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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) ARRAYS -
DESIGN REQUIREMENTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

promote

this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereaft as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natjonal Co interested
in thee subject dealt with may participate in this preparatory work. Internatio nd non-
govefnmental organizations liaising with the IEC also participate in this preparati 5 closely
with |the International Organization for Standardization (ISO) in accordance hined by
agreg¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express,‘as nea rnational
consgensus of opinion on the relevant subjects since each technica from all
inter¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for interna National
Compittees in that sense. While all reasonable efforts are r t of IEC
Publications is accurate, IEC cannot be held responsible( for /£he i ey are used or| for any
misinterpretation by any end user.

4) In order to promote international uniformi lications
transparently to the maximum extent possible\in <their iyergence
betwgen any IEC Publication and the correspaonding icated in
the I3tter.

5) IEC {tself does not provide any attestation( of conformi nformity
assepsment services and, in for any
serviges carried out by indep

6) All ugers should ensure that

7) No lipbility shall attach o € erts and
mempers of its technical conimi i gdmage or
othel damage of 3tsoe hetherdirect or indirect, or for costs (|nc|ud|ng legal f¢es) and
expepses arising blicati f,; or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attertion is draw ative referepces cited in this publication. Use of the referenced publications is
indispensable for 8 s i f

9) Atterftion is drawn_to that some of the elements of this IEC Publication may be the spbject of
patent rights\IEC s Id responsible for identifying any or all such patent rights

The main E echnical committees is to prepare International Standafds. In

exceptional ¢i ) , a technical committee may propose the publication of a technical

specifi¢ationswheén

+ the|required support cannot be obtained for the publication of an International Stzpndard
despite Tepeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62548, which is a technical specification, has been prepared by IEC technical committee
82: Solar photovoltaic energy systems.
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The present Technical Specification is intended to be withdrawn as soon as an International
Standard in the IEC 60364 series, under joint development by IEC technical committees 64
and 82, will be published.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/746/DTS 82/765A/RVC

Full infermation-on-the \/nhng for the npprn\lnl of this technical Qpnmflr\qhnn canh-be found in

the repjprt on voting indicated in the above table.
This pyblication has been drafted in accordance with the ISO/IEC Djrectives,

The committee has decided that the contents of this publication
the stgbility date indicated on the IEC web site under "hitp:
related|to the specific publication. At this date, the publication wi

» trarjsformed into an International Standard,
* recopnfirmed,

e withdrawn,

* replaced by a revised edition, or
« amg¢nded.

A bilingual version of this publication ater date.

}@the cover page of this publication indicates
revconsidered to be useful for the dorrect

ers’ should therefore print this document using a

IMPORTANT - '
that it conta
understanding of ifs

coloul printer. /\



https://iecnorm.com/api/?name=2e53598ede3e50969389234cdbae5002

TS 62548 © IEC:2013(E) —7-

PHOTOVOLTAIC (PV) ARRAYS -
DESIGN REQUIREMENTS

1 Scope and object

This Technical Specification sets out design requirements for photovoltaic (PV) arrays
including d.c. array wiring, electrical protection devices, switching and earthing provisions.
The scope includes all parts of the PV array up to but not including energy storage devices,
power gonversion equipment or loads.

The object of this Technical Specification is to address the design s3 arising
from the particular characteristics of photovoltaic systems. Direck cuxr nd PV
arrays |in particular, pose some hazards in addition to those deri ionmal a.c.

power pystems, including the ability to produce and sustain e ts that

are nofj greater than normal operating currents.

In grid connected systems the safety requirements of thi i ecification are hpwever
critically dependent on the inverters associated ith th the
requiregments of IEC 62109-1 and IEC 62109-2.

Installgtion requirements are also criti ntyom compliance with IEC 60364 series

(see Clause 4).

PV arr
coverefl by this Technical

Open circuit voltage at STC are not

Attentipn is drawn to A

expecte¢d that requirem
Technigal Speco
blé

systems is availa

detection and interruption in PV arrays. It is
is type of equipment will be included |in this
ercial equipment for detection of arcs|in PV

NOTE 1
the use

result of

NOTE 2
tracking

Bystems,

2 No

The foljowing documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60228:2004, 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 60287 (all parts), Electric cables — Calculation of the current rating

IEC 60332-1-2:2004, Tests on electric and optical fibre cables under fire conditions — Part 1-
2: Test for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW
pre-mixed flame
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IEC 60364 (all parts), Low-voltage electrical installations

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety —

Protection against electric shock

IEC 60364-5-54:2011, Low-voltage electrical installations — Part 5-54: Selection and erection

of electrical equipment — Earthing arrangements and protective conductors

IEC 60364-7-712:2002, Electrical installations of buildings — Part 7-712: Requirements for

special installations or locations — Solar photovoltaic (PV) power supply systems

IEC 60pZ9, Degrees of protection provided by enclosures (TP Code)

IEC 60B98-2, Circuit-breakers for overcurrent protection for heuseHho
installations — Part 2: Circuit-breakers for a.c. and d.c. operation

IEC 60P47-1, Low-voltage switchgear and controlgear — Part 1:
IEC 60pP47-2, Low-voltage switchgear and controlgear —

IEC 60P47-3, Low-voltage switchgear and controlg
switch-4{disconnectors and fuse-combination unit

IEC 61R15:2005, Crystalline silicon
qualifigation and type approval

IEC 61p46, Thin-film terre
approv,

IEC 61
constry

IEC 61
testing

IEC 62
Generd

IEC 62
Particujar requirements for inverters

similar

ectors,

Design

d type

nts for

nts for

Part 1:

Part 2:

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

IEC 62305-3, Protection against lightning — Part 3: Physical damage to structures and life

hazard

IEC 62305-4, Protection against lightning — Part 4: Electrical and electronic systems within

structures

IEC 62446, Grid connected photovoltaic systems — Minimum requirements for system

documentation, commissioning tests and inspection

EN 50521, Connectors for photovoltaic systems — Safety requirements and tests
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3 Te

rms and definitions, symbols and abbreviations

3.1 Terms, definitions and symbols

For the

3.1.1

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

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

current

into such module(s), panel(s), sub-array(s) and array(s)

3.1.2
bondin
conduc

3.1.3

bypasg diode

diode ¢
current
the rev

3.1.4
cable

possibl
[SOUR

3.1.5
cable ¢
the cor

g conductor
tor provided for functional or protective equipotential bonding

onnected across one or more cells in the forward current directiomto a the

th7a protective coveri

tore
ductor with its i ion ding any mechanical protective covering

3.1.6

than 5
safety
meet th

[SOUR

3.1.7

Class A: General a
moduldgs rated fo

oltage, hazardous power applications

on class may be used in systems operating at
gerieral contact access is anticipated. Modules quali
throug ( 1 d, IEC 61730-2 within this application class are consid
e regui S ety class Il.

Class

B:\Restricted access, hazardous voltage, hazardous power applications

module

to bypass shaded or broken cells to prevent hot spot o age resulting from

g and

greater
fied for
bred to

modules rated for use in this application class are restricted to systems protected from public
access by fences, location, etc. Modules evaluated within this application class provide
protection by basic insulation, are considered to meet the requirements for safety class 0.

[SOUR

3.1.8

CE: IEC 61730-1:2004]

Class C: Limited voltage, limited power applications

modules rated for use in this application class are restricted to systems operating at less than
50 V d.c. and 240 W, where general contact access is anticipated. Modules qualified for
safety through IEC 61730-1 and IEC 61730-2 within this application class are considered to
meet the requirements for safety class Ill.

Note 1 to entry: Safety classes are defined in IEC 61140.
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[SOURCE: IEC 61730-1:2004]

3.1.9
compe

tent person

a person, who has acquired, through training, qualification or experience or a combination of
these, the knowledge and skill enabling that person to perform the required task correctly

3.1.10
discon

nector

mechanical switching device which provides, in the open position, an isolating distance in
accordance with specified requirements.

Note 1 tp entry: A disconnector is capable of opening and closing a circuit when either negligiblé’cprrent is
broken qr made, or when no significant change in the voltage across the terminals e polgs of the
disconngctor occurs. It is also capable of carrying currents under normal circuit conditi rrying _cutrents for
a specifipd time under abnormal conditions such as those of short circuit. Refer als

3.1.11

doublg insulation

insulatifon comprising both basic insulation and supplementa

[SOURCE: IEC 60050-195:1998, 195-06-08]

3.1.12

extrangous conductive part

a condyctive part liable to introduce a po potential, and not formipg part
of the glectrical installation

3.1.13

functignally earthed PV array

a PV g4rray that has o br than
safety,

Note 1 tq

Note 2 t ance, or
only tem

Note 3 t resistive
measure idered a
form of f

3.1.14

indep

indepegndehtmanual’operation of a mechanical switching device

switchipg{action using stored energy operation where the energy originates from manual
power, stored—amnd Teteased i one continuous operation (e-g- spring refease); suctrthat the

speed and force of the operation are independent of the action of the operator

[SOURCE: IEC 60050-441:1984, 441-16-16, modified]

3.1.15

irradiance
G (Unit: W/m?2)

electromagnetic radiated solar power per unit of area

[SOURCE: IEC 61836:2007, modified]
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3.1.16

Imob_max_ocpPr

the PV

module maximum overcurrent protection rating determined by IEC 61730-2

Note 1 to entry: This is often specified by module manufacturers as the maximum series fuse rating.

