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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 2: Guidelines for operation

FOREWORD

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

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

3) IEC Publications have the form of recommendations for international~use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madé 1o’ ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nationak'‘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 correspondingshational or regional publication shall be clearly indicated in
the latter.

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

6) All users should ensure that they have thé/latest edition of this publication.

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights, IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IECTS 62898-2 edition 1.1 contains the first edition (2018-09) [documents 8B/3/DTS and
8B/13B/RVDTS] and its amendment 1 (2023-11) [documents 8B/164/DTS and
8B/195/RVDTS].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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

e the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 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.

This document has been drafted in accordance with the ISO/IEC Directivesi{/Rart 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 document and its amendment will remain
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the
data related to the specific document. At this date, the décument will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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.



https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=b47307139a1b92de8d089c6d11d62fd1

-6 - IEC TS 62898-2:2018+AMD1:2023 CSV
© IEC 2023

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 resourcey;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 electrical energy storage (EES), communication and monitoring under
different operation modes;

d) the principle of relay protection under different operation modes;
e) basic requirements of synchronization‘@nd reclosing during mode transfer;
f) principle for power quality, EMC, maintenance and test of microgrid.

Microgrids can be stand-alone jor"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 |EC 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 rulestfrom IEC TC 64 and TC 99 for safety and quality of power distribution within
installations” (essentially through coordination of protective devices in the different
operationmodes);

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. Microgdrids
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 daes 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 electricy 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 to provide 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 monitering procedures;

o electrical energy storage;

e protection principlelcovering: principle for non-isolated microgrid, isolated microgrid, anti-
islanding, synchrernization 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 andTC 99 publications.

NOTE 2\ Lkocal laws and regulations can overrule the requirements of this document.
NQTE' 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 61000-4-30:200822015, Electromagnetic compatibility (EMC) — Part 4-30: Testing and
measurement techniques — Power quality measurement techniques

IEC 61968-1:2020, Application integration at electric utilities — System interfaces for
distribution management — Part 1. Interface architecture and general recommendations

IEC 61850-3:2013, Communication networks and systems for power utility automation — Part
3: General requirements

IEC 61850-4:2011, Communication networks and systems for power utility automation — Part
4: System and project management

IEC 61850-5:2013, Communication networks and systems for.@ower utility automation — Part
5: Communication requirements for functions and device models

IEC TS 62749:2020, Assessment of power quality — Characteristics of electricity supplied by
public networks

IEC TS 62786:2017, Distributed energy resources connection with the grid

IEC TS 62898-1, Microgrids — Part 1:/Guidelines for microgrid projects planning and
specification

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

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

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Opline browsing platform: available at http://www.iso.org/obp

3.1

anti-islanding protection

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

—____Note 1 1o entry: The protection funcuon includes the detection of sysiem characieristics whnich 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]
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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 elécirical 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

partyyoperating 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

3.1

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) of 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 totentry: 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.
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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 10 entry has been changed]

3.18

microgrid

<electric power systems> group of interconnected |loads and distributed energy resources with
defined electrical boundaries forming a local efectiric power system at distribution voltage
levels, that acts as a single controllable entity and is able to operate in-beth-grid-connected
and island mode

Note 1 to entry: This definition-is—inrtended—te Cavers both (utility) distribution microgrids and (customer owned)
facility microgrids.

[SOURCE: IEC 60050-617:2017, 617-04-22,medified—"forming-a-local-electric power-system

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

[SOURCE: IE€ _60050-617:2017, 617-04-25]

3.20
nominal\walue
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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3.22

power factor

under periodic conditions, ratio of the absolute value of the active power P to the apparent
power S:

=L
S

Note 1 to entry: Under sinusoidal and symmetric conditions, the power factor 1 is—equal-to—ces—¢ the absolute
value of the active factor.

[SOURCE: IEC 60050-131:2002, 131-11-46,—medified—"ratic—of theabsblutevalueof the

3.23

power quality

characteristics of the electric current, voltage and frequencies at a given point in an electric
power system, evaluated against a set of reference techhical parameters

Note 1 to entry: These parameters might, in some cases, relatelto the compatibility between electricity supplied in
an electric power system and the loads connected to that electric power system.

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.24

reliability

probability that an electric power<system can perform a required function under given
conditions for a given time interval

Note 1 to entry: Reliability quantifies*the ability of an electric power system to supply adequate electric service on a
nearly continuous basis with few'interruptions over an extended period of time.

Note 2 to entry: Reliabilityds'‘the overall objective in electric power system design and operation.

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

3.25
renewable.-energy
primary-energy the source of which is constantly replenished and will not become depleted

Note™ to entry: Examples of renewable energy are: wind, solar, geothermal, hydropower.

Note 2 to entry: Fossil fuels are non renewable.

[SOURCE: IEC 60050-617:2009, 617-04-11]

3.26

security

ability of an electric power system to operate in such a way that credible events do not give
rise to loss of load, stresses of system components beyond their ratings, bus voltages or
system frequency outside tolerances, instability, voltage collapse, or cascading

Note 1 to entry: This ability may be measured by one or several appropriate indices.
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Note 2 to entry: This concept is normally applied to bulk power systems.

Note 3 to entry: In North America, this concept is usually defined with reference to instability, voltage collapse
and cascading only.

[SOURCE: IEC 60050-617:2009, 617-01-02]

3.27

unintentional island
island that is not anticipated by the relevant network operator

[SOURCE: IEC 60050-617:2017, 617-04-18]

4 Operation modes

4.1 General

Microgrids can be designed to address different needs. Operation™requirements are
developed in accordance with the high level Use Cases (Business Use Cases or BUCs)
already identified in IEC TS 62898-1.

Operation complements to Microgrids BUCs are given in Annex@ to D.

4.2 Non-isolated microgrid
4.2.1 General

When a microgrid operates in island mode, the most important tasks are to ensure the normal
operation of critical loads and not to impair the integrity or the safety of the utility grid. When
the microgrid transfers between the two modes, the voltage and frequency should stay within
acceptable limits and the protection system shall operate reliably.

4.2.2 Grid-connected mode
4.2.2.1 General

In grid-connected mode, DER as well as other connected components in the microgrid shall
comply with the same requirements as required for connection to the utility grid. DER have to
be able to operate intthe operating range specified in IEC TS 62786, regardless of the
topology and the~settings of the interface for both microgrid POC and DER interface
protection.

