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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent 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. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.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 be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 124 

____________ 125 
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PHOTOVOLTAIC POWER GENERATING SYSTEMS CONNECTION WITH 127 

THE GRID 128 

 – TESTING OF POWER CONVERSION EQUIPMENT 129 

 130 

Part 1: General requirements  131 

 132 

 133 

FOREWORD 134 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 135 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 136 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 137 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 138 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 139 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 140 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 141 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 142 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 143 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 144 
consensus of opinion on the relevant subjects since each technical committee has representation from all 145 
interested IEC National Committees.  146 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 147 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 148 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 149 
misinterpretation by any end user. 150 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 151 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 152 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 153 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 154 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 155 
services carried out by independent certification bodies. 156 

6) All users should ensure that they have the latest edition of this publication. 157 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 158 
members of its technical committees and IEC National Committees for any personal injury, property damage or 159 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 160 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 161 
Publications.  162 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 163 
indispensable for the correct application of this publication. 164 

9) [IEC/IEC and ISO] [draws/draw] attention to the possibility that the implementation of this document may involve 165 
the use of (a) patent(s). [IEC/IEC and ISO] [takes/take] no position concerning the evidence, validity or 166 
applicability of any claimed patent rights in respect thereof. As of the date of publication of this document, 167 
[IEC/IEC and ISO] [had/had not] received notice of (a) patent(s), which may be required to implement this 168 
document. However, implementers are cautioned that this may not represent the latest information, which may 169 
be obtained from the patent database available at https://patents.iec.ch [and/or] www.iso.org/patents. [IEC/IEC 170 
and ISO] shall not be held responsible for identifying any or all such patent rights. 171 

IEC 6XXXX has been prepared by subcommittee XX: TITLE, of IEC technical committee XX: 172 
TITLE. It is […an International Standard, a Technical Specification: specify document type…]. 173 

The text of this […International Standard, Technical Specification: specify document type…] is 174 
based on the following documents: 175 

Draft Report on voting 

XX/XX/FDIS XX/XX/RVD 
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 176 
Full information on the voting for its approval can be found in the report on voting indicated in 177 
the above table. 178 

The language used for the development of this […International Standard, Technical 179 
Specification: specify document type…] is English [change language if necessary]. 180 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 181 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, [and the 182 
ISO/IEC Directives, JTC 1 Supplement] available at www.iec.ch/members_experts/refdocs. The 183 
main document types developed by IEC are described in greater detail at 184 
www.iec.ch/publications. 185 

The committee has decided that the contents of this document will remain unchanged until the 186 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 187 
specific document. At this date, the document will be  188 

• reconfirmed, 189 

• withdrawn, 190 

• replaced by a revised edition, or 191 

• amended.  192 

 193 
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INTRODUCTION 194 

In 2017, Ed.1 of IEC TS 62786, which specified general requirements for Distributed Energy 195 
Resources (DER) regarding connection with distributed power networks, was published. During 196 
the development of Ed.1 of IEC TS 62786, it has been recognised that standardization should 197 
address the requirements for the specific types of DER. That was because, in 2016, TC82 198 
proposed to develop a standard on grid connection requirements for solar photovoltaic energy 199 
systems on the basis of TS 62786 and to publish it as a sub-part of TS 62786. Consequently, 200 
JWG10 was established under TC8 in 2018, and JWG10 held a kick off meeting with TC82 and 201 
TC120 in March 2018 and agreed to start the development of the TS 627867 series. 202 

In October 2018, JWG10 proposed a new standardization policy for the TS 62786 series so that 203 
the TS 62786 series would have a hierarchical structure. The top layer is the part 1 of the TS 204 
62786 series which specifies general technical requirements for DER relevant to grid 205 
connection such as power control and grid protection functions. Additionally, TS 62786-1 206 
specifies new requirements regarding interoperability to implement information exchange for 207 
remote monitoring, control and configuration. In October 2021, TC8 CAG agreed the 208 
hierarchical structure of TS 62786 series, and it was also agreed that each technical committee 209 
can define testing provisions for evaluating the performance of its own product by referring to 210 
the TS 62786 series. 211 

