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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 7-1: Generators — Photovoltaic arrays

EFOREWAORD
T TN VV  UT N\

1) TRhe International Electrotechnical Commission (IEC) is a worldwide organization for s atiop~camgrising
all national electrotechnical committees (IEC National Committees). The obje bmote
infernational co-operation on all questions concerning standardization in the electfical and s. To
th|s end and in addition to other activities, IEC publishes International Stangdarg tions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; a ested
in| the subject dealt with may participate in this preparatory work. non-
ggqvernmental organizations liaising with the IEC also participate in fkj osely
with the International Organization for Standardization (ISO) in &ccorda ined by
adreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt S possible, an interngtional
cdnsensus of opinion on the relevant subjects since eac ee has representation frgm all
inferested IEC National Committees.

3) IE|C Publications have the form of recom tional
Committees in that sense. While all reasépabl f IEC
Publications is accurate, r any
m|sinterpretation by any end user.

4) In| order to promote international uniformify, IEC_NatiohaNCommittees undertake to apply IEC Publications
trgansparently to the maximum extent possible i hence
bgtween any IEC Publicatiopyand the ted in
the latter

5) IEIC provides no marking, proce r any
eduipment declared to b

6) Al users should€;;§

7) N¢ liability shall attdc mployees, servants or agents including individual experts and
members of its technd ational Committees for any personal injury, property damgge or
other damage of 4n whether direct or indirect, or for costs (including legal fees|) and
expenses arising\out\of\the ‘publi t|on use of, or reliance upon, this IEC Publication or any other IEC
Pyblications

8) Aftention is grawn ¢ references cited in this publication. Use of the referenced publicatipns is
inflispensahleor thecorre

9) AttentionN MOINS ibility that some of the elements of this IEC Publication may be the subject of
pgtent rightSx\JEC shaN not¥e held responsible for identifying any or all such patent rights.

The | maintask of C technical committees is to prepare International Standardsg. In

excelptional*circumstances, a technical committee may propose the publication of a techjnical

specification when

— the required support cannot be obtained for the publication of an International Standard,

d

espite repeated 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

whet

her they can be transformed into International Standards.

IEC 62257-7-1, which is a technical specification, has been prepared by IEC tech
committee 82: Solar photovoltaic energy systems.

nical

This first edition of IEC 62257-7-1 is based on IEC/PAS 62111 (1999); it cancels and replaces

ther

elevant parts of IEC/PAS 62111.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/406A/DTS 82/446/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 62257 series, published under the general title, ecommenda’tions
for gmall renewable energy and hybrid systems for rural electrification ¢ e_foundoon the
IEC Website.

The [committee has decided that the contents of this publication will rgma P until
the maintenance result date indicated on the IEC web site up \ttpyiwe ore.jec.ch" in

the data related to the specific publication. At this date, the

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
* amended.

A biljngual edition of this document ma xSl

©
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INTRODUCTION

The IEC 62257 series of publications intends to provide to different players involved in rural
electrification projects (such as project implementers, project contractors, project supervisors,
installers, etc.) documents for the setting-up of renewable energy and hybrid systems with
a.c. voltage below 500 V, d.c. voltage below 750 V and power below 100 kVA.

These publications provide recommendations for

— choosing the right system for the right place;

— designing the systen;

o

perating and maintaining the system.

Thege publications are focused only on rural electrification concentrated i
to, developing countries. They must not be considered as all-inclug

The publications try to promote the use of renewable energies i

not deal with clean mechanism developments at this time (COg emi
Further developments in this field could be introduced in futu

This| consistent set of publications is best considg as & g, with different parts
corrgsponding to items for the safety and sustainabifity 2 lowest possiblg life-
cyclg cost. One of the main objectives of the series )i i e minimum sufficient
requjrements relevant to the field of gpplication, . wable energy and hybrid
off-gfid systems.

The purpose of this part of IEC 62257 j 3 amework for project developmen{ and
management and it includes recommehde Qn that must be taken into considergation
during all the steps of the efectrification\pro

9,
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 7-1: Generators — Photovoltaic arrays

1 Scope

This
array

s in decentralized rural electrification systems.

part of IEC 62257 specifies the general requirements for erection and operation-gf PV

This|technical specification contains requirements for ELV and LV eeNable 1).
Particular attention must be paid to voltage level, as this is important Yornsafe easong and
has an influence on protective measures and on the skill and abih vel®o le™opergting

the qystems.

Table 1 — Voltage domains

Voltage domain ( @oltag}\wok)\/

/i\lternaty\é/c\bxhe{t/ /\ \>Smoothed direct current
N

ELV NN ) Upe < 120 V

Note

LV ;&v <b>\s\\ooN 120 V < Uy < 1 500 V

For the sake of compl
beloyw and above 120

itation gives requirements for d.c. voltpges
Hication projects it is strongly recommehded

to choose a voltage i 9 8 voltage, taking into account the assumed sKkills
of the operatorsll eless, designers must be aware that decreasing
the yoltage meany’in 1S rrept and thus transferring voltage hazards to cufrent
risks| (risk of fire, g

The following ations are considered (see Figure 5 to Figure 7):

a) sjingleg’stting o

b) multi-s

c) RV arraydiv

Dire¢t current systems, and photovoltaic systems in particular, pose various hazards in

addit
prod

ien_to those derived from conventional a.c. power systems, for example the ability to
mm—m—mmTcrwmwmmrgvm—nJ' i i rmal

operating currents. This technical specification addresses those safety requirements arising

from

the particular characteristics of photovoltaic systems.

The aim is to provide safety and fire protection requirements for:

— uninformed persons, including owner(s)/occupier(s) and users of the premises where
photovoltaic arrays are installed;

— informed workers (e.g. electricians) working on these systems; and

— emergency workers (for example fire fighters).

For i

nstallation of PV arrays see IEC 60364-7-712.
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2 Normative references

The following referenced documents are indispensable for the application 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 60050-811:1991, International Electrotechnical Vocabulary — Chapter 811: Electric
traction

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

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

IEC $0364-4-41, Low-voltage electrical installations — Part 4-41:
Prote¢ction against electric shock

IEC 60364-5-54, Electrical installations of buildings — Part 5354: ] : n of
electrical equipment — Earthing arrangements, protective £onq S ding
conductors

IEC 60449, Voltage bands for electrical installations(of b

IEC 60529, Degrees of protection proyided

IEC 61140, Protection against electri and
equipment
IEC 61173, Over-voltage prote ‘ de

IEC 61201, Extra-l\:w
IEC 61215, Crystatli

and
typelapproval
IEC $1643-1 ices
connecteg
IEC $1646, type

apprpval

IEC $2257*5, Recommendations for small renewable energy and hybrid systems for |rural
electrification — Part 5: Protection against electrical hazards

IEC 62257-6, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 6: Acceptance, operation, maintenance and replacement

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
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3 Terms and definitions

3.1

available, readily

capable of being reached for inspection, maintenance or repairs without necessitating the
dismantling of structural parts, cupboards, benches or the like

3.2
blocking diode

diode connected in series to module(s), panel(s), sub-arrays and array(s) to block reverse
currentinto such mndlllp(c) Ir\;mf:l(:) Qllh-ﬂrl"ﬂy(Q) and array(e)

3.3
bypass diode

diode connected across one or more cells in the forward current dire
currgnt to bypass shaded or broken cells to prevent hot spot or hot &
the reverse voltage biasing from the other cells in that module

dule
from

3.4
cablp
asselmbly of one or more conductors and/or optica
posslibly filling, insulating and protective material

Qtective covering| and

[IEV[151-12-38]

3.5
cable core

the donductor with its insul anical protective covering

3.6
shie|d (of a cable)

a sufrounding earthed i ine the electric field within the cable and/pr to
protect the cabl i

Note | Metallic sheathsa

[IEV[461-03-04]

3.7
clasg l e
equipmentN 1 ' only,
but which incfudes an additional safety precaution in that accessible conductive party are
connected to.the projective earthing conductor in the fixed wiring of the electrical installation
in sych a~way that accessible parts cannot become live in the event of a failure of the basic
insullation

NOTE 1 Class | equipment may have parts with double insulation or parts operating at SELV.

NOTE 2 For equipment intended for use with a flexible cord or cable, this provision includes a protective earthing
conductor as part of the flexible cord or cable.

3.8

class Il equipment

equipment in which protection against electric shock does not rely on basic insulation only,
but in which additional safety precautions such as double insulation or reinforced insulation
are provided, there being no provision for protective earthing or reliance upon installation
conditions. Such equipment may be one of the following types:

— equipment having durable and substantially continuous enclosures of insulating material
which envelops all metal parts, with the exception of small parts, such as nameplates,
screws and rivets, which are isolated from live parts by insulation at least equivalent to
reinforced insulation. Such equipment is called insulation-encased Class Il equipment;
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— equipment having a substantially continuous metal enclosure, in which double insulation is
used throughout, except for those parts where reinforced insulation is used, because the
application of double insulation is manifestly impracticable. Such equipment is called
metal-encased Class Il equipment;

— equipment that is a combination of the types described in Items (a) and (b)

NOTE 1 The enclosure of insulation-encased Class Il equipment may form part of the whole of the supplementary
insulation or of the reinforced insulation.

NOTE 2 If the equipment with double insulation or reinforced insulation throughout has an earthing terminal or

earthi g r‘nnfar‘f’ Hisconsidered to be of Class | construction

NOTH 3 Class Il equipment may be provided with means for maintaining the continuit
insuldted from accessible conductive parts by double insulation or reinforced insulation.

protectiveXcircuits,

NOTH 4 Class Il equipment may have parts operating at SELV.

