IEC TS 62898-2:2018-09(en)

IEC TS 62898-2

TECHNICAL
SPECIFICATION

Edition 1.0 2018-09

colour
inside

Microgrids—  jTeh STANDARD PREVIEW
Part 2: Guidelines for oper(aécj&?n dards.i teh.ai)

IEC TS 62898-22018

https/standards.iteh.ai/catalog/standards/sist/2a30462d-8¢77-4661-8378-

7376a24acfod/iec-ts-62898-2-2018




THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables-{o find IEC, publications, by a
variety of criteria (reference (number) 'text, |technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online‘and
also once a month by email:

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 21 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary
67.-000,-electrotechnical-terminology entries in English and
French| extracted from [the \Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected fromyearlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc
lf-you-wish to give us your feedback on this publication or
need furtherassistance; please contact the Customer Service
Centrepsales@iec.ch.



IEC TS 62898-2

Edition 1.0 2018-09

TECHNICAL
SPECIFICATION

colour
inside

Microgrids —

Part 2: Guidelines for operation

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION

ICS 29.240.01 ISBN 978-2-8322-6042-5

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

® Registered trademark of the International Electrotechnical Commission



-2- IEC TS 62898-2:2018 © |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 4
1N I 2 1 1 L N 1 ] PN 6
1 1T o 1= S 7
2 NOrMative refErENCES .. e 7
3 Terms and definitioNs ... 8
I @ 1o Y=Y - (o T I 14 o Yo [ == PP 13
4.1 LT =Y o =T - ¥ S 13
4.2 Non-isolated MICrOgrid ........ooie e 13
4.21 LY o= = | P 13
4.2.2 Grid-connected MOGE .....couiiiiiii e 13
4.2.3 ISIANA MOAE ... e 14
4.2.4 Mode transfer of non-isolated microgrids ..........ccooooviiiiiiiiiii 14

4.3 501 F= =T o o 4 ¥ o] e Yo | o o N 15
4.3.1 LT o= = | P 15
4.3.2 Structure of the isolated microgrids .........ccoooiiiiiiiiiiiii 15
4.3.3 Voltage response characteristiCs .......covveiiiiiiiii e 16
4.3.4 Frequency response characteristiCs..........ooiiiii i 16

5  Control of MICrOGFIAS ..o.... ot cmiheciucs i me  de 5559 e « 578 T8 Fe 70 5 T B T2 T He o e e e e e eeetaasnanneennennennns 16
5.1 LT a1 =Y PP 16
5.2 Control of the non-isolatedimicrogrid L . Lo Ll 18
5.2.1 Control of the grid-connected mode ..., 18
5.2.2 Control of the island mode. 2. 020 02l o 19

5.3 Control of the’isolated microgrid ... .. .. 20

6 Communication and MONITOMING ...t e e ees 21
6.1 L= o= ¥ S 21
6.2 Communications of MICroOgrids ........cccviuiiiiiiii e 22
6.2.1 LT o= = | P 22
6.2.2 Communications between non-isolated microgrids and the utility grid ............ 22
6.2.3 Communications inside the microgrids............oooiiiiiiiii 22

6.3 Monitoring the DER. ... 22
6.4 Monitoring the switching devices for non-isolated microgrids ...............c.ccceveninnne. 22
6.5 Monitoring the switching devices for isolated microgrids ..o, 23

7 Electrical @nergy StOrage .. ..o 23
7.1 LT =Y o= ¥ S 23
7.2 EES in non-isolated mMicrogrids ........ccoiuiiiiiiiiiii e 23
7.2.1 Requirements for EES in grid-connected mode............ccoooiiiiiiiiiiiiincneenn, 23
7.2.2 Requirements for EES inisland mode..........ccoeiiiiiiiiiiii e 23
7.2.3 Requirements for EES in mode transfer............ooooi 24

7.3 EES Management ... 24

8 Protection principle for MiCrogrids.......cooiiiiiiii e 24
8.1 LT 1= - T PPN 24
8.2 Principle for protection in a non-isolated microgrid ... 25
8.3 Reclosing with synchronization in a non-isolated microgrid ..., 25
8.4 Principle for protection in an isolated microgrid.............coooiiiiiiiii i 25

