PDIECTS 62738:2018

BSI Standards Publication

Ground-mounted photovoltaic power plants
— Design guidelines and recommendations

bsi.



PDIECTS 62738:2018

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of
[ECTS 62738:2018.

The UK participation in its preparation was entrusted to Technical
Committee GEL/82, Photovoltaic Energy Systems.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2018
Published by BSI Standards Limited 2018

ISBN 978 0 580 88259 3
ICS 27.160

Compliance with a British Standard cannot confer immunity from
legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 August 2018.

Amendments/corrigenda issued since publication

Date Text affected




PDIECTS 62738:2018

IEC TS 62738

Edition 1.0 2018-08

TECHNICAL
SPECIFICATION

colour
inside

Ground-mounted photovoltaic power plants — Design guidelines and
recommendations

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 27.160 ISBN 978-2-8322-5909-2

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



PDIECTS 62738:2018

-2- IEC TS 62738:2018 © IEC 2018

CONTENTS
FOREWORD ...ttt et ettt et et e e et et ettt et e et et e et e et e e e et e e e anns 5
1N I 2 1 1 L N 1 ] PN 7
1 1T o 1= S 8
2 NOrMative refErENCES .. e 8
3 Terms and definitioNs ... 11
4 Compliance With TEC B2548 ........coiiiiiii e e 11
5 PV array system configuration ... .. ... 12
5.1 LT =Y o =T ¥ S 12
5.2 Earthing configurations ... 12
5.2.1 GBNEIAL ..t 12
5.2.2 Use of un-earthed d.c. CirCUits ...... ..o 12
5.2.3 Use of high-ohmic earthed d.c. Circuits ............ccooiiiiiiiiii e, 12
5.2.4 Use of functionally earthed d.c. CirCUitS..........cociiiiiiii e, 12
5.3 Array electrical diagrams . ... o 12
5.3.1 GBNEIAL L. s 12
5.3.2 Multiple sub-array configurations ...........cooooiiiiiii i 13
5.3.3 Single array configuration ..........c..cooiiiiii 15
5.3.4 Combiner boxes and string wiring harnesses ...........ccoviiiiiiiiiiiiiiice e, 16
5.3.5 Series-parallel configuration ..o 16
5.4 Energy storage in PV power plants ... 17
5.5 Array physical configurations ........ ..o 17
5.5.1 FiXed tilt armay S . o 17
5.5.2 Adjustable tilt arrays ... 17
5.5.3 Single axis tracking arrays........cooouiiiiiiii e 18
5.5.4 TWO-aXiS traCKing @rraysS .......ceuuiiiiiie e 18
5.5.5 Concentrating PV arrays ... oo 18
5.5.6 Central inverter configurations ...........ccooiiii i 18
5.5.7 String or module inverter configurations..........cooooiiii i 19
5.6 Y =T o] aF=T g T Loz e == T | o SR 20
5.6.1 Mechanical loads on PV Structures ........ ..o 20
5.6.2 LT T PP 20
5.6.3 1T 00 PR 20
5.6.4 Thermal @XPanSiON ... e 20
5.6.5 e oY To 11 o T XS0 20
5.6.6 SEISMIC ACHVItY ..ot 21
5.6.7 (07 0] o o171 o [P 21
5.6.8 A O S S ettt 21
B S A Y IS U et 21
6.1 L= o= ¥ S 21
6.2 ReESTIHCIEA @CCESS i 22
6.2.1 GBNEIAL .. 22
6.2.2 ACCESS 10 COMPONENES ... 22
6.3 Protection against Overcurrent ... ..o 22
6.3.1 DC overcurrent protection deviCes ...... ..o 22
6.3.2 Requirement for string overcurrent protection ................cooiiiiiiiiininne, 22