3.9
class lll equipment
equipment in which protection against electric shock relies omsupp d in which

NOTH Equipment intended to be operated at SELV and which hay€ i i 3 ate at a voltage|other
than $ELV are not included in the classification and are subject 6 additional requi

3.10
double insulation
insulation comprising both basic insul

[IEV[195-06-08]

3.1
earthing
a prqtection against ele

3.12 Q
extra-low voltage

ELV
voltgge not exces age limit of band | specified in IEC 60449

[IEV[826-12-60]

NOTH 1 See als
NOTH 2 Voltage notexceeding/b0 V a.c. and 120 V d.c. ripple free are considered to be ELV.

3.13

Imon_REVERSE . . o .
the gurrent a module can withstand in the reverse direction to normal without damage t¢ the

moduwerThis rating-is-obtained from-the manufacturer at expected operating conditions
tHEe-—-HSa+HRg— 2 a—H RaRtHaGHH-8—a+—6xXP t8c—-opefatiyg RCHHORS

ter S oot

NOTE 1 This current rating does not relate to bypass diode rating. The module reverse current is the current
flowing through the PV cells in the reverse direction to normal current.

NOTE 2 A typical figure for crystalline silicon modules is between 2 and 2,6 times the normal short circuit current
rating ISC MOD.
3.14

Isc mop
the 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 As PV strings are a group of PV modules connected in series, the short circuit current of a string is equal
to/ .
SC MOD
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3.15
Isc s-ARRAY

the short circuit current of a PV sub-array at Standard Test Conditions (STC), and equal to:

Isc s-ARRAY = Isc sTC MoD X Ssa

where Sg, is the number of parallel-connected PV strings in the PV sub-array

3.16
Isc ARRAY

the short circuit current of the PV array at Standard Test Conditions, and is equal to:

Isc ARRAY = Isc sTc MmoD X Sa

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

3.17
junction box
clos¢d or protected connecting device allowing making of o

[IEV[442-08-03]

3.18
live part

conjuctor or conductive part intended
conductor, but by convention not a PE

NOTH This concept does not necessarily imply a risk of elegt

[IEV[195-02-19]

3.19
PEL|conductor

conjuctor combjriing
conductor

[IEV[195-02-14]

3.20

protected extra-low tag

PELY

an extra- y em which is not electrically separated from earth, but W

othefwise satis 'es alNthe requirements for SELV

3.21
PEM conductor

b a protective earthing conductor and a

utral

line

hich

conductor

[IEV 195-02-13]

3.22
PEN conductor

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

conductor

[IEV 195-02-12]
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3.23

power conditioning unit

PCU

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 5 to Figure 7)

3.24

power conditioning unit, isolated

a power conditioning unit where there is electrical separation between the input and output
circuits (e.g. by means of an isolation transformer)

3.25
power conditioning unit, non-isolated

a poer conditioning unit where there is no electrical separation bet
circdits

Ltput

3.26
PV array
a) a[mechanically integrated assembly of modules or pane
a d.¢. electricity-producing unit. An array does not /i
thermal control, and other such components

brms
atus,

[IEQ 61836, Ed.2"), definition 3.3.45 a

b) almechanically and electrically integ
components, to form a DC power supply

modules, and other necegsary

[IEC|60364-7-712, definition 712.3.4]

NOTH A PV array may consist's g odvley a smg e PV string, or several parallel-connected strings, or
severpl parallel-connected P an d electrical components (see Figure 5 to Figure 7).
For the purposes of this standard t e bou da a afray is the output side of the PV array disconngcting

devicg. Two or more/RV , Wh intercgnnected in parallel on the generation side of the power
conditioning unit, s co ideredas indepen PX/ arrays.

3.27
PV array cable
the putput cahle connects the PV array junction box to the PV array
discpnnecting dew

3.28

3.29
PV array, floating
a PV array where none of the poles of the d.c. output circuit is electrically bonded to earth

3.30

PV array, isolated

a PV array where there is at least a simple electrical separation between the PV array output
circuit (d.c. side) and the a.c. system

NOTE A simple electrical separation of power circuits is usually achieved by means of a power transformer.

3.31
PV array junction box
a junction box where all strings of any array are connected

in preparation.
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[IEC 60364-7-712, definition 712.3.5, modified]

3.32
PV array voltage
the PV array voltage is considered to be equal to V5 orray Under worst case conditions

NOTE The open circuit voltage is dependent on the cell temperature and technology.

3.33
PV cell
a) the basic unit of photovoltaic conversion, a semiconductor device that can convert light

directy-rte-elestrical-energy:

b) the basic photovoltaic device [see IEC 60904-3]

NOTH The preferred term is "solar photovoltaic cell" or "photovoltaic cell", colloquially cell".

3.34
PV module
the gmallest complete environmentally protected assembly of inte

[see|lEC 60904-3, IEC 61277]

NOTH Colloquially referred to as a "solar module".

3.35
PV module junction box
an epclosure affixed to a PV module,
made

ections to the PV modul¢ are

3.36
PV string
a cirguit of series-connp

3.37
PV string cable

a cable connecting H
the d.c. terminal

or to

3.38
PV sub-3
the port

[IEC|61277, defiqiti

3.39
PV gub-array cable
the oufput cable of a PV sub-array that carries only the output current of 1ts assoclaied sub-
array in normal operation, and that connects the PV sub-array with the other PV sub-arrays
that constitute the PV array

NOTE PV sub-array cables are only relevant for PV arrays that are divided into sub-arrays (see Figure 7 for
clarification).

3.40

PV sub-array junction box

an enclosure where all the PV strings of a PV sub-array are electrically connected in parallel
and where protection devices may be located if necessary (see Figure 7)

NOTE PV sub-array junction boxes are only relevant for PV arrays that are divided into sub-arrays
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3.41

reinforced insulation

insulation of hazardous-live-parts which provides a degree of protection against electric shock
equivalent to double insulation

NOTE Reinforced insulation may comprise several layers which cannot be tested singly as basic insulation or

supplementary insulation.

[IEV 195-06-09]

3.42
supplementary insulation
independent Insulation applied In addition 10 basic Insulation, for 1ault protection

[IEV[195-06-07]

3.43
simple separation

sepgration between electric circuits or between an electric on
insulation

gans of hasic

[IEV[826-12-28]

3.44
ripple-free d.c.
for s|nusoidal ripple voltage, a ripple @

NOTH Therefore the maximum peak value does

3.45
SELY
safety extra-low voltage
an ektra-low voltage sy
in such a way that a si

tems

3.46
STC
Standard Test
a stgndard set.of refekenx itrer’s used for the testing and rating of photovoltaic cell§ and
modules. Th : ditions are:

c) |ight spectrun~corfesponding to an atmospheric air mass of 1,5

3.47

Voc lmob
the open circuit voltage of a PV module at Standard Test Conditions, as specified by the

manufacturer in the product specification

3.48

Voc ARRAY o ,
the open circuit voltage at Standard Test Conditions of a PV array, and is equal to:

Voc arRrAY = Yoc mop* M
where M is the number of series-connected PV modules in any PV string of the PV array.

NOTE This standard assumes that all strings within a PV array are connected in parallel; hence the open circuit
voltage of PV sub-arrays and PV strings is equal to Voc ARRAY-
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voltage
differences of potential normally existing between conductors and between conductors and
earth as follows:

a) extra-low voltage: not exceeding 50 V a.c. or 120 V ripple-free d.c.;

b) low voltage: exceeding extra-low voltage, but not exceeding 1 000 V a.c. or 1 500 V d.c.

c) high voltage: exceeding low voltage.

NOTE In consideration of ELV status, Voc aArray Must be used.

4

4.1
4.1.1

Figu

esign

Electrical design

Functional configuration of PV powered systems

plication

PV circuit

\V array~N » 6 DC loads;

\ array is\connecped to AC loads via conversion equipment;

V array-is connected to AC grid forming elements via conversion equipment.

Excs

pt where the array is less than 200 W _and the array vnl’ragp is F1\V/__all current-car

rying

conductors from the array shall be capable of being interrupted using a load-breaking switch.

NOTE In unearthed systems this is a general requirement of IEC 60364.

In earthed systems (where the application circuit is earthed), the switch is required to interrupt
current caused by an earth fault within the array.

Because the array is current limited, overcurrent protection cannot provide interruption of this

fault

situation.
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4.1.2 PV array earthing
4.1.2.1 General

To consider the PV array earthing it is necessary to consider the complete PV system
earthing configuration. Two separate issues are addressed:

— earthing of the main current carrying conductors of the array (system earthing);

— earthing of exposed conductive parts for lightning protection and/or equipotential
bonding.

NOTE To realize earthing on the field, see IEC 62305-3.

4.1.2.2 PV array system earthing

In thie following Table 2, several configurations are considered. No
earthing of exposed conductive parts, which is covered in the followi

Table 2 — PV system earthing configurati

/\

Photgvoltaic array Figures Application circuit
parthing
fuipment

Co u on the status of thg PV
array

)

(1]

Figure 2a Unearthed DC loads . K § 7 l-;loa Qg \/

Uneafthed Figure 2b Earthed loads N 0
Fixed)to earth

Figure 2c AC Ioads}nnecw»\so ted \l-‘ro{ting
PCU

Figure 2d AC loads\con via W Fixed by the status of the neutral of fhe
isglat er nd tioningyunit | application circuit

Figurer{e earthed oads )

Earthgd a b Figure 2f \garth@hg |o}<k Fixed to earth
Figyre 2g,2h d oWed via isolated
\QCU

Figoxe 2i AC oads¢onnected via a non- Not permitted according to IEC 60364
<§\ olate power conditioning unit

a |n non-centr -tap% eN?ays, either the positive or negative pole could be connected to the parth,
but tHe pr i ion\is to“earth the negative, because connecting the positive to earth could regult in
corrogion i lectrode.

b In a|centre-ta array where the PV array is equally divided into two segments connected in series
and the midpoint to earth. The “consequences on the status of the PV array” column is not changed
whether the artay/is c tapped earthed or earthed on only one pole.