9  Power quality and EMC of MiCrogrids ..........oceuiiiiiiii e 25

9.1 Power quality in non-isolated microgrids ...........coooeiiiiiiiii 25



IEC TS 62898-2:2018 © |IEC 2018 -3-

9.2 Power quality in isolated microgrids ..o 26
9.3 EMOC in MICIOGIIAS .. et 26
10 Maintenance and test of MICrogrids ... ..o 26
O T 7= o =Y = S 26
10,2 MaAINTENANCE ... e e 26
0 T I T S 27

Annex A (informative) Business use case A: Improving reliability and securing the

energy sUPPIY DY iSIaning . ... 28
Annex B (informative) Business use case B: Electrifying remote areas and using

FENEWADIE ENEIJY SOUMCES ..ottt ettt et et et et e et et e et e et e eaeenas 31
Annex C (informative) Business use case C: Reducing energy costs for microgrid

LU= o PP 33
Annex D (informative) Business use case D: Optimizing local resources to provide

services to the grid/disaster prepar€dnNessS ......c..iiuiiiiiiiiie e 35
Annex E (informative) Example of power factor requirements cited in some standards......... 36
BB O g AP Y e 37
Figure 1 — Example for a non-isolated microgrid ...........coiiiiiiiiiiii i, 17
Figure 2 — Example forran_isolated - microgrid 4.5 mos . i Hom T o E e e oo eneeneeneenenneeneeneenns 18
Figure 3 — The P-f control in isolated mMicrogrid ..........coociuiiin i 20
Figure B.1 — One of the actual examples-of mainly-isolated“microgrids used for

electrification in far rural @rea ... 32
Figure C.1 — Principle scheme of customer-energy-management and information

exchange with upstream grid (. s 34
Table 1 — Example for the isolated microgrid frequency response of 50 Hz ..................oe. 21

Table E.1 — Power factor reqQUIr€mMeENtS ........couiiniiiiiii e 36



1)

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC TS 62898-2:2018 © |IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -
Part 2: Guidelines for operation

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 itself does not'provide! any“attestation-of conformity:“Independent certification’bodies provide conformity
assessment services and, in some areas; access/to-l[EC marks-of) conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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.

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

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 TS 62898-2, which is a technical specification, has been prepared by subcommittee 8B:
Decentralized Electrical Energy Systems, of IEC technical committee 8: Systems aspects of
electrical energy supply.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
8B/3/DTS 8B/13B/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.

A list of all parts in the IEC 62898 series, published under the general title Microgrids, can be
found on the IEC website.

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

+ transformed into an International standard,
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The-'colourdinsidelogo-onithe-coverpage-of this publication indicates
that it contains colours which >.ared/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

Microgrids can serve different purposes depending on the primary objectives of their
applications. They are usually seen as means to facilitate the management of grid
contingency and the local optimization of energy supply by controlling distributed energy
resources (DER). Microgrids also present a way to provide electricity supply in remote areas
and to use clean and renewable energy as a systemic approach for rural electrification.

IEC TS 62898 series is intended to provide with comprehensive guidelines and requirements
for microgrid projects.

IEC TS 62898-1 mainly covers the following issues:

1) determination of microgrid purposes and application;

2) preliminary study necessary for microgrid planning, including resource analysis, load
forecast, DER planning and power system planning;

3) principles of microgrid technical requirements that should be specified during planning
stage;

4) microgrid evaluation to select an optimal microgrid planning scheme.
IEC TS 62898-2 mainly covers the following issues:

a) response characteristic requirements of microgrids under different operation modes;
b) the basic control strategies,and methods/under different'operation'modes;

c) the requirements of electricalcenengy storage:(EES),;,communication and monitoring under
different operation modes;

d) the principle of relay protection under different eperation modes;
e) basic requirements’/ofisynchronization/and reclosing'daringmode transfer;
f) principle for power quality, EMC, maintenance and test of microgrid.

Microgrids can be stand-alone or be the sub-system of the smart grid. The technical
requirements in this document are intended to be consistent and in line with:

e system requirements from IEC System Committee Smart Energy (e.g. Use Cases
“microgrid” to come);

e |EC 62786 requirements for connection of generators intended to be operated in parallel
with the grid;

e basic rules from IEC TC 64 and TC 99 for safety and quality of power distribution within
installations (essentially through coordination of protective devices in the different
operation modes);

IEC TS 62257 series (IEC TC 82) with respect to rural electrification;
IEC TS 62749 with respect to power quality.
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MICROGRIDS -

Part 2: Guidelines for operation

1 Scope

The purpose of this document is to provide guidelines for operation of microgrids. Microgrids
considered in this document are alternating current (AC) electrical systems with loads and
distributed energy resources (DER) at low or medium voltage level. This document does not
cover direct current (DC) microgrids.