6.3.3 String overcurrent protection SiZiNg.........coviiiiiiiii 22



PDIECTS 62738:2018

IEC TS 62738:2018 © IEC 2018 -3-
6.3.4 PV sub-array and array overcurrent protection.............ccocooviiiiiiiiiiiiiiiineeen, 23
6.4 Protection against the effects of insulation faults ..., 24
6.5 Protection against effects of lightning and overvoltage.............ccooooiiin. 24
6.5.1 Lightning proteCtion ... 24
6.5.2 Protection against overvoltage...........ooooiiiiiii 26
6.6 Protection against fire ..o 26
6.6.1 Earth-fault protection ... 26
6.6.2 Protection against arcing CUrrentS...........cooiiiiiiiiii e 26
7  Selection and erection of electrical equipment...........cooiiiiiiiii i 26
7.1 LT a1 = PP 26
7.2 PV array design VOItage .......oouniiii e 27
7.2.1 PV array maximum VOIAGE . ... 27
7.2.2 Considerations due to inverter MPPT voltage window...............ccocoiiiiiininn.e. 27
7.2.3 Considerations due to inverter efficiency .........coooiiii 27
7.3 ComponeNnt rEQUITEMENTS ... i e 27
7.3.1 LT o= = | P 27
7.3.2 PV COMDbBINEI DOXES ... 28
7.3.3 Disconnectors and switch-diSCONNECLOrs..........ccviiiiiiii e 29
7.3.4 @721 o 11 P 30
7.3.5 A CK IS et 37
G T N oo =T o} - L] = P 37
8.1 LT a1 = PP 37
8.2 Lo Y TR Co T T e PPN 37
8.3 COMMISSIONING LESTS . iuiiiii e 37
8.4 Preliminary performance acceptance test..........oooi i 37
8.5 Final performance acceptance test. ..o 37
9 Y= YT ) €= o F= T o Lo = 38
10 Marking and doCUMENTatiON .. ... 38
1O B 1= o =Y - | PP 38
10.2 Labelling and identification.............cooiiiii i 38
10.2.1 LT o= = | P 38
10.2.2 Labelling of disconnection devices and combiner boxes ...........ccccceveiniinnennnn. 38
10.3  DOoCUM NIt ON e e 38
11 Medium and high voltage a.C. SYStemMS ..o 39
T T 7= o =Y =Y S 39
11.2  Selection of a.c. collection system voltage ..........coooeiiiiiiiiii e, 39
11.3  Collection system configurations ... 39
11.3.1 GBNEIAL L. s 39
11.3.2 Radial SYStemMS ..o 39
11.3.3 LOOP SY S M it 40
11.4  Medium or high voltage transformers ............ccooviiii i 40
11.4.1 TranSTOrMEr tYPES . oo 40
11.4.2 INSTAIATION .. 40
11.4.3 PO e O 0N . 41
11.5 Medium or high voltage switchgear and stations ............c..cooiiiii 41
11.5.1 GBNEIAL .. 41
11.5.2 Switchgear specifications ...... ..o 41

11.6  Medium voltage Cable ... 41



PDIECTS 62738:2018

-4 - IEC TS 62738:2018 © IEC 2018

T1.7 ULty iNTeIr aCe ..o e 42
12 AUXIlIAry POWET SYSTEMS L. oeiii e 42
13 CommuNICatioNS SYSIEMS L.oiui i 42
S T B 1= 4 = - | PP 42
13.2 Data sampling speed requiremMents ........co.iiiiiiiiii e 42
Annex A (informative) Inverter application considerations in PV power plants ...................... 43
A.1 Advantages and disadvantages of central inverters............co.coiiii 43
A.2 Advantages and disadvantages of string inverters.............ccoooiiiiiii i, 43
A.3 Issues affecting INVErter SiZe.......c.oieiii i 44
A.3.1 PV array OULPUL ..o 44
A.3.2 IV e FatiNGS oo 44
A.3.3 Inverter output control requirements ... 44
A.3.4 PV power to inverter power ratio (PVIR) ..o, 44

71 0] [T o = o1 2 1728 46

Figure 1 — PV array diagram — multiple parallel string case with array divided into sub-