The requirements of manufacturers of power conditioning equipment to which the PV array is
connected shall be taken into account in determining the most appropriate system earthing
arrangement.

The following subfigures of Figure 2 illustrate the system earthing arrangements listed in
Table 2:
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DC

array

¥
PV <§|
)

Array
circuit

PV
array
-

O\

|
|
T
|
|
|
|
|
|
|
i foads
|
|
|
|
|
T
|
|
|

|
I
I
|
|
|
|
I
I
DC :
loads |
|

I

I

|

|

|

|

I

I

|

|

) SR ¥ (==

Application
=—— circuit

Array
circuit

22 /S >

IEC 2340/06

Figure 2b — Unearthed PV array and earthed d.c. load application circuit
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- - T |
| ] — |
: /; :I - Phase :
I ; (! I
| 4 | |
| PV i :I N I
I array J/ (! I
[ T [
! ! N I
| |
[ 1 [
' Array || Isolated PCU Application |
: circuit : : circuit !
C) 2341/0¢6
Figure 2c — Unearthed PV array connected to a.c. loads via an isolated
T Tt |
| |
| |
| |
| |
| :
| array |
| |
| |
| |
| |
I Array Application |
: circuit circuit :
IEC 2342/06
Figure 2d — Unearthed r oads via a non-isolated PCU application circuit]
____________ |
| |
A ! :
! t
i [ |
! [ [
i | |
\\ : | [
! [ [
! | DC |
| |
PV <€] I loads I
array ! | :
! |
1 | |
: 1 1
] | |
Y | [
t L |
| Application
Arra)_/ —l I circuit I
circuit e r
IEC 2343/06

Figure 2e — Earthed PV array and unearthed d.c. load application circuit
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DC

loads
array

g
PV <{%|
/

Array ——
circuit _—

Figure 2f — Earthed PV array and earthed d.c.

PV
array

Application
circuit

NOTE This configuration is not permitted.

Figure 2i — Earthed PV array connected to a.c. loads
via a non-isolated PCU application circuit

Figure 2 — PV system earthing configurations

____________________ IEC 2345/06
0 a.c. loads via an isolated

_________________________ |
| 1
: Phase :
| |
| |
! N I
| {% 1
| |
[ T NS [
| N \ :l |
! T |
: ay — I: Isolated PCU Application |
circuit | circuit |

(S NG iy My e Vi 2346006

re 2h — Centre-tapped earthed PV array connected to a.c. loads
via an isolated PCU application circuit
[ B |
| L 2 |
: \/ /:/ Ll — Phase :
[ : | [
| |

| PV 4: : | N :
| arra | |
| Y / - |
! H N/ !
|
I _—_% l Non-isolated PCU iaati I
: Array - : Application |
| circuit | | circuit :

—————————————————————— e —— — YiEC 234706
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4.1.2.3 Earthing of exposed conductive parts and equipotential bonding
There are three possible reasons for earthing exposed conductive parts of a PV array:
a) protective earthing to provide a path for fault currents to flow;

b) lightning protection;

c) equipotential bonding to avoid uneven potentials across an installation.

An earth conductor may perform one or more of these functions in an installation. The
dimensions and location of the conductor are very dependent on its function.

Figure 3 is a flow chart for sizing the conductor required for bonding of the exposed-

conductive partsto _earth according to the earthing status of the PV array (See Tapig 1).
Figure 4 shows an unearthed PV array and d.c. loads configuration.
Is array exposed-conductive
no s : es
part earthing required for y
lightning protection? ®
A Q
Does the PV array comply with: N yes
es
y — Double insulation or the irray
—SELV or nJ
—PELV. (\ O
Does the PV yes
no array have earth >
A 4 N fault protection?
Is th rra %339 P no no y
floating? | alay rave &a /
N protectjon?
Apply the largest
yes of these two
A
h Bond to earth with .
o earthing earthing, conductor earthing conductor Bond to earth with
quiremen izéd acdprding to sized to withstand 16 mm” earthing
- conductor
Ics array CONtinuously
IEC 2344/06
a To answersthis question; you can follow the recommendations of IEC 62305-2 and IEC 662305-3 or refer tq local
infornpation such as number of thunder days per year or other lightning characteristics. Assessment should irjclude
relatiye position on the PV array to other buildings, structures, environmental stuff able to protect the PV|array
from lightning strokes.

b Floating PV array means an array which is not directly connected to earth but is connected to an application
circuit which is either unearthed or isolated.

Figure 3 — PV array exposed-conductive parts earthing decision tree
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Exposed conductive

parts

" Application
circuit

a E
b B

equip
as po

¢ 0

A hig

4.1.3

The
mult

Jk

Earthing
equipment
if required @

VoY e

h impedance Il
Fi

ircuit is essential in protecting ele
conductor should be run as physically

Ctrical
close

ring,
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Figure 6 — PV array diagram — multi
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protection devices

PV array
PV sub-array
PV sub-array
+ + IC . .
m : m m junction box
: : : R PV sub-array
K& K& K& cable
T i PV string PVEstring
I g, cable diseonnection device PY afray
Kb S ercufrent
s ke : protegtion
T % % devipe
HEaN P ding overcartont A\
o _ TI _ prlotection device - ,K: Powgr
y i conditigning
A : N —]  system
PV array
+ [+ ] ;
i cable
v 2\ __W E PV arra
N ; main swjtch
e TR i
PV array
K& ' < junctjon box
% PV sub-array overcurrent:

a PV sub-array cable
from n" PV arra
y Y

Elements that are not required in all cases
Key ( ----- Enclosure
------- Boundary of system or sub-system
IEC 2352/06

Figure 7 — PV array diagram — multi-string case with array divided into sub-arrays

NOTE In Figures 5, 6 and 7, components drawn in dotted format are not required in all cases. The figures indicate
the location in the circuit when they are required. See text for requirements (Tables 5, 6 and 7, and subclauses
6.1.7 and 6.1.8 are examples).
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4.1.4 Series-parallel configuration

To reduce mismatch and improve PV array yield, all PV strings within a PV array should be of
the same technology, have the same number of series connected PV modules (see Figure 5
to Figure 7). In addition, all PV modules within the PV array should have similar rated
electrical characteristics including short circuit current, open circuit voltage, maximum power
current, maximum power voltage and rated power (all at STC).

NOTE This is a design issue which needs to be considered by the project implementer, particularly when
replacing modules or modifying an existing system.

4.1.5 ___ Batteries in systems

fault|current protection related to battery systems is generally between s arge
controller (see for example case study A4 in Annex E) and as close 3 i tery.
This| protection can be used to provide overcurrent protection ¢ (see
5.3.4.3) provided the PV array cable is rated to withstand the ttery
overgurrent protection device.

NOTH The current rating of string cables must be much higher in battery s A indiwvi ion is
provided (see 6.1.4.1.2/Table 5). In this case, the nearest downstrea b

4.1.6 Considerations due to prospective fault ¢onditi

In any installation, the source of prosp

Systems containing batteries may have
chargcteristic (see 4.1.5).

ttery

In a|PV system without ba i like
currg¢nt sources under lo ; a f 5 will
not glways flow even under it

The fault curren
This|makes short sircai

in a PV array with fau

gtrings, the fault location and the irradiance lgvel.
2 PV array very difficult. Electric arcs can be fofmed

The |implicatighs fo design that arise from these PV array characteristics are as
folloys.

a iNtyof line-to-line faults, earth faults and inadvertent wire disconnectiops in
«artay weed to be minimized more than for conventional electrical installatjons.
i onventional electrical installations the large inherent fault cufrent
capability of“the system will generally blow a fuse, trip a circuit breaker or o¢ther
protection system in case a fault occurs.)

b Earth fault detection and disable could he rpquirpd as part the system prote tion
functions, depending on the array size and location, to eliminate the risk of fire.

4.1.7 Considerations due to operating temperature

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

Under normal operating conditions, 25°C is a common steady state temperature rise with
respect to the ambient temperature for crystalline silicon PV modules operating at the
maximum power point under 1 000 W/m?2 solar irradiance and with adequate ventilation. This
temperature rise can go up to 35°C when modules are open circuited (i.e. the PV array has
been disconnected due to a fully charged battery). The temperature rise can be even higher
when irradiance levels are greater than 1 000 W/m2 and when modules have poor ventilation.
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The following two main requirements on the PV array design derive from this operating
characteristic of PV modules.

4.1.8 Component voltage ratings

a)

Ope

rated for at least 1,2 times the open circuit voltage for an \ tureequal tq

lowe|

4.1.9 Performance issues

A P\ array’s performance may be affec

Carg must be taken in

shadows to fall oChe iNg\ S8
important that g A¢ g _almost eliminated or at least reduced to a very s

S

<

It is
time

In th
array to the icatioy circuit affect the voltage drop in those cables under load. This cgn be
parti
reco
mod

nom

temperature rise;

pollution of the surfac

For some PV technologies, the efficiency reduces as the operating temperature

increases (for crystalline silicon solar cells the maximum power decreases between
0,4 and 0,5 % per each °C rise in operating temperature). Therefore adequate

ventilation of the PV array should be a design goal, in order to ensure opti
performance for both modules and associated components.