3.1.17
1

n
the nominal rating of an overcurrent protection device

3.1.18

Isc ARRAY

the shg

where

3.1.19

specifi

Isc mo
the shi

rt circuit current of the PV array at Standard lest Conditions (STC

Isc ARRAY = Isc MmoD * Sa

S is the total number of parallel-connected PV strings in

| to:

TC), as

Note 1t a string
is equal fo /3¢ mop-

3.1.20

Isc s.aRrRAY B

the shd Conditions (STC), and equal to
where

3.1.21

isolated PCE

a PCE circuits
and hayi PCE.
Note 1 e either
integral lation is
provided

Note 2 tp entry:-—in~a_PCE with more than two external circuits, there may be isolation between some| pairs of
circuits gnd no isolation between others. For example, an inverter with PV, battery, and mains circuits may provide
isolation|bétween the mains circuit and the PV circuit, but no isolation between the PV and battery circuitp. In this
Technicdl anprifinatinn the term isolated PCE is used as defined abhove in gpnnml = rnfnrring to isalationlbetween
the main power output circuit and the PV circuits.

Note 3 to entry:

For a PCE that does not have internal isolation between the main power output circuit and PV

circuits, but is required to be used with a dedicated isolation means, with no other equipment connected to the PCE
side of that isolation means, the combination may be treated as an isolated PCE.

Note 4 to entry:

In the case of an inverter required to be used with a dedicated external isolation transformer, the

requirement to have no other equipment connected between the inverter and the inverter-side winding allows
designs having more than one inverter connected to the same transformer, as long as each inverter is connected to
a separate transformer winding. If more than one inverter is intended to be connected to a single winding, the

inverters

3.1.22

must be treated as non-isolated inverters.

junction box

closed

[SOUR

or protected connecting device allowing making of one or several junctions

CE: IEC 60050-442:1998, 442-08-03]
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live part
conductor or conductive part intended to be energized in normal operation, including a neutral
conductor, but by convention not a PEN conductor or PEM conductor or PEL conductor

Note 1 to entry: This concept does not necessarily imply a risk of electric shock.

3.1.24
low vo

Itage

voltage exceeding DVC-A, but not exceeding 1 000 V a.c. or 1 500 V d.c.

3.1.25

main efarthing terminal

the ter
bondin

3.1.26
maxim
MPPT
control

current

3.1.27
non-is
a PCE
leakag

3.1.28

PEL cqgnductor
condugtor combining
condugtor

[SOUR

3.1.29
PEM c

condug
condug

[SOUR

3.1.30

PEN conduetor

minal or bar provided for the connection of the main protective|earthi con
j conductors and, if provided, the conductor for functional earthing

um power point tracking

CE: IEC 6@

ductor,

evice's
ds the

or with

a line

idpoint

conductor combining the functions of both a protective earthing conductor and a neutral
conductor

[SOUR

3.1.31
power
PCE

CE: IEC 60050-195:1998, 195-02-12]

conversion equipment

a 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 2 to Figure 4)
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3.1.32
protective earthing
earthing of a point in an equipment or in a system for safety reasons

3.1.33
PV array
assembly of electrically interconnected PV modules, PV strings or PV sub-arrays.

Note 1 to entry: For the purposes of this Technical Specification a PV array is all components up to the d.c. input

terminals of the inverter or other power conversion equipment or d.c. loads.

A PV array does not include its foundation, tracking apparatus, thermal control, and other such components.

Note 2 t¢ entry: A PV array may consist of a single PV module, a single PV string, or sgvera
strings, pr several parallel-connected PV sub-arrays and their associated electrical co
Figure 4). For the purposes of this Technical Specification the boundary of a PV array i
array disconnecting device.

3.1.34
PV array cable
the output cable of a PV array that carries the total output

3.1.35
PV cel

nnected

iqure 2 to

f the PV

the mo t, i.e the direct non-thermal

conver

Note 1 t
"solar cll".

[SOUR

3.1.36
PV array combiner b
a junctjon box

protectjon and/or

Note 1 tq
arrays a

3.1.37
Voc ARR

3.1.38
PV mofdule

the smallest complete environmentally protected assembly of interconnected cells

to as a

current

as large

[SOURCE: IEC 60904-3:2008]

3.1.39
PV string
a circuit of one or more series-connected modules

[SOURCE: IEC 61836:2007]

3.1.40
PV string cable

a cable interconnecting the modules in a PV string, or connecting the string to a, combiner

box, PCE or other d.c. loads (see Figure 2 to Figure 4)
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3.1.41

PV string combiner box

a junction box where PV strings are connected which may also contain overcurrent protection
devices and/or switch-disconnectors (see Figure 4)

Note 1 to entry: PV string combiner boxes are only relevant for PV arrays that are divided into sub-arrays.

3.1.42
PV sub-array
an electrical subset of a PV array formed of parallel connected PV strings

3.1.43
PV sul-array cable
the output cable of a PV sub-array that carries the output current of its

Jarray

Note 1 tg entry: PV sub-array cables are only relevant for PV arrays that are divid Figure 4

for clarifjcation).

3.1.44
reinforlced insulation
insulatifon of hazardous-live-parts which provides a degree 0 i gai shock
equivalent to double insulation

Note 1 tp entry: Reinforced insulation may comprise se hs basic

insulatiop or supplementary insulation.

[SOURCE: IEC 60050-195:1998,195-06~0

3.1.45
residual current monitor
RCM
device| or associatio
installation, and which
of the dqevice or

ors the residual current in an elgctrical
j value

total nymber o

3.1.47
shield
shield |of a ¢cs
a surrqunding~e d/or to
protect[the'cable from external electrical influence

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

[SOURCE: IEC 60050-461:1984, 461-03-04]

3.1.48
simple separation
separation between circuits or between a circuit and earth by means of basic insulation

3.1.49
simultaneously accessible parts
conductors or conductive parts which can be touched simultaneously by a person or persons

Note 1 to entry: Simultaneously accessible parts may be: live parts, exposed conductive parts, extraneous
conductive parts, protective conductors or earth electrodes.
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3.1.50

standard test conditions

STC

a standard set of reference conditions used for the testing and rating of photovoltaic cells and
modules. The standard test conditions are:

a) PV cell temperature of 25 °C;

b) Irradiance in the plane of the PV cell or module of 1 000 W/m?Z;

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

[SOURCE: IEC 61215:2005 ]

3.1.51
supplementary insulation
indepepdent insulation applied in addition to basic insulation, for fau

[SOURCE:IEC 60050-195:1998, 195-06-07]

3.1.52

switchfdisconnector

mechanical switching device capable of making, ¢ i ) in [normal
circuit gonditions and, when specified, in given operating ) nditi . itipn, it is
able to = specifi 5, such
as shott-circuit conditions. Moreover, 4t complies witt nts for a disconnector.
Note 1 tq on function. In this Technical Specificatipn these

switches| will be |dent|f|ed on warning signs and Iabels as “l Ia ors” far simplicity in interpretation by the pdiblic.

3.1.53

Voc ARRAY 3 _
the opgn circuit voltage a 2 e ditions/of a PV array, and is equal to:

where M is the numb S ed PV modules in any PV string of the PV array.

Note 1 t 2 e ation assumes that all strings within a PV array are connected in|parallel;
hence the open circui ) ub-arrays and PV strings is equal to V5. srray-

3.1.54

Voc mgp

the opgen circdi gevof a PV module at standard test conditions, as specified |by the
manufgcturer:ih the product specification

3.2 Abbreviations

DVC-A decisive voltage classification, type A as defined in IEC 62109-1. See also
Annex E.

DVC-B decisive voltage classification, type B as defined in IEC 62109-1
DvC-C decisive voltage classification, type C as defined in IEC 62109-1

4 Compliance with IEC 60364

The design, erection and verification of the PV system shall comply with the requirements of
IEC 60364, including IEC 60364-7-712. |EC 60364-7-712 contains requirements which
supplement, modify or replace certain of the requirements of the general parts of IEC 60364.

NOTE In IEC 60364-7-712, the absence of a reference to the exclusion of a part, a chapter or a clause of a
general part of IEC 60364 means that the corresponding clauses of the general part are applicable.
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5 PV array system configuration

5.1 General
5.1.1 Functional configuration of a PV system

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

Figure 1 illustrates the general functional configuration of a PV powered system.

