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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) ARRAYS -
DESIGN REQUIREMENTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to 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 Natjonal Committee interested
in the subject dealt with may participate in this preparatory work. Internatiopal,N\goyernmental and non-

with the International Organization for Standardization (ISO) in accordance( with ‘sonditions\determined by
agreement between the two organizations.

2) The formal deC|S|ons or agreements of IEC on technlcal matters express, @s nea \a n international

3) IEC Publications have the form of recommendations for interna al use and are acscepted by IEC National
Committees in that sense. While all reasonable efforts are r that the technical content of IEC
Publications is accurate, IEC cannot be held responsible( for /he i ey are used or for any
misinterpretation by any end user.

4) In order to promote international uniformi i undertake to apply IEC Publications
transparently to the maximum extent possible\in <their egional publications. Any divergence
between any IEC Publication and the corresponding blication 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 3 conformity. IEC is not responsible for any

services carried out by indep

6) All users should ensure that t

7) No liability shall attach to i i O v es, servants or agents including individual experts and
members of its technical commi io aI Commlttees for any personal injury, property damage or
other damage of 3tsoe hetherdirect or indirect, or for costs (including legal fees) and
expenses arising blicati f,; or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is draw ative referenpces cited in this publication. Use of the referenced publications is
indispensable for 3 s i f

E echnical committees is to prepare International Standards. In
exceptional ¢i ) , a technical committee may propose the publication of a technical

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The present Technical Specification is intended to be withdrawn as soon as an International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

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

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

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

The commlttee has deC|ded that the contents of this publ|cat|n i [ vanged until
in the data

» transformed into an International Standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
+ amended.

ater date.

}&\c:}the cover page of this publication indicates
revconsidered to be useful for the correct

ers’ should therefore print this document using a

IMPORTANT - '
that it conta
understanding o

colour printer. /\
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PHOTOVOLTAIC (PV) ARRAYS -
DESIGN REQUIREMENTS

1 Scope and object

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

power systems, including the ability to produce and sustain e
are not greater than normal operating currents.

In grid connected systems the safety requirements of thi
critically dependent on the inverters associated
requirements of IEC 62109-1 and IEC 62109-2.

Installation requirements are also criti nt on compliance with IEC 60364 series
(see Clause 4).

Attention is drawn to A

expected that requirem
Technical Speco
: i1ablé

systems is availa

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

NOTE 1 This Techn al 3 ti 5 he protection requirements of PV arrays which develop as a result of
the use of batterjes \

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

IEC 60228:2004, Conductors of insulated cables

IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the
protection of solar photovoltaic energy systems

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

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

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

IEC 60364-5-54:2011, Low-voltage electrical installations — Part 5-54: Selection and erection
of electrical equipment — Earthing arrangements and protective conductors

IEC 60364-7-712:2002, Electrical installations of buildings — Part 7-712: Requirements for
special installations or locations — Solar photovoltaic (PV) power supply systems

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60898-2, Circuit-breakers for overcurrent protection for similar

installations — Part 2: Circuit-breakers for a.c. and d.c. operation

IEC 61215:2005, Crystalline silicon
qualification and type approval

Particular requirements for inverters
IEC 62305-2, Protection against lightning — Part 2: Risk management

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

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

IEC 62446, Grid connected photovoltaic systems — Minimum requirements for system
documentation, commissioning tests and inspection

EN 50521, Connectors for photovoltaic systems — Safety requirements and tests
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3 Terms and definitions, symbols and abbreviations

3.1 Terms, definitions and symbols

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

3.11

blocking diode

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

3.1.2
bonding conductor
conductor provided for functional or protective equipotential bonding

3.1.3

bypass diode

diode connected across one or more cells in the forward current direction to a the module
current to bypass shaded or broken cells to prevent hot spot o age resulting from

3.1.4
cable
th7a protective covering and

3.1.5
cable core

the conductor with its i dingany mechanical protective covering

3.1.6
Class A: General 2 oltage, hazardous power applications

modules rated fo on class may be used in systems operating at greater
than 50 V d.c,.or : gernieral contact access is anticipated. Modules qualified for
safety throug 1 d, IEC 61730-2 within this application class are considered to
meet the requi class Il.