(conductors, inverters, connectors, etc.) need to be capable of withstanding
expected maximum operating temperature of the PV array.

mum

All the components and equipment that may be in direct contact or near the PV array

the

Under cold conditions, for crystalline silicon technology based ¢
increases (see 4.1.8 for further considerations).

lls, the_ve

0 circuit voltage is one of the normal operating conditions @

st ambient temperature of the site.

hading;

oltage drop in cables;

array. Nearby trees and buildings may c
part of the day.

period as eveh\th 3 dow on the array can severely limit its performance.

Cularly_significant in systems with low output voltage and high output current.
mmended that under maximum load conditions the voltage drop from the most re

tage

rcuit
Il be
the

puse

mall

ation

h the

It is

mote
f the

iledin the array to the terminals of the application circuit should not exceed 5% o

matsystenvoitage:

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.

Suitable devices shall be fitted to the photovoltaic array in order to limit dirt building up as the
result of bird droppings. Devices such as spikes or tubing-covered wires mounted on the apex
of the array can be useful deterrents for birds.

Where such effects as sand winds or land animals may be present, the photovoltaic array
shall be installed at suitable height above ground (typically 1,5 m to 2 m).

NOTE For cold climates, consider the maximum voltage rating of components for the maximum voltage expected
increase at the lowest expected temperature of the PV modules.
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4.2 Mechanical design
4.21 General

Support structures and module mounting arrangements should comply with applicable building
codes (including earthquake requirements where relevant), regulations and standards.

4.2.2 Thermal aspects

Provisions should be taken in the mounting arrangement of PV modules to allow for the
maximum expansion/contraction of the modules under expected operating temperatures,

.....

accopeingto-the-manufacturersrecemmendations

NOTH Some types of PV modules degrade significantly in performance when inadequg ilatiopallows the
modules to operate at high temperature.

4.2.3 Mechanical loads on PV structures

The with
resp n PV
arrays.

NOTE

4.2.4 Wind

The hces
shall

Wind This
over|oad should be accou S the capability of the building to withstand the
resulting forces.

On gssessing this compohef speed observed (or known) on site shall be
used, with due ¢ i events (cyclones, tornadoes, hurricanes, ¢tc.).
The PV array str S - n appropriate manner or in accordance with Jocal
building standards.

4.2.5

Snoy 1 be
accol vhen
calcy

4.2.6

Wheh.possible all structures shall be made of corrosion resistant materials e.g. alumipium,
galvanized-steet—treated-woeod-poles—orstructures—ete-

If the structure is metallic, aluminum or hot dipped galvanized steel are well suited to this type
of use. If the array is installed in a marine or other highly corrosive environment, aluminum
shall be anodized.

The same applies to all bolts, nuts and fasteners.

Provisions shall be made in order not to create electrochemical corrosion between the
structures and the building on the one hand, and the structures and photovoltaic modules on
the other. If the system is earthed, it is recommended that the negative conductor be
connected to the earth electrode as this arrangement will reduce electro-chemical degradation
of the electrode and other metallic parts.
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5 Safety issues

5.1

Refe

5.2

General

r to the IEC 62257-5 technical specification.

Protection against electric shock and fire

For protection against electric shock the requirement of IEC 61140 shall apply.

Refe ring to the 62257-5 technical Qpnr\ifir\ai‘inn the fnllnwing rnqnirnmnnfc shall be npplin :
Protection by extra-low voltage systems (SELV and PELV systems] s(Cshall be
clasgified as Class Il or better.

For |all other systems, protection by double or reinforced live
conductor and any earthed or exposed conductive part (i.e.C e or
reinfprced insulation for the whole PV array) is required.

Eartlhing of one of the live conductors of the d.c. side is at least simple
sepgration between the d.c. side and the a.c. side.

5.3 | Protection against overcurren

5.3.1 General

Fault currents due to short circuits in parth
faults in array wiring can re

PV modules are curre and
also|connected to exte ents
caused by eﬂher@ln s

5.3.2 )

Faulf current protectik ant’when there are only one to two strings in parallel,[ and
there is no batte S tem, provided the PV modules are capable of withstanding a
revefse c poort circuit current

If thgre are wo strings in parallel then the maximum fault current which can flpw in
any pne string equa to the (number of strings —1) times the short circuit rating of one gf the
strings. Therefore there are three or more parallel strings, the PV modules could be
subjg¢cted to reverse currents of two or more times their nominal short circuit current. It is for
this eason that the number of strmgs able to be connected in paraIIeI without overcurrent

The maximum number of strings connected in parallel without overcurrent protection shall be

Np W

here np is related to the PV modules’ reverse current rating and is given by Table 3.
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Table 3 — Number of parallel strings without overcurrent protection, np

np Module reverse current rating I,\"OD_RE\,ERSE
1 (i.e. no paralleling) I,\"OD_RE\,ERSE <lIsc mop
2 1XIsc mop < Imob reverse <2 X Isc mob

2xIscmoo < Iyop reverse < 3 % lsc mop

3
4 3 xIscmop < Iyop reverse <4 X lsc mop
5

4 xIscmoo < Iyop reverse < % % lsc mop

NOTH 1 For systems including batteries, see 5.3.4.3.
NOTH 2 For cable ratings, see 6.1.4.1.2.

5.3.3 Discrimination

protection trips first in the event of fault currents flowing from higherss
currgnt sections of the PV array.

NOTH When circuit breakers with overcurrent protection elemen
meanp required in 6.2.1.

5.3.4 Overcurrent protection sizing
5.3.4.1 PV string overcurrent protect

In ELV PV arrays where PV modules ar
be cpused by an arc or melted metal co
overgurrent protection is not\required.

NOTH 1 The requirement @f thi
behing or under the PV mog
is insfalled.

NOTH 2 ltis impo

In other cases wheré th
strings shall be prots

NOTH 3 Wherg
discopnecting

NOTH 4
curreft flo

The frated trippi
spedffied <by " the
recommeéndation, Itgp shall be determined with the following formula:

module manufacturer. If the manufacturer does not give

evel
pwer

pcting

nnot
tring

rectly
aves)

h PV

E of a

verse

e as
any

1,29 X Isc mop = ITRIP = 4 X Tsc mOD-
NOTE 5 the tripping current is the current which activates the protection device.

NOTE 6 In some PV module technologies lsc 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.

5.3.4.2 PV sub-array overcurrent protection

The rated trip current (/I;gp) of overcurrent protection devices for PV sub-arrays shall be

determined with the following formula:

1,25 x Isc s-ARRAY < ITRIP < 2 X IsC 5.ARRAY-
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5.3.4.3 PV array overcurrent protection

PV array cable 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 trip
current (Itg,p) of PV array overcurrent protection devices shall be rated as follows:

1,25 X Isc ARRAY < ITRIP < 2 X Isc ARRAY

NOTE 1 The PV array overcurrent protection devices are commonly installed between the battery and the charge
controller as close as possible to the battery. If these devices are appropriately rated, they provide protection to
both, the charge controller and the PV array cable. In such cases, no further PV array cable overcurrent protection

b t o D\ L -tk k. 4 Ll =~
etween-the-PV-array-and-the-charge-controlferis—regtired:

NOTH 2 The current rating of string cables must be much higher in battery systems if no i
is projided (see 6.1.4.1.2/Table 5). In this case, the nearest downstream o/c protection mg

tvjdual o/ccprotection
he battery fuse.

5.3.5 Overcurrent protection location

Ovelcurrent protection devices where required by 5.3 for PV > angd PV
strings shall be placed electrically at the load end of those cab

NOTH The location of the overcurrent protection devices at the load ef : irlgds to protect the syste and
wiring from fault currents flowing from other sections of the PV arra 9

Table 4 — Requirements for locatiop of overcurrent rol@i e devices according to(the

V array cables in systems with batterigs

String cables and sub?%ables (5.3.4.3)
Is the P\ /acray
floati
Protection on Protection on
ONE ALL
live conductor live conductors ¢

a  Floating PV array: which is not directly connected to earth and connected to an application circuit which is
either unearthed or isolated (Refer to Table 2).

b |If the PV array installation is double insulated with respect to earth, the risk of an earth fault is greatly reduced.
It is only under conditions of a double earth fault on a floating PV array that overcurrent protection would be
required in both live conductors. A single overcurrent protection will clear faults which develop within junction
boxes and shorts between live conductors. Reducing the number of overcurrent protection devices, reduces the
number of joints in the wiring system thus reducing the risk of fire due to bad joints and also reduces cost and
installation time.

¢ In an earthed PV array it is considered that there is only one live conductor (it is the one which is not connected
to earth).
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5.4
5.4.1

Protection against effects of lightning and over-voltage

General

For protection against over-voltages refer to IEC 61173 , IEC 62305-2 and IEC 62305-3.

5.4.2 Protection against direct stroke from lightning

A lightning protection system has the task of preventing severe damage caused by fire or
mechanical destruction in case of a direct lightning strike in a building or structure. Lightning
protection systems consist of three essential components:

a)

lightning currents through their structure;

b)

c)

For

should be assessed in accordance with IEC 62305-2, and<

com

The

lightmi
should be installed if none is alreaé

prom
reco
IEC

If ali

the H

array i

term

Whe
array
cleatr

Dampge caused b
or between live parts and earth. The intention of over-voltage protection is to equjlize

partd
all e

n air termination system, consisting of metallic masts or rods of sufficient height t6-¢

down conductor of sufficient cross sectional area to conduct li
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important over-voltage protection measure and shall be done in accordance with national
standards or IEC 60364-5-54 (see also IEC 62257-5, IEC 61173).