Application
cireuit

|
1
|
|
|
|
|
|
|
: PV
|
|
|
|
|
|
|
|
|
|

Three kinds of applicationCircui
— PVfarray is connec

— PVl]array is connested to™a.xc.
simple sepa'

— PV]array is conrecte NN via conversion equipment which does not jnclude
simple separa

ia, conversion equipment which includes at least

5.1.2

The re to earth is determined by whether any earthing of the afray for
functiopalreasons.is i , the impedance of that connection and also by the earth slatus of
the apg . inverter or other equipment) to which it is connected. This and the
locatiof of the-ea nnection all affect safety for the PV array (refer to Annex B).

The re'}llirnmpnfq of manufacturers of PV _modules and manufacturers of power con sersion

equipment to which the PV array is connected shall be taken into account in determining the
most appropriate system earthing 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
separate transformer.

A connection of one conductor to earth through internal connections inherent in the PCE via
the neutral conductor is allowed in a system without at least simple separation.

5.1.3 Array electrical diagrams

The diagrams in Figure 2 to Figure 4 show the basic electrical configurations of single string,
multiple parallel string and multi-sub-array PV respectively.
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ey protection device
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PV module I
e
Blypass diode
(NOTE 1) PV
NOTE 1| If required
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NOTE 2
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PV array

PV array overcurrent

flules by
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PV array

PV string overcurrent
protection device
(NOTE 2)

PV string disconnector

PV array overcurrent
protection device
(NOTE 2)

PV string compb
b

. PV module PV string
Bypdss diode
(NQTE 1)

NOTE 1 erally incorporated as standard elements of the PV mo
manufac|

NOTE 2 tecfi és where required see 6.3.

NOTE 3 : PV array cable may not exist and all the PV strings or PV sub-arrays
terminat mimediately adjacent to the power conversion equipment.

]

\c;éz ersion

wer

ipment

switchsdisconnector

- \( ) -
\)/Key
----------- Elements that are not required in all cases
— " Enclosure
— — — Boundary of system or sub-system IEC]

1828/13

flules by

may be
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PV array

PV sub-array

PV array overcurrent

/ cable

PV string
combiner box

\ T ) -
PV sub-array
disconnection
devices
>PV sub-array
overcurrent
devices
(NOTE 1)
PV string
combiner box
\AJ
To other
sub-arrays

[
1 .
._E%,_./ \
PV array

PV array
switch-disconnecto

combiner box

Power
conversion
equipment

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

—— Enclosure

— — — Boundary of system or sub-system

NOTE 1 Overcurrent protection devices where required see 6.3.

NOTE 2

terminated in a combiner box immediately adjacent to the power conversion equipment.

Figure 4 — PV array diagram — multiple parallel string case

with array divided into sub-arrays

IEC 1829/13

In some systems the PV array cable may not exist and all the PV strings or PV sub-arrays may be
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PV section #1

=<

<o -——-—

switch-disconnectors
/ PCE with multiple MPPT inputs

TS 62548 © IEC:2013(E)

|
|
I
|
| PV array
|
|
!
|

~H=H=--- =4

d.c. input 3
MPPT 3

Overcurrent protection

N K B e N (e T

Key
----------- Elements that are not required in all casg¢s
\ ) — "~ Enclosure
PV section #2 i
AR — — — Boundary of system or sub-system
\ \> v
PV Section #3

Figure 5 — PV array using a PCE with multiple MPPT d.c. inputs

E|IC 1830/13
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PV section #1

=<
=<

PV array
switch-disconnectors

PCE with multiple inputs
Common Bus

N
<

<70

Y/

YAy

K

|
- N

Overcurrent protection

A [
- N

Al
- N

vl L NN N ) | Elements that are not required in all cases
— "~ Enclosure
\ PV section #2 — — — Boundary of system or sub-system
\ \A
PV Section #3

IEC 183)/13

Figure 6 — PV array using a PCE with multiple d.c.
inputs internally connected to a common d.c. bus

5.1.4 Use of PCE with multiple d.c. inputs
5.1.41 General

PV arrays are often connected to PCEs with multiple d.c. inputs. Refer to Figures 5 and 6. If
multiple d.c. inputs are in use, overcurrent protection and cable sizing within the various
sections of the PV array(s) are critically dependent on the limiting of any backfeed currents
(i.e. currents from the PCE out into the array) provided by the input circuits of the PCE.

5.1.4.2 PCEs with separate maximum power point tracking (MPPT) inputs

Where a PCE’s input circuits provide separate maximum power point tracking inputs, the
overcurrent protection of the section of the array connected to those inputs shall take into
account any backfeed current as required to be specified by IEC 62109-1.
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Each PV section connected to an input (refer to Figure 5) may be treated for the purposes of
this Technical Specification as a separate PV array. Each PV array shall have a switch-
disconnector to provide isolation of the inverter. The provisions of multiple switch-
disconnectors in 7.4.1.3 apply and a warning sign as required in 10.5.2 shall be provided.

5.1.4.3 PCEs with multiple inputs internally connected together in the PCE

Where a PCE’s multiple input circuits are internally paralleled onto a common d.c. bus, each
PV section connected to one of those inputs (refer to Figure 6) shall be treated for the
purposes of this Technical Specification as a sub-array and all the PV sections combined
shall be classified as the complete PV array. Each PV sub-array shall have a switch-
disconnector to provide isolation of the inverter. The provisions of multiple switch-
disconfiectors in bvided.

5.1.5 Series-parallel configuration

All PV [strings within a PV array connected in parallel shall be of gy and
have the same number of series connected PV modules (s i i 4). In
addition, all PV modules in parallel within the PV array pctrical

characferistics including short circuit current, open circuit
maximyim power voltage and rated power (all at STC).

power gurrent,

This is|a design issue which needs to be conside j wiplementer, partjcularly
when replacing modules or modifying an existing e

5.1.6 Batteries in systems

Batterits in PV systems can be a source ctive fault currents and should have
fault clirrent protection installed. The oc current protection related to |pattery
systemfs is generally betwee and-gharge controller and as close as pradtical to
the battery. This protecti e U providel dvercurrent protection for PV array|cables
providgd the PV array |cable.i d towithstand-the same current as the battery overcurrent
protectjon device

Battery

5.1.7

In any

Systen
charac

battery

In a PV system without batteries, the PV cells (and consequently PV arrays) behave like
current sources under low impedance faults. Consequently, fault currents may not be much
greater than normal full load currents, even under short circuit conditions.

The fault current depends on the number of strings, the fault location and the irradiance level.
This makes short circuit detection within a PV array very difficult. Electric arcs can be formed
in a PV array with fault currents that would not operate an overcurrent device.

The implications for PV array design that arise from these PV array characteristics are as
follows.

a) The possibility of line-to-line faults, earth faults and inadvertent wire disconnections in the
PV array need to be minimized more than for conventional electrical installations.

NOTE In conventional electrical installations the large inherent fault current capability of the system will
generally blow a fuse, operate a circuit breaker or other protection system in case a fault occurs.


https://iecnorm.com/api/?name=2e53598ede3e50969389234cdbae5002

TS 62548 © IEC:2013(E) - 23 -

b) Earth fault detection and disable could be required as part of the system protection
functions, depending on the array size and location, to eliminate the risk of fire.

Refer to 6.3 for overcurrent protection requirements and to 6.4 for earth fault protection
requirements.

51.8 Considerations due to operating temperature

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

PV modules ratings are stated at standard test conditions (25 °C).

Under [normal operating conditions, cell temperatures rise significa aboverxambjent. A

typical [temperature rise of 25 °C is common with respect to the & ure for
crystalline silicon PV modules operating at the maximum power point 2 solar
irradiance and with adequate ventilation. The temperature rise e i higher
when ifradiance levels are greater than 1 000 W/m? and when A ijation.
The fqgllowing main requirements on the PV array i deri i erating

characteristic of PV modules.

a) Forlsome PV technologies, the efficiency red S eases.
Therefore adequate ventilation of the PV arra ‘ i ensure
optjmum performance for both modules.an e

b) All the components and equipment - i C array
(copductors, inverters, connectors,/etc.) needdt pected
maximum operating temperature of\the

rray.
c) Under cold conditions{ for i igznie hnplogy based cells, the voltage indreases
(seg 7.2 for further considerations).

NOTE [or crystalline silica imum™power decreases between 0,4 % and 0,5 % per each °C rise
in operafing temper

5.1.9 Performang

A PV 4 to the

followin

— soiljng,of the surface of the array caused by dust, dirt, bird droppings, snow, ingustrial
pollution, etc.

— orientation;
— PV module degradation.

Care shall 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 practical. 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 5.2.2. 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 from the
array to the application circuit affect the voltage drop in those cables under load. This can be
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particularly significant in systems with low output voltage and high output current. It is
recommended that under maximum load conditions the voltage drop from the most remote
module in the array to the terminals of the application circuit should not exceed 3 % of the PV
array voltage at its maximum power point.

