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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on Solar Photovoltaic Systems under the authority of the Industry Standards
Committee on Generation, Transmission and Distribution of Electrical Energy.

This Malaysian Standard is identical with IEC 61727:2004, Photovoltaic (PV) systems -
Characteristics of the utility interface, published by the International Electrotechnical
Commission (IEC). However, for the purposes of this Malaysian Standard, the following apply:

a) inthe source text, "this International Standard" should read "this Malaysian Standard”;

b) the comma which is used as a decimal sign (if any), to read as a point; and

c) reference to International Standards should be replaced by corresponding Malaysian

Standards as follows:

Referenced International Standards

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

IEC 61000-3-3, Electromagnetic
compatibility (EMC) - Part 3-3: Limits -
Limitation of voltage changes, voltage
fluctuations and flicker in public low-
voltage supply systems, for equipment
with rated current < 16 A per phase and
not subject to conditional connection

IEC 61000-3-5, Electromagnetic
compatibility (EMC) - Part 3: Limits -
Section  5: Limitation of voltage
fluctuations and flicker in low-voltage
power supply systems for equipment with
rated current greater than 16 A

Corresponding Malaysian Standards

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

MS IEC 61000-3-3, Electromagnetic
compatibility (EMC) - Part 3-3: Limits -
Limitation of voltage changes, voltage
fluctuations and flicker in public low-
voltage supply systems, for equipment
with rated current < 16 A per phase and
not subject to conditional connection

MS IEC 61000-3-5, Electromagnetic
compatibility (EMC) - Part 3: Limits -
Section 5: Limitation of voltage
fluctuations and flicker in low-voltage
power supply systems for equipment with
rated current greater than 16 A

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International
Standard or is identical in technical content and structure although it may contain the minimal editorial changes
specified in clause 4.2 of ISO/IEC Guide 21-1.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) SYSTEMS -
CHARACTERISTICS OF THE UTILITY INTERFACE

FOREWORD

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.

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.

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.

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.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

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.

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.

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.

International Standard IEC 61727 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

The text of this standard is based on the following documents:

FDIS Report on voting
82/367/FDIS 82/372/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This second edition cancels and replaces the first edition published in 1995. It constitutes a
technical revision.

© STANDARDS MALAYSIA 2010 - All rights reserved



The main changes with respect to the previous edition (published in 1995) are detailed below:

a) the clause on the utility interface disconnect switch has been removed;
b) the definition of non-islanding inverters has been added to the list of terms and definitions;

c) the point of common coupling for the utility interface has been added to improve
understanding;

d) it has been clarified that the power factor is lagging for values greater than 0,9.

This publication 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 maintenance result 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

* reconfirmed;

e withdrawn;

+ replaced by a revised edition, or
+ amended.
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PHOTOVOLTAIC (PV) SYSTEMS -
CHARACTERISTICS OF THE UTILITY INTERFACE

1 Scope and object

This International Standard applies to utility-interconnected photovoltaic (PV) power systems
operating in parallel with the utility and utilizing static (solid-state) non-islanding inverters for
the conversion of DC to AC. This document describes specific recommendations for systems
rated at 10 kVA or less, such as may be utilized on individual residences single or three
phase. This standard applies to interconnection with the low-voltage utility distribution system.

The object of this standard is to lay down requirements for interconnection of PV systems to
the utility distribution system.

NOTE 1 An inverter with type certification meeting the standards as detailed in this standard should be deemed
acceptable for installation without any futher testing.

This standard does not deal with EMC or protection mechanisms against islanding.

NOTE 2 Interface requirements may vary when storage systems are incorporated or when control signals for PV
system operation are supplied by the utility.

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

IEC 61000-3-3:1994, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of
voltage changes, voltage fluctuations and flicker in public low-voltage supply systems, for
equipment with rated current <= 16 A per phase and not subject to conditional connection 1

IEC 61000-3-5:1994, Electromagnetic compatibility (EMC) — Part 3: Limits — Section 5:
Limitation of voltage fluctuations and flicker in low-voltage power supply systems for
equipment with rated current greater than 16 A

IEC 61277:1995, Terrestrial photovoltaic (PV) power generating systems — General and guide

IEC 61836:1997, Solar photovoltaic energy systems — Terms and symbols

1 A consolidated edition 1.1 (2002) which includes amendment 1 (2001) exists.
© STANDARDS MALAYSIA 2010 - All rights reserved



-11 - MS IEC 61727:2010

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

3.1

power factor

power factor (PF) is calculated by dividing the kilowatt-hours (kWh) by the square root of the
sum of the squares of the kilowatt-hours and the kilovarhours (kVARh) over a period of time.