In grid-connec¢ted mode, the microgrid as a whole shall follow the same requirements as DER
in microgrid’

4.272.2 Voltage response characteristics

The operating voltage requirement of this mode is specified in IEC TS 62786. DER with
capacity exceeding a certain level, as defined by local requirements, shall be capable of

withstamding vottage deviations:

4.2.2.3 Frequency response characteristics

The operating frequency requirement of this mode is specified in IEC TS 62786. DER with
capacity exceeding a certain level, as defined by local requirements, shall provide capability
of withstanding frequency deviations.
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4.2.3 Island mode

4.2.3.1 Voltage response characteristics

Voltage control is essentially a local problem. Thus, there is no critical difference between the
island mode and the grid-connected mode. In both cases, in order to limit the voltage
deviation within a perm|SS|bIe range, the voItage is controlled by both active and react|ve

mlcrogrld is controIIed by both utility grld and DER

The DER shall respond accordingly when the voltage of the microgrid violates the operating
limits defined by local requirements.

The following important issues should be considered when the non-isolated microgrid is
operating in the island mode:

a) proper operation of auxiliary equipment, including capacitor banks, voltage regulators,
reactors, protection equipment, capacity, and configuration of transformers;

b) the characteristics of loads in steady state;

c) the abnormal voltage withstanding capability;

d) the characteristics of the distribution network and microgrids,-such as the earthing scheme,
the short-circuit impendence of the equivalent source, the‘voltage regulators, configuration
of the protection system, and automation scheme;

e) the measurement, information exchange, voltage control systems, and their requirements;

f) the permissible dynamic voltage stability limit and the reactive power capacity reserved for
the future.

4.2.3.2 Frequency response characteristics

Non-isolated microgrids in island modesshall be able to perform load tracking. Load in this
operation mode is supplied solely by.DER and load management, and the sizing of DER
should be large enough to ensure the normal operation of predetermined critical load.

In this operation mode, there-shall be at least one (or one group of) controllable DER to
provide frequency reference:“The response characteristics of the converter control system
shall be the same as those, in grid-connected mode. Frequency regulation can be achieved by
DER active power output adjustment through frequency droop control, storage devices
response, and load(shedding schemes in order to limit frequency deviation within a
permissible range¢

The microgridiin’island mode needs to meet the following objectives:

a) active'power balance between DER output and load;

b) frequency measurement and regulation;
c)\Moad tracking, load management, and load shedding;
d) the ability to maintain transient stability when severe load swing, DER outage or other

internal faults occur.

In the low voltage application area, sometimes Q(U) and P(f) are not decoupled, and this kind
of situation should be considered.

4.2.4 Mode transfer of non-isolated microgrids
4.2.4.1 General

Mode transferring from grid-connected mode to island mode can be divided into two types:
intentional islanding and unintentional islanding. The intentional islanding requires the
microgrid to be disconnected from the utility grid seamlessly. When there is a fault in the
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utility grid which causes power quality to deteriorate beyond the predefined limit at POC, the
microgrid is separated from the utility grid passively, and this is called unintentional islanding.
A microgrid may have black start capability, which is needed if the mode transferring fails.

The microgrid may be able to maintain acceptable voltage continuity if enough DER operating
in Ulf operation mode are connected at the moment of the disconnection, associated to a fast
shedding system to quickly adapt the load to the islanded generation capacity. Otherwise, the

microgrid will stop operation and requires a black start sequence to restart.

4.2.4.2 Grid-connected mode to island mode

When DER can satisfy the critical loads in the non-isolated microgrid, the non-isolated
microgrid may be disconnected from the utility grid and operate in island mode. For intentional
islanding, the disconnecting time and duration need to be coordinated with all partiestinvolved.

a) Voltage support

In order to prevent severe voltage fluctuation, the microgrid shall haveCenough devices to
provide self-regulation of reactive power. The major DER operating in, O(U)-mode shall be
used to provide voltage support.

b) Frequency support

In order to prevent severe frequency fluctuation, the microgrid-shall provide self-regulation
of active power. The major DER operating in P(f)-mode shall be used to provide frequency
support.

4.2.4.3 Island mode to grid-connected mode

In island mode, the microgrid shall monitor the voltage amplitude and frequency of the utility
grid plus the phase angle between the utility grid_and the microgrid by a synchronization relay.
Synchronization control shall be adopted for-the transition from island mode to grid-connected
mode by shifting voltage amplitude and ffequency in a desired direction. When the voltage
amplitude, frequency and phase angle differences between the utility grid and microgrid are
within given ranges, the synchronization relay may close the interface switch to transfer the
microgrid from island mode to grid-connected mode.

In case the microgrid does pot have the capability to meet the requirements above, the
synchronization control shall wait until the synchronization condition reappears. |If
synchronization is neededyurgently, the synchronization control shall shut down connected
DER, so that the microgrid is de-energized and then the interface switch can be closed. The
interface switch can.be closed without complete synchronization if the microgrid users have
been requested to provide immunity for reclosing the interface switch outside the given
ranges for resynchronization conditions and the relevant DSO has agreed. The DSO provides
the synchropization conditions for frequency, voltage, and phase angle range.

4.3 Isolated microgrid
4.31 General

An isolated microgrid is a small local power system. It aims at providing a certain level of
power quality and reliability even if large amounts of intermittent resources are present. It is

physically independent of a utility grid.

4.3.2 Structure of the isolated microgrids

The isolated microgrid only contains DER, loads, and other control and monitoring devices. It
has no connection with a larger utility grid. The structure of the isolated microgrid shall meet
the following objectives:

a) ensure the safe, secure and steady operation of the system;

b) provide stable power supply to critical loads, if any;
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c) improve the economy of the system if possible.
4.3.3 Voltage response characteristics

When the voltage of the isolated microgrid is outside the normal range, the DER shall respond
timely to ensure the reliability of the power supply. The DER shall be designed to withstand
abnormal voltage for certain duratlons In this situation, the protectmg deV|ces shaII not

The EES may also prowde suff|C|ent reactlve power tlmely to reduce the voltage deV|at|on

4.3.4 Frequency response characteristics

Without active power support from the utility grid, the frequency response characteristics of
DER are especially significant for the isolated microgrid. There shall be at least one
controllable DER to provide frequency support. When the frequency is outside\ the normal
range, the DER should respond accordingly to ensure the power quality and the\reliability of
power supply. The EES may also provide sufficient active power timelyto reduce the
frequency deviation.