To avoid the formation of wiring loops between earthed conductors and d.c. cabling,
equipotential bonding conductors should run parallel and as close as possible to the d.c.

cabli

ng. It is also recommended to branch the bonding conductor to run parallel with al

d.c. cabling branches.

| the
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5.4.3.2 Surge arresters
5.4.3.2.1 General guide

Surge arresters are a very common method of protecting electrical systems and equipment
against over-voltages. When these devices are used the recommendations of IEC 61643-12
should be observed.

Over-voltage protection with surge arresters should be provided when the PV power system
meets any of the following criteria:

a aiionly of ~ritinsl oo
pOpPpPTy U oo aroa

b) the PV array has a rated capacity greater than 500 W, or

c) the PV array is protected with a lightning protection system.

Many commercial PV inverters and charge controllers are fitted wit
inpul terminals, therefore this should be considered when
protection of the PV array.

5.4.3.2.2 Recommended specifications

The recommended specifications for surge arresterg
causled by indirect lightning strikes are as fol :
arrester selection in IEC 61643-12):

nges
urge

a) Mmaximum continuous operating volta
b) maximum discharge current (/;,5);
c) poltage protection leve Up):

6.1
6.1.1
6.1.1.1 and external influences

Crystalline_sijcon "RY shall comply with IEC 61215. Thin film PV modules ghall
comply w {

6.1.1.2

PV modutes should be Class II.

6.1.2—PV-array-andPV-sub-arrayjunctionboxes

6.1.2.1 Environmental effects

PV Array and PV Sub-array junction boxes exposed to the environment shall be at least IP 54
compliant in accordance with IEC 60529, and shall be UV resistant.

6.1.2.2 Location of PV array and PV sub-array junction boxes

PV array and PV sub-array junction boxes, where installed, shall be readily available.
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6.1.3 Switching devices
6.1.3.1 General
All switching devices, shall comply with the following requirements:

— be rated for d.c. use (especially when voltage is over 30 V due to the risk of arcs);
— have a voltage rating equal to or greater than 1,2 x Voc aARRAYS
— not have exposed live metal parts in connected or disconnected state;

— interrupt all poles, except in the case of a pole connected either to earth or to a prote

ctive

onauctor.

6.1.3.2 Disconnectors

carry

In a
protg

n
n
- b
q

I
13,10

3.4.

Plug|connections for i
be agsured.

NOTH Only speci
open |circuit voltage ‘grég

constfucted for load intef
the cgnnection which
conngction.

6.1.4
6.1.4.1
6.1.4.1.1

ve a

in the

rrent

i for

bn of

any

g to

can

th an
bcially
ge to
bf the

Cable sizes for PV string cables, PV sub-array cables and PV array cable shall be deternjined

with | regard to both, the minimum current capacity and the maximum voltage

drop

requirements—according-to-6-1+4-4-2 and-4-1.9-The larger cable-size obtained-from-thes

criteria shall be applied.

6.1.4.1.2 Current carrying capacity (CCC)

The minimum cable sizes for PV array wiring, based on CCC, shall be based upon a cu

two

rrent

rating calculated from Table 5, and the current carrying capacity of cables as specified in

IEC 60287 series.

NOTE In some PV module technologies Isc mop is higher than the nominal rated value during the first weeks or

months of operation. This should be taken into account when establishing cable ratings.
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Table 5 — Current rating of PV array circuits

Minimum current upon which cable cross sectional area

Type of cable should be chosena b

Trip current ¢ of the nearest downstream overcurrent
protection device + 1,3 x Igc yop X (Spo = 1)

Where:
PV string cable Spg is the number of parallel connected strings protected by
( PV string overcurrent protection not provided) the nearest overcurrent protection device.

NOTE When no overcurrent protection is used Sp is the
total number of harnllnl connected ch‘lnnc n-the PV array;
and the trip current of the nearest overcurrent protection
device is replaced by zero.

PV ktring cable Trip current ¢ of the PV strr rent protection device
(PV fstring overcurrent protection provided) (refer to 5.3) ﬁ\

The greater of the foIIow g:

a) Trip current
device + 1,3

o] rcurrent protection
uit Current ¢f all other

PV gub-array cable
(PV |sub-array overcurrent protection not provided)

not used,
n equation
PV gub-array cable \ﬁip urrent C sub-array overcurrent protgction
(PV sub-array overcurrent protection provide device f(refer to 5 3

PV array cable
(PV Jarray overcurrent protection not provided ~ \

PV 4rray cable \ \rip t ¢ of the PV array overcurrent protection device
(PV Jarray overcurrent protectiQn pr wd{\ refert 5 3)

a  The operating tempera onsequently their associated wiring can be significantly higher than

the ambient temperature.| A wim i perature of maximum expected ambient temperaturg + 40° C
shoyld be consideredor cables ins omMNn contact with PV modules.
b THe location and i closed, clipped, buried etc) of cables also needs to be copsidered in

estaplishing a cable raing.\Ca ) recommendations need to be taken into account in estahlishing the
ratinlg according to in \

¢ Trip current is the omi al icH the overcurrent protection device is calibrated to operate. The ¢urrent at
whigh the devi greater than the nominal rated current.

6.1.4.2 Insulation

The |nsufation of cables used within the PV array shall:

—  Hawve_a voltage rating of at least 1 2 x \/ oA
S J ; OCARRAY

— NOTE The use of single core insulated and sheathed cable is recommended for wiring of LV PV arrays, to
minimise the risk of faults within the wiring.

— have a temperature rating according to the application,

— NOTE 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 accordingly.

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

— be fire resistant.
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6.1.5 Plugs, sockets and couplers

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

6.1.6 Fuses

Fusgs used in PV arrays shall comply Wi

6.1.7

By passs diodes may be used to prevent PV modules from being reverse biased
consequenthotspotheatmyg—f by-passdiodes are used,and—they are notembedded

NOTH When fuses are provided\ fo
combj|nation units) im .

be rated for d.c. use;
have a voltage rating equal or greater than 1,2 X Vqc aArrAY:

be protected from contact with live parts in connected and disconnected state
shrouded);

have a current rating equal to or greater than the cable to which they are fitted;

r qnirn a deliberate force to Hiehnnnnhf;

Have a temperature rating suitable for their installation location;

it multipolar, be polarised;
domply with Class Il;

if exposed to the environment, be rated for outdoor use, be UV
84 compliant.

e rated for d.c. use;

, the use of fused switch-disconnectors

1 Fuse hold

(e.g.

st IP

low

ation.

any

fuse-

and

PV module encapsulation, they shall comply with the following requirements:

have a voltage rating at least 2 x V¢ pmop Of the protected module;
have a current rating of at least 1,25 X Ig¢ yop:

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

be protected from degradation due to environmental factors.

6.1.8 Blocking diodes

Blocking diodes may be used but they are not a substitute for overcurrent protection.

1 the
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In systems containing batteries it is recommended that some device will 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 Vo aARrAYS

— have a current rating of at least 1,25 times the short circuit current at STC of the circuit
that they are intended to protect; that is:

* 1,25 x Ig¢c mop for PV strings;

1,25 x Igc s.aRRAY fOr PV sub-arrays;

1,25 x Igc array for PV arrays;

— Be installed so no live parts are exposed,;

|
o

e protected from degradation due to environmental factors.

| re tion to use
y as shown in the

If there is a special recommendation from the manufactur
blocking diodes in PV strings of the PV array, these diodeg
folloying
Figufe 8.

(\ N

N ot
Bleckin
diode

+ Q
N[ ~ \\/ -
+ 1\ > I +
/é ) ANEl )
N 7/ I B
)Y _ _
\| [ -
. B o . \

6.2 Location and installation requirements
6.2.1 Disconnecting means
6.2.1.1 General

Disconnecting means shall be provided in PV arrays according to Table 6 and Table 7 to
isolate the PV array from the power conditioner and vice versa and to allow for maintenance
and inspection tasks to be carried out safely.

NOTE This subclause does not apply to module inverters where the inverter is an integral part of the PV module.
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6.2.1.2 Installation

Suitably rated circuit-breakers used for overcurrent protection may also provide load breaking
disconnecting facilities.

Other disconnection and isolation devices having the characteristics described in 6.1.3.2 may
be used as a disconnection means.

Fuse systems used for overcurrent protection are acceptable non-load breaking disconnecting
means if they have removable fusing elements, preferably with a disconnection mechanism
(fuse-combination unit).

For p reference to the location of disconnection devices see Table 6/and Yablew? which
indicates with respect to the system configuration where the disconngcCtin should be
g mean.