= [ = 1Y TP 13
Figure 2 — PV array example using a PCE with multiple MPPT d.c. inputs..........cc.ccoeeiiinnnen. 14
Figure 3 — PV array using a PCE with multiple d.c. inputs internally connected to a

COMMON A.C. DU Lo et et e e e 15
Figure 4 — PV array diagram — multiple parallel string example .............cooiiiiiiiiiiiii i 16
Figure 5 — Example power plant with fixed tilt array ... 17
Figure 6 — Example layout of power plant central inverter based array...........cc.ocooeiiiini. 19
Figure 7 — Example layout of power plant with string inverters ................cooiiii . 20
Figure 8 — Example ground plan for equipotential bonding of a PV array field ....................... 25
Figure 9 — Example of above-ground cable tray configurations for PV plants ........................ 32
Figure 10 — Example trench diagram with cables in ducts ..........c..cooiii 34
Figure 11 — Example trench diagram with direct buried d.c. and communication cables ........ 35

Figure 12 — Example trench diagram with direct buried medium voltage a.c. and
comMmMUNICAtION CabIES . ... . e 36



PDIECTS 62738:2018

IEC TS 62738:2018 © IEC 2018 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

GROUND-MOUNTED PHOTOVOLTAIC POWER PLANTS -
DESIGN GUIDELINES AND RECOMMENDATIONS

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

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e 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 TS 62738, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1291/DTS 82/1374/RVDTS

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

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

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication 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

This document sets out general guidelines and recommendations for the design and
installation of utility scale ground-mounted photovoltaic (PV) power plants. The focus is
largely on design aspects that differ from those of conventional residential and commercial PV
systems. Power plants are a significant and growing component of the PV market, yet design
methodologies range considerably, partly due to the fact that systems are not accessible to
the public or non-qualified personnel. Overall guidelines are still needed to ensure safe,
reliable, and productive systems.
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GROUND-MOUNTED PHOTOVOLTAIC POWER PLANTS -
DESIGN GUIDELINES AND RECOMMENDATIONS

1 Scope

This document sets out general guidelines and recommendations for the design and
installation of ground-mounted photovoltaic (PV) power plants. A PV power plant is defined
within this document as a grid-connected, ground-mounted system comprising multiple PV
arrays and interconnected directly to a utility’s medium voltage or high voltage grid. Additional
criteria is that PV power plants are restricted from access by non-qualified persons and are
continuously monitored for safety and protection, either by on-site personnel or by active
remote monitoring. Technical areas addressed are those that largely distinguish PV power
plants from smaller, more conventional installations, including ground mounted array
configurations, cable routing methods, cable selection, overcurrent protection strategies,
equipotential bonding over large geographical areas, and equipment considerations.

Safety and design requirements are referenced to the applicable requirements of IEC 62548
to address distinct differences relative to the design requirements for residential, commercial
and other non-power plant applications. In general, existing standards are referenced
wherever possible for uniformity. Emphasis is placed on systems employing d.c. string based
systems using large scale central inverters or 3-phase string inverters, but relevant sections
are also applicable to systems employing a.c. modules or d.c./d.c. converters. Medium
voltage transformers, switchgear, collection systems, substations, utility interconnection,
auxiliary loads, energy storage systems, and communication services are addressed, but
discussion is mostly limited to recommended references to other standards and requirements.

Rooftop-mounted systems, building integrated PV (BIPV) and building applied PV (BAPV) are
not included in the scope of this document. The principles of restricted-access power plants
are not compatible with systems on buildings, which are used for purposes other than power
generation.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60076-1, Power transformers — Part 1: General
IEC 60076-2, Power transformers — Part 2: Temperature rise for liquid-immersed transformers

IEC 60076-3, Power transformers — Part 3: Insulation levels, dielectric tests and external
clearances in air

IEC 60076-4, Power transformers — Part 4: Guide to the lightning impulse and switching
impulse testing — Power transformers and reactors

IEC 60076-5, Power transformers — Part 5: Ability to withstand short-circuit

IEC 60076-7, Power transformers — Part 7: Loading guide for mineral-oil-immersed power
transformers



