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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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119 INTERNATIONAL ELECTROTECHNICAL COMMISSION

120

121

122 PHOTOVOLTAIC (PV) SYSTEMS - REQUIREMENTS FOR TESTING,

123 DOCUMENTATION AND MAINTENANCE -

124

125 Part 1: Grid connected systems — Documentation,

126 commissioning tests and inspection

127

128 FOREWORD

129 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
130 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
131 international co-operation on all questions concerning standardization in the electrical and electronic fields. To
132 this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
133 Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
134 Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
135 in the subject dealt with may participate in this preparatory work. International, governmental and non-
136 governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
137 with the International Organization for Standardization (ISO) in accordance with conditions determined by
138 agreement between the two organizations.

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

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

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

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

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

154 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
155 members of its technical committees and IEC National Committees for any personal injury, property damage or
156 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
157 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
158 Publications.
159 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
160 indispensable for the correct application of this publication.
161 9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
162 patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This Consolidated version is not an official IEC Standard and has been prepared for
user convenience. Only the current versions of the standard and its amendment(s)
are to be considered the official documents.

163 This Consolidated version of IEC 62446-1 bears the edition number 1.1. It consists of
164 the first edition (2016-01) [documents 82/1036/FDIS and 82/1056A/RVD] and its
165 amendment 1 (2018-08) [documents 82/1415/FDIS and 82/1426/RVD]. The technical
166 content is identical to the base edition and its amendment.

167  This Final version does not show where the technical content is modified by
168 amendment 1. A separate Redline version with all changes highlighted is available in
169 this publication.
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170 International Standard IEC 62446-1 has been prepared by IEC technical committee 82: Solar
171 photovoltaic energy systems.

172 This second edition constitutes a technical revision.

173 This edition includes the following significant technical change with respect to
174 |EC 62446:2016:

175 — To be written at later stage in drafting

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

177 A list of all parts in the |EC 62444 series, published under the general title Photovoltaic (PV)
178  systems — Requirements for testing, documentation and maintenance, can be found on the
179 IEC website.

180 The committee has decided that the contents of the base publication and its amendment will
181 remain unchanged until the stability date indicated on the I|EC web site under
182 "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
183 publication will be

184 e reconfirmed,

185 e withdrawn,

186 e replaced by a revised edition, or
187 e amended.

188
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.

189

190
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191 INTRODUCTION

192 Grid connected PV systems are expected to have a lifetime of decades, with maintenance or
193 modifications likely at some point over this period. Building or electrical works in the vicinity of
194  the PV array are very likely, for example roof works adjacent to the array or modifications
195  (structural or electrical) to a home that has a PV system. The ownership of a system may also
196 change over time, particularly for systems mounted on buildings. Only by the provision of
197 adequate documentation at the outset can the long term performance and safety of the PV
198  system and works, on or adjacent to the PV system, be ensured.

199  This part of [EC 62446 is split into two sections:

200 e System documentation requirements — This section details the information that shall be

201 provided within the documentation provided to the customer following installation of a grid
202 connected PV system.
203 e Verification — This section provides the information expected to be provided following
204 initial (or periodic) verification of an installed system. It includes requirements for
205 inspection and testing.
206
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207 PHOTOVOLTAIC (PV) SYSTEMS - REQUIREMENTS FOR TESTING,
208 DOCUMENTATION AND MAINTENANCE -

209

210 Part 1: Grid connected systems — Documentation,

211 commissioning tests and inspection

212

213

214

215 1 Scope

216 This part of defines the information and documentation required to be handed over
217 to a customer following the installation of a grid connected PV system. It also describes the
218 commissioning tests, inspection criteria and documentation expected to verify the safe
219 installation and correct operation of the system. It can also be used for periodic retesting.

220  This part of is for use by system designers and installers of grid connected solar
221 PV systems as a template to provide effective documentation to a customer. By detailing the
222 expected commissioning tests and inspection criteria, it is also intended to assist in the
223  verification/inspection of a grid connected PV system after installation and for subsequent re-
224 inspection, maintenance or modifications.

225  This part of |EC 62444 defines the different test regimes expected for different solar PV
226 system types to ensure that the test regime applied is appropriate to the scale, type and
227 complexity of the system in question.

228  Safety requirements for systems incorporating a DC coupled battery are included in the scope
229 of this document.

230 Note 1: Batteries may also be AC coupled to a PV system, but as such are considered out of the scope of this
231 document

232 NOTE 2: This document does not address off-grid systems, hybrid systems, or concentrating PV systems, however
233 many of the parts may apply.

234

235

236 2 Normative references

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

241 IEC 60364-6, Low-voltage electrical installations — Part 6: Verification

242 |EC 62548:20XX, Photovoltaic (PV) arrays — Design requirements

243 NOTE In some countries IEC 60364 including IEC 60364-7-712 is preferred over |EC 62548. Both standards are
244 expected to provide similar results.