Pollution of the surface of PV modules caused by dust, dirt, bird droppings, snow, etc., can
significantly reduce the output of the array. Arrangements should be made to clean the
modules regularly in situations where significant pollution may be a problem. The cleaning
instructions of the module manufacturer, if any, should be considered.

5.2 Mechanical design

5.2.1 General

Support structures and module mounting arrangements should compl uilding
codes fegulations and standards and module manufacturer’'s mounti

5.2.2 Thermal aspects

Provisipns should be taken in the mounting arrangemen for the

maximyim expansion/contraction of the modules unde : ihg tempernatures,
accordlng to the manufacturer’'s recommendations/ Si 'Iar RFOVISI en for
other applicable metallic components, includin i s, conduits and cable
trays.

5.2.3 Mechanical loads on PV structure

The PY array support structures should comply
and regulations with respect to loading ch isti
wind and snow loads on R

ional standards, industry stgndards
articular attention should be diven to

5.2.4 Wind

PV mqdules, mq and the methods used for attaching frames to
buildinﬁ C ed for the maximum expected wind speeds|at the
locatio [

In assgssing he wind speed observed (or known) on site shall be usgd, with
due cqnsjderati i e tornadoes, hurricanes, etc.). The P\ array
structufe all\beXsecured in an approprlate manner or in accordance with local Ruilding
standards:

load shhould be accounted for in assessing the capability of the building to withstgnd the
resulti ye) forees-

Wind f}rce applied he PV array will generate a significant load for building structurgs. This

5.2.5 Material accumulation on PV array

Snow, ice, or other material may build up on the PV array and should 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 may be very
unevenly distributed as the snow starts to slide down. This can lead to significant damage to the module and
support structure.

5.2.6 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 system. e.g. aluminium, galvanized steel, treated timber, etc.
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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 system. Corrosive
gases such as ammonia, in farming environments also need to be considered.

Care shall be taken to prevent electrochemical corrosion between dissimilar metals. This may
occur between structures and the building and also between structures, fasteners and PV
modules.

Stand-off materials shall be used to reduce electrochemical corrosion between galvanically
dissimilar metal surfaces; e.g. nylon washers, rubber insulators, etc.

esign of

M f’- 4 t H % tH a1 ! A I [P~ N Lo
anu CHUT T o TTTotruvivulTo diTu Tuvdadrlr LUUT O olffTuUuTu U LUTTouTtvu 1o ydl

mountipg systems and any other connections such as earthing systems.

6 Safety issues

6.1 General
Where| the maximum PV array voltage exceeds 1 000 YA d.c: e ~entire PV array and

associated wiring and protection, shall have access re ; c persons ohly. PV
arrays for installation on buildings shall not have maj m er than 1 000V d.c.

6.2 Protection against electric she

For prdtection against electric shock, thexrequi S EC 60364-4-41 shall apply.

PV mofule exposed metal earthing and i according to 7.4.2 of this Technical
Specifigation.

6.3 Protection agai

6.3.1 Genera@

Overcu rom earth faults in array wiring or from fault currents
due to tion boxes, combiner boxes or in module wiring.

PV mo i ources but can be subjected to overcurrents becauge they
can be \ i allel¥and also connected to external sources (e.g. batterieg). The
overcu he te by the sum of currents from:

e multiple para

e sonpedypes of inverters to which they are connected and/or

e extermalSoOurces.
6.3.2 Requirement for overcurrent protection

Overcurrent protection shall be provided in accordance with 6.3.3 to 6.3.6 and with PV module
manufacturer’s requirements.

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

6.3.3 Overcurrent protection in PV systems connected to batteries

Overcurrent protection shall be provided in all PV systems connected to batteries. The main
array cable protection may be built into the system immediately adjacent to the battery. If this
is not the case, overcurrent protection shall be provided on the main array cable to protect
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this cable from fault currents originating from the battery system. See 6.3.5 for overcurrent
protection sizing. All overcurrent protection used shall be capable of interrupting the maximum
prospective fault current from the battery.

6.3.4 Requirement for string overcurrent protection
String overcurrent protection shall be used if:
((Sa—=1) x Isc_mop ) > Imob_maAx_ocPr

When circuit breakers with overcurrent protection elements are used, they may also provide

the dis-\nnnr\rxﬁnﬂ maoanc raoacuirad in 7 4 1
O et g eanSregquttea———4—=

Where| fuses are applied, these fuses need to meet the require ibed in

IEC 60R69-6 (Type “gPV”)".
6.3.5 Requirement for sub-array overcurrent protection

Sub-arfay overcurrent protection shall be provided if more th nected

to a single PCE.

6.3.6 Overcurrent protection sizing

6.3.6.1 PV string overcurrent protection

Where [string overcurrent protection is
a) pach PV string shall be proted bre the

norminal overcurrent protection rating o Il be [,
where:

In>1,5 x Isc_mop @nd

Ih 42,4 x Isc_mop
In S /MOD_MAP

device

S Isfthe number of strings in a group under the protection of the one overcurrent device;

I, is the the nominal overcurrent protection rating of the group overcurrent protection
device.

Where circuit breakers are used as the overcurrent protection device these may also fulfil the
role of a disconnecting means as required by 7.4.1.

In some PV module technologies /sc mop is higher than the nominal rated value during the first
weeks or months of operation. This should be taken into account when establishing
overcurrent protection and cable ratings.

NOTE 1 Strings can generally only be grouped under one overcurrent protection device if / is
greater than 4 x /

MOD_MAX_OCPR
SC_MOD -
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NOTE 2
module i

NOTE 3
required

6.3.6.2

PV sub-array

PV string

combiner Box PV string group
L overcurrent protection

UL e

M M MMM S“Cba;ggay

T T TrT

IR A(\

TL T L. T O\\/
N

PV sub-array §
array
ombiner

box

N

..... ke
\®

Sub-array
..... cable

IEC 1832/13

Figure 7 — Example of a PV array diagram where strings are grouped

under one overcurrent protection device per group

PV sub-array overcurrent protection

of a PV

may be

The nominal rated current (/,,) of overcurrent protection devices for PV sub-arrays shall be
determined with the following formula:

In > 1,25 X ISC S-ARRAY and

lh<2,4 xIgc s.ARRAY:

The 1,25 multiplier used here instead of the 1,5 multiplier used for strings is to allow designer
flexibility. Care has to be taken in using a lower multiplier in areas where heightened
irradiance occurs frequently as this would be likely to cause nuisance overcurrent operation.
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6.3.6.3 PV array overcurrent protection

PV array overcurrent protection is only required for systems connected to batteries or where
other sources of current may feed into the PV array under fault conditions. The rated current
(I,) of PV array overcurrent protection devices shall be rated as follows:

In > 1,25 X ISC S-ARRAY and
Iy < 2,4 x Isc ARRAY

The PV array overcurrent protection devices are commonly installed between the battery or
batteries and the charge controller as close as possible to the battery or batteries. If these
devices are appropriately rated, they provide protection to both, the charge controller and the

PV arrfly ben the
PV array and the charge controIIer is required.

6.3.6.4 PV arrays with direct functional earth connections

PV arrpys that have one conductor directly connected to a funsti i t via a
resistapce) shall be provided with a functional earth fault \ ot perates to
interrupt earth fault current if an earth fault occurs in the PV array.\Thi 8 igved by
interruition of the functional earth of the array. The_ nemins [ of the
functiopal earth fault interrupter is shown in Table 1.

The fumctional earth fault interrupter shall not in tion of exposed metal parts
to earth.

When the functional earth fault interru initiated

according to 6.4.2.

Table 1 — Nominal overcurr %Of functional earth fault interrupter

Total twe@\\ Rated current
A

2?\50\/\ <2
& >55\1BB\/ <3
S Oe 239

\\ >2}({ <5

X

6.3.7 Overcurrent protection location

Overcurrent protection devices where required by 6.3 for PV array, PV sub-array, and PV
strings shall be placed:

e For string overcurrent protection devices, they shall be where the string cables join the
sub-array or array cables in the string combiner box (refer to Figures 3 and 4).

o For sub-array overcurrent protection devices, they shall be where the sub-array cables join
the array cables in the array combiner box (refer to Figure 4).

e For array overcurrent protection devices, they shall be where the array cables join the
application circuit or the PCE (refer to Figures 2 to 4).

NOTE The location of the overcurrent protection devices at the end of those cables which are furthest away from
the PV, sub-array or string is to protect the system and wiring from fault currents flowing from other sections of the
PV array or from other sources such as batteries.

In systems that include a functional earth, overcurrent protective devices required for string
and sub-array cables shall be placed in all unearthed conductors (i.e. all circuits not directly
connected to the functional earth).
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In systems not connected to a functional earth the overcurrent protective devices required for
string and sub-array cables shall be placed in one of the active conductors.

This provision of a single overcurrent device is allowed for floating systems because of the
requirement for detection and alarm on a single earth fault and because of the double
insulation required on conductors in all array circuits.

