui ont
un conducteur connecté a une terre fonctionnelle doivent étre équipés d'un dispositif ou d'un
ensemble de dispositifs, conformément a 712.532.102, qui sert a interrompre le courant dans
le conducteur de mise a la terre fonctionnelle en cas de défaut d'isolement du c6té courant
continu. Le dispositif (ou I'ensemble de dispositifs) doit également déclencher une alarme
conformément a 712.421.101.2.4.
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L'exigence de l'alinéa précédent n'est pas applicable lorsque le conducteur de mise a la terre
fonctionnelle est relié a la terre au moyen d'une résistance caractérisée par une résistance R
satisfaisant a la condition suivante:

ou
[n

est la valeur du courant donnée au Tableau 712 6
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TE En cas de défaut d'isolement, un arrét immédiat du PCE peut étre nécessaire pour dessraisd
ctionnelles.

cas de mise a la terre pour des raisons fonctionnelles d'une partie active du-cété courg
ntinu via une résistance, il doit étre installé un contréleur permanent d'isolément (CPI)
It autre dispositif assurant une surveillance effective équivalente (voir 712/531.3).

TE Pour assurer cette fonction, il peut étre utilisé un PCE conforme & I'lEC 62109 (tqutes les parties).

2.421.101.2.4 Une alarme doit étre automatiquement déclenchée en cas de défg
solement du cbdté courant continu (voir 712.531.3.101.3).

TE Si le défaut d'isolement est détecté par le PCE, conformément a MMEE/62109 (toutes les parties), une alar
déclenchée par le PCE.

nformément a 411.6.3.1 de I'|EC 60364-4-41:2005, il"'est recommandé d'éliminer le défs
ssi tét que possible.
2.43 Protection contre les surintensités

2.430.3 Régles générales
2.430.3.101 Généralités

s surintensités dans un groupe.PV peuvent provenir de défauts dans le cablage du grou
de courants de défaut dus a-des courts-circuits dans les modules, dans les coffrets
jroupement ou dans le cabtage du module.

rintensités, car ilsspeuvent étre connectés en paralléle ou a des sources externes. L]
rintensités peuyvent étre provoquées par la somme des courants issus de
plusieurs-Chatnes paralléles adjacentes,
certains types de PCE auxquels ils sont connectés et/ou

des sources externes.

ns

nt

ut

ut

be
de

s modules PV son{ des sources de courant limitées mais peuvent étre sujets a des

es

7

2 456-3.402— Exi | . | . "

La protection contre les surintensités doit étre assurée conformément aux spécifications

de

712.430.3.102 a 712.433.1.101 et aux exigences du fabricant du module PV.

Des dispositifs de protection contre les surintensités exigés pour la protection d
modules PV et/ou de leur cablage doivent étre sélectionnés pour assurer un fonctionnement
fiable et régulier pendant 2 h lorsqu'une surintensité de 135 % du courant assigné nominal

de

71

s modules PV est appliquée.

2.430.3.103 Exigence pour la protection contre les surintensités des chaines

Une protection contre les surintensités des chaines doit &tre mise en place si:

es
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((Ns -1) x Isc_max ) > ImoD_MAX_OCPR
ou
N, est le nombre total de chaines reliées en paralléle protégées par le dispositif de protection
contre les surintensités le plus proche.

Lorsque des disjoncteurs équipés d'éléments de protection contre les surintensités sont
utilisés, ils peuvent aussi constituer le moyen de coupure exigé de 712.536.2.101 a
712.536.2.103.

71(2.430.3.104 Exigence pour la protection contre les surintensités des sous-groupels

La protection contre les surintensités des sous-groupes doit étre assurée si plus ‘de-"dejux
sous-groupes sont connectés en paralléle.

712.432 Nature des dispositifs de protection

712.432.101 Les diodes antiretour utilisées pour connecter en paralléle les chaines PV pe
daivent pas étre considérées comme moyen de protection contre les surintensités.

71(2.432.102 Les dispositifs de protection contre les surintensités du c6té courant contipu
daivent étre soit des fusibles «gPV» conformes a I''lEC 60269-6 ou tout autre disposijtif
conforme a I'EC 60947 (toutes les parties) ou I'lEC 60898 (toutes les parties).

Les dispositifs conformes a I'EC 60947 (toutes les parties) et I'EC 60898 (toutes les partigs)
daivent pouvoir s'adapter aux conditions prévues, en<particulier pour I'exploitation en courgnt
dinect, en courant inverse et en courant critique.

712.433 Protection contre les courants de’surcharge

71(2.433.1 Coordination entre les conducteurs et les dispositifs de protection
712.433.1.101 Dimensionnement'de la protection contre les surcharges
712.433.1.101.1 Généralités

Leg facteur de correction ,choisi de 712.433.1.101.2 a 712.433.1.101.4 doit étre ajusté pqur
tenir compte des systémes-PV exploités dans des conditions climatiques dans lesquelles il gst
attendu que 7, dépasse systématiquement les valeurs STC.