Power factor (PF) over a period

EREAL

PF= 5
\/E REAL+E2REACTIVE

where Egeac is the energy in kWh and Egeactive is the reactive energy in kVARh

3.2
array field
the aggregate of all solar photovoltaic arrays within a given system (see IEC 61277)

3.3
direct current (DC) interface
connections between the array field and the input of the inverter/power conditioning system

3.4

electric utility

generally, an organization responsible for the installation, operation and maintenance of an
electric supply and the low voltage distribution systems (see IEC 61277)

3.5

safety disconnect control and monitoring subsystem

subsystem that monitors utility grid conditions and removes the AC output of the inverter for
out of bounds conditions

3.6
total harmonic distortion
distortion defined as:

X2

n

g

THD, -\

X

where
Xy is the r.m.s. fundamental voltage or current

X, is the r.m.s. harmonic voltage or current of order n

3.7

photovoltaic system

PV system

a system comprises all inverters (one or multiple) and associated BOS (Balance-Of-System
components) and arrays with one point of common coupling, described in IEC 61836 as PV
power plant

© STANDARDS MALAYSIA 2010 - All rights reserved
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3.8
inverter
static power converter (SPC)(see Note 1)

device that converts DC electricity into AC electricity. Equipment that converts direct current
from the array field to alternating current. The electric equipment used to convert electrical
power into a form or forms of electrical power suitable for subsequent use by the electric
utility

NOTE 1 Any static power converter with control, protection, and filtering functions used to interface an electric

energy source with an electric utility system. Sometimes referred to as power conditioning subsystems, power
conversion systems, solid-state converters, or power conditioning units

NOTE 2 Because of its integrated nature, the inverter is only required to be totally disconnected from the utility
for service or maintenance. At all other times, whether the inverter is transferring PV energy to the utility or not, the
control circuits remain connected to the utility to monitor utility conditions. The phrase, “cease to energize the
utility line” is used throughout this document. This is to acknowledge that the inverter does not become totally
disconnected from the utility when a trip function occurs, such as an overvoltage trip. The inverter can be
completely disconnected from the utility for inverter maintenance by opening a utility AC-disconnect switch.

3.8.1

non-islanding inverter

inverter that will cease to energize a utility distribution system that is out of the normal
operation specifications for voltage and/or frequency

NOTE Definition in IEC 61836.

3.9

utility interface

interconnection between the PV system and the utility distribution system, the point of
common coupling.

4 Utility compatibility

The quality of power provided by the PV system for the on-site AC loads and for power
delivered to the utility is governed by practices and standards on voltage, flicker, frequency,
harmonics and power factor. Deviation from these standards represents out-of-bounds
conditions and may require the PV system to sense the deviation and properly disconnect
from the utility system.

All power quality parameters (voltage , flicker, frequency, harmonics, and power factor) must
be measured at the utility interface/ point of common coupling unless otherwise specified.

NOTE Balancing phase currents in multiphase systems is desirable.

41 Voltage, current and frequency

The PV system AC voltage, current and frequency shall be compatible with the utitliy system.

4.2 Normal voltage operating range
Utility-interconnected PV systems do not normally regulate voltage, they inject current into the

utility. Therefore, the voltage operating range for PV inverters is selected as a protection
function that responds to abnormal utility conditions, not as a voltage regulation function.

© STANDARDS MALAYSIA 2010 - All rights reserved
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4.3 Flicker
The operation of the PV system should not cause voltage flicker in excess of limits stated in

the relevant sections of IEC 61000-3-3 for systems less than 16 A or IEC 61000-3-5 for
systems with current of 16 A and above.

4.4 DC injection

The PV system shall not inject DC current greater than 1 % of the rated inverter output
current, into the utility AC interface under any operating condition.

4.5 Normal frequency operating range

The PV system shall operate in synchronism with the utility system, and within the frequency
trip limits defined in 5.2.2.

4.6 Harmonics and waveform distortion

Low levels of current and voltage harmonics are desirable; the higher harmonic levels
increase the potential for adverse effects on connected equipment.

Acceptable levels of harmonic voltage and current depend upon distribution system
characteristics, type of service, connected loads/apparatus, and established utility practice.

The PV system output should have low current-distortion levels to ensure that no adverse
effects are caused to other equipment connected to the utility system.

Total harmonic current distortion shall be less than 5 % at rated inverter output. Each
individual harmonic shall be limited to the percentages listed in Table 1.