5 Control of microgrids

5.1 General

The control structure may have several hierarchies. For,éxample, the main control system of
the microgrid is the primary control in each unit by locakdroop control, and this control may
have a proportional characteristic (P control). The central controller is a secondary loop, and
this control may have an integral characteristic (k€ontrol). The local control at each mode
reacts on measured frequency and voltage Jocally. The central control is needed for
coordinating and optimizing purposes, it is also needed to guarantee steady state accuracy
prior to resynchronization. The microgrid gets access to the utility grid through the interface
switch.

In isolated microgrids and island mode of non-isolated microgrids, the major function of
energy management system (EMS)*is to balance the loads and generation and manage the
electrical energy storage capacities.

a) In the grid-connected mode, monitoring, information exchange, and control can be used to
optimize the operatian/of the DER and to control the power flow between the microgrid
and the utility grid.

b) In the island mode, DER should be sufficient to support the microgrid voltage, frequency
and phase_angle conditions. When the microgrid is reconnected to the distribution
network, cenditions of the microgrid and the utility grid at the POC shall be monitored for a
certain-observation time duration to check for synchronization conditions. The microgrid
can reeonnect only if all these conditions are met.

NOTE The non-isolated microgrid that can work in grid-connected or island mode can or cannot have the
black start capability, considering its importance and function to the utility grid.

¢)> In the isolated microgrid, several points should be considered:
— active power and reactive power should be balanced,;

— voltage and frequency shall be adjusted within the permissible range;

— some technical measures, such as load tracking, load management and load shedding
should be adopted,;

— the dynamic response of the DER shall be provided;

— the DER should have active and reactive power generation capacity and response
characteristics to maintain power quality levels;

— the isolated microgrid shall have its own black start capability.
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Figure 1 and Figure 2 give examples for the structure of the non-isolated microgrid and
isolated microgrid respectively.

The EMS mainly manages the power generation of the microgrid and its functions may include
weather forecast, DER power generation forecast, load forecast, generation planning and
dispatching, etc. It shall also manage data, and provide information to meet operation needs.
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Figure 1 — Example for a non-isolated microgrid
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Figure 2 — Example for an‘isolated microgrid

5.2 Control of the non-isolated microgrid
5.2.1 Control of the grid-connected mode
5.211 Active power control and frequency regulation

The system frequency shall be\ regulated by the utility grid through active power control.
Typically, the transmission sy§tém operators (TSO) define the system operation requirements
regarding frequency regulation. The distribution system operator (DSO) passes these
requirements to its netwefk/ customers.

The microgrid in grid=connected mode is not required to regulate frequency unless the DSO
has special requirements.

In this operation mode, the power flow at POC is bidirectional, meaning that the microgrid can
export toor import active power from the utility grid. Combined with load shedding
capabilities, the microgrid may also be able to provide auxiliary system services to the utility
grigd:

5.2.1.2 Reactive power control and voltage regulation

Power tactor at POC can be adjusted by the utility grid and microgrid within a certain range
for grid-connected mode, and can be out of the range for a specified time. For a small
capacity microgrid, a Q/U approach may be useful, and when the microgrid is in island mode,
the power factor is defined by load or power factor compensator (capacitor bank or active
filter). Microgrids shall be capable of generating reactive power. In some cases, reactive
power compensation equipment is required to adjust the utility grid voltage to the normal
range. The power factor shall be adjusted within an allowable range, and the reference
parameters are shown in Table E.1. When the utility grid operates in steady state, there are
several reactive power control schemes that can be applied to the microgrid to provide static
voltage support:
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a) constant power factor 4;

b) reactive power as a function of active power Q(P);

c) fixed reactive power QOyy;

d) reactive power as a function of voltage Q(U);

e) reactive power as a function of active power and voltage at the same time Q(P,U).

Under specific conditions of the utility grid shown in Table E.1, the dispatching mechanism of
the microgrid is required to operate in either mode. This is to provide an operation curve or
goal setting value, while ensuring the power factor is within the range specified in Table E.1.

The power provided by photovoltaic, wind and other kinds of DER fluctuates all the time:"DSO
can provide a characteristic curve which defines power factor as a function of active”power
A(P). For a constant active power output, DSO may require it to operate in fixed power factor,
and in some situations compensation measures are needed. When the utility gridivoltage is in
variable state, DSO can provide a characteristic curve, which defines reactive power as a
function of voltage characteristics.

The reactive power of the DER shall be adjustable within a required,rahge. It needs to have
the ability to change reactive power output within a range and specified time duration and as
often as required. If a characteristic is specified by the DSO, reactive power value resulting
from the characteristic shall be able to adjust automatically.

Under the permission of DSO, the microgrid may participate in voltage regulation at the POC
as ancillary service. Power factor can be adjusted within the allowable range provided by the
DSO.

The integration of the microgrid and the utility,grid may have an impact on the voltage of the
utility grid. Utility grid operators can change(the voltage adjustment by the DER in low voltage
distribution network with the need of utility:grid operation.

In order to satisfy the requirements of the utility grid, microgrids may participate in the steady
state voltage control of the medium voltage grid. DER of asynchronous machines and
converter types in the medium, voltage level shall be able to participate in the voltage
regulation of the POC by :reactive power control, especially for direct drive permanent
magnetic wind turbine machines. The range of the power factor is related to the regulation
ability of various DER. For power factor requirements, Annex E gives typical values cited in
some standards

5.2.2 Control of the island mode

The operation” control scheme of the island mode shall be consistent with the planned
operating‘configuration of the island mode.

Therée.are four-atternative options of control schemes, as follows:

a) centralized control: in this control scheme, a central controller gives commands to the
entire system through a master-slave control configuration between the central controller
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b) decentralized control: this control scheme is accomplished through independent controls

communicating with each other. This strategy uses intelligent devices that are strategically
located to detect the conditions and initiate the required actions;

c) hierarchical control: this control scheme combines the central and decentralized control;
d) autonomous control: this kind of control scheme is accomplished through independent
controls without communication with other devices.