NQTE De nombreuses conditions climatiques et environnementales peuvent entrainer des courants de coufts-
cirguits élevés dépassant les valeurs STC dans les modules et groupes PV, telles que des emplacemepts
gépgraphiques,renfermant une quantité exceptionnellement élevée de ressources solaires, le reflet de la neige,|ou
d'autres congditions. Par exemple, dans le cas de la neige, le courant de court-circuit est affecté par la températfire
ampbiante, fangle d'inclinaison et I'angle d'azimut du module PV, les reflets de la neige, les caractéristiqyes
gépgraphiques, etc.

712:433.1.101.2 Protection contre les surcharges des chaines PV

Si une protection contre les surcharges des chaines est exigée:

1) chaque chaine PV doit étre protégée par un dispositif de protection contre les surcharges
dont la valeur assignée nominale de protection contre les surcharges doit étre /,, ou:
I,> 1,5 x Isc_mop et
Iy < 2,4 x Isc mop et
Iy = Imop_mAX_oCPR
ou

2) les chaines peuvent étre raccordées en parallele sous la protection d'un dispositif de
protection contre les surcharges, a condition que:
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Ing > 1,5 X NTS X[SC MOD et

Ing <Imop_max_ocpr — ((Nts -7) xIsc mop )
ou

1 est le courant assigné ou le courant de réglage du dispositif de protection contre

les surcharges des chaines,

n

Ing est le courant assigné ou le courant de réglage du dispositif de protection contre
les surcharges des groupes,

N1g est le nombre total de chaines d'un groupe protégées par un méme dispositif de

Si
I'l§
col

Pa
no

Ca

d‘Tn tenir compte au moment de définir la protection contre les“surcharges et les
I

protection contre les surcharges.
des disjoncteurs sont utilisés comme dispositifs de protection contre les surChafrggs,
FC 60364 (toutes les parties) leur permet également de jouer le réle de moyen de coupyre
mme exigé de 712.536.2.101 a 712.536.2.103.

ur certaines technologies de modules PV, Igc pmop €St supérieur a lafyvaleur assignge
minale durant les premiéres semaines ou les premiers mois de fonctionnement. Il convignt

actéristiques assignées des cables.



https://iecnorm.com/api/?name=735e94c56318fd7b56f76217a5020b0c

IEC 60364-7-712:2017 © IEC 2017 - 93 -

s Sous-groupe PV M,

Coffret de I
regroupement de |
groupes de chafnes PV|

Protection contre les
surintensités du groupe
de chaines PV

I
I
I
I
I
I
I
I
| ~
l Cable de
| sous-groupe
I
I
I
I
I
I
I
I
I
I
h
.
|~
. Sous-groupe PV Coffret de
[ regroupement de ‘
| groupes de chaines PVI Coffret de
regroupement
: de groupes PV
I
I
| 7
| F
I v
| 7
| P
[ W
N
| I
| |
Cable de

| | sous-groupe
| I

W
| I
| I
| I
| I
| I
| ;

{

A ’
A -~

IEC

Il ne s'agit que d'un exemple et d'autres dispositifs de protection contre les surcharges, de coupure et/ou de
sectionnement peuvent étre exigés dans certains cas, qui ne sont pas représentés dans la présente figure pour
plus de simplicité.

NOTE 1 |l s'agit d'un cas particulier et la conception n'est possible que lorsque la valeur assignée de la protection
contre les surcharges d'un module PV est largement supérieure a la valeur du courant de fonctionnement normal.
NOTE 2 La présence de contraintes spécifiques telles que le montage cbdte a cote du matériel utilisé

simultanément a un courant nominal et/ou a une température ambiante élevée, peut affecter le choix du courant
assigné pour le dispositif de protection.

Figure 712.7 — Exemple de schéma de groupe PV dans lequel les chaines sont
raccordées sous un dispositif de protection contre les surcharges par groupe
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712.433.1.101.3 Protection contre les surcharges des sous-groupes PV

Le courant assigné ou le courant de réglage (/,) des dispositifs de protection contre les
surcharges destinés aux sous-groupes PV doit étre déterminé au moyen des formules
suivantes:

Iy > 1,25 x Igc 5 ARRAY ©t

Iy < 2,4 x Igc s.ARRAY-

Leg facteur de correction de 1,25 utilisé ici a la place du facteur de correction de 1,5 utilisé
pdur les chaines sert a laisser une certaine flexibilité pour la conception. Il convient deyhe pjas
utfliser un facteur de correction de 1,25 dans les régions présentant des éclairements
énlergétiques souvent intenses, car cela pourrait provoquer le déclenchement intempestif des
dispositifs de protection contre les surcharges.

NQTE La présence de contraintes spécifiques telles que le montage cbdte a céte du matériel utilisé simultanément a
un| courant nominal et/ou a une température ambiante élevée, peut affecter le chgixsdu courant assigné |du
disjpositif de protection.