[SOURCE:

3.1.7
Class B: Restricted access, hazardous voltage, hazardous power applications

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

[SOURCE: IEC 61730-1:2004]

3.1.8
Class C: Limited voltage, limited power applications

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

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

3.1.9

competent person

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

3.1.10

disconnector

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

Note 1 to entry: A disconnector is capable of opening and closing a circuit when ei
broken or made, or when no significant change in the voltage across the terminals o

3.1.11
double insulation
insulation comprising both basic insulation and supplementa

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

3.1.12

extraneous conductive part
a conductive part liable to introduce a pg
of the electrical installation

3.1.13
functionally earthed PV array

independent manual’operation of a mechanical switching device
switching action using stored energy operation where the energy originates from manual
power, stored and released in one continuous operation (e.g. spring release), such that the
speed and force of the operation are independent of the action of the operator

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

3.1.15
irradiance
G (Unit: W/m?2)

electromagnetic radiated solar power per unit of area

[SOURCE: IEC 61836:2007, modified]
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3.1.16

Imob_max_ocPr _ , _
the PV module maximum overcurrent protection rating determined by IEC 61730-2

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

3.1.17
In
the nominal rating of an overcurrent protection device

3.1.18

Isc ARRAY

the short circuit current of the PV array at Standard Test Conditions (STC is equal to:

Isc ARRAY = Isc MmoD * Sa

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

3.1.19

Iscmop _
the short circuit current of a PV module or PV string
specified by the manufacturer in the product specifica

Note 1 to entry: As PV strings are a group of PM_modul
is equal to Ig¢ yop-

3.1.20
Isc s-ARRAY

where Sg, is the numb

3.1.21
isolated PCE
a PCE with at lea

Note 1 to e
integral to

Note 2 to entry: In~a_PCE with more than two external circuits, there may be isolation between some pairs of
circuits and no isolation between others. For example, an inverter with PV, battery, and mains circuits may provide
isolation between the mains circuit and the PV circuit, but no isolation between the PV and battery circuits. In this
Technical Specification, the term isolated PCE is used as defined above in general — referring to isolation between
the main power output circuit and the PV circuits.

b

Note 3 to entry: For a PCE that does not have internal isolation between the main power output circuit and PV
circuits, but is required to be used with a dedicated isolation means, with no other equipment connected to the PCE
side of that isolation means, the combination may be treated as an isolated PCE.

Note 4 to entry: In the case of an inverter required to be used with a dedicated external isolation transformer, the
requirement to have no other equipment connected between the inverter and the inverter-side winding allows
designs having more than one inverter connected to the same transformer, as long as each inverter is connected to
a separate transformer winding. If more than one inverter is intended to be connected to a single winding, the
inverters must be treated as non-isolated inverters.

3.1.22
junction box
closed or protected connecting device allowing making of one or several junctions

[SOURCE: IEC 60050-442:1998, 442-08-03]
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3.1.23

live part

conductor or conductive part intended to be energized in normal operation, including a neutral
conductor, but by convention not a PEN conductor or PEM conductor or PEL conductor

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

3.1.24
low voltage
voltage exceeding DVC-A, but not exceeding 1 000 V a.c. or 1 500 V d.c.

3.1.25

main earthing terminal
the terminal or bar provided for the connection of the main protective
bonding conductors and, if provided, the conductor for functional earthi

conductor,

3.1.26
maximum power point tracking
MPPT

3.1.27
non-isolated PCE

3.1.28

PEL conductor
conductor combining
conductor

[SOURCE: IEC e@

3.1.29
PEM conducto

conductor,.co
conductar

[SOURCE: |

3.1.30

PEN conductor

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

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

3.1.31

power conversion equipment

PCE

a system that converts the electrical power delivered by the PV array into the appropriate
frequency and/or voltage values to be delivered to the load, or stored in a battery or injected
into the electricity grid (see Figure 2 to Figure 4)
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3.1.32
protective earthing
earthing of a point in an equipment or in a system for safety reasons

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

Note 1 to entry: For the purposes of this Technical Specification a PV array is all components up to the d.c. input
terminals of the inverter or other power conversion equipment or d.c. loads.

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

Note 2 to entry: A PV array may consist of a single PV module, a single PV string, or sgveral“parallel-connected

array disconnecting device.

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

3.1.35
PV cell
the most elementary device that exhibits the p

3.1.36
PV array combiner b

a junction box S
protection and/or t

Note 1 to entry: S
arrays are generally

3.1.37
PV array’ma

Voc array cQrrected forthe worst-case conditions of ambient temperature. Refer to 7.2.

3.1.38
PV module
the smallest complete environmentally protected assembly of interconnected cells

[SOURCE: IEC 60904-3:2008]

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

[SOURCE: IEC 61836:2007]

3.1.40

PV string cable

a cable interconnecting the modules in a PV string, or connecting the string to a, combiner
box, PCE or other d.c. loads (see Figure 2 to Figure 4)