Even harmonics in these ranges shall be less than 25 % of the lower odd harmonic limits
listed.

Table 1 — Current distortion limits

Odd harmonics

Distortion limit

3" through 9"

Less than 4,0 %

11" through 15"

Less than 2,0 %

17" through 21°

Less than 1,5 %

23" through 33"

Less than 0,6 %

Even harmonics

Distortion limit

2" through 8™

Less than 1,0 %

10" through 32"

Less than 0,5 %

NOTE Testing harmonics is very problematic, since voltage distortion may lead to enhanced current distortion.
The harmonic current injection should be exclusive of any harmonic currents due to harmonic voltage distortion
present in the utility grid without the PV system connected. Type tested inverters meeting the above requirements
should be deemed to comply without further testing.
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4.7 Power factor

The PV system shall have a lagging power factor greater than 0,9 when the output is greater
than 50 % of the rated inverter output power.

NOTE 1 Specially designed systems that provide reactive power compensation may operate outside of this limit
with utility approval.

NOTE 2 Most PV inverters designed for utility-interconnected service operate close to unity power factor.
5 Personnel safety and equipment protection

This Clause provides information and considerations for the safe and proper operation of the
utility-connected PV systems.

NOTE 1 The protection function may be provided as an internal or external device in the system.
NOTE 2 |IEC 60364-5-55 or national or local codes may be applicable.

5.1 Loss of utility voltage

To prevent islanding, a utility connected PV system shall cease to energize the utility system
from a de-energized distribution line irrespective of connected loads or other generators
within specified time limits.

A utility distribution line can become de-energized for several reasons. For example, a
substation breaker opening due to fault conditions or the distribution line switched out during
maintenance.

If inverters (single or multiple) have DC SELV input and have accumulated power below 1 kW
then no mechanical disconnect (relay) is required.

5.2 Over/under voltage and frequency

Abnormal conditions can arise on the utility system that require a response from the
connected photovoltaic system. This response is to ensure the safety of utility maintenance
personnel and the general public, as well as to avoid damage to connected equipment,
including the photovoltaic system. The abnormal utility conditions of concern are voltage and
frequency excursions above or below the values stated in this Clause, and the complete
disconnection of the utility, presenting the potential for a distributed resource island.

5.2.1 Over/under voltage

When the interface voltage deviates outside the conditions specified in Table 2, the
photovoltaic system shall cease to energize the utility distribution system. This applies to any
phase of a multiphase system.

All discussions regarding system voltage refer to the local nominal voltage.

The system shall sense abnormal voltage and respond. The following conditions should be
met, with voltages in RMS and measured at the point of utility connection.

© STANDARDS MALAYSIA 2010 - All rights reserved
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Table 2 — Response to abnormal voltages

Voltage (at point of utility connection) Maximum trip time*

V < 0,5 x Vnominal 0,1s

50 % < V < 85 % 20s

85% < V<110 % Continuous operation

110 % <V <135 % 2,0s

135 % <V 0.05s

*  Trip time refers to the time between the abnormal condition occurring and the inverter
ceasing to energize the utility line. The PV system control circuits shall actually
remain connected to the utility to allow sensing of utility electrical conditions for use
by the “reconnect” feature.

The purpose of the allowed time delay is to ride through short-term disturbances to avoid
excessive nuisance tripping.The unit does not have to cease to energize if the voltage returns
to the normal utility continuous operation condition within the specified trip time.

NOTE The voltage drop between the inverter terminals and the point of connection with the utility should be taken
into consideration.

5.2.2 Over/under frequency
When the utility frequency deviates outside the specified conditions the photovoltaic system
shall cease to energize the utility line. The unit does not have to cease to energize if the

frequency returns to the normal utility continuous operation condition within the specified trip
time.

When the utility frequency is outside the range of *1 Hz, the system shall cease to energize
the utility line within 0,2 s. The purpose of the allowed range and time delay is to allow
continued operation for short-term disturbances and to avoid excessive nuisance tripping in
weak-utility system conditions.

5.3 Islanding protection

The PV system must cease to energize the utitliy line within 2 s of loss of utility.

NOTE The issues of non-islanding inverter are the subject of another standard under consideration.

5.4 Response to utility recovery
Following an out-of-range utility condition that has caused the photovoltaic system to cease

energizing, the photovoltaic system shall not energize the utility line for 20 s to 5 min after the
utility service voltage and frequency have recovered to within the specified ranges.