712.433.1.101.4 Protection contre les surcharges des groupes PV

ingtallations PV connectées a des batteries ou si d'autres”sources de courants peuvent
alimenter le groupe PV dans des conditions de défaut. Lse courant assigné (/) des dispositjfs
de protection contre les surcharges des groupes PV doit_étre calculé de la fagon suivante:

L4 protection contre les surcharges du cable de groupe-PV” n'est exigée que pour %es

In> 1,25 % Igc's ARRAY ©t

Iy < 2,4 X Isc ARRAY

Lels dispositifs de protection contre les surcharges d'un groupe PV sont souvent installgs
entre la batterie ou les batteries et le‘eontréleur de charge, le plus prés possible de la battefie
ou des batteries. Si ces dispositifs sont correctement assignés, ils assurent a la fois |la
prptection du contrdleur de charge et celle du cable de groupe PV. Dans ce cas, aucune aufre
ingtallation de protection .confre les surcharges dans le cable de groupe PV, entre |le
groupe PV et le contréletr~de charge, n'est nécessaire. Le facteur de correction de 1,5
utillisé ici a la place du facteur de correction de 1,5 utilisé pour les chaines sert a laisser uhe
certaine flexibilité poun'ta conception. Il convient de ne pas utiliser un facteur de correction de
1,25 dans les régions présentant des éclairements énergétiques souvent intenses, car cgla
pdurrait provoquerdes surcharges intempestives.

NQTE La présence de contraintes spécifiques telles que le montage cbdte a céte du matériel utilisé simultanémert a
un| courant\neminal et/ou a une température ambiante élevée, peut affecter le choix du courant assigné |du
digpositif-de protection.

12.433.2 Emplacement des dispositifs de protection contre les surcharges

712.433.2.101 Emplacement de la protection contre les surcharges

Les dispositifs de protection contre les surcharges exigés de 712.430.3.101 a 712.430.3.104
et en 712.433.1.101 pour les groupes PV, les sous-groupes PV et les chaines PV doivent étre
placés de la fagon suivante.

e Pour les dispositifs de protection contre les surcharges des chaines, ils doivent se situer a
la jonction des cables de chaines avec les cables du sous-groupe ou du groupe dans le
coffret de regroupement de chaines (voir les Figures 712.3 et 712.4).

e Pour les dispositifs de protection contre les surcharges des sous-groupes, ils doivent se
situer a la jonction des cables de sous-groupes avec les cables du groupe dans le coffret
de regroupement de groupes (voir la Figure 712.4).
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e Pour les dispositifs de protection contre les surcharges des groupes, ils doivent se situer a
la jonction des cables de groupes avec le circuit d’utilisation ou le PCE (voir les
Figures 712.2 a 712.4).

NOTE L'emplacement des dispositifs de protection contre les surcharges a l'extrémité de ces cables la plus
éloignée du sous-groupe ou de la chaine PV est destiné a assurer une protection contre les courants de défaut qui
proviennent d'autres sections du groupe PV ou d'autres sources telles que des batteries. En raison des
caractéristiques de limitation du courant inhérentes aux systémes PV, le courant de défaut provenant de la source
dans le circuit défaillant proprement dit ne suffit pas a déclencher le dispositif de protection contre les surcharges.

ne
he
es
es
dans un conducteur sous tension non relié a la terre du cable de chaine/u*de chaque cable
de sous-groupe. La polarité de ce conducteur doit étre la méme pour\tous les cables ainsi
prptégés.

71(2.433.101 Protection du céble de groupe PV

Le courant permanent admissible 7, du cable de groupe £V-doit étre supérieur ou égal pu
courant de court-circuit maximal du groupe PV:

Isc max du groupe PV <7,

712.433.102 Protection du cable d'alimentation PV en courant alternatif

Lel courant assigné du dispositif de protection contre les surcharges du cable d'alimentatipn
en courant alternatif doit tenir compte_dur courant d'emploi du PCE. Le courant d'emploi du
PCE est le courant alternatif maximal indiqué par le fabricant du PCE ou, a défaut, 1,1 fois
sojn courant alternatif assigné.

712.434 Protection contreles courants de court-circuit

71[2.434.101 Le cable d*alimentation PV cété courant alternatif doit étre protégé contre les
effets de courts-circuits ‘par un dispositif de protection contre les surintensités installé pu
niyeau de la connexion du tableau de répartition dédié de l'installation électrique.

712.44 Protection contre les perturbations de tension et les perturbations
électromagnétiques

712.443 Protection contre les surtensions transitoires d’origine atmosphérique ou
dues a des manceuvres

712.443.101 En tenant compte de la sensibilité du montage des modules photovoltaiques, il
convient de préter une attention particuliéere a la protection de la structure proprement dite
(batiment) contre les effets directs de la foudre; ce sujet est couvert dans I'lEC 62305 (toutes
les parties).

712.443.4 Maitrise des surtensions
712.443.4.101 Protection contre les surtensions transitoires
Lorsque I'lEC 60364-4-44:2007, Clause 443 exige une protection contre les surtensions

transitoires, cette protection doit également étre appliquée du c6té courant continu de
I'installation PV.
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