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

246  |EC 61557 (all parts), Electrical safety in low voltage distribution systems up to 1 000 V a.c.
247 and 1 500 V d.c. — Equipment for testing, measuring or monitoring of protective measures

248 IEC 61010 (all parts), Safety requirements for electrical equipment for measurement, control,
249  and laboratory use

250 |EC 60891:2009, Photovoltaic devices — Procedures for temperature and irradiance
251 corrections to measured |-V characteristics
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
AC module
PV module with an integrated inverter in which the electrical terminals are AC only

3.2 Bifacial PV device
in a bifacial PV device, both surfaces (front and back sides) of the PV module are used for
power generation.

3.3

cable type

description of a cable to enable its rating and suitability for a particular use or environment to
be determined

Note 1 to entry: In many countries this is done via a code number (eg “HO7RNF”).

3.4
data sheet
basic product description and specification

Note 1 to entry: Typically one or two pages. Not a full product manual.

3.5

inspection

examination of an electrical installation using all the senses in order to ascertain correct
selection and proper erection of electrical equipment

3.6

inverter

electric energy converter that changes direct electric current to single-phase or polyphase
alternating current

3.7

K;

DC current rating adjustment factor dependent on site PV module type and installation
properties such as module orientation, module shading or module rear side irradiance.

Note 1 to entry: See |EC 62548 for calculation of k;

3.8
micro inverter
small inverter designed to be connected directly to one or two PV modules.

Note 1 to entry: A micro inverter will normally connect directly to the factory fitted module leads and be fixed to
the module frame or mounted immediately adjacent to the module.

3.9

module integrated electronics

any electronic device fitted to a PV module intended to provide control, monitoring or power
conversion functions

Note 1 to entry: Module integrated electronics may be factory fitted or assembled on site.

Note 2 to entry: a microinverter may sometimes also be a module integrated electronic device

3.10
PV array
An assembly of electrically interconnected PV modules, PV strings or PV sub-arrays.
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3.1

PV cell

The most elementary device within a PV module that exhibits the photovoltaic effect, i.e the
direct non-thermal conversion of radiant energy into electrical energy

3.12
PV module
The smallest complete environmentally protected assembly of interconnected PV cells

3.13
PV string
A circuit of one or more series-connected PV modules

3.14

PV string combiner box

junction box where PV strings are connected, which may also contain overcurrent protection
devices, electronics and/or switch-disconnectors

3.15
PV sub array
electrical subset of a PV array formed of parallel connected PV strings

3.16

PV sub-array combiner box

junction box where PV sub-arrays are connected, which may also contain overcurrent
protection devices, electronics and/or switch-disconnectors

3.17

Ivop_max_ocPr
PV module maximum overcurrent protection rating determined by |[EC 61730-2

Note 1 to entry: This is often specified by module manufacturers as the maximum series fuse rating.
3.18

reporting

recording of the results of inspection and testing

3.19

testing

implementation of measures in an electrical installation by means of which its effectiveness is
proved

Note 1 to entry: It includes ascertaining values by means of appropriate measuring instruments, said values not
being detectable by inspection.

3.20

verification

all measures by means of which compliance of the electrical installation to the relevant
standards is checked

Note 1 to entry: It comprises inspection, testing and reporting.

3.21

string wiring harness
prefabricated cable assembly that aggregates the output of multiple PV string conductors
along a single main cable

Note 1 to entry: The harness may or may not include fusing on the individual string conductors. The wiring
harness typically does not include a disconnect device in line.

Note 2 to entry: An IEC standard for string wiring harnesses is under development.
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344 3.22

345

346 Harness Sub Array

347 HSA

348 group of PV strings connected in parallel using a string wiring harness

349 Note 1 to entry: For the purposes of this document, the HSA shall have a combined /. _grc Of no greater than
350 30 A and combine no more than 10 PV strings.

351 Note 2 to entry: In some subclauses of this document, HSA tests are presented as an alternative to individual
352 string tests. The 30 A and 10 string limits defined herein set the limit where a HSA test is considered a safe and
353 valid alternative to individual string tests.

354 Note 3 to entry: This note applies to the French language only.

355  3.23
356 module-level-monitoring (MLM)

357 Device or equipment used at module level to monitor at least power and voltage at module

358 level

359 Note 1 to entry:  Microinverter and DC-DC converters on module-level typically include such functionality
360

361 3.24

362 Shutdown equipment

363 Equipment to de-energize parts of the PV array or the whole PV array by either isolation or
364  disconnection in case of an a.c. disconnection or by manual remote control

365 Note to entry: In some countries such equipment is described as “rapid shutdown” equipment for emergency
366 services

367 4 System documentation requirements

368 4.1 General

369 The purpose of Clause 4 is to list the minimum documentation that should be provided
370  following the installation of a grid connected PV system. This information will ensure key
371 system data is readily available to a customer, inspector or maintenance engineer. The
372 documentation includes basic system data and the information expected to be provided in the
373 operation and maintenance manual.