In the island mode of the microgrid, at least one of DER shall operate in U/-f mode to maintain
voltage and frequency, and other DER-shall should operate in—2/9 P-O mode. The DER
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voltage controller shall be coordinated with other regulating devices in the system. This will
require some type of control that will coordinate the set points of different DER units and
reactive power compensation equipment and voltage regulators to maintain the desired
voltage profiles. The frequency regulation ability of DER in the island mode shall be similar to
the isolated microgrid as described next in 5.3.

5.3 Control of the isolated microgrid

The steady state control of the isolated microgrid is different from the island mode of the
non-isolated microgrid:

a) The ratio of electrical energy storage capacity to the total of other DER capacity-in| the
isolated microgrid shall be much larger than that of the island mode;

b) The desired power quality of the isolated microgrid could be different from~that of the
island mode depending on the load demand requirements;

c) The isolated microgrid works currently in a self-sustained and independent way based on
the load requirements, while the non-isolated microgrid only operates in island mode
within limited time duration;

d) From the control point of view such as voltage and frequency control, strategies are
different even though there are some common points;

e) The frequency and voltage of the non-isolated microgridy-<in island mode should be
monitored all the time in order to reconnect back to the utility grid.

DER in isolated microgrid shall have frequency regulation-ability. DER shall not adjust active
power if the frequency is outside the regulated range(according to Figure 3. With the required
accuracy and at the required time, DER shall adjust’active power versus frequency response
as soon as possible. Once these requirements can no longer be met, this active power level is
maintained constant.

In Figure 3, the frequency threshold values may be provided for the isolated microgrid
according to load demand. For the frequency range between f, and fy;, the power of DER shall
be decreased when the frequency.i$ increasing. The overall effect of the regulation on
frequency should emulate the right“hand part of the droop curve given. Similarly, for the
frequency range between f3 and\f;, the power of DER shall be increased when the frequency
is decreasing; even non-essential loads may be regulated or disconnected (load shedding),
emulating the left hand part-of the droop curve.
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Figure 3 — The P-f control in isolated microgrid

fnet refers to the system frequency axis, and the values af~other parameters are shown in
Table 1.

Table 1 — Example for the isolated microgtid‘frequency response of 50 Hz

Parameter Value
Hz
fo 50,0
i 49,95
1o 50,05
/3 49,5
/a 50,5
J1 47,0
Sy 53,0

NOTE The valdesi\in Table 1 are examples (refer to+2}3 IEC 60364 series) applied to isolated microgrid.

The DER\with capacity over, for example, 100 kVA, shall be able to limit its power output
according "to dlspatch mstructlonsihe—stegueLDER—aen¥eupewerﬁpeFFeeuet+e#uﬂder

per—mme%e% When fNet< S or fNet> fH, the DER shall be d|sconnected from the mlcrogrld
When f3 < fyet < f4 Within an isolated microgrid, there is no adjustment to the output power of
the DER. When f; < fyet < f3 Wwithin an isolated microgrid, the DER shall increase their output

nowerswithin thair canacity 1n Aardar tn camnancata tha micraarid froanianeoy dran \AMhaon £ <
PoOW-S+S—WrtrHHA—tHeH—Eapa Gty——o+ae—o0—coHperSate—+e—HereogHrea—HequeRey—arop—ryHoer

Jfnet S fi» the DER shall decrease active power output if frequency increases.

The setting values of an active power gradient and a step response maximum time are
provided by the isolated microgrid. The microgrid users’ requirements for the step response
time depend on the technology. DER with fast response characteristic (e.g. converter based
EES) shall react within a maximal step response time. If this is not technically feasible with
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slower reacting DER (e.g. gas turbines, combustion engines, hydro turbines), the DER shall
be disconnected.

The active power change of DER shall meet the requirements for secure and stable operation
of the isolated microgrid.

Without the support from utility grid, there shall be one or more (or one group of) DER of high

reliability to work in U/f mode to maintain the stability of voltage and frequency for the isolated
microgrid. There should be a transient control system to maintain stability for the isolated
microgrid operating at the boundary of the unstable situation.

NOTE Wind power generators or photovoltaic arrays do not have the ability to work in U/f mode, considering their
output fluctuation. A large enough capacity is one of the necessary conditions for the electrical energy”storage
device to be chosen.

6 Communication and monitoring

6.1 General

The DER in a microgrid should have the ability of data commupjcation with the monitoring
system, which can collect the electrical operating conditions of the’microgrid and receive the
instructions of control adjustment from the dispatching department in the utility grid. The
microgrid shall monitor the system and record the operating ‘conditions.

In the grid-connected mode of the non-isolated micpogrid, the communication methods and
information transfer between the microgrid and the-dispatching department including the
telemetry, telecom and remote control, remote. adjustment signal, shall comply with the
relevant standards and DSO requirements.

6.2 Communications of microgrids
6.2.1 General

The microgrid communication system shall be responsible for retrieving information from the
utility grid, microgrid field and-equipment in the microgrid and vice versa. Despite their key
functions, these communication protocols shall have incorporated security measures,
including security against inadvertent errors, power system equipment malfunctions,
communications equipment failures, or deliberate sabotage.

If different communication protocols are used, they shall be interoperable. To connect multiple
components, a communication system shall reconcile network and protocol differences
transparently-\to' the components. The content of this subclause is based on existing or
emerging~standards and applications. |EC 61850-3, IEC 61850-4, IEC 61850-5 and
IEC 61968=1 are recognized as the core standards for the smart grid and should be used for
the microgrid applications.

6.2:2 Communications between non-isolated microgrids and the utility grid

a) In the normal operation mode, microgrids shall exchange information including voltage,

% <l HE Y N Y il 4 -l
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b) Microgrids shall be able to receive commands from the dispatching department of the
utility grid when the utility grid needs support from microgrids;

c) For the mode transfer, microgrids may send signals to the utility grid when preparing to
transfer from island mode to grid-connected mode or vice versa. Then the utility grid shall
respond to it.
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6.2.3 Communications inside the microgrids

Communication and data exchange are extremely important for the safe, secure and reliable
operation of the microgrid. Data exchange may be realized among DER, essential loads
and/or central controller.

NOTE Data exchange with electrical energy storage is important to manage the microgrid.

6.3 Monitoring the DER
The microgrid mainly monitors the following concerning DER:

a) the voltage and current of the DER in microgrids;

b) the active and reactive power exchanged between DER and microgrids;

c) the state of change or state of the electrical energy storage system in microgrids;

d) the fault states of DER in microgrids.