In parallel with such a liaison work with TC8, since 2016, TC82 has been preparing the 212 
standardization of testing requirements to evaluate the performance and characteristics of 213 
power conversion equipment (PCE) for use in solar photovoltaic energy systems (PV systems). 214 
While considering contents of a new standard. 215 

TC82 was concerned about a volume of the standard because requirements on the connection 216 
of PCE with the distribution power networks includes a lot of aspects, such as protections, 217 
power controls, and power quality. Additionally, TC82 recognized that information exchange 218 
such as remote monitoring, control, and configuration of PCE should be considered to 219 
implement interoperability and configurability of PV systems. Moreover, as the standard for the 220 
evaluation of the performance and characteristics of PCE, required specifications of the testing 221 
environment need be clarified in order to enhance the reliability and validity of test results and 222 
to ensure the reproducibility and repeatability.  223 

Therefore, supplementing IEC TS 62786-1 with additional specific requirements for the 224 
connection of PV systems with distribution power systems, this document describes the 225 
following requirements on testing of the PCE: 226 

• reference points of requirements, 227 

• elements and configuration, 228 

• testing environments, 229 

• basic operation, 230 

• protection and fault ride through function, 231 

• power control and grid support function, 232 

• electromagnetic compatibility, 233 

• information exchange for remote monitoring, control, and configuration. 234 

 235 

  236 
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PHOTOVOLTAIC POWER GENERATING SYSTEMS CONNECTION WITH 237 

THE GRID 238 

 – TESTING OF POWER CONVERSION EQUIPMENT  239 

 240 

Part 1: General requirements  241 

 242 

 243 

1 Scope 244 

The IEC 63409 series specifies requirements for the testing of power conversion equipment 245 
(PCE) for use in photovoltaic power systems (PV systems) with or without DC-coupled electrical 246 
energy storage devices. Part 1 of this series provides general requirements for test items which 247 
evaluate the performance and characteristics of the PCE in accordance with requirements for 248 
the connection of distributed energy resources (DER) with the grid, which are specified in the 249 
IEC TS 62786 series. Other parts of IEC 63409 series provide the detailed procedures on 250 
testing of the PCE. 251 

Supplementing IEC TS 62786-1 with additional specific requirements for the connection of PV 252 
systems with the grid, this document describes the following requirements on testing of the PCE: 253 

• reference points of requirements, 254 

• elements and configuration, 255 

• testing environments, 256 

• basic operation, 257 

• protection and fault ride through function, 258 

• power control and grid support function, 259 

• electromagnetic compatibility, 260 

• information exchange for remote monitoring, control, and configuration. 261 

The PCE covered by this series can be grid-interactive, which is termed as a grid connected 262 
power converter (GCPC). The PCE can be supplied by single or multiple photovoltaic modules 263 
grouped in various array configurations and can be intended for use in conjunction with batteries 264 
or other forms of energy storage. 265 

This series covers not only the PCE connected to a public low voltage AC mains network or 266 
other low voltage AC mains installation, but also the PCE connected to a medium voltage AC 267 
network with or without external step-down power transformers. 268 

Note: PCE in stand-alone is not covered in this series of standards. 269 

2 Normative references 270 

The following documents are referred to in the text in such a way that some or all of their content 271 
constitutes requirements of this document. For dated references, only the edition cited applies. 272 
For undated references, the latest edition of the referenced document (including any 273 
amendments) applies. 274 

IEC 62934:2021, Grid integration of renewable energy generation - Terms and definitions 275 

IEC TS 62786-1 ED1, Distributed energy resources connection with the grid – Part 1: General 276 
requirements 277 
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IEC TS 62786-3 ED1, Distributed energy resources connection with the grid – Part 3 Additional 278 
requirements for Stationary Battery Energy Storage System 279 

IEC 61724-1:2021, Photovoltaic system performance - Part 1: Monitoring 280 

IEC 60255-127:2010, Measuring relays and protection equipment - Part 127: Functional 281 
requirements for over/under voltage protection 282 