374 4.2 System Information

375 4.21 Basic system information

376 As a minimum, the following basic system information shall be provided. This “nameplate”
377 information would typically be presented on the cover page of the system documentation pack.
378 a) Project identification reference (where applicable);

379 b) Rated (nameplate) system power (kW DC or kVA AC);

380 c) PV modules and inverters — manufacturer, model and quantity;

381 d) Installation date;

382 e) Customer name;

383 f) Site address.

384 NOTE: While full information will be available from the module data sheet(s), listing additional power ratings
385 should be considered for systems using Bifacial modules.

386 4.2.2 System designer information

387  As a minimum, the following information shall be provided for all bodies responsible for the
388 design of the system. Where more than one company has responsibility for the design of the
389 system, the following information should be provided for all companies together with a
390 description of their role in the project.

391 a) System designer, company;
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392 b) System designer, contact person;

393 c) System designer, postal address, telephone number and e-mail address.

394

395 The standard(s) to which the system has been designed shall also be provided. This
396 information shall include the document number, title and year of issue.

397 4.2.3 System installer information

398  As a minimum, the following information shall be provided for all bodies responsible for the
399 installation of the system. Where more than one company has responsibility for the
400 installation of the system, the following information should be provided for all companies
401 together with a description of their role in the project.

402 a) System installer, company;

403 b) System installer, contact person;

404 c) System installer, postal address, telephone number and e-mail address.

405 4.3 Wiring diagram

406  4.3.1 General

407  As a minimum, a single line wiring diagram shall be provided. This diagram shall be annotated
408 to include the information detailed in 4.3.2 to 4.3.6.

409 In general, it is expected that this information will be presented as annotations to the single
410 line wiring diagram. In some circumstances, typically for larger systems where space on the
411 diagram may be limited, this information may be presented in table form.

412 4.3.2 Array — General specifications

413 The wiring diagram or system specification shall include the following array design information.

414  a) Module manufacturer and model

415 b) Total number of modules;

416 c¢) The DC current rating adjustment factor, K;, used in all sizing calculations
417 d) General string configuration, including:

418 - Number of modules per string. Where applicable, this should include clear
419 identification of strings of differing lengths;

420 - Number of strings per inverter

421 - ldentification of which strings connect to which inverter

422 - ldentification of any inverter with differing number of strings

423 e) Where a system includes module-level electronics (eg DC-DC convertors):
424 - Manufacturer and model

425 - Connection to PV modules

426 f) Inverter manufacturer and model

427  g) Total number of inverters

428

429 Where an array is split into sub-arrays, the wiring diagram shall show the array - sub-array
430  design and include all of the above information for each sub-array.

431 4.3.3 PV string information
432 The wiring diagram or system specification shall include the following PV string information.

433  a) PV string cable specifications — size and type / ratings
434 b) PV string overcurrent protective device specifications (where fitted) — type and

435 voltage/current ratings; Documents
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c) Blocking diode type (if relevant).

4.3.4 PV array electrical details

The wiring diagram or system specification shall include the following array / sub-array,
electrical information (where fitted).

a) PV string and PV sub-array combiner box — location;

b) PV array cable specifications — size and type / ratings;

c) DC switch disconnector - location and rating;

d) Array overcurrent protective devices — type, location and rating

e) Other array protective circuitry (such as arc fault detection or ground fault protection) —
type, location and rating;

Rating information shall include DC voltage and current ratings

4.4 String layout

For systems with three or more strings, and optionally for smaller systems, a string layout
drawing of the PV system showing how the array is split and connected into strings shall be
provided. From the string layout, it shall be possible to trace modules in the array to their
respective string and inverter, and vice versa.

For large systems, a physical layout including the string layout and the location of inverters,
any major pieces of equipment, and key access concerns should be included.

NOTE This is particularly useful for finding faults in larger systems and on building mounted arrays where access
to the modules is difficult

4.5 AC system
The wiring diagram or system specification shall include the following AC system information.

a) AC isolator location, type and rating;
b) AC overcurrent protective device location, type and rating;
c) Residual current device location, type and rating (where fitted).

Rating information shall include AC voltage and current ratings

4.6 Earthing and overvoltage protection

The wiring diagram or system specification shall include the following earthing and

overvoltage protection information.

a) Details of all earth bonding conductors — size and type; Including details of array frame
equipotential bonding cables, where fitted.

b) Details of any connections to a Lightning Protection System (LPS);

c) Details of any surge protection device installed (on both AC and DC lines) - location, type
and rating.

4.7 Anti-PID systems

The type, location and rating of Anti-PID systems shall be documented, where fitted.

Operating information shall also be provided, including:

a) The times of the day the system is operational

b) The voltage present during operation Documents
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