Besides the above contents, the microgrid also monitors the following concerning non-isolated
microgrid:

1) the voltage and current of the POC;

2) the active and reactive power exchanged between microgrids)and the utility grid.
6.4 Monitoring the switching devices for non-isolated,microgrids

The monitoring system shall meet the requireménis of electric power communication
concerning relay protection, automatic safety devices, automation systems, dispatching
devices and other services. The data of switching.devices in the non-isolated microgrid to be
monitored include:

a) the transformer tap changer positionfithé switching status of circuit breakers inside the
non-isolated microgrid;

b) the main transformer tap changer position, the switching status of circuit breakers at the
POC;

c) the switching status of DER.
6.5 Monitoring the switching devices for isolated microgrids

The monitoring system shall meet the requirements of electric power communication
concerning relay pratection, automatic safety devices, automation systems and other services.
The data of switching devices in the isolated microgrid monitoring includes:

a) transformer tap changer position, the switching status of circuit breakers inside the
microgrid;

b) thesswitching state of DER.

7~ Electrical energy storage

71 General

EES is playing a very important role in microgrids, depending on what kind of EES is used.
From the function point of view, they are classified as two types: power type and energy type.
The power type is mostly used in isolated microgrids for transient or dynamic stability control.
The energy type is mostly used for power balance. EES can work as load when it is charging
and also as a generator when it is discharging. Converter control techniques are also
essential when working with different EES.
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7.2 EES in non-isolated microgrids

7.21 Requirements for EES in grid-connected mode

a) When the microgrid is in the grid-connected mode, the EES shall adopt the P/Q control
mode. The setting power value of EES should aim to guarantee the power quality of the
utility grid. In this way, EES can ensure that the output power of microgrid system to the
utility grid is smooth.

b) EES shall absorb the active/reactive power from the power grid or output the
active/reactive power to the utility grid based on the system demand (or EMS instructions)
to ensure the stability of the power flow in the microgrid and the POC.

¢) When in the grid-connected mode, the voltage and frequency of the microgrid could be
supported by the utility grid and the EES could stop operation, especially (in-load
smoothing state.

7.2.2 Requirements for EES in island mode

a) In island mode of non-isolated microgrid, the black start may or may net.be necessary but
the EES plays a major role for the black start. Among the energy storage converters, the
one with the largest capacity shall adopt the control mode of Ulf, to'gstablish and maintain
the system voltage and frequency, if there is no other major-'stable DER such as
microturbines or diesel generators.

b) When the output power of the DER in the microgrid canfnat meet the load demand, the
EES shall start the power compensation working as genération. When the output power of
the DER in the microgrid exceeds the load demand, the redundant power shall be
absorbed by the EES working as load. If the EES\works as generation and the load
balance is still not met, then load shedding is jnevitable depending on the load demand
and the capacity of the EES, even some of ‘the critical and sensitive load, cannot be
supplied.

7.2.3 Requirements for EES in mode transfer

a) When the microgrids transfer from.grid-connected mode to island mode, the transient
action could cause stability problems. In the microgrid, energy storage converters and
transient control systems shall promptly operate to ensure the system stability. Sufficient
power energy storage capacity' may be chosen to ensure the stable operation of the
microgrid.

b) When the microgrids transfer from island mode to grid-connected mode, energy storage
converters may timely)detect the voltage amplitude, phase angle and frequency of the
utility grid, and then“adjust the voltage amplitude, phase angle and frequency of the
converters to meetithe synchronization requirements.

c) Fast and smooth mode transfer of microgrid can reduce the influence on the sensitive load
and DER due to the mode transfer. The strict grid synchronization condition shall be set to
reduce the“surge current of the microgrid, through EES and ensure the stable operation of
the microgrid and the utility grid.

d) If-the EES act as the main resource in the island mode, when transferring from grid-
connected to island mode, the control strategy mode shall transfer from P/Q control to Ulf
control, and the system shall have anti-islanding detection ability.

€) Low voltage and high voltage ride through (LVRT or HVRT) capability of the energy
storage system shall match IEC TS 62898-1.

a) In an isolated microgrid, consideration for the capacity of the EES is totally different from
that of the non-isolated microgrid in island mode. The capacity of EES is much larger than
that of non-isolated microgrid in island mode, depending on what kind of EES is used and
the load demand. In the isolated microgrid, there is at least a rotating machine such as
microturbine or diesel generator that is set to operate in U/f mode. If more than one EES
is used, a group of larger EES shall work in U/f mode to support the isolated microgrid in
order to maintain the system voltage and frequency stability under the condition that the
rotating machines are either not regulated fast enough, shut down or faulty. In the isolated
microgrid, the black start is necessary and the EES can play a major role.
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b) When the output power of the distributed generation in the isolated microgrid cannot meet
the load demand, the lack of the power supply for the critical and sensitive loads shall be
guaranteed by EES.

c) When the output power of the distributed generation in the isolated microgrid exceeds the
load demand, the redundant power shall be absorbed by the EES.

7.3 EES management

The EES management shall:
a) detect the working state of each element of the EES dynamically, and the working state of
the overall EES;

b) estimate the output capacity of each element among the EES and balance energy lamong
EES; the state of charge for each element of the EES should be given, and~the overall
state of charge should be given as well;

c) prevent the EES from overcharging and over discharging;
d) increase the security and reliability of the EES;

e) extend the service life of the EES;

f) raise the utilization efficiency of EES.

8 Protection principle for microgrids

8.1 General

Non-isolated and isolated microgrids shall have{the corresponding protective relaying
functions to prevent equipment from being damaged and to guarantee secure operation.
When a non-isolated microgrid transfers from~grid-connected mode to island mode, the
configuration, power flow, neutral earthing)and short-circuit current values will change.
Therefore, the microgrid protection setting values shall be reconfigured accordingly. The
microgrid protection should also take intoraccount reliability, selectivity, sensitivity and speed.

8.2 Principle for protection in*a~non-isolated microgrid

Depending on the configuration, both the utility grid and the DER in the microgrid contribute to
the short-circuit currents. The contribution to short-circuit currents from the microgrid depends
on the configuration of thé_microgrid at any given time.

8.3 Reclosing with synchronization in a non-isolated microgrid

Before reclosing, synchronization should be achieved.

Synchranization requires that the microgrid components (mainly DER) are equal or close to
the utility*grid voltage, phase angle and frequency.