Table 6 — Disconnecting means requirements in P{}Na\in talati

PV jarray Circuit or sub- Type of disconnectiondevi B Requirement
Vojtage circuit

String cable Disconnection device Recommended
ELV Sub-array cable Readlly/a{allable}k%co\\e{% d(é\}‘: Required
Readilikavaitabl Ioa -breakKi dM)n ection .
Array cable devi Required
evice
String cable Readily/avai Iable n deV|ce Required

Ly Sub-array cable/\ Readlly\wllﬁgad\&% disconnection Required

Required b

\keadlly a le lockgb \ﬁe a |load-breaking
Array cable[\ dlsmctl o

a “Lqckable” disco ion ice ip aswitC W breaker that has provision for insertion of a mechpnical
devicg¢ to prevent the ch eing y amunadthorized person. A mechanical device in this context|could
constjtute sealing with gl ite oryother device that prevents operation of the switch.

b A Ipckable dlscon c iomdevisgris\not requiyed if the whole circuit is visible from the location of the switch.

ation of disconnection devices according
& system configuration, where required

Location of disconnecting devices

System confiMon
PV string cables PV sub-array cables PV array cable
(see Table 2)
Unearthed P\/ arrav QOn-all live condudtors
d On all Tive conductors @
Earthed PV array On all current cgrrylng
conductors b. ¢

a  Live conductors are those not directly connected to earth.

b The disconnection device is required in this situation to interrupt the earth conductor so that earth fault
currents may be interrupted.

¢ In earthed arrays the earthed conductor is a current carrying conductor and needs to be able to be
disconnected to allow for interruption of any earth fault condition.

6.2.2 Extra low voltage segmentation

In low voltage PV arrays, means shall be provided to sectionalise each PV string into
segments whose open circuit voltage at STC is within ELV.
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6.2.3 Earthing system
6.2.3.1 Earthing electrode

If a separate earthing electrode is provided for the PV array, this electrode shall be bonded to
the installation earth.

See recommendations on the design of electrodes for lightning protection.
6.2.3.2 Equipment earthing

Equimmen earthing refers 1o the bonding o earth of all exposed conduclive parts and irgmes
of the PV array including any structural metalwork. PV array frame earthjnmg~shall be~done in

accordance with the array frame earthing decision tree presented in Figure

Expg ation

complies with any of the following provisions:

a) double insulation (applies only if the PV array complies yA
1) general. PV modules complying with class Il in ac : duct

D

2) wiring outside junction boxes. Where cables ; i ible PV

ation

shall be protected, secured o mes

detached from its termination, can
bther
Lictor

commg |nto conta t Q i if i m its

b) protection by elect
c) protection b

6.2.3.3 Earthing

All P < comply with the material, type, insulation, identificdtion,
installation a4 i irements specified in IEC 60364-5-54.

6.2.3.3. G ) inal of PV system

Whe is earthed, the connection to earth shall be made at a single point ang this
point shall be-bondedto the installation earth.

In systems without batteries, this connection point shall be between the PV array
disconnection device and the power conditioning unit and as close as possible o the power-
conditioning system.

In systems containing batteries, this connection point shall be between the charge controller
and the battery protection device.

NOTE This is to allow for interruption of any earth fault current.
6.2.3.3.2 PV system earthing conductor

If the PV array is earthed, the PV system earthing conductor shall be sized to carry
1,25 X Igc pArray CONtinuously, and 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 with respect to material and type, insulation, identification, installation,
connections and aluminium conductors.
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6.2.4 PV array production optimization

To optimize the PV array production it is necessary to fulfil the following requirements:

6.2.4.1 Orientation, tilt angle and flatness

In so far as possible, the orientation and tilt angle of the modules shall optimize the
production of energy in relation to the needs. The north or south orientation of the modules is
hemisphere dependent. However, the building may not necessarily allow ideal orientation of
these two parameters (roof not orientated south or north, vertical front...) and therefore they
shall be clearly accounted for in the production calculation at the sizing design phase.

Wha’L ever the array latitude, it is generally recommended that the slope~shall kéep’|to a
minimum value of ten degrees (10°) in relation to the horizontal, thus preventing stagnation
and jallowing rain water to carry away dust deposits. Moreover, periodica tions
shall be performed, however, as need be.

The purface for fitting photovoltaic modules to structures shallp ¢ i ot to
indugce mechanical stresses on securing the modules in orde a ~ ¢ ture.

6.2.4.2 Location: accounting for shadow
6.2.4.2.1 Environmental

Shadowing of the PV array should b& mitymi i i day
with lconsideration given to all seasons f the

A shladow blanking off a photovoltaic cell fma ion of
this module, significantly rg i

6.2.4.2.2 One line (o

On flat roofs, photo
sunsfhine and thexefdre

As a|basic rule, ng’s

d to

It mgy occur that the avai C i i i ied: ergy
product|on study™v S i i i .g., more
or lgss ess spaced structures, acceptance of shadow early i the
morning ternoon, change of orientation and/or of slope...).

A cgmpromise
enerpy site:

hould be retained allowing to best fulfill the site requirements for ugeful

NOTH Where a row comprises several modules along height, care shall be exercised in order to conneft the
modulesito one another as a function of their hnlnhf alnnn this row. For nvnmhln lower modules will constitute a
branch and upper modules will constitute another branch Th|s will make it possuble for upper modules to continue
producing energy even though lower modules are in the shadow.

6.2.4.3 Location: other recommendations

Prior to implementing a solar generator, it is important to know the behavior and habits of the
users and neighborhood. Some locations shall be avoided, especially those exposed to
damage that could occur to modules.

Due consideration for environmental risks provides for system durability and is directly linked
to the project designers’ knowledge of the local social canvas.
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6.2.4.4 Maintaining the integrity of the covering

The attachment of structures to the building must keep to the sealing efficiency of the

cove

ring and mechanical integrity of the building.

Special care shall be exercised with terrace fitted units where the quality of the covering and
related structure is often very poor. It is advisable to have structures laid onto the building
instead of attached to it.

6.2.4.5 Theft prevention devices

Whe
accel
bolti
prev

6.2.9
6.2.9

Voc
sped

6.2.6
6.2.4
Wirirn

earth

All ¢
of fa

6.2.4.

The
and

e building maintenance does not oblige to remove the modules and if the latte
ssible, theft prevention bolt and nuts shall be adopted. In the opposite~case, Stan
ng will be used. Where small structures (a few modules per strucfyre) areysed, a
ention device shall also be used for securing structures to the building.

Array voltage
A General

ARRAY-Shall not exceed the maximum allowed ope e’ PV modules

ified by the manufacturer).

Wiring system

| General

g of PV arrays shall be laid in sych a way\{h
faults occurring is minimised.

bnnections shall beg
Lilts and possible 3

educe the’ magaojitude of lightning-induced over-voltages, the PV array wiring shoul
n such a way that the area of conductive loops is minimum (e.g. by laying cabl¢
lel/as shown in Figure 9.

are
dard
theft

5 (as

possibility of line to line and line to

risk

ards
bd in

BS in
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1 [ 1 [ ] [ +
—+ —+ —+
PV module PV module
junction box
Return //V
conductor
A

ol
W/
7 ;‘/ "

IEC 2354/06

ihg with minimum loop area

6.2.4.

Wirin
that

ided

— dables are¥protected from mechanical damage, and

— the cable’is clamyped to relieve tension in order to prevent the conductor from coming| free
ffom the connection.

6.2.6-5 Wirimo-istattation—imi ot

The following provisions apply to the installation of wiring systems in junction boxes:

Where conductors enter a junction box without conduit, a tension relief system shall be used
to avoid cable disconnections inside the junction box (for example by using a gland
connector).

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

NOTE Water condensation inside junction boxes may be a problem in some locations; provision may need to be
provided to drain water build-up.

For LV PV arrays, where any return conductor is routed through module junction boxes, such
return conductor(s) shall be a single-core double-insulated cable, and the cable and its
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insulation shall maintain double insulation status over its entire length, particularly through
junction boxes (i.e. these provisions also apply to any joints).

6.2.6.6 Wiring identification

Appropriate identification shall be provided for PV array cabling where it can be confused with
other wiring systems.

6.2.6.7 Over-voltage protection

6.2.6.7.1 Surge arresters

6.2.6.7.1.1 Selection

The

preferred type of surge arresters for over-voltage protection of R, 2 petal-gxide
S ance

at ng ased
surg L : bnce
conducting, they won’t stop conducting until the voltage acrgss\their teimni i less

than

Becs 8 ance
decrgases), it is usual to allow a high safety margin i the &elkection_of the device rating in
light g ¢ (previded to give an indicatign of
devi gommended to avoid excesgsive
systeém losses and troubleshooting tim failure

6.2.6.7.1.2

The following recommendations shouid t or the utilization and connection of qurge
arresters to protect PV arrays:

A surge arrester sk p een each pole of the PV array cable and earth.
Differential O@'o s nokrequired” unless the voltage protection level (VP) of the
surgg arresters is greate

In sy vision of surge arresters in both poles of each PV sub-array

The pabte di the surge arresters and the PV modules should not exceed 16 m.

Wheh the PY array cable exceeds 20 m, surge arresters should be connected at each end of
the ¢able,<one set wext to the PV array, and the other one next to the power conditigning
devige. For this purpose, it should be verified if the power conditioning equipment is already
fitted with surge arresters.

Junction boxes are a good place to install the surge arresters. Care should be taken to
connect them on the PV module side of any disconnecting devices.

The common terminal of surge arresters should be connected to both, conductive PV array
frames and structures, and to the equipotential bonding system.

Cables for connecting surge arresters should be as short as possible and have a cross
sectional area not less than 6 mm?Z.
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6.2.6.7.2 Shielding

When the PV array frame is bonded to a lightning protection system, the PV array cable
should be shielded by one of the following methods, and the shielding conductor should be
connected to earth at both ends:

— with a metallic cable armour or shield with an equivalent cross sectional area of 6 mm?2
Cu; or

— with a metallic conduit suitable as a bonding conductor; or

— with an equipotential bonding conductor with a cross sectional area of 6 mm?Z.