IEC 60255-181:2019, Measuring relays and protection equipment - Part 181: Functional 283 
requirements for frequency protection 284 

IEC TS 62910:2020, Utility-interconnected photovoltaic inverters - Test procedure for under 285 
voltage ride-through measurements 286 

IEC TS 63217:2021, Utility-interconnected photovoltaic inverters - Test procedure for over 287 
voltage ride-through measurements 288 

IEC 61850-7-420:2021, Communication networks and systems for power utility automation - 289 
Part 7-420: Basic communication structure - Distributed energy resources and distribution 290 
automation logical nodes 291 

IEC 61850-7-4:2010/AMD1:2020, Amendment 1 - Communication networks and systems for 292 
power utility automation - Part 7-4: Basic communication structure - Compatible logical node 293 
classes and data object classes 294 

IEC TS 62786-41:2023, Distributed energy resources connection with the grid - Part 41: 295 
Requirements for frequency measurement used to control distributed energy resources (DER) 296 
and loads 297 

IEC 61000-4-13:2002/AMD2:2015, Amendment 2 - Electromagnetic compatibility (EMC) - Part 298 
4-13: Testing and measurement techniques - Harmonics and interharmonics including mains 299 
signalling at a.c. power port, low frequency immunity test 300 

IEC 61000-4-11:2020, Electromagnetic compatibility (EMC) - Part 4-11: Testing and 301 
measurement techniques - Voltage dips, short interruptions and voltage variations immunity 302 
tests for equipment with input current up to 16 A per phase 303 

IEC 61000-4-34:2005/AMD1:2009, Amendment 1 - Electromagnetic compatibility (EMC) - Part 304 
4-34: Testing and measurement techniques - Voltage dips, short interruptions and voltage 305 
variations immunity tests for equipment with mains current more than 16 A per phase 306 

IEC 61000-4-27:2000/AMD1:2009, Amendment 1 - Electromagnetic compatibility (EMC) - Part 307 
4-27: Testing and measurement techniques - Unbalance, immunity test for equipment with input 308 
current not exceeding 16 A per phase 309 

IEC 61000-4-19:2014, Electromagnetic compatibility (EMC) - Part 4-19: Testing and 310 
measurement techniques - Test for immunity to conducted, differential mode disturbances and 311 
signalling in the frequency range 2 kHz to 150 kHz at a.c. power ports 312 

IEC 61000-4-28:1999/AMD2:2009, Amendment 2 - Electromagnetic compatibility (EMC) - Part 313 
4-28: Testing and measurement techniques - Variation of power frequency, immunity test for 314 
equipment with input current not exceeding 16 A per phase 315 

IEC 60050-901:2013, International Electrotechnical Vocabulary (IEV) - Part 901: 316 
Standardization 317 

Full document details: 24/30442841 DC

http://www.avadocuments.com/doc/24-30442841-dc
http://www.avadocuments.com/doc/24-30442841-dc


82/2295/CD 10 IEC 63409-1 ED1 © IEC 2024 

IEC 61000-2-2:2002/AMD2:2018, Amendment 2 - Electromagnetic compatibility (EMC) - 318 
Environment - Compatibility levels for low-frequency conducted disturbances and signalling in 319 
public low-voltage power supply systems 320 

IEC 61000-2-4:2024, Electromagnetic compatibility (EMC) - Part 2-4: Environment - 321 
Compatibility levels in power distribution systems in industrial locations for low-frequency 322 
conducted disturbances 323 

IEC 61000-2-12:2003, Electromagnetic compatibility (EMC) - Part 2-12: Environment - 324 
Compatibility levels for low-frequency conducted disturbances and signalling in public medium-325 
voltage power supply systems 326 

IEC 60375:2018, Conventions concerning electric circuits 327 

IEC 61557-12:2018/AMD1:2021, Amendment 1 - Electrical safety in low voltage distribution 328 
systems up to 1 000 V AC and 1 500 V DC - Equipment for testing, measuring or monitoring of 329 
protective measures - Part 12: Power metering and monitoring devices (PMD) 330 

