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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 7-1: Generators —
Photovoltaic generators

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 promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

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

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

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

— the required support cannot be obtained for the publication of an International Standard,
despite 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
whether they can be transformed into International Standards.

IEC 62257-7-1, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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This second edition cancels and replaces the first edition issued in 2006 and constitutes a
technical revision.

The main technical changes with regard to the previous edition are the following:

— This new version is focused on small PV generators up to 100 kWp.
— Case studies are provided.

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

Enquiry draft Report on voting
82/583/DTS 82/604/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, Recommendations
for small renewable energy and hybrid systems for rural electrification can be found on the
IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be be

+ transformed into an International standard,
* reconfirmed,

* withdrawn,

» replaced by a revised edition, or

*+ amended.

A bilingual edition of this document may be issued at a later date.

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

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 system;
— operating and maintaining the system.

These publications are focused only on rural electrification concentrated in, but not specific
to, developing countries. They must not be considered as all-inclusive of rural electrification.
The publications try to promote the use of renewable energies in rural electrification. They do
not deal with clean mechanism developments at this time (CO, emission, carbon credit, etc.).
Further developments in this field could be introduced in future steps.

This consistent set of publications is best considered as a whole, with different parts
corresponding to items for the safety and sustainability of systems at the lowest possible life-
cycle cost. One of the main objectives of the series is to provide the minimum sufficient
requirements relevant to the field of application, i.e. for small renewable energy and hybrid
off-grid systems.

The purpose of |IEC 62257-7-1 is to propose a technical specification for the design and
building of small PV generators (e.g. up to 100 kWp) used in rural electrification.

Numerous experts of TC 82 have expressed the opinion that the first edition of IEC/TS 62257-
7-1 is far more general than just the PV array for rural electrification but can also be used for
big PV arrays in big PV power stations.

Therefore it is now necessary to develop a second edition more dedicated and more specific
to rural electrification. It is the purpose of this second edition to specify the general
requirements for the design and the safety of PV generator used in decentralized rural
electrification systems.
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RECOMMENDATIONS FOR SMALL RENEWABLE ENERGY AND
HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 7-1: Generators —
Photovoltaic generators

1 Scope

This part of IEC 62257 specifies the general requirements for the design and safety of
generators used in decentralized rural electrification systems.

The earthing systems of the exposed conductive parts and neutral earthing systems which are
considered in this technical specification are those specified in IEC 62257 series for IES (see
IEC 62257-9-3 and IEC 62257-9-4) and CES (IEC 62257-9-2).

This technical specification contains requirements for ELV and LV PV arrays (see Table 1).
Particular attention must be paid to voltage level, as this is important for safety reasons and
has an influence on protective measures and on the skill and ability level of people operating
the systems.

Table 1 — Voltage domains for PV arrays

Voltage domain Voltage
Vv
Alternating current Smoothed direct current
ELV U,<50V U, <120V
Lv 50V <U,<1000V 120V < U, <1500V
NOTE ELV limits are provided by IEC 61201.

For the sake of completeness, this technical specification gives requirements for d.c. voltages
below and above 120 V.

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 installation of PV arrays see IEC 60364-7-712.

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 (IEV) — Chapter 811: Electric
fraction Documents
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IEC 60287 (all parts), Electric cables — Calculation of the current rating
IEC 60364 (all parts), Low-voltage electrical installations

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

IEC 60364-5-54, Electrical installations of buildings — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements, protective conductors and protective bonding
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 60529, Degrees of protection provided by enclosures (IP Code)

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

IEC 61215, Crystalline silicon terrestrial photovoltaic (PV) modules — Design qualification and
type approval

IEC 61643-12, Low voltage surge protective devices — Part 12: Surge protective devices
connected to low voltage power distribution systems — Selection and application principles

IEC 61646, Thin—film terrestrial photovoltaic (PV) modules — Design qualification and type
approval

IEC 61730 (all parts), Photovoltaic (PV) module safety qualification

IEC 62257-1, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 1: General introduction to rural electrification

IEC 62257-5, 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 62257-9-1, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 9-1: Micropower systems

IEC 62257-9-2, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 9-2: Microgrids

IEC 62257-9-3, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 9-3: Integrated system — User interface

IEC 62257-9-4, Recommendations for small renewable energy and hybrid systems for rural
electrification — Part 9-4: Integrated system — User installation

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 Documents
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3 Terms and definitions

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

31

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

3.3

bypass diode

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

3.4

cable

assembly of one or more conductors and/or optical fibres, with a protective covering and
possibly filling, insulating and protective material

3.5
cable core
the conductor with its insulation but not including any mechanical protective covering

3.6
CES
Collective electrification system

3.7

shield (of a cable)

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

NOTE Metallic sheaths, armour and earthed concentric conductors may also serve as shields.