6.2.6.8 Automatic disconnection devices

Eart||1 fault detection installed on the d.c. side shall cause disconnection o
the application circuit. The disconnecting device shall be located betwgé
the garthing point of the PV array as shown in Figures 2e to 2h.

6.2.7 Surge protective devices

Refer to 5.4.3.2.

e PV array
R\, \array

6.2.8 Earthing arrangement, protective conductg

Refer to 6.2.3.

7 Acceptance

7.1 | General
PV drray acceptance progeé 2257-6 technical specification.
Compmissioning tests 0 ensure that the PV array complies wit

requ

7.2

The
sped

7.3
7.3.1

The
ina

rements of this sta
testg for commis

-ified in 7.5 to 7.6 are additional recomme

PV array wiring shall be inspected for compliance with wiring standards and regula

from
and

n the
hded

nical

tions

cordance with 6.2.6

7.3.2 Compliance with this standard

The PV array installation shall be inspected for compliance with the requirements set out in
this standard and corrected if necessary.

7.4

This

Open circuit voltage

subclause discusses open circuit voltage for

a) systems with less than 20 strings;

b) systems with more (see 7.5).
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7.4.1 General

This test is intended to ensure that wiring polarity and continuity of the PV array are correct.

7.4.2 Procedure

The open circuit voltage of every string shall be measured before connecting to other strings.
All PV string open circuit voltages shall be within 5 % variation; otherwise the connections
shall be verified for polarity, continuity and possible faults and repaired. Once the verification
is complete and satisfactory, the PV strings can be connected in parallel.

The [same procedure shall be carried out to verify PV sub-array open circuit voltaggs (if

releant) and PV array open circuit voltage before connecting to the PV/arra pwer
conditioning unit.

NOTH 1 All measurements should be made when practicable under stable irradiap close
to solpr noon are preferable.

NOTH 2 A guideline on open circuit voltage measurements for large e the

envirgnmental conditions may change significantly during measurements is giv
7.5 | Open circuit voltage measurements for large PV &
7.5.1 General

This|procedure is a guide on open cirguit volt 2 i arge
number of PV strings (20 or more) whg iti ating
conditions are likely to change significa Lired
for epach measurement.

7.5.2 Procedure

tring

Befofre closing any swijtche
\ blue.

should be measured. hodld be compared with the expected v

Temperature corpecti S e i where required according to manufactlirers
spedjification. M o pbeé measured in the back of one of the cgntral
modules of each iy, Wk o ments should be made with an accuracy of (2 %;
temperature measute ¥’an accuracy of 1°C.

NOTH 1 a X d—value may indicate one or more modules connected with the wrong
polarity, or a paftialNj i 3 exto-ground fault due to insulation damage and/or water accumulation |nside

conddits.
NOTH 2 #i

The [measured ircuit voltage of each PV string should be within 3 % of the expgcted
valug¢. If there )arelarger differences, the PV string should be verified for any of the condifions
in Note A<above anhd the wiring corrected. Once every string has been verified apd if
necgssary’ corrected, they should be parallel connected via switching devices and/gr by
installing fuse elements.

7.5.3 PV arrays and sub-arrays measurement

Once the PV strings have been verified and connected in parallel, the open circuit voltage of
each PV sub array (if relevant) and of the PV array should be measured using the same
procedure as with PV strings.

The measured values should be within 3 % of the expected value; otherwise the wiring should
be verified and corrected if necessary. In addition to wrong polarity and insulation faults,
defective surge protection devices could be the cause of lower than expected voltage
readings in the case of PV arrays and sub-arrays.

NOTE Line-to-ground voltages in bipolar arrays should be relatively balanced around zero with one line above zero
(positive) and one line below zero (negative).
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Short circuit current measurements

General

PV array short circuit measurements should be included in the acceptance of large PV arrays

to fu

rther verify that there are no faults within the PV array wiring and that the PV modules

and other components are in good condition.

It is

very difficult to obtain accurate results under variable irradiance conditions. It is

recommended to use this method only under stable irradiance conditions. Under these stable

cond

itions, it is possible to compare current measurements in different strings to check for

majgrwirg fautts:

It cgn be dangerous to interrupt short circuit currents in PV arrays commended

procedure should be carried out in order to prevent injuries.

7.6.3 Procedure

* Rrocedure 1: Current measurement under normal applica tcUit load using [clip-

qn ampere meter

The first recommended procedure is to connect the/arrayto t 9 gtion circuit and Yyse a

clip-on ampere meter to compare current measurene i

* Rrocedure 2: Short circuit curre

(1) | If there is any current source (e [ the application circuit, these soyrces
should be isolated and any preca ent any switch-on of theses soyrces
(the same person n AL and switch them on again Jafter
measurement).

(2) | Ensure PV array|loa device or load-breaking switch is open

(3) | Connect a ircui S e and negative terminals on the application|side
of the disc i
NOTE The cond is g ifcuit must be rated equal to or greater than the current rafing of
the PV array cable

(4) | Close all.arra

(5) | Close

(6) | Us€ aslip

(7) | After

(8) | Remaye shoxt cjrcuit.

= PRrocedure 3: Short circuit current measurement when a clip on ampere meter ig not

dvailable T

(1) If there is any current source (e.g. batteries) in the application circuit these sources
should be isolated and any precaution taken to prevent any switch on of these sources.
(the same person must switch off the sources and switch them on again after
measurement).

(2) Ensure PV array load breaking disconnecting device or load breaking switch is open.

(3) Connect a ampere meter between positive and negative terminals on the application
side of the disconnecting device.
NOTE The conductor and the Amp meter must be rated equal to or greater the current rating of the PV
array cable. It must be securely connected (e.g. screwed connections).

(4) Open all arrays disconnection devices.

(5) Switch on one string.

(6)

Close the load-breaking disconnecting device or switch.
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Measure the short circuit current.
Open the load-breaking disconnecting device.
Switch off the string.

10) Repeat steps 5 to 9 for each string.

(
(11) After measurement completed, open the load breaking disconnection switch.
(

12) Remove Amp meter.

Where large discrepancies are found between string currents under stable irradiance
conditions, the strings with low measured current should be investigated for faults.

It is
to hgve stable irradiance conditions over the period of measurement.

For

very difficult to carry out these procedures for very large arrays due e_main (diffi

supplied to the application circuit with N times the current in a sjng

Whefe a significant discrepancy is observed, the currents
array level and so on.

NOTH The expected short circuit current of an array may be
planelirradiance is available, e.g. using a pyrometer or reference cell,

Use the formula below to estimate the

Isc exPECTED = X Isc Mop % Gi % 0,95

whelle:

Isc ExPECTED =

n
G

0,95
NOTH 1

NOTH 2 The she irqui ent of\crystalline silicon-based PV devices is relatively insensitive to variati

ambignt tempe ide mperatjng range (-10 °C to 40 °C), increasing slightly with increasing temper,
NOTH 3 Ofh nologies*may be more sensitive to temperature or to other conditions such as sp
content. Additions trai ay have to be observed or modifications made to the above equation.

NOTH 4 Some
significantly higher
accorflingly.

hnologies have a settling time period when the output electrical paramete

an thg nominal values. This fact should be taken into account to modify the above eq

NOTH 5 , Low'/lsc measurements can indicate the presence of circulating ground fault currents in the array
multigle‘gfound faults or shading.

culty

rrent

sub-

of in

, and
ns in
hture.

ectral

s are
hation

ue to

Higherthan expected measurements can indicate an_array coniiguration other than expected or incr
irradiance on the array not being sensed by the pyranometer.

7.7

Commissioning records

eased

The inspecting personnel shall prepare a commissioning report that includes the applicable
records from the list of items a) to e) below:

a)

b)

c)

a report that states whether the PV array complies with the general ratings and tech
specifications established in the contract;

nical

a certificate stating if the work done on the installation meets the requirements of this
standard and either those of local wiring codes or the |IEC 60364 series according to

6.2.6.2
A table with the final open circuit voltage measurements for each string, sub array

and

array; and a statement with the condition of the PV array wiring after the test, including
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any repairs and corrections carried out as a result of the inspections. When temperature
measurements were carried out, these values should also be tabulated along with the
actual voltage readings and the expected voltage values.

When relevant, a report with the measured trip values of current and/or resistance of the
earth fault protection system before and after any adjustments to the calibration.

When short circuit current measurements are made as part of the acceptance process, a
report that includes the test procedures used and the current measurements, stating the
condition of the PV array wiring after the test, including any repairs and corrections
carried out as a result of the inspections.

This report shall be given to the owner, and if necessary to the relevant authorities. Examples

of cdmmissioning records are given in Annex A.

8

8.1

This| clause gives general guidance for the preparation of operaji
procedures for PV arrays. Examples of such procedures are given i

8.2

Attention should be given in the operation and
requjrements:

9

Operation/maintenance

General

Ance

Safety

hfety

mergency shutdown procedure;
bey all warning signs;

6
g

ghut system down andninterrupt P own
grocedure;
S
W

plit strings into ex
arn of the live pa
Operation ;

rtant

for
piled
information showd be available from the manufacturer’s documentation (see Item d);
gmergency and maintenance shutdown procedures;
petrtodiematrterance—requirements—inctudingprocedures—and-sehedute—ArRexB-gives an

example of a maintenance schedule;

equipment manufacturer’s documentation (data sheets, handbooks, etc.) for all equipment
supplied.

Replacement

For each project the project implementer will have to list the replacement criteria.