Forthe microgrid DER of synchronous machines, the parameter settings of synchronous
interconnection are of great importance. The DER of asynchronous machines can be driven
by the prime mover to connect the synchronous devices before close to the synchronous

Speea.

If the utility grid reclosing devices attempt to reclose before the microgrid is ready for
reclosing, utility grid, the microgrid and DER equipment may be damaged.

If the DER cannot coordinate with the reclosing scheme of the utility grid, it may be necessary
to alter the microgrid interconnection system or modify the reclosing POC breaker on the
utility grid. Modification of utility grid reclosing may require the replacement of reclosing
devices or the installation of supervisory relaying to inhibit reclosing if the DER have not been
disconnected.
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If the island resulted from the operation of a breaker because of a fault, it is unlikely that the
DER are capable of synchronizing to the utility grid at that breaker. Sometimes the island is
shut down before it can be reconnected to the utility grid, regardless of intentional or
unintentional island. Both the microgrid and the utility grid will typically study the DER
connection and determine whether the reclosing will impact the fluctuation of voltage and
frequency.

8.4  Principle for protection in an isolated microgrid

The contribution to short-circuit currents from the microgrid depends on the configuration of
the microgrid at any given time. Moreover, due to the solid state inverters or converters, small
fault current values cannot guarantee the accurate action of the traditional protective relays,
and specific algorithms sometimes are needed. In some cases, fiber-optic current differential
protection should be used as the main protection, and directional or non-directional
overcurrent protections should be used as the backup protection. Longitudinahdifferential
protection and overcurrent protection should be installed on the DER side of theline.

9 Power quality and EMC of microgrids

9.1 Power quality in non-isolated microgrids

When the microgrid is connected to the utility grid, the microgrid operation shall not cause
unacceptable disturbances to other network users.

The disturbance phenomena considered are:

e voltage fluctuations and flicker;

e harmonics up to and including the 40th harmonic;
e inter-harmonics up to the 40th harmonic;

e voltage distortions above 2 kHz;

e voltage dips and short supply intésruptions;

e voltage unbalance;

e transient overvoltage;

e power frequency variafion;

e DC components;

e mains signaling.

The power gquality parameters at the POC should comply with IEC TS 62749.

Unless _otherwise specified and mutually agreed, the power quality levels at IPCs (in-plant
point/éf*coupling) shall be the same in grid-connected and island modes.

9.2 Power quality in isolated microgrids

Unless otherwise specified and mutually agreed, the power quality levels shall be the same as
in the grid connected microgrids.

9.3 EMC in microgrids

Microgrids shall be designed with consideration of electromagnetic emissions and for
immunity to various electromagnetic phenomena.

The design and operation of a microgrid shall be consistent with the relevant EMC standards,
which include compliance with IEC 61000-1-7, IEC 61000-4-7, IEC 61000-4-30, besides
specific product standards.
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10 Maintenance and test of microgrids

10.1 General

Microgrid operation and maintenance staff shall make maintenance and test plans both for
isolated and non-isolated microgrids. When doing the above, the staff shall coordinate with
the DSO.

As a part of the regular maintenance and test, the equipment of the microgrid shall be
reassessed periodically, and be reassessed based on the equipment conditions.

10.2 Maintenance
The requirements for maintenance are as follows:

a) Microgrid operation and management department shall make the maintenahkce plan;
b) The personnel of operation and maintenance in the microgrid shall be professional staff;

c) The operators of the microgrid shall regularly supply the operatior’ information for the
maintenance plan: the status of the protection devices, grolnding equipment, other
security equipment and all the DER equipment. The micregfid shall have a specific
maintenance cycle, and all the information shall be recorded,

10.3 Test
All equipment in the microgrid shall meet the test requirements specified below:
a) Implementation of test procedures shall be,¢onducted in accordance with appropriate

safety procedures, sequences and precautions;

b) The test environment shall be within the~qualified manufacturer’s specified environmental
operating conditions;

c) The test results should coordinate with the requirements from the DSO, and should meet
the requirements of all DER instruction manuals.
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Annex A
(informative)

Business use case A: Improving reliability
and securing the energy supply by islanding

Whole name: Microgrids that aim at improving reliability and securing the energy supply for all
or part of their loads by islanding management.

This BUC is based on document IEC SyCSmartEnergy/32/CD, and is intended to be reviewed
in view of keeping consistency with IEC TS 62913-2-14, Generic Smart Grid Requiremients —
Part 2-1: Domains — Grid related domains, these include transmission grid management,
distribution grid management, microgrids and smart substation automation.

Operation and related technical issues:

This Use Case can be decomposed in four steps, including a total of six'scenarios:

e Step 1: Before islanding (scenario 1)
e Step 2: Starting the islanding with one of the following scenarios:

— Preventive islanding if a supply interruption is planned; or a grid outage is expected
(scenario 2);

— Automated islanding in case of unplanned grid/failure (scenario 3);
— Black start recovery to re-supply loads after\grid failure (scenario 4);
e Step 3: Maintaining the islanding (scenario, 5);
e Step 4: Reconnection to the main grid (scénario 6).
Scenario 2 is only applicable for planned grid outages, which can be planned maintenance of
upstream equipment, or anticipation\of possible upcoming failure or constraints on the

network (storms that could damage“overhead lines, voltage limit reached locally due to PV
injection, line congestion are non-exhaustive examples).

Scenarios 3 and 4 are appticable when an unplanned outage of the main grid occurs. The
choice between both scenarios depends on the technical capabilities of the microgrid:
automated islanding is\better for the clients, as they do not sustain any outage, but is much
more technically ,complicated to achieve, and thus needs more equipment and more
investments.

The processes before and during the islanding, and for the re-connection to the main grid, are
the samg in/every case.

Before islanding (scenario 1):

When the microgrid is connected to the main grid, in normal operating conditions, the
microgrid manager monitors the state of the main grid and of the different generators, storage

systems, controllable loads and other flexibilities inside the microgrid, to be able to island if
an outage occurs, and to assess the possible duration of islanding. The microgrid manager
informs in real time the MV/LV system operator about the microgrid’s possibility to island. For
distribution microgrids, the MV/LV system operator gives an authorization to island in case of
outage.
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The microgrid manager also prepares the different generators, storage systems, controllable
loads and other flexibilities, so that they are in the optimal state to start islanding if necessary,
in coordination with the other use cases using them. For example, a certain percentage of a
storage system’s state of charge could be reserved to enable islanding, and not be used for
other use cases. To prepare a generator, storage system or controllable loads, the microgrid
manager can either have direct control, or pass through a system manager (DER operator or
EES operator).