IEC 62053-23:2020, Electricity metering equipment - Particular requirements - Part 23: Static 331 
meters for reactive energy (classes 2 and 3) 332 

3 Terms and definitions 333 

For the purposes of this document, the terms and definitions given in IEC 62934, IEC TS 62786 334 
series, and the following apply. 335 

ISO and IEC maintain terminology databases for use in standardization at the following 336 
addresses:  337 

• IEC Electropedia: available at https://www.electropedia.org/ 338 

• ISO Online browsing platform: available at https://www.iso.org/obp 339 

3.1  340 
photovoltaic power generating system 341 
PV system 342 
electric power generating system which uses the photovoltaic effect to convert solar power into 343 
electricity 344 

3.2  345 
Point of connection 346 
POC 347 
reference point on the electric power network where the user’s electrical facility is connected  348 

[SOURCE: IEC 60050-617:2009, 617-04-01] 349 

3.3  350 
power conversion equipment 351 
PCE 352 
electrical device converting one form of electrical power to another with respect to voltage, 353 
current, frequency, phase and the number of phases 354 

[SOURCE: IEC 62109-1:2010, 3.66, modified – The definition has been rephrased, and the note 355 
has been deleted.] 356 
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3.4  357 
Point of common coupling 358 
PCC 359 
point in an electric power system, electrically nearest to a particular load or the POC of a power 360 
plant, at which other loads/power plants are, or may be, connected 361 

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct customer's installations. 362 

[SOURCE: IEC 62934:2021, 3.1.11] 363 

3.5  364 
In-plant point of coupling 365 
IPC 366 
point on a network inside a system or an installation, electrically nearest to a particular load, at 367 
which other loads are, or could be, connected 368 

NOTE The IPC is usually the point for which electromagnetic compatibility is to be considered. 369 

[SOURCE: IEC 61000-2-4:2002, 3.1.7] 370 

3.6  371 
power distribution systems in industrial locations 372 
industrial power distribution system 373 
distribution network which is separated by at least one separation transformer from the public 374 
power supply system to which other customer installations are connected 375 

3.7  376 
planning level 377 
a level of a particular disturbance in a particular environment, adopted as a reference value for 378 
the limits to be set for the emissions from large loads and installations, in order to co-ordinate 379 
those limits with all the limits adopted for equipment intended to be connected to the power 380 
supply system 381 

NOTE The planning level is locally specific and is adopted by those responsible for planning and operating the power 382 
supply network in the relevant area. For further information, see Annex A of IEC 61000-2-2 383 

[SOURCE: IEC 61000-2-2:2018] 384 

4 Requirements for the testing of power conversion equipment 385 

4.1 General 386 

Table 1 shows requirements provided with this document and shows relevant clauses of IEC 387 
TS 62786-1. 388 

Table 1 – List of requirements and relevant clauses in Part 1  389 

Clause in IEC 63409-1 Relevant clauses in IEC TS 62786-1 

4.2 Reference points of 
requirements 

1 Scope and object 

4.2 Connection scheme 

4.3 Elements and configuration 4.3 Choice of switchgear 

4.4 Testing environment N/A 

4.6 Basic operation N/A 

4.6 Protection and fault ride 
through function 

4.4 Normal operating range 

4.5 Immunity to disturbances 

4.9 Interface protection 
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4.7 Power control and grid support 
function 

4.7.2 Voltage support by reactive power 

4.7 Power response to voltage changes 

4.10 Connection and starting to generate 
electrical power 

4.11 Ceasing and reduction of active power on 
set point 

4.8 electromagnetic compatibility 4.8 EMC and power quality 

4.9 
Information exchange for 

remote configuration, control 
and monitoring 

4.12 Remote information exchange 

 390 

4.2 Reference points of requirements 391 

Requirements for the connection of PV systems with the grid shall be applied at the following 392 
three reference points: 393 

– Point of common coupling (PCC) 394 

– In-plant point of coupling (IPC) 395 

– Point of connection (POC) 396 

Annex A describes the application of requirements at the three reference points. 397 