6.4 Requirements for PV arrays operating at DVC-B and DVC-C voltages
6.4.1 Detection and alarm requirements
6.4.1.1 General
Requir¢ments for detection of earth faults, actions required and alarms dépen type of
system| earthing and whether the PCE provides electrical separation o om the
the oufput circuit (e.g. the grid). Table 2 shows the requirements of PV
array darth insulation resistance and PV array RCM as well as the actions ications
required if a fault is detected.
Table 2 — Requirements for different syste
on PCE isolation and PV array functi
[ pemige
\/Ié at@CE Isolated PCE +
No<functional|earth Functionally egrthed
on.PV array PV array
Measurement A&Qrding to 6.4.1.2
PV arrgy < Connection to the output circuit is allowed
earth Action onjfault
insulaalihon (PCE is allowed to operate)
resistance

@

Indicafi
OR ult

W Indica

te a fault in accordance with 6.4.2

PV arr3:

curren
monitdring

NS

M su\gNt

Abcordifig to 6.4.1.3

residu.l}Q

9

Action\on fau

\>Shutdown PCE

And

Disconnect all poles of

the output circuit or all

poles of the PV array
from the PCE

According to 64.1.3

Not Required

rth
Il be

Functional e
connection sha
disconnected [see

6.4.1.3) connection to
the output circpit is
allowed.

(PCE is allowd
operate)

dto

Indication on
fault

Indicate a fault in
accordance with 6.4.2

Indicate a fault in
accordance with 6.4.2

NOTE 1

Instead of shutting down the PCE and disconnecting the output circuit it is allowed to isolate the
faulted parts of the PV array.

NOTE 2 Functional earthing has to be carried out according to 7.4.2.1d.

NOTE 3 Systems using non-isolated PCEs where the output circuit is referenced to earth are not allowed to use
functional earthing on the PV side of the PCE see Error! Reference source not found..

6.4.1.2

Array insulation resistance detection

The requirements in this subclause regarding detection and response to abnormal array
insulation resistance to earth are intended to reduce hazards due to degradation of the
insulation system.
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In a non-isolated PCE connected to an earthed output circuit (e.g. mains), an array earth fault
will result in potentially hazardous current flow as soon as the PCE connects to the earthed
circuit. E.g. an inverter connected to the mains, due to the earthed neutral on the mains, so
the inverter shall not connect to the mains. In an isolated PCE, if a earth fault in a floating or
functionally earthed PV array goes undetected, a subsequent earth fault can cause hazardous
current to flow. The detection and indication of the original earth fault is required.

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.

NOTE This functionality for insulation resistance measurement may be provided within the PCE.

Mlnlm m-thrachald yaliiac faor dataction chall ha ancardina tn Tohlia 2
F—ReSRete—YaraeSFHo—aete6eHoR-5SartBea660raRgto—abre—o-

Table 3 — Minimum insulation resistance threshold
for detection of failure of insulation to ea

System size R limit
KW kQ @\
N
N
>
)\/

<20 ﬁk
~20 and < 30 /-?o\

30 and < 50 ( 05

>50 andsy)({ ,{ \ /10@

>100 and <200 & \7

>200 and < 4/Ohk 4
>400 and < %OO >2

It is rgcommend thiat the “t
possible be set lue 3
higher palue will increas

The measuremen all 2 the PV
array below t imi i hection
during fthe mg \

tection for insulation resistance should| where
inimum values specified in these calculatjons. A

The action.on fault required is dependent on the type of PCE in use, as follows:

— for |solatedsPC 3 d); the
fault indication shall be maintained until the array insulation resistance has recoverged to a
valde higher than the limit above;

— for non-isolated PCEs, shall indicate a fault in accordance with 6.4.2, and shall not
connect to any earthed output circuit (e.g. the mains); the device may continue to make
the measurement, may stop indicating a fault and may allow connection to the output
circuit if the array insulation resistance has recovered to a value higher than the limit
above.

6.4.1.3 Protection by residual current monitoring system

Where required by Table 2, residual current monitoring shall be provided that functions
whenever the PCE is connected to an earth referenced output circuit with the automatic
disconnection means closed. The residual current monitoring means shall measure the total
(both a.c. and d.c. components) RMS residual current.

If the inverter 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.
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Detection shall be provided to monitor for excessive continuous residual current, and
excessive sudden changes in residual current according to the following limits:

a) Continuous residual current: The RCM system shall cause disconnection within 0,3 s and
indicate a fault in accordance with 6.4.2 if the continuous residual current exceeds:

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

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

NOTE 1 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
assigtimrdemntifyimgthe-sectiomof thearray thrat may be—affected:

Thg RCM system may attempt to re-connect if the leakage threshold i w that
specified in 6.4.1.3 and the array insulation resistance meets the lifit in 6.4 >

b) Sudden changes in residual current: The PCE shall disconnectfrom a 3 renced
output circuits (e.g. the mains) within the time specified in ' fault in
accprdance with 6.4.2 if a sudden increase in the RM ptected
exceeding the value in the table.

Table 4 — Response time limits for sudde cha

Residual current sudden change \)M x time‘for Nnnectlon from
Q rth referenced circuit

mA

30 N

60 ([ N\ 0,15
150 \ 0,04

NOTE 2| These values of residual’c re originally taken from the residual current operatefd circuit-

breaker standard IEC/64008-1 but are lated>to protection against electric shock in the meanir|lg of this
Technicgl Specifica ‘Q

The R( ified in
6.4.1.3

6.4.2

As req 6.4 \{Man earth fault alarm system shall be installed. When activated th¢ alarm
system| i i fault is
correct

The alarm“shall be of a form that ensures that the system operator or owner of the system
becomes aware of the fault. For example, the alarm system may be a visible or audible signal
placed in an area where operational staff or system owners will be aware of the signal or
another form of fault communication like Email, SMS or similar.

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

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

The installation of a PV array on a building often has a negligible effect on the probability of
direct lightning strikes; therefore it does not necessarily imply that a lightning protection
system should be installed if none is already present.

However, if the physical characteristics or prominence of the building do change significantly
due to the installation of the PV array, it is recommended that the need for a lightning
protection system be assessed in accordance with IEC 62305-2 and, if required, it should be
installed in compliance with IEC 62305-3.

If a lightning protection system (LPS) is already installed on the bujlding, th system

anding
array, ¢vervoltage protection may still be required to protect the and all

parts of the installation.

6.5.2 Protection against overvoltage

All d.c. g ing and
the ma|n array cable should be bundledtogether, i i i gystem.
Refer o 7.4.3.3. The requirement<for inclt i onding
condugtors.

Long cables (e.g. PV main d.c. cables

e installed in earthed m

e be buried in the grou
e be ¢ables inc

e Dbe protected bya
These measureswi iel i i , increasing

inductgnce, a enat Sy mission. Be aware of the need to allow any water or
condensatio tha ate in the conduit or trunking to escape through pfroperly

To profect S as a whole, surge protective devices can be fitted between active
condugtors and een active conductors and earth at the inverter end of the d.c. pabling
and at|thearray. protect specific equipment, surge protective devices may be fifted as
close als {s’ practical to the device.

The need for surge protective devices should be assessed according to IEC 62305 and
appropriate protective measures implemented. IEC 62305-4 can provide a methodology for
protection of electrical and electronic systems in a lightning environment.

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

7 Selection and erection of electrical equipment

71 General

All power conversion equipment shall be qualified to IEC 62109-1 and any other relevant parts
according to the equipment type.
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PV array wiring and associated components are often exposed to UV, wind, water, snow and
other environmental testing conditions. Wiring and components should be fit for purpose and
erected in such a way as to minimise exposure to detrimental environmental affects.

PCE shall be selected according to the environmental requirements in IEC 62109-1:2010,

Clause 6.

Particular attention is drawn to the need for prevention of water accumulation in cable/module

support systems.

7.2 PV array maximum voltage

The PY array maximum voltage is considered to be equal to Voc ArraY
lowest expected operating temperature.

Correction of the voltage for the lowest expected operating tempé
accord|ng to manufacturer’s instructions. Where manufacturer’s i
for crystalline and multi-crystalline silicon modules Vg ARF
correctjon factor according to Table 5 using the lowest expeéc

referenice.

Where [the lowest expected ambient temperature is b
than crystalline or multi-crystalline silicon are in
accordance with manufacturer’s instru

rrected [for the

Culated
ailable

by a
‘e as a

s other

Lowestexpe ) Correction factor
operating temperature
°C

N ~
RZETEN

A4 1,04

R N

i 905 1,08
\

4to\o\ 1,10

NN 1te 8 1,12

—6 to —10 1,14
NN

A1 to -15 1,16
./ 161020 1,18
—21 to 25 1,20

26 to —30 1,21

~31 to 35 1,23

36 to —40 1,25

NOTE Temperature of modules facing open sky can be up to 5 °C lower than ambient (air) temperature in some

locations.