The preparation and the assessment of the islanding duration takes into account the
forecasting of the consumption and production inside the microgrid.

Starting the islanding — Preventive islanding (scenario 2):

The preventive islanding can be triggered by one of the following events:

For distribution microgrids, the MV/LV system operator informs the microgrid manager that it
should perform a preventive islanding due to:

e an operation on the network that will cause a supply interruption jp-the microgrid area; or
e an expected grid failure due to climatic events or constraints of*the network.

The MV/LV system operator informs the microgrid manager‘about the starting time and the
duration of this event.

For facility microgrids, the private network operatdr)can decide to operate a preventive
islanding if he receives one of the following information:

e The MV/LV system operator informs about, an operation on the network that will cause a
supply interruption in the facility area;

e The MV/LV system operator or a weather forecast provider informs about an expected grid
failure due to climatic events;

e The MV/LV system operator inferms about an expected grid failure due to grid constraints;

e The private network operatoricalculates from market prices that it will be less expensive to
island for a given period efttime.

In coordination with other\use cases, the microgrid manager prepares the different generators,
storage systems, controllable loads and other flexibilities, so that the system will be able to
island during the entire event. The microgrid manager informs the MV/LV system operator
about the microgrid’s possibility to island.

Before the_event starting time (real or expected), the microgrid manager takes control of the
operation\mode of the different generators, storage systems, controllable loads and other
flexibjlities, and starts the islanding by physically disconnecting the microgrid from the main
grid-afnd simultaneously switching the relevant resources to islanding mode.

Automated islanding (scenario 3):

At a given time, an unplanned outage occurs on the main grid, and is detected by the
microgrid manager. If the conditions allow it, the microgrid manager takes control of the
operation mode of the different generators, storage systems, controllable loads and other
flexibilities, and starts the islanding by physically disconnecting the microgrid from the main
grid and simultaneously switching the relevant resources to islanding mode.

The microgrid manager informs the MV/LV system operator about the microgrid’s islanding
state, and the possible duration of the islanding.
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Black start recovery (scenario 4):

At a given time, an unplanned outage occurs on the main grid, and the microgrid is enabled to
automatically island, and thus powered off. The microgrid manager evaluates the possibility to
perform a black start recovery, and informs the MV/LV system operator about it.

If a black start is possible, the microgrid manager takes conirol of the operation mode of the

different generators, storage systems, controllable loads and other flexibilities, physically
disconnects the microgrid from the main grid and simultaneously switches the relevant
resources to islanding mode, and performs a black start by managing the electrical energy
resources and the other flexibilities. The microgrid manager assesses the duration that it will
be able to maintain islanding, and informs the MV/LV system operator about it.

Maintaining the islanding (scenario 5):

Once the islanding is started, the microgrid operator has control over the different generators,
storage systems, controllable loads and other flexibilities, and manages them to maintain the
islanding for the targeted duration. If it is impossible to maintain all theloads supplied for the
total duration, the microgrid manager optimizes the supply time of the loads, taking into
account eventual priorities between the loads.

The microgrid manager regularly assesses the possible duration of the islanding, and informs
the MV/LV system operator about it. This assessment takes’into account the forecasting of
the consumption and production inside the microgrid.

If, due to a lack of production, consumption or flexibility, the islanding becomes impossible to
maintain, the microgrid manager safely powersiout the microgrid area, or reconnects the
microgrid to the main grid if it is possible.

Reconnection to the main grid (scenario6):

When the power on the main grid_is;back to normal conditions, the MV/LV system operator
informs the microgrid manager that it can reconnect the microgrid. The microgrid manager
then manages the different .generators, storage systems, controllable loads and other
flexibilities to enable a recohnection without perturbation, and physically performs the
reconnection. It informs the MV/LV system operator about the reconnection, and gives back
the control of the different generators, storage systems, controllable loads and other
flexibilities to the other,use cases.
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Annex B
(informative)

Business use case B: Electrifying remote areas
and using renewable energy sources

Whole name: Electrifying remote areas, reducing conventional public distribution cost and
using renewable energy sources.

This BUC is intended to be offered to IEC SyCSmartEnergy to initiate new developmentiin
IEC TS 62913-2-1, Generic Smart Grid Requirements — Part 2-1: Domains — Grid._reldted
domains, these include transmission grid management, distribution grid management,
microgrids and smart substation automation.

This BUC implies that microgrid is one of the solutions to promote electrification for far rural
areas or islands with integration of renewable energy resources (or, ‘distributed energy
resources DERs). This BUC serves a community with weak transmission or distribution
feeders.

Scope

This business use case (BUC) concerns isolated microegrids used for purposes such as
electrification in far rural area or geographic islands.

Objective(s)

e local electrification in developing areas, eventually before the construction of large public
distribution network;

e electricity supply in islands or areas.where there is no possibility to have connection to
large public distribution network;

e electricity supply in islands or-areas where there is public distribution network but its
power reliability and power quality are very poor.

Basic functions

Black-start, frequency.land voltage regulation, guarantee necessary power reliability and
power quality.

Advanced functions

Load shedding, load control forecast and power generation.

Figure B.1 shows one actual application case of this kind of microgrids built in China:

e)" The local area is far from existing public electric power distribution system.

e low power rplinhility and high maintenance cost of the m(ic’ring pllhlir‘ distribution grid

e Some critical loads in this area need high power reliability power supply.

o Local renewable energy resources are available.



https://iecnorm.com/api/?name=b47307139a1b92de8d089c6d11d62fd1

IEC TS 62898-2:2018+AMD1:2023 CSV - 33 -
© IEC 2023

Far and low reliability distribution network

uuuuuu

| ] Distribution

}
o

Load repartition
Normal loads

O
I —— J \%
S

Figure B.1 — One of the actual exan@{fes of mainly-isolated microgrids used
for eIectrifiQtlon in far rural area
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Annex C
(informative)

Business use case C: Reducing energy costs for microgrid users

Whole name: Microgrids that aim at reducing energy costs for microgrid users in the grid-

conmnected mode by oplimiZing the assels suclt as energy storage, dispatchiable loads and
generators, providing ancillary services to the grid, efc.