Some guidance for criteria can be found in the maintenance schedule (see Annex B).
Particular attention is drawn to the measurement of short circuit current of the array, which
may give an indication of deterioration in performance for which replacement criteria
thresholds could be specified, provided measurements of irradiance are available.
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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) domply with IEC;

b) Rhe indelible;

c) He legible from at least 0,8 m unless otherwise specified in thg
gxamples of signs in Annex D);

d) Be constructed and affixed to remain legible for the life of
related to;

e) He understandable by the operators;

Examples of signs are given in Annex D.

10.3| Labelling of PV array and PV s
A sign containing the text ‘SOLAR d.c a ed_td PV array and PV sub-array

junciion boxes as well as labels indigating “ ¢ g daylight” to d.c.junction boxes| and
switghes.

10.4| Labelling of disco
10.4]1 General

Discpnnection d ithvan identification name or number according tp the
PV drray wiring diagd

All sWitches shall K

10.4}2

The PV arra ) itth/shall be provided with a sign affixed in a prominent location with the
folloying tex RAY MAIN SWITCH'.

10.5| Fire/’emergency information signs

10.5.T General

For PV arrays installed on buildings that have a PV array voltage greater than 120 V, a sign
shall be displayed next to the main building switchboard. This sign shall state ‘Warning:
Electric Solar Array’ and give an indication of its location. This sign shall be legible from at
least 1,5 m.

The sign shall also include the following PV array information:

a) open circuit voltage;
b) short circuit current.

NOTE In small installations the indication of location may be simple, e.g. “On Roof”. In larger installations more
detail should be provided.
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10.6 Documentation

The PV system designer shall prepare the following documents and a copy shall be handed to
the PV system owner:

a) A basic circuit diagram that includes the electrical ratings of the PV array, including the
information required by 10.5.

b) PV system or parts certification as required by relevant authorities and provided by
manufacturer.

c) A copy of the emergency shutdown procedure including the location of relevant switching
evices

o
~
Is

copy of the operation and maintenance procedures in accordance wi lause 8
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Examples of commissioning records

Verification of PV array general ratings and technical specifications

Ol foriaki Raf L Conform o
Characteristi e———Reference—vaiue Yes/No | Remaric S
Nominal power /\
Technology ) N \
Quantity ( \ \
Manufacturer /\
Model X NS
Standards IEC 61215 / 1EC 61646 <_| “\\ -\ N
PVimodules Equipment class /\ \
Rgverse current 26 x|
withstand ' scsT N
Cell appearance <ﬁo\dgfe@ 8 ( K) ‘\/
Sealing defexts \
Frames Pdg?orrosﬁ\o ef%
By-pass diode}\ \ & \/
Total rated @wer ( \\) ‘\)
Nominal veltage N (‘\ \J
NWnaI[Qurrent\ \\ \
P NS LG E
PY array ISCA & \/\\/

N aheores e

\N\X(p all stri}g§

Inc{na n

N
Total a\ea
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Verification of compliance with the requirements of IEC 62257-7-1

Characteristic

Reference Value

Conform
Yes/No

Remarks

Protection
against electric
shock and fire

Insulation system

5.2

Strings 5.3.2 and 5.3.4
Sub-arrays 5.3.2 and 5.3.4 (if
Protection relevant)
against
Array 5.3.Z2 and 5.3.4

overcurrent

Discrimination 5.3.3 /\
Location 5.3.5 ~
Lightning protection IEC 62305-2 and

IEC 62305-3

recommended

Lightning and

Equipotential bonding

4.1.2 and 5.4.3.1

ovdr-voltage
prptection

Wiring loops

5.4.3.1 and 6.2.6.3
recommended

R

Surge arresters

5.4.3.2 and 6.2,

.7.1§7

recommend% N\
Shielding .6.7.Worﬁnendéd ( k >
Components

requirements

PV modules

Junction box/es\

\§.1.@hgleva t)

Switching d&ces (

S

Plugs ets and
coupler

Ryt

.Mrelevant)

6/?7 (if relevant)

6.1.8 (if relevant)

W\Qg Instalation

Selgction d<

Sth\l\g 6.2.6.4
ergctiof of JuM bo&s wiring 6.2.6.5
equipme

}hnch\o\nMes location 6.1.2.2

Wing i@entification 6.2.6.6

Cable selection

Cable size 6.1.4.1

Insulation 6.1.4.2

Disconnecting means

6.1.3.2 and 6.2.1.2

ELV segmentation

6.2.2 (if relevant)

Earthing

Electrode 6.2.3.1
Equipment earthing 6.2.3.2
System earthing 6.2.3.3

Operation and
maintenance

Safety and procedures

8.2 recommended
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Characteristic Reference Value Conform Remarks
Yes/No
Marking
Equipment 10.1
Signs requirements 10.2
Junction boxes 10.3
Marking and
documentation Disconnection devices 10.4
PV array main switch 10.4.2
Fire emergency 10.5
information
Documentation 10.6 /\
Mgchanical Ventilation Recommended O\
Wind loading Recommended (\ \\ \

N\

&

D
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Annex B

(informative)

Example of maintenance schedule

Sub-system or

Maintenance action Freq. Remarks
component
) Verify cleanliness (accumulation of dust The array field should be cleaned if
Array field h : Quarterly
or other shading materials) necessary
Check for visual defects Modules with visual defects shquld
be further in d for performance
Fractures
* ! and safety tp determine_the'negd for
e Browning replace
e Moisture penetration Tyr
e Seal integrity
e Frame corrosion
PV modules Inspect junction boxes & allj,bclampls anfl by-
e Tightness of connections € replaced
e Water accumulation/buildup
e Integrity of lid seals ]
K
e Integrity of cable or G
conduit sealing
e Integrity of clamping devic
e Verify by-pass diodes
y by-p ~ \{
Mechanical integrity n uitsQ yr Any damaged conduit should b¢
N replaced
Insulafien int rit?‘of les W 5yr Any damaged cable should be
without c it replaced
i \) 1yr Any defective seals, clamps bldcking
f SoRrnectians diodes and surge arresters shopld
be replaced
uildup
Is
Wirinjg installat{on cable entrance and/or
rity of clamping devices
ify blocking diodes
Verify surge arresters for
degradation
Earthing connections 1yr
Py Tiaghtnace of connactianc
e Corrosion
Measurement of open circuit voltages 1yr According to 7.4 and 7.7
Measurement of short circuit currents 1yr According to 7.6
1yr If the recorded values of insulation
resistance drop significantly (20 % to
o . N
Electrical Measurement of insulation resistance in 30 % or mo_re), special _att_entlon
o oy shall be paid to the variation of the
characteristics dry and wet conditions ;
values. If the value of the resistance
continues to decrease, check the
wiring and installation.
Measurement of earth resistance 1yr
Measurement of I-V characteristics 5yr Refer to IEC 61829

Protective devices

Verification of fuses

1yr
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Sub-system or

Maintenance action Freq. Remarks

component
Verification of CBs and RCDs 1yr
Verification of earth fault protection 1yr According to 7.7
system

) Verify tightness and integrity of bolts 5yr
Mounting and other fastening devices

structures

Verify if there is significant corrosion 5yr

@%
&
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Annex C
(informative)

Replacement

PV module(s) and structures should be replaced if considered unsafe. This may occur due to

extreme climatic conditions or through age and corrosion of structural materials.

PV ||nodules should be considered for replacement when they are no laonger capab

supplying useful service. This can occur:

— gfter normal expected lifespan,

— deterioration of a module(s) under warrantee, or
— deterioration of a module(s) due to fault conditions within the array.

|
—

|
aQ

ompatible parts.

S

hould be replace

t
— the module(s) or the le 3 ced by mechanically and electr
g

e of

d as

cally
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Annex D
(informative)

Examples of signs

This annex provides examples (see Figures D.1 to D.3) of appropriate signs as specified in
Clause 10.

SOLARD.C.

IEC 2355/06

Figure D.1 — Example of sign required on PV arra

—

IEC 2356/06

Figure D. adjacent to PV array

> ELECTRIC SOLAR
“~“WARNING ARRAY ON ROOF

220 Volts 30 Amps

IEC 2357/06

Figure D.3 — Example of fire emergency information sign required in main building
switchboard (10.5.1)
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Annex E
(informative)

Case studies

Introduction

own
(see
Tabl They
are iphcluded here to illustrate some of the principles of this standard. i mary
of thp case studies included.

Table E.1 — Case studies overviewi

PV system earthing configuration <\Oa§\e\st¥j€; deéﬁription
PV ajray earthing | Application circuit PV array N° array~\\y Mr of Battery
emuipment earthing status voltage parallel strings
ere n,=3
(see 5.3.2 and
/\ |  Table3)
Ref: Table 2 (| Ret: Tabjk 1
Uneafthed \§1 ELV =3 No
Unearthed DC ating % “\2 Fkv >3 No
loads
A3> [ELV <3 Yes
N ~ A4 |ELV >3 Yes
Earthed DCMoads B1 ELV >3 Yes
/g Fixed to’eart
AC I6ad Y \/ c1 |Lv <3 No
C ted Wa.a
ola (of] Flogting C2 |ELV >3 Yes
Fixed by the D1 ELV <3 No
status of the
neutral of the D2 ELV >3 No
application circuit | p3 LV >3 No
Earthpd Unearthed DC E1 |ELva >3 No
loads
E2 ELV >3 Yes
Earthed DC loads Fixed to earth E1 ELVa >3 No
E3 ELV >3 Yes
AC loads E4 LV <3 No
connected via an
isolated PCU
AC loads
connected via a )
non-isolated PCU Not permitted

a These two cases are identical as the earth is at the same point electrically in the system.
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