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

3.8

class | equipment

equipment in which protection against electric shock does not rely on basic insulation only,
but which includes an additional safety precaution in that accessible conductive parts are
connected to the protective earthing conductor in the fixed wiring of the electrical installation
in such a way that accessible parts cannot become live in the event of a failure of the basic
insulation

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.

3.9

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 reinforcecb’nsulation
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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;

— 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
earthing contact, it is considered to be of Class | construction.

NOTE 3 Class Il equipment may be provided with means for maintaining the continuity of protective circuits,
insulated from accessible conductive parts by double insulation or reinforced insulation.

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

3.10

class Ill equipment

equipment in which protection against electric shock relies on supply at SELV and in which
voltages higher than those of SELV are not generated

NOTE Equipment intended to be operated at SELV and which have internal circuits that operate at a voltage other
than SELV are not included in the classification and are subject to additional requirements.

3.1
double insulation
insulation comprising both basic insulation and supplementary insulation

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

3.12
earthing
a protection against electric shocks

3.13

extra-low voltage

ELV

voltage not exceeding the relevant voltage limit of band | specified in IEC 60449

[IEC 60050-826:2004, 826-12-30]

NOTE 1 See also IEC 61201.

NOTE 2 Voltage not exceeding 50 V a.c. and 120 V d.c. ripple free are considered to be ELV.

3.14

HMPS

hybrid micropower system: micropower system including generators from different
technologies

3.15
IES

Individual electrification system Documents
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3.16
Imob_REVERSE

the current a module can withstand in the reverse direction to normal without damage to the
module. This rating is obtained from the manufacturer at expected operating conditions

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.

3.17
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

3.18
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

3.19
Isc ARrRAY
the short circuit current of the PV array at Standard Test Conditions, and is equal to:

Isc ARRAY = Isc sTc MoD X Sa

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

3.20
junction box
closed or protected connecting device allowing making of one or several junctions

[IEC 60050-442:1998, 442-08-03]

3.21

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 This concept does not necessarily imply a risk of electric shock.

[IEC 60050-195:1998, 195-02-19]

3.22

PEL conductor

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

[IEC 60050-195:1998, 195-02-14]
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3.23

protected extra-low voltage

PELV

an extra-low voltage system which is not electrically separated from earth, but which
otherwise satisfies all the requirements for SELV

3.24

PEM conductor

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

[IEC 60050-195:1998, 195-02-13]

3.25

PEN conductor

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

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

3.26

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

3.27

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)

3.28

power conditioning unit, non-isolated

a power conditioning unit where there is no electrical separation between the input and output
circuits

3.29

PV array

a) a mechanically integrated assembly of modules or panels and support structure that forms
a d.c. electricity-producing unit. An array does not include foundation, tracking apparatus,
thermal control, and other such components

[IEC 61836:2007, 3.3.45 a) ]

b) a mechanically and electrically integrated assembly of PV modules, and other necessary
components, to form a d.c. power supply unit

[IEC 60364-7-712:2002, 712.3.4]

NOTE A PV array may consist of a single PV module, a single PV string, or several parallel-connected strings, or
several parallel-connected PV sub-arrays and their associated electrical components. For the purposes of this
standard the boundary of a PV array is the output side of the PV array disconnecting device. Two or more PV
arrays, which are not interconnected in parallel on the generation side of the power conditioning unit, shall be
considered as independent PV arrays.

3.30

PV array cable

the output cable of a PV array that connects the PV array junction box to the PV array
disconnecting device
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3.31
PV array, earthed
a PV array where one of the poles of the d.c. output circuit is electrically bonded to earth

3.32
PV array, unearthed
a PV array where none of the poles of the d.c. output circuit is electrically bonded to earth

3.33

PV array, floating

a PV array where none of the poles of the d.c. output circuit is electrically bonded to earth and
connected to an application circuit which is either unearthed or double isolated

3.34

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.