7.3 Component requirements
7.3.1 General

All components, shall comply with the following requirements:

— be rated for d.c. use;
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— have a voltage rating equal to or greater than the PV array maximum voltage determined
in 7.2;

— have a current rating equal to or greater than that shown in Table 6.

For some PV technologies the Isc current available during the first few weeks of operation is
considerably greater than the normal rated value. In some technologies the /s increases over
time. Equipment should be rated for the highest expected current value.

7.3.2 PV modules

7.3.21 Operational conditions and external influences

s shall
iodes.

C t H HH D\ L Al ball PH 3 S | el
ryS a||||U SHHeo—Tv—HoaHreS—Sran Uulllply WA=

complylwith IEC 61646. Systems with voltages above 50

Some agturer’s

instructi
7.3.2.2 Equipment class

PV mogdules shall be qualified to and be classified by coraing -1 and
IEC 61F30-2 and shall only be used in applications applicable

For prdtection against electric shock:

e Claps A modules according to IEC\6173 exceed
DVCE-A.

e Claps C modules according to IEC
are|in the DVC-A range

bltages

Class B Modules shall

7.3.3 PV arra@d
7.3.3.1 Enviro :

PV arr t IP 54
compli
Any en rati all suit the environmental conditions. This IP rating shall apply for

the reld

7.3.3.2

PV arraynand PV string 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.

7.3.4 Circuit breakers
Circuit breakers used for overcurrent protection in PV arrays shall

a) be certified to either IEC 60898-2 or IEC 60947-2 and
b) not be polarity sensitive;

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

d) be rated for overcurrent according to 6.3.5.
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7.3.5 Disconnectors and switch-disconnectors
All disconnectors, shall comply with the following requirements:

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

— have a current rating equal to or greater than the associated overcurrent protection
device, or in the absence of such device, have a current rating equal to or greater than the
minimum required current carrying capacity of the circuit to which they are fitted according
to Table 6.

Switch-disconnectors shall be certified to IEC 60947-1 and IEC 60947-3 and have
mechanisms that have independent manual operation.

In addjtion, circuit breakers and any other load breaking switch-di ed for
protectjon and/or disconnecting means shall comply with the following d

— not|be polarity sensitive (fault currents in a PV array may flow in_the i irettion of
norfnal operating currents);

— be rated to interrupt full load and prospective fault curf nd any
other connected power sources such as batteries, gene ;

— when overcurrent protection is incorporated, it sha

Plug cgnnections for interruption under load may, ¢ » bty can
be ensyred.

NOTE ©Only specially constructed plugs and sockets are tapab with an
open circuit voltage greater than 30 V can experience™d.C; specially

construcfed for load interruption if disconnected under. loadtepresenta safety risk and generally incur dgmage to
the connlection which will compromise the quality of electrica
connectipn.

onhection and could lead to overheatipg of the

7.3.6

7.3.6.1

7.3.6.1

Cable 3 rmined
with re refer to
Table ¢ d from
these qri

PV arr ' parallel
connegtion of strings, and sub-arrays, abnormally high currents may flow in array wiring under

fault cpnditiens. Overcurrent protection is specified where required and cables shall be
capablg¢ ‘ef handling the worst case current from any remote part of the array throygh the
nearest overcurrent protection device plus the worst case current available from any adjacent
parallel strings.

7.3.6.1.2 Current carrying capacity (CCC)

The minimum cable sizes for PV array wiring, based on CCC, shall be based upon a current
rating calculated from Table 6, and the current carrying capacity of cables as specified in
IEC 60287 series. Cable derating factors taking into consideration cable location and
installation method, according to IEC 60364, shall be applied.

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

Relevant circuit Protection Minimum current upon which cable cross-sectional
area and or other circuit ratings should be chosen 2. b
Current rating (/) of the nearest downstream overcurrent
protection device
+1,25 x I5c mop * (Spo — 1)
Where:
Spo is the total number of parallel connected strings
protected by the nearest overcurrent protection device.
PV string overcurrent NOTE
protection not
PV strig provided The nearest downstream overcurfent protectijonmay be
the sub-array protection and i then it
may be the array overcurren
When no overcurrent protestion\is i mplete
array then Sy is th nected
strings in the complet ent (/)
of the nearest overcurr ced by
zero. x
PV string overcurrent Current rating (ln V string overcurrent protgction
protection provided device (r fer
f the PV array ovefcurrent
ircuit [current
PV sub-array
overcurrent prote
not provided _ARRAy (Of relevant array)
PV subtarray o
hen’PV array overcurrent protection is not used,
en |_is replaced by zero in mathematical formulal|in item
P su-array Current rating (/_) of the PV sub-array overcurrent
overcurrent protection : An
>(otect|on device (refer to 6.3)
ovide
1,25 < Isc array
PV arrgy
rray~overcurrent Current rating (/) of the PV array overcurrent protefction
ote tion provided device (refer to 6.3)

a  Theg of b/V modules and consequently their associated wiring can be significantly
highe ient temperature. A minimum operating temperature equal to the maximum expected
ambient t C should be considered for cables installed near or in contact with PV modules.

b The method of installation (i.e. enclosed, clipped, buried, etc.) of cables also need to be
congidered) in establishing a cable rating. Cable manufacturer’'s recommendations need to be taken into

acc

F

unt in establishing the rating according to installation method.

Where an inverter or other power conversion device is capable of providing backfeed current
into the array under fault conditions, the value of this backfeed current shall be taken into
account in all calculations of circuit current ratings. In some circumstances the backfeed
current will have to be added to the circuit rating as calculated in Table 6.

NOTE Power converter backfeed current rating is a required rating under IEC 62109.

7.3.6.2

Type

Cables used within the PV array shall:

in 7.2,

be suitable for d.c. application,

have a voltage rating equal to or greater than the PV array maximum voltage determined
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e a temperature rating according to the application.

PV modules frequently operate at temperatures of the order of 40 °C above ambient
temperature. Cable insulation of wiring installed in contact or near PV modules shall be rated

accordi

ngly.

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

— be water resistant,

— if exposed to salt environments be tinned copper, multistranded conductors to reduce
deg

me

ing as shown in Figure 8,

— cab

Standa
recomn
be sele

String

— it i
the

An |IEQ
interim

F

9

radation of the cable over time,

allic tray or conduit. This can also be achieved by reinforci

les shall be flame retardant as defined in IEC 60332-1-

IEC 1833/13

OR

IEC 1834/13

Figure 8b — Single conductor cable — in suitable insulated conduit/trunking

as to
using
laid in
of the

It is
nts, or

ow for

in the
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IEC 1835/13

Figure 8c — Steel wire armoured SWA (usually suitable only for main d.c. cable)

Figure 8 — Reinforced protection of wiring

7.3.6.3

Cables
also b

than or

NOTE
Metalic g

7.3.7

In addi
d.c. an

The different types of

cables

7.3.8

the sa
manufg

Plugs,
- EN

Erection method

lion to the requirements detailed in
H a.c. circuits to the/Same requirem

. Refer to 7.4.3

Plugs, s; ets 3

y shall
es and
metalic

greater

adiation.
age.

etween
vels.

bloured

e from

— be fated-for d.c. use;

— havea vottage rating equatto or greater tham the PV array maximurnT voitage determined
in 7.2;

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

— have a current rating equal to or greater than the current carrying capacity for the circuit to
which they are fitted (refer to Table 3);

— 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 independent

acti
— hav
— ifm

ons are required to disconnect;
e a temperature rating suitable for their installation location;
ulti-polar, be polarised;

— comply with Class Il for systems operating above DVC-A voltages;
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— if exposed to the environment, be rated for outdoor use, be UV-resistant and be of an IP

rati

ng suitable for the location;

— shall be installed in such a way as to minimise strain on the connectors (e.g. supporting

the

cable on either side of the connector);

— plugs and socket outlets normally used for the connection of household equipment to low
voltage a.c. power shall not be used in PV arrays.

NOTE The purpose of this requirement is to prevent confusion between a.c. and d.c. circuits within an installation.

7.3.9 Wiring in combiner boxes

Wherever possible there should be segregation between positive and negative conductors
within ¢gombiner boxes to minimise the risks of d.c. arcs occurring betwee e condulctors.
7.3.10 | Fuses

7.3.10.1 General

Fuses pised in PV arrays shall comply with the following requi

— be

— havie a voltage rating equal or greater than the

7.2

7.3.11

Bypasq diodes ma

ated for d.c. use;

uses are provided/for_overcurre tction, the use of fused switch-discon

pmbination units) is\tecommended.

be used to prevent PV modules from being reverse biasg

hectors

rmined

d and
bedded

consequent hot spot heating. If external bypass diodes are used, and they are not em

in the

PV—modute—encapsutatiomor mot—partof factory mounted—junctiomboxes,—th

comply with the following requirements:

— have a voltage rating at least 2 x V5¢ yop ©of the protected module;

— have a current rating of at least 1,4 x Ig¢ mop:

— be installed according to module manufacturer’s recommendations;

— be installed so no live parts are exposed,;

— be protected from degradation due to environmental factors.