NOTE The energizing delay is dependent on local conditions.

5.5 Earthing

The utility interface equipment shall be earthed/grounded in accordance with IEC 60364-7-712.
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5.6 Short circuit protection

The photovoltaic system shall have short-circuit protection in accordance with IEC 60364-7-712.

5.7 Isolation and switching

A method of isolation and switching shall be provided in accordance with IEC 60364-7-712.

© STANDARDS MALAYSIA 2010 - All rights reserved



—-23 - MS IEC 61727:2010
Bibliography
IEC 60038:1983, /EC Standard Voltages 2

IEC 60364-5-55:2001, Electrical installations of buildings — Part 5-55: Selection and erection
of electrical equipment — Other equipment 3

IEC 61173:1992, Overvoltage protection for photovoltaic (PV) power generating systems —
Guide

CIGRE 123:1992, Equipment producing harmonics and conditions governing their connection
to the main power supply

IEEE 929, Recommended Practice for the Utility Interface of Residential and Intermediate
Photovoltaic (PV) Systems

2 A consolidated edition 6.2 (2002) which includes amendment 1 (1994) and amendment 2 (1997) exists.
3 A consolidated edition 1.1 (2002) which includes amendment 1 (2001) exists.
© STANDARDS MALAYSIA 2010 - All rights reserved



Acknowledgements

Members of Technical Committee on Renewable Energies

Ir Ahmad Hadri Haris (Chairman)
Mr Mohammad Nazmin Noh (Secretary)

Ir Wong Kian Lon

Mr Azman Ahmad

Mr Abdul Nasir Adnan
Mr Mohd Rashdan Topa

Mr Abdul Halim Ahmad/
Mr Mokhtar Mat Min

Dr Wan Asma Ibrahim

Mr Sivaganthan R.Jayasingam
Mr Abdul Nasir Abdul Aziz

Dr Chen Shiun

Ir Dr Ahmad Zainal Abidin

Ir Francis Xavier Jacob

Mr Sansubari Che Mud

Ir Kok Yen Kwan

Mr Mohammed Azrin Ali

Prof Ir Dr Abd Halim Shamsudin

Ministry of Energy, Green Technology and Water
SIRIM Berhad

Association of Consulting Engineers Malaysia
Bank Pembangunan Malaysia Berhad

Core Competencies Sdn Bhd

Department of Environment

Felda Palm Industries Sdn Bhd

Forest Research Institute Malaysia

Malaysian Photovoltaic Industry Association
National Solid Waste Management Department
Sarawak Energy Berhad

SIRIM Berhad
(Renewable Energy Research Centre)

Suruhanjaya Tenaga

Tenaga Nasional Berhad (Distribution Division)
The Institution of Engineers, Malaysia

TNB Research Sdn Bhd

Universiti Tenaga Nasional

© STANDARDS MALAYSIA 2010 — All rights reserved



Acknowledgements (continued)

Members of Working Group on Solar Photovoltaic Systems

Assoc Prof Dr Sulaiman Shaari
(Chairman)

Mr Mohammad Nazmin Noh (Secretary)

Ms Rozina Sudin
Mr Sivaganthan R.Jayasingam
Ms Azah Ahmad

Mr Jeyaram Subramaniam/
Ms Khairunnisa Shan

Mr Benjamin Tan
Mr Goh Wei Chiun
Mr Hamdan Mokhtar

Mr Jamari lbrahim
Mr Yap Ching Kiat

Mr Khairul Anuar Abd Aziz
Ms Suhaila Sepeai

Dr Jeyraj Selvaraj
Dr Naziha Ahmad Azli
Assoc Prof Dr Ahmad Maliki Omar

Universiti Teknologi MARA

SIRIM Berhad

Jabatan Kerja Raya Malaysia

Malaysian Photovoltaic Industry Association
Ministry of Energy, Green Technology and Water
Optimal Power Solutions Sdn Bhd

Sabah Electricity Sdn Bhd
Sarawak Energy Berhad

SIRIM Berhad
(Renewable Energy Research Centre)

Suruhanjaya Tenaga

The Electrical and Electronics Association of
Malaysia

TNB Energy Services Sdn Bhd

Universiti Kebangsaan Malaysia
(Solar Energy Research Institute)

Universiti Malaya
Universiti Teknologi Malaysia
Universiti Teknologi MARA

© STANDARDS MALAYSIA 2010 - All rights reserved



© Copyright 2015

All rights reserved. No part of this publication may be reproduced or utilised in any
form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the Department of Standards Malaysia.