3.35
PV array junction box
a junction box where all strings of any array are connected

[IEC 60364-7-712:2002, 712.3.5, modified]

3.36
PV array voltage
the PV array voltage is considered to be equal to V5 Array Under worst case conditions

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

3.37

PV cell

a) the basic unit of photovoltaic conversion, a semiconductor device that can convert light
directly into electrical energy;

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

NOTE The preferred term is "solar photovoltaic cell" or "photovoltaic cell", colloquially referred to as a "solar cell".

3.38
PV module
the smallest complete environmentally protected assembly of interconnected cells

[IEC 60904-3]

NOTE Colloquially referred to as a "solar module".

3.39

PV module junction box

an enclosure affixed to a PV module, where the electrical connections to the PV module are
made

3.40
PV string
a circuit of series-connected modules
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3.41

PV string cable

a cable connecting the modules in a PV string, or connecting the string to a junction box or to
the d.c. terminals of the power conditioning unit

3.42
PV sub-array
the portion of an array that can be considered as a unit

3.43

PV sub-array cable

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

3.44

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.

3.45

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.

[IEC 60050-195:1998, 195-06-09]

3.46
supplementary insulation
independent insulation applied in addition to basic insulation, for fault protection

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

3.47

simple separation

separation between electric circuits or between an electric on a local earth by means of basic
insulation

[IEC 60050-826:2004, 826-12-28]

3.48
ripple-free d.c.
for sinusoidal ripple voltage, a ripple content not exceeding 10 % r.m.s.

NOTE Therefore the maximum peak value does not exceed 120 V for a nominal 108 V ripple-free d.c. system.

3.49

SELV

safety extra-low voltage

an extra-low voltage system which is electrically separated from earth and from other systems
in such a way that a single fault cannot give rise to the risk of electric shock
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3.50

STC

standard test conditions

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?2;

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

3.51
Voc mop
the open circuit voltage of a PV module at the coldest expected operating condition

3.52

technical room / cabinet

room or cabinet where are located devices and apparatus dedicated to inter-connection of the
different generators, protection of the different circuits, monitoring and control of the
micropowersystem and interfacing with the application

3.53
trip current
current which activates the protection device

3.54

Voc ARRAY

the open circuit voltage at Standard Test Conditions of a PV array, and is equal to:
Voc arRrAY = Yoc mop X M

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

NOTE This technical specification 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 aARRAY-

3.55

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, V5. \gray Must be used.
4 Design

4.1 Electrical design
411 General

The cases of use of PV arrays which are considered in this document are the following:

PV array alone For IES application circuit (IEC 62257-9-3 and IEC 62257-9-4)
PV array coupled to another generator (see and
IEC 62257-9-1) CES application circuit (IEC 62257-9-2)
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Figure 1 illustrates the general functional configuration of a PV powered system with the
localization of the functions described in Table 2.
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| circuit
| B W R I===-=7J=-=----° r-y--——-97—-°
! v L J Lo VY i
| oo b !
: i ! : ! ! Loads
. b b |
1 I 1 1 1 |
! 1 ! 1 ! 1
! 1 ! I ! |
L, 1 e | L
A\ o\
F F NF
IEC 2079/10

Figure 1 — General functional configuration of a PV system

Table 2 — Functions fulfilled by the technical room

Function Description

Interface: connection between PV generator and technical room

Interface: isolation of the technical room from the PV generator

Other functions of the technical room + energy conversion, energy management, storage, if any

Interface: isolation of the application circuit from the technical room

Interface: connection between technical room and the application circuit

M mo|O|w|>»

Earthing of exposed conductive part if required

For rural electrification projects it is strongly recommended to choose a voltage in the range
of extra low voltage, taking into account the assumed skills of the operators, installers and
users. Nevertheless, designers must be aware that decreasing the voltage means increasing
the current and thus transferring voltage hazards to current risks (risk of fire, etc.).

Direct current systems, and photovoltaic systems in particular, pose various hazards in
addition to those derived from conventional a.c. power systems, for example the ability to
produce and sustain electrical arcs with currents that are not much greater than normal
operating currents. This technical specification addresses those safety requirements arising
from the particular characteristics of photovoltaic systems.

Except where the array is less than 200 W and the array voltage is ELV, all current-carrying
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.

4.1.2 Earthing system of a IES or a CES including a PV array
4.1.21 General
To consider the PV array earthing it is necessary to consider the complete syst@(jemments

configuration. Two separate issues are addressed:
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— earthing of the power cables (functional earthing) where required for operational or design
reasons;

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

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

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.