7.3.12

Blocking diodes

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

y shall
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In some countries blocking diodes are permitted as a replacement for overcurrent protection.
In other countries diodes are not considered reliable enough to replace overcurrent protection
because their failure mode is generally to a short-circuited state when subjected to voltage
transients. Local country requirements should be taken into account in system designs.

In systems containing batteries it is recommended that some device should be implemented

to avoid reverse current leakage from the batteries into the array at night. A number of
solutions exist to achieve this including blocking diodes.

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

— have a voltage rating at least 2 x PV array maximum voltage determined in 7.2;

— have a current rating Iyax of at least 1,4 times the short circuit currentat C of thd circuit
thal they are intended to protect; that is:

o [1,4 x Igc mop for PV strings;

e 1,4 x Igc s.arRAY fOr PV sub-arrays;
e [1,4 x Igc array for PV arrays;
— be Installed so no live parts are exposed,;
— be protected from degradation due to environmente

When there is a possibility of high short-circuit ¢ n from
the sngw or other conditions, the factorfor caleulatio § 4. For
example in the snow case, short cir€ui i by a incline
angle gdnd azimuth angle of PV module ecti SO on.

Imax is|decided according to the climati

The usg of blocking diodes i
7.4 lLocation and i
7.41 Disconggti
7.411 Gener

Disconpecting m 5 2 the PV

array from the~power &t i ce and
inspecfion ta

NOTE [oca
between|modute c E,for example below certain voltage and current thresholds, where DC discohnectors
are provided elsev the system, or where a plug and connector system is used that is either fated for
disconngction~under tead o6r provided with a means to ensure no load current is flowing before opehing the
connectqr.

pnnector

7.4.1.2 Switch-disconnector for power conversion equipment (PCE)

Smaller PCEs are often repaired by replacing the PCE; whereas larger PCEs are often
repaired by replacing internal components. For PCEs repaired by replacement, one of the
following disconnecting methods shall be used:

a) an adjacent and physically separate switch-disconnector; or

b) a switch-disconnector that is mechanically connected to the PCE and allows the PCE to be
removed from the section containing the switch-disconnector without risk of electrical
hazards; or

c) a switch-disconnector located within the PCE, if the PCE includes a means of isolation
only operable when the switch-disconnector is in the open position; i.e. the maintainable
section of the PCE can only be opened or withdrawn if the switch-disconnector is in the
open position; or
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d) a switch-disconnector located within the PCE, if the PCE includes a means of isolation
which can only be operated with a tool and is labeled with a readily visible warning sign or
text indicating "Do not disconnect under load”.

For PCEs repaired by replacing internal components, the switch-disconnector shall be located
such that maintenance of the PCE (e.g. change of an inverter module, change of fans,
cleaning of filters) is possible without risk of electrical hazards. This switch-disconnector may
be in the same enclosure with the PCE.

7.41.3 Installation

Suitably rated circuit breakers used for overcurrent protection may also provide load breaking

Other disconnection and isolation devices having the characteristic .4 may
be usefl as a disconnection means.

Fuse systems used for overcurrent protection are acceptable ng hecting
means|if they have removable fusing elements, preferably wi hanism
(fuse-cpmbination unit).

The logation of overcurrent protection devices and/or, k ' disconnecting |means

should|be at the end of the cable that is electrica

NOTE 1| The reason for this location is that y originate from other parts of the

array e.d. if an array was composed of 4 sub-arrays ( i b-array cable (a) was to experience
overcurrent it could not originate from sub-array (a s IS\ ntIy current limited, the overcurrent woluld have
to come [from the sum total of sub-arrays b, ¢ . Q ffective place to interrupt that fault current is from
the poin{ where the sub-arrays are brought tog a e.end of/the sub-array cable most electrically remote

from the|PV modules. Similar princi

Table 7 — Disconnection device requirements in PV array installations

PV|array volta/ﬁe\ Clr(@\a{stm\}wlt> Means of isolation Requiremenit
\S{wg éa{ \ Disconnection device Recommended ?
DVC-A < &@-&v\ay }é‘él\e\ Disconnection device Required
\era}&aa\e\_/ Switch-disconnector Required
\ St?hvg cable Disconnection device @ Recommended @
Disconnection device 2 Required
DVC-Bland C Sub-array cable
Switch-disconnector © Recommended
Array cable Switch-disconnector Required

a8 Shdathied-(touch sa/e) plug and socket connector, withdrawable fuse, or isolator are examples of guitable
disgonnection devices. The ability of these devices to break load current needs to be according to the|table.

Where a switch-disconnector is used this may also provide the isolation function i.e.only one switch is
required.

Switches not capable of breaking load current should be marked as no-load break and should
not be generally accessible.

NOTE 2 An additional d.c. switch-disconnector may be specified for systems with long d.c. cable runs through
buildings. This switch is generally used at the point of cable entry into the building.

Where multiple sub-array disconnection devices are installed close to (i.e. within 2 m and
within line of sight of) the power conversion equipment there is no need for a PV array cable
and therefore no need for a PV array load breaking switch. In this case the switches for the
sub-arrays shall all be load breaking switches.
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Where multiple disconnection devices are required to isolate power conversion equipment
they shall either:
e be ganged so that they all operate simultaneously, or

o they shall all be grouped in a common location and there shall be a warning sign indicating
the need to isolate multiple supplies to isolate the equipment.

Where required in Table 7, disconnection devices shall be installed in all live conductors
where a live conductor is one that is not directly connected to Earth.

Where load breaking (switch-disconnector) is a requirement this capability shall be on all
poles of the device and all poles shall be ganged

In the gase of PV arrays with a direct earth connection for functiona irements

for ear{h fault interrupters are specified in 6.3.6.4.

NOTE 3| In some countries interrupting a functional earth on the PV array (ho ed and
may be jused to increase safety for fire and emergency workers. In these 'nstanc switch-
disconngctor may include an extra pole which disconnects the functional € 2

7.4.2 Earthing and bonding arrangements
7.4.21 General
The following options for earthing or b

better
'ts of a

a) Functional earthing of conductive
detection of leakage paths to eart
PV

b) Ear
c) Equi

d) Fun
ear

tionally

NOTE inctional

earthing

An eaJ ion. The

dimensdi
Refer t

7.4.2.2

The condictor used to earth expased metallic frames of the PV array shall have a minimum
size of 6 mm2 copper or equivalent.

For some system configurations the minimum conductor size may need to be larger due to
lightning system requirements, refer to Figure 9.

Figure 10 shows an example of earthing requirements of exposed conductive parts on a PV
array.
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Entry
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required to be earthed for
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IC 60364-5-54
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IEC 60364-5-54

Minimum size 16 mm?
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Exposed conductive

parts
c
SPD -
| |
D ' |
i I I
i I I
. |
: c | I |
o | Application |
VIS circuit I
| 7 | |
------------------- 3 | | |
: i I I
: | | |
s Y |
. > I
: B !
: I
...................... L
Equipotential bonding
where required °
Earthing
equipment
if required ? IEC 1837/1B
2 The € al earth connections. The exposed mefal frame
conn
b Equi blectrical
equif] hysically
clossg
¢ Over rding to
many
A highl i : S ween all live conductors and the equipment earthing
condug
7.4.2.3
If a sey cted to

the main, earthing™~terminal of the electrical installation by main equipotential Honding
condu$ors.

See recommendations on the design of electrodes for lightning protection in IEC 62305-3.

7.4.2.4 Equipotential bonding
7.4.2.41 General

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

Main equipotential bonding is the connection of exposed conductive parts to the main earthing
terminal. These conductors are termed “main equipotential bonding conductors”.

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

PV array frame bonding shall be done in accordance with the decision tree presented in
Figure 9.

7.4.2.4.2 PV array bonding conductors

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.

7.4.2.4{3 Functional earthing terminal of PV array

When the PV array is earthed as described in 7.4.2.1 d) the connectio artf e made
at a single point and this point shall be connected to the mainR ea of the
electrigal installation.

he PV
red for

Some |electrical installations may have sub-earthing
functiopal earth to sub-earthing terminals is acceptable
this usé.

The functional earth connection may be establishe

In systems without batteries, this cofinectior nd the
power gonversion equipment and as close as.\po the power conversion equipment.

=

NOTE [f in some countries \disconnection-devices(_are required/allowed to interrupt functional earth conpductors,
the locatjon of the earth connection.is\i i

In systems containing batteries, this conn ntroller

and thg battery protection

7.4.2.4

Where earth connection or via a resistor) is used to gonnect

one of to earth, the minimum current carrying capacity of the

functio

e no 3 e Cti earth fault interrupter nominal rating for a system with direct
ear ' ithout a resistor. Refer to 6.3.6.4 or

e no han) (PViarray maximum voltage)/R . Where R is the resistance value ysed in
ser F
connection via a series resistor.