Microgrids are classified into isolated microgrids and non-isolated microgrids.

Isolated microgrids have no electrical connection to a larger electric power system and
operate in island mode only.

Non-isolated microgrids may act as controllable units to the electric power system and can
operate in the following two modes:

e grid-connected mode;

e island mode.

The 62898 series is intended toprovide” guidelines and“the basic technical requirements to
ensure the security, reliability and stability of microgrids.

IEC TS 62898-2 applies’to‘operation-and-control of microgrids, including:

e operation modes and mode transfer;

e energy management system (EMS) and control of microgrids;
e communication and monitoring procedures;

o electrical energy storage;

e protection principle covering: principle for non-isolated microgrid, isolated microgrid, anti-
islanding, synchronization and reclosing, power quality;

e commissioning, maintenance and test.

NOTE 1 Safety for personnel is outside the scope of this document, and such information is referred to in
IEC TC 64 and TC 99 publications.

NOTE 2 Local laws and regulations can overrule the requirements of this document.
NOTE 3 The principles for main types of protections in microgrid, fault analysis for converter type and rotating

machines type, protection type selection, general technical requirements, setting value principles and so forth are
intended to be developed in IEC TS 62898-3-1 1,

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.

1 Under preparation. Stage at the time of publication: IEC/CD TS 62898-3-1:2018.
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IEC TR 61000-1-7:2016, Electromagnetic compatibility (EMC) — Part 1-7: General — Power
factor in single-phase systems under non-sinusoidal conditions

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) - Part 4-7: Testing and
measurement techniques — General guide on harmonics and interharmonics measurements
and instrumentation, for power supply systems and equipment connected thereto

IEC 61000-4-7:2002/AMD1:2008

IEC 61000-4-30:2008 2, Electromagnetic compatibility (EMC) — Part 4-30: Testing and
measurement techniques — Power quality measurement techniques

IEC 61968-1, Application integration at electric utilities — System interfaces for distribution
management — Part 1: Interface architecture and general recommendations

IEC 61850-3, Communication networks and systems for power utility automation — Part 3:
General requirements

IEC 61850-4, Communication networks and systems for power utility automation — Part 4:
System and project management

IEC 61850-5, Communication networks and systems for power utility automation — Part 5:
Communication requirements for functions and device models

IEC TS 62749, Assessment of power quality/~ Characteristics\of electricity supplied by public
networks

IEC TS 62786, Distributed energy resources connection with the grid

IEC TS 62898-1, iMicrogridss. i=h.Part ot:si:Guideline’s > for cmicrogrid - projects planning and
specification

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

anti-islanding protection

protection function(s) or combination of protection functions preventing distributed energy
resources from supplying electricity to an unintentional island

Note 1 to entry: The protection function includes the detection of system characteristics which can lead to an
unintentional island.

[SOURCE: IEC 60050-617:2017, 617-04-19, modified — "an unintentional island to be
supplied with electrical energy by distributed energy resources" has been replaced by
"distributed energy resources from supplying electricity to an unintentional island" and Note 1
to entry has been changed]

2 This 2"d edition was replaced in 2015 by a 3" Edition.
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3.2
black start
start-up of an electric power system from a blackout through internal energy resources

[SOURCE: IEC 60050-617:2017, 617-04-24]

3.3
converter
device for changing one or more characteristics associated with electrical energy

Note 1 to entry: Characteristics associated with energy are for example voltage, number of phases and frequency
including zero frequency.

[SOURCE: IEC 60050-151:2001, 151-13-36]

3.4

distributed energy resources

DER

generators, including loads having a generating mode (such as electrical energy storage
systems), connected to the low or medium voltage network, with their auxiliaries, protection
and connection equipment, if any

[SOURCE: IEC 60050-617:2017, 617-04-20, modified — "including loads having a generating
mode" and "with their auxiliaries, protection and connection equipment, if any" have been
added]

3.5

distributed generation

generation of electric energy by multiple sources which are connected to the low or medium
voltage network

[SOURCE: IEC 60050-617:2009, 617-04-09, modified — "power distribution system" has been
replaced by "low or medium voltage network"]

3.6

distribution network

electrical facility and its components including poles, transformers, disconnects, relays,
isolators, cables and wires that are owned by an electrical utility for the purpose of distributing
electrical energy from substations to customers

Note 1 to entry: Usually, the distribution network operates up to a nominal voltage of 35 kV.