Exposed conductive parts of the PV array need not be earthed only:

— if the lightning risk is assessed to be low, and
— if the PV array installation complies with any of the following provisions (a, b or c):
a) double insulation (applies only if the PV array complies with all 1), 2) and 3):
1) general. PV modules complying with class A in accordance with IEC 61730;

2) wiring outside junction boxes. Where cables may come into contact with accessible
PV array conductive parts, the cables shall be of a type affording double insulation;

3) wiring inside junction boxes. Conductors within junction boxes having double
insulation shall be protected, secured or insulated so that, if any one conductor
becomes detached from its termination, neither the conductor nor its functional
insulation can come into contact with accessible metal. The attachment of one
conductor to another by tying, lacing, clipping or the like, in such a manner as to
prevent either conductor coming into contact with accessible conductive parts if it
becomes detached from its termination, shall be deemed to comply with this
requirement;

b) protection by electrical separation in accordance with IEC 60364-4-41;
c) protection by SELV or PELV in accordance with IEC 60364-4-41.

4.1.2.2 Earthing system of the power cables

DC power cables of the PV array shall be earthed when there is a risk of high frequency
overvoltages due to lightning (see Figures 3, 5, 7).

In this case the one pole of the PV array shall be earthed.

NOTE It is preferable to earth the positive pole of the PV array to avoid possible corrosion problems.

If there is an equipotential bonding the earthing of the cables shall be made through the
equipotential bonding system (see Figure 9).

4.1.2.3 Earthing of the technical room

The earthing of the exposed conductive parts of the technical room shall follow the
requirements indicated in 4.1.2.4.

The earthing of the electrical components included in the technical room, like the power
conditioner, shall follow the recommendations of the manufacturers.

4.1.2.4 Earthing system of exposed conductive parts
There are two possible reasons for earthing exposed conductive parts of a PV array:

a) to provide a path for fault currents to flow;

b) to provide a path for high frequency currents due to lighting overvoltages to flow. To
determine if a protection against lightning is necessary see IEC 62257-9-1, 6.1.2.2.
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Protection against lightning overvoltage is always required when the linear distance
between the PV array and the technical room is more than 15 m.

The surge arresters should be placed as close as possible to the PV array and to the
technical room.

4.1.2.5 Equipotential bonding

Equipotential bonding is required as soon as PV array is coupled to another a.c. generator.

Equipotential bonding is used to avoid uneven potentials due to overvoltages (including
lightning overvoltages), across the system.

The cable of the equipotential bonding between the generators and the technical room shall
be run as physically close as possible to the live conductors in order to avoid any wiring
loops able to induce perturbations in the circuits.

The connections to earth shall be realized as close as possible to the equipment to be
earthed.

4.1.2.6 Earthing conductor sizing

The sizing of the earthing cable shall be made according to IEC 60364-5-54. In case of
protection against lightning, the cross-section of this cable shall be at least 16 mm?2. In all
cases, the cross-section of this cable shall withstand at least the 1,25 x Isc array CONtinuously.
The conductor 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 with respect to material and type, insulation, identification, installation, connections and
aluminium conductors.

4.1.2.7 Recommended PV system earthing configurations

The following Table 3 and Table 4 show the recommended PV system earthing configurations
for the different cases of use of PV array considered in this Technical Specification.

To define the earthing configuration of a PV array, it is necessary to consider both the
earthing status of the cables and the earthing status of the exposed conductive parts.

4.1.3 Extra low voltage segmentation

In low voltage PV arrays, means should be provided to sectionalise each PV string into
segments whose open circuit voltage at STC is within ELV.

4.1.4 Earthing system
4.1.4.1 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 in 62257-5, 9.6.

4.1.4.2 Earthing conductors

All PV array earthing conductors shall comply with the material, type, insulation, identification,
installation and connection requirements specified in IEC 60364-5-54.
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4.1.4.21 Earthing terminal of PV system

When the PV array is earthed, the connection to earth shall be made at a single point and this
point shall be bonded to 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 to the power-
conditioning system.

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

NOTE 1 This is to allow for interruption of any earth fault current.

NOTE 2 The earthing status of the various sections of the installation is determined at the design stage. Tables 1
and 2 are simply a guide to location of a suitable example wiring diagram for a variety of design options.