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

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

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

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

7.4.3.2 Compliance with wiring standards

The PV array wiring shall comply with the cable and installation requirem

and the wiring requirements mandated by local standards and regulations. nce of

nationdl standards and or regulations, wiring systems used in PV arrays sh ith the
IEC 60B64 series.
Particular attention needs to be given to the protection of xternal
influenges.
7.4.3.3 Wiring loops
To redlice the magnitude of lightning-induced overvoltage gy wiring should|be laid
in such a way that the area of conductive loops/is\minimuniiye.g by laying cables in parallel
as shoyn in Figure 11.
pgui — N ] I ;
—F —H —F
PV module \Vw@g
< VK/\ junction box
Reti <§
conductor x
N\
> “— | ] [ ]
+ = + = + -

IEC 2354/06

Figure 11 — PV string wiring with minimum loop area


https://iecnorm.com/api/?name=2e53598ede3e50969389234cdbae5002

TS 625

7.4.3.4

48 © IEC:2013(E) —47 -

String wiring

In the case where 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 ap

— cab

ply:

les are protected from mechanical damage, and

— the cable is clamped to relieve tension in order to prevent the conductor from coming free
from the connection.

7.4.3.5

Wiring installation in combiner boxes

The fol

Where
to avoi

All cab

NOTE
provided

For PV
routed
be a d
status
provisi

7.4.3.6

buildin

H o ] + . H taollat: £ HH + et
OWhTY PTUVISTUTTS  appPTy U e T ToStalmatuTT UT Wity Sy SteTTS CUTTTUTITS,

over its entire length, particu
bns also apply to any joints).

Wiring identification

methods:

a) PV

inde
b) Whg

wolj

conditi

bet

c) Wh
of t

Where

ne enclosure at intervals not exceeding 5 m.

multiple PV sub-arrays and or string conductors enter a combiner box they sh

groupe

d ‘'or identified in pairs so that positive and negative conductors of the same circ

e used

ed to be

ctor is
5) shall

dulation

these

or on
llowing

ibgly and

ith the
normal
ossible

buld be

Jit may

easily be distinguished from other pairs.

Colour coding for d.c. systems required by IEC 60445:2010 is not required for PV systems.

NOTE PV cables are commonly black in colour to assist in UV resistance.

8 Acceptance

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

9 Operation/maintenance

Refer to the operation and maintenance requirements in IEC 62446.
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10 Marking and documentation

10.1 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 should be in the local language
or use appropriate local warning symbols. English examples of sign texts are included here.

10.2 Requirements for signs

All signs required in this clause shall:

a) comply with IEC;
b) be |ndelible;

c) be |egible from at least 0,8 m unless otherwise specified in thg
exgmples of signs in Annex A);

or see

d) be constructed and affixed to remain legible for the life of hed or

relgted to;
e) be lnderstandable by the operators.

Examp|es of signs are given in Annex A.

10.3 ldentification of a PV installati

For reasons of safety of the various op i / personnel, inspectors,| public
distribytion network operators, emergg etc.), it is essential to indicate the
presente of a photovoltaic installation

A sign,|such as shown in

o atthe origin of the e
e at the metering e origin,

e at the consumet
connected,

board to which the supply from the inverter is

e at gll points~af is Te)y all sources of supply.

10.4 Labelli ahd PV string combiner boxes

A sign [containing<the SOLAR DC’ shall be attached to PV array and PV string cgmbiner
S 5 indicating “live during daylight” to d.c. combiner boxes and switghes.

boxes
10.5 [abelling of disconnection devices

10.5.1 General

Disconnection devices shall be marked with an identification name or number according to the
PV array wiring diagram.

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

10.5.2 PV array disconnecting device

The PV array d.c. 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 7.4.1.3) signhage
shall be provided warning of multiple d.c. sources and the need to turn off all switch
disconnectors to safely isolate equipment.

10.6 Documentation

Documentation shall be provided in accordance with IEC 62446 specifications for PV arrays.

@%
&



https://iecnorm.com/api/?name=2e53598ede3e50969389234cdbae5002

	CONTENTS
	FOREWORD
	1 Scope and object
	2 Normative references
	3 Terms and definitions, symbols and abbreviations
	3.1 Terms, definitions and symbols
	3.2 Abbreviations

	4 Compliance with IEC 60364
	5 PV array system configuration
	5.1 General
	5.1.1 Functional configuration of a PV system
	5.1.2 PV system architectures
	5.1.3 Array electrical diagrams
	5.1.4 Use of PCE with multiple d.c. inputs
	5.1.5 Series-parallel configuration
	5.1.6 Batteries in systems
	5.1.7 Considerations due to prospective fault conditions within a PV array
	5.1.8 Considerations due to operating temperature
	5.1.9 Performance issues

	5.2 Mechanical design
	5.2.1 General
	5.2.2 Thermal aspects
	5.2.3 Mechanical loads on PV structures
	5.2.4 Wind
	5.2.5 Material accumulation on PV array
	5.2.6 Corrosion


	6 Safety issues
	6.1 General
	6.2 Protection against electric shock
	6.3 Protection against overcurrent
	6.3.1 General
	6.3.2 Requirement for overcurrent protection
	6.3.3 Overcurrent protection in PV systems connected to batteries
	6.3.4 Requirement for string overcurrent protection
	6.3.5 Requirement for sub-array overcurrent protection
	6.3.6 Overcurrent protection sizing
	6.3.7 Overcurrent protection location

	6.4 Requirements for PV arrays operating at DVC-B and DVC-C voltages
	6.4.1 Detection and alarm requirements
	6.4.2 Earth fault alarm

	6.5 Protection against effects of lightning and overvoltage
	6.5.1 General
	6.5.2 Protection against overvoltage


	7 Selection and erection of electrical equipment
	7.1 General
	7.2 PV array maximum voltage
	7.3 Component requirements
	7.3.1 General
	7.3.2 PV modules
	7.3.3 PV array and PV string combiner boxes
	7.3.4 Circuit breakers
	7.3.5 Disconnectors and switch-disconnectors
	7.3.6 Cables
	7.3.7 Segregation of a.c. and d.c. circuits
	7.3.8 Plugs, sockets and connectors
	7.3.9 Wiring in combiner boxes
	7.3.10 Fuses
	7.3.11 Bypass diodes
	7.3.12 Blocking diodes

	7.4 Location and installation requirements
	7.4.1 Disconnecting means
	7.4.2 Earthing and bonding arrangements
	7.4.3 Wiring system


	8 Acceptance
	9 Operation/maintenance
	10 Marking and documentation
	10.1 Equipment marking
	10.2 Requirements for signs
	10.3 Identification of a PV installation
	10.4 Labelling of PV array and PV string combiner boxes
	10.5 Labelling of disconnection devices
	10.5.1 General
	10.5.2 PV array disconnecting device

	10.6 Documentation

	Annex A (informative) Examples of signs
	Annex B (informative) Examples of system functional earthing configurations in PV arrays
	Annex C (informative) Blocking diode
	Annex D  (informative)  Arc fault detection and interruption in PV arrays
	Annex E  (informative)  DVC limits
	Bibliography
	Figures
	Figure 1 – General functional configuration of a PV powered system
	Figure 2 – PV array diagram – single string case
	Figure 3 – PV array diagram – multiple parallel string case
	Figure 4 – PV array diagram – multiple parallel string casewith array divided into sub-arrays
	Figure 5 – PV array using a PCE with multiple MPPT d.c. inputs
	Figure 6 – PV array using a PCE with multiple d.c.inputs internally connected to a common d.c. bus
	Figure 7 – Example of a PV array diagram where strings are grouped under one overcurrent protection device per group
	Figure 9 – PV array exposed conductive parts functional earthing/bonding decision tree
	Figure 10 – Exposed conductive parts earthing in a PV array
	Figure 11 – PV string wiring with minimum loop area
	Figure A.2 – Example of switchboard sign for identification of PV on a building
	Figure B.1 – System functional earthing/grounding
	Figure B.2 – Examples different PV configurations in common use
	Figure C.1 – Effect of blocking diode at short circuit in PV string
	Figure C.2 – Effect of blocking diode where there isan earth fault on a system with earthing on the minus side
	Figure C.3 – Effect of blocking diode where there isan earth fault on a system with positive side earthing
	Figure D.1 – Examples of types of arcs in PV arrays

	Tables
	Table 1 – Nominal overcurrent rating of functional earth fault interrupter
	Table 2 – Requirements for different system types based on PCE isolation and PV array functional earthing
	Table 3 – Minimum insulation resistance thresholdsfor detection of failure of insulation to earth
	Table 4 – Response time limits for sudden changes in residual current
	Table 5 – Voltage correction factors for crystalline and multi-crystalline silicon PV modules
	Table 6 – Minimum current rating of circuits
	Figure 8 – Reinforced protection of wiring
	Table 7 – Disconnection device requirements in PV array installations
	Table E.1 – Summary of the limits of the decisive voltage classes