Requirements for the testing of the PCE are applied at the AC power ports of the PCE. 398 

4.3 Elements and configuration    399 

4.3.1 Elements in PV systems 400 

IEC 61724-1 illustrates major possible elements comprising different types of PV systems. 401 
Depending on the configuration of PV systems, IEC 61724-1 categorizes PV systems as grid-402 
tied, grid-tied with storage, grid-tied with storage and back-ups, mini-grid or micro-grid. Table 2 403 
shows the types of PV system with possible elements. Figure 1 shows the configuration of PV 404 
systems with possible elements. 405 

Requirements for the connection of DER with the grid, which are specified in IEC TS 62786-1, 406 
are applied to PV systems which are categorized as grid tied, grid tied with storage and grid 407 
tied with storage and back up. Mini-grid and Micro-grid are out of scope. 408 

Table 2 – Types of PV system with possible elements 409 

System element 

System type 

Grid tied 
Grid tied 

with 
storage 

Grid tied with 
storage and 

back up 
Mini-grid Micro-grid 

 PV array (DC) ― ― ― � � 

 PV (AC) � � � � � 

 Energy storage (DC) ― � � � � 

 PCE-GCI � � � � � 

 PCE-BDI ― � � � � 

 Utility grid line � � � ― � 

 Load(s) (DC)  ― ― � � � 

 Load(s) (AC)  ― ― � � � 
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 Back-up sources (DC) ― ― � � � 

 Other RNE sources (DC) ― � ― � � 

 Back-up sources (AC) ― ― � � � 

 Other RNE sources (AC) ― � ― � � 

 410 

 411 

Figure 1 – Possible elements of PV system 412 

4.3.2 Configuration of PV systems 413 

Figure 2 illustrates an example of the configuration of a grid tied PV system which consists of 414 
a single power generating unit. The main switch should be a circuit breaker with leakage current 415 
protection capability. The interface transformer should be installed in order to avoid the injection 416 
of the DC component to the grid. The generating unit AC switch should be an electromagnetic 417 
or electromechanical contactor. The generating unit DC switch shall be circuit breaker with short 418 
circuit breaking and leakage current protection capability. 419 

 420 

Figure 2 – Configuration of a grid tied PV system consisting of a single generating unit 421 
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Figure 3 illustrates an example of the configuration of a grid tied PV system which consists of 422 
multiple power generating units. Each generating unit shall have an interface switch, and a 423 
single interface switch shall be installed to disconnect all generating units. 424 

 425 

Figure 3 – Configuration of a grid tied PV system consisting of multiple generating 426 
units 427 

Figure 4 illustrates an example of parts comprising PV systems, including local loads and 428 
controllers. Table 3Table 3 lists some of parts comprising of PV systems other than the PCE. 429 

PV systems should be equipped with communication interface for remote monitoring, control 430 
and configuration managed by system operators. Specifications and operational status of PV 431 
generating unit, the status of all switches and measured values, such as voltage, current and 432 
power of PV system should be monitored by the PV system controller, and those of information 433 
should be given to system operators with information exchange, if required. Table 3 shows 434 
examples of information of switches and sensors to be exchanged with system operators for 435 
remote monitoring, control and configuration. Requirements for information exchange of PV 436 
systems are given in 4.9. 437 
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 438 

Figure 4 – Example of parts comprising photovoltaic power generating systems 439 

Table 3 – Some of parts comprising of PV systems other than the PCE 440 

Parts comprising PV systems Information for remote monitoring, control and 
configuration 

Switches 

Main switch 
Setting information 

- Installation point 

- Type of switch (with short circuit breaking capability 
or not) 

- Number of phases 

- Physical capability 

- Level of short circuit current to be broken 

Status information 

- Status of switch 

- (If circuit breaker) Opening/closing time 

- Switching operation in local or remote, internally or 
externally 

Interface switch 

Generating unit AC switch 

Generating unit DC switch 

Sensors 

Current transformer at main switch 
Setting information 

- Installation point 

- Rated current 

- Rated frequency 

- Ratio between the primary and secondary value 
Current transformer at unit AC switch 
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