How to use Table 3 or 4:

e check the distance “d” between the PV array and the technical room and select the
right table;

e identify the type of system you want to install in the left column;

e go through the table from the left to the right and find an example of earthing.
4.1.4.2.2 PV system earthing conductor

If the PV array is earthed, the PV system earthing conductor shall be sized to carry
1,25 x Isc orray 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.

The 15 m limit designates the linear distance “d” between the output of the photovoltaic array
and the input of the technical room. The cable length may be longer than 15 m. The
Engineering consultant in charge of the system design shall try to reduce the cable length for
two reasons:

e Reduce the cost

e Reduce the risk of overvoltages due to undesiderable loops (see IEC 62257-9-1)
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Table 3 — PV system earthing configurations — distance “d” <15 m

PV generator Technical Application circuit Figure
room
Type of micropower Status of Status of | Status of the | Type of | Type of | Status of | Status of
system and the the poles exposed loads applica- the the poles
configuration exposed of the conductive tion exposed
conductive | generator parts of the circuit conduc-
parts of (s) technical tive
the room parts
generator
(s)
PV A PV PV array unearthed unearthed d.c. only unearthed | unearthed Figure 2
alone generator
IES without unearthed
inverter
P<
500w B PV array unearthed earthed a.c. and d.c. d.c. Figure 4
d.c. unearthed | unearthed
unearthed
a.c. a.c.
earthed earthed
PV
—— generator +
C |inverter PV array unearthed earthed a.c. only earthed earthed Figure 6
unearthed . mdoor
installation
Hybrid D PV all unearthed earthed a.c. only earthed earthed Figure 8
IES generator + | generators
inverter
and other earthed
generators
(ex:
genset)
PV E PV pv array unearthed unearthed a.c. only earthed earthed Figure 6
alone generator
CES +inverter + | unearthed
microgrid
Hybrid F PV all unearthed earthed a.c. only earthed earthed Figure 8
CES generator + | generators . .
inverter + micro grid
microgrid earthed
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Table 4 — PV system earthing configurations — distance “d” > 15 m

PV generator Technical Application circuit Figure
room
Type of micropower Status of Status of Status of the Type of | Type of | Status of | Status of
system the the poles exposed loads applica- the the
exposed of the conductive tion exposed poles
conductive | generator parts of the circuit conduc-
parts of (s) technical tive
the room parts
generator
(s)
PV alone |G PV PV array earthed earthed + surge d.c. only unearthed | unearthed Figure 3
IES generator arrester if any
without unearthed
P<500 W inverter
H PV array earthed earthed + surge a.c. and d.c. d.c. Figure 5
arrester if any d.c unearthed | unearthed
unearthed
a.c. a.c.
earthed earthed
PV
—— generator
| +inverter | PV array earthed earthed + surge a.c. only earthed earthed Figure 7
arrester if any indoor
unearthed (see 62257-9-1 installation
and 62257-9-4)
Hybrid J PV all earthed earthed + surge a.c. only earthed earthed Figure 9
IES generator | generators arrester (see
+ inverter 62257-9-1 and
and other | €arthed 62257-9-4)-
generators
(ex:
genset)
PV alone |K PV pv array earthed earthed + surge a.c. only earthed earthed Figure 7
CES generator arrester (see
+inverter | Unearthed 62257-9-1 and
+ 62257-9-4)-
microgrid
Hybrid L PV all earthed earthed + surge a.c. only earthed earthed Figure 9
CES generator | generators arrester (see micro grid
+ inverter 62257-9-1 and
+ earthed 62257-9-4)-
microgrid

For ELV array supplying LV application circuit the inverter shall provide electrical separation
between the PV array (and / or battery) and the application circuit. Annex G provides a test to
determine if any inverter provides this separation.

The lightning stroke risk shall be assessed according to IEC 62257-1, Annex B and the results
used to decide on the need for surge protection.

The only floating PV system is the one described in Figure 2.

The following Figures 2 to 9 illustrate the different system earthing arrangements.
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Technical room/cabinet

PV generator Application
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NOTE Some components of such small photovoltaic IES may not have any exposed conductive part.

Figure 2 — Configuration A — PV alone IES P < 500 W — without inverter —d <15 m
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PV generator Application

d>15m circuit
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Figure 3 — Configuration G — PV alone IES P < 500 W — without inverter —d > 15 m
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