3.7

distribution system operator

DSO

party operating a distribution system

[SOURCE: IEC 60050-617:2009, 617-02-10]

3.8

electrical energy storage

EES

installation that is able to absorb electrical energy, store it and release it for a certain amount
of time during which energy conversion processes may be included

EXAMPLE A device that absorbs AC electrical energy to produce hydrogen by electrolysis, stores the hydrogen,
and uses that gas to produce AC electrical energy is an EES.

Note 1 to entry: EES may be used also to indicate the activity of an apparatus described in the definition while
performing its own functionality.
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3.9

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

[SOURCE: IEC 60050-161:2017 161-01-07, modified — "apparatus or system" has been
replaced by "equipment or system"]

3.10

electromagnetic disturbance

any electromagnetic phenomenon which may degrade the performance of a device,
equipment or system, or adversely affect living or inert matter

3.11

high voltage

HV

voltage having a value above a conventionally adopted limit

[SOURCE: IEC 60050-151:2001, 151-15-05]

3.12

intentional island

island resulted from planned action(s) ef automatic-protections, ,or,from deliberate action(s) by
the responsible network operator, or-both, in order to keep-supplying electrical energy to a
section of an electric power system

[SOURCE: IEC 60050-617:2017, 617-04-17]

3.13

interconnection

<electric power systems> single or multiple transmission link between transmission systems
enabling electric power and energy to be exchanged between these networks by means of
electric circuits and/or transformers

[SOURCE: IEC 60050-617:2009, 617-03-08]

3.14

island

<electric power systems> part of an electric power system, that is disconnected from the
remainder of the interconnected system, but remains energized

Note 1 to entry: An island can be either the result of the action of automatic protections or the result of a
deliberate action.

Note 2 to entry: The generation and loads can be any combination of customer-owned and utility-owned.

[SOURCE: IEC 60050-617:2017, 617-04-12, modified — "electrically disconnected" has been
changed to "disconnected", "interconnected electric power system" has been changed to
"interconnected system", "from the local electric power sources" has been deleted, Note 2 to
entry has been changed]

3.15

isolated microgrid

group of interconnected loads and distributed energy resources forming a local electric power
system at distribution voltage levels not currently capable of being connected to a wider
electric power system

Note 1 to entry: Isolated microgrids are usually designed for geographical islands or for rural electrification.



IEC TS 62898-2:2018 © |IEC 2018 -1 -

Note 2 to entry: Microgrids capable of being connected to a wider electric power system are also called non-
isolated microgrids.

[SOURCE: IEC 60050-617:2017, 617-04-23, modified — "with defined electrical boundaries"
has been deleted, Note 2 to entry has been added]

3.16

low voltage

LV

a set of voltage levels used for the distribution of electricity and whose upper limit is generally
accepted to be 1 000 V for alternating current

[SOURCE: IEC 60050-601:1985, 601-01-26]

3.17

medium voltage

Mv

any set of voltage levels lying between low and high voltage

Note 1 to entry: The term medium voltage is commonly used for distribution systems with voltages above 1 kV and
generally applied up to and including 35 kV.

[SOURCE: IEC 60050-601:1985, 601-01-28, modified — Note 1 to entry has been changed]

3.18

microgrid

<electric power systems> group,of interconnected loads and.distributed energy resources with
defined electrical boundaries that'acts 'as'a single controllable entity and is able to operate in
both grid-connected and island mode

Note 1 to entry: This definitionidsrihtendedcto: lcovenboths(utility) (distribution-microgrids-and (customer owned)
facility microgrids.

[SOURCE: IEC 60050-617:2017, 617-04-22, modified — "forming a local electric power system
at distribution voltage levels" has been deleted]

3.19
microgrid energy management system
system operating and controlling energy resources and loads of the microgrid

[SOURCE: IEC 60050-617:2017, 617-04-25]

3.20
nominal value
value of a quantity used to designate and identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

[SOURCE: IEC 60050-151:2001, 151-16-09]

3.21

point of connection

POC

reference point on the electric power system where the user’s electrical facility is connected

Note 1 to entry: In this document, point of connection indicates the point where microgrid is connected to the
utility grid.

[SOURCE: IEC 60050-617:2009, 617-04-01, modified — Note 1 to entry has been added]
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