This BUC is intended to be offered to IEC SyCSmartEnergy to initiate new developmentiin
IEC TS 62913-2-1, Generic Smart Grid Requirements — Part 2-1: Domains — Grid _related
domains, these include transmission grid management, distribution grid management,
microgrids and smart substation automation.

Operation and related technical issues:

This BUC concerns non-isolated microgrids used in grid-connected mode:

Assuming compliance to grid code and agreement between public.Nétwork Operator and the
Microgrid Operator, the optimization of the microgrid’s assets canyprovide several services to
its customers: reduction of the energy cost, increase (of’ local energy consumption
(self-consumption), decrease of greenhouse gases emissions,) etc.

The operational issues to achieve these goals are, highly dependent of the regulatory
framework, especially on the following points:

— Possibility or not to have different levels of ‘energy metering and billing: at the microgrid
level, and at the customer's level.

— Status of the microgrid as a consumer or as a producer, and market structures for
decentralized production.

— Considering the second point, several options can exist, which will impact the optimization
strategies:

e Option 1a: The microgrid*operator can sell the over-generated renewable energy to the
grid with or without limitation in energy quantity according to the absorption capacity of
the public network) In this case, the microgrid is considered temporally as a power
generator (cf.sexisting business model). In this case, the optimization is done
considering_the-buying and selling costs of electricity.

e Option 1b: The microgrid operator can inject the over-generated renewable energy to
the grid,\with penalty for the quantity energy injected (new business model).

e Option” 2: The microgrid operator can’t sell over generated renewable energy to the
grid”(new business model). The total customer load curve shall be kept to positive or
zero value, it never reaches permanently negative power value, i.e., maintaining the
load profile as “consumer” rather than “generator”. In this case, technical and political
solutions should be studied further and put in force in order to avoid the injection of
negative power into the public network:

— Svystem of nenalty on customer hilling for the iniection of negative nower to the pnublic arid
J T J ~J J ~J T T ~J

(threshold, duration, price, etc.).

— Real-time monitoring of customer load curve and sending an information or control signal
for customer to regulate or limit their power generation on time.

— Last remedy to be studied further: circuit breaker (smart meter) in case of permanent
negative power injection. Remark: there are technical risks if breaking off a power
generation; further study should be carried out.
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Requirements of the grid side for the above new business models:
a) Bidirectional meter for options 1 and 2. Or unidirectional meter for option 2 but with
monitoring of the negative power;

b) Remote control of the circuit breaker at the POC in case of grid event as the microgrid is
considered as a generator.

Requirements of the microgrid side:

Microgrid manager shall use power regulation and energy management systems within its own
network in order to obtain the following functional possibilities:

1) Power regulation and control. e.g., for option 1, it regulates the total injection power at‘the
POC under the given threshold. For option 2, it guarantees positive or zero power at the
POC;

2) Local island mode for part or whole customers loads;

3) Neutral and ground link management for both grid-connected and island>modes: keep the
continuity of neutral and ground.

Microgrid power regulation and energy management system is conSidered as microgrid
equipment and it shall be installed downstream the meter under-the microgrid operator’s
responsibility.

Figure C.1 provides a simplified representation of the option's (Figure C.1 may be part of a
future system use case):

k| ocal optimisation of energy resources

Upstream
grid HV/LV POC, meter

© O —l

I Local islanding RnE

DSQ.info, etc. @

R

I A

. Customer regulation and EMS \EC

Figure C.1 — Principle scheme of customer energy management
and information exchange with upstream grid

In Figure C.1, the customer power regulation and energy management system (EMS) is
installed within the microgrid’s premise. The information link with DSO may be via internet or
dedicate contract between microgrid operator and DSO.
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Annex D
(informative)

Business use case D: Optimizing local resources to provide
services to the grid/disaster preparedness

Whole name: Optimize local resources within microgrids in order to provide grid and customer
services to the grid/disaster preparedness.

This BUC is intended to be offered to IEC SyCSmartEnergy to complement
IEC TS 62913-2-1: Generic Smart Grid Requirements — Part 2-1: Domains — Grid_reldated
domains, these include transmission grid management, distribution grid management,
microgrids and smart substation automation.

Scope

Community microgrids serve critical facilities such as hospitals, police, grocery stores,
pharmacies, emergency shelters, police and fire stations, banks and 'community cell-phone
charging centers, and community communication assets. Such~microgrids are also called
“town center” or “oases” microgrids and can provide electricity(to"multiple customers in the
case of an emergency (e.g. storms, wind, fire, terrorism) whichtcouldn’t be supplied by public
power supply system under this circumstance.

Objective(s)

e Ancillary service for electric power system sueh as frequency regulation, aria voltage
control,

e Social/community safety and continuity;
e Limiting loss of property and life;

e Post-disasters of electric power_system (enhance black-start capacity, help to start local
wind turbine or HVDC link, etcy);

e Re-synchronization with utility grid.

This BUC implies that microgrid or distributed energy resource is one of the solutions to
perform electric power system services.

Basic functions

Black-start, MAR control, frequency and voltage regulation, automatic transfer switching.

Advanced-functions

Management of priority of distribution, operation as a virtual power plant (i.e. multiple
government facilities) to respond to a grid event (e.g. ancillary services, load curtailment).



https://iecnorm.com/api/?name=b47307139a1b92de8d089c6d11d62fd1

IEC TS 62898-2:2018+AMD1:2023 CSV

© IEC 2023

37—

Annex E
(informative)

Example of power factor requirements cited in some standards

Power factor requirements for distributed power grid of different standards are given in

Iable E.T.

Table E.1 — Power factor requirements

DER capacity

Constant power factor

A

Standard

30 kW or more

Adjustable between—08;9~+0;9 0,9 (over
excited or capacitive) ~ 0,9 (under
excited or inductive)

30 kW below

Fixed value between—0,;9=+0;9 0,9
(over excited or capacitive) ~ 0,9 (under
excited or inductive)

CSA S$td.«C22.3-9: 2007

3,68 kVA < Apparent power < 13,8 kVA

Adjustable between—6;95~+0,95 0,95
(over excited or capacitive) ~ 0,95~(under
excited or inductive)

Apparent power < 3,68 kVA

Fixed value between—0,95-4~0795 0,95
(over excited or capacitiv€)~~ 0,95 (under
excited or inductive)

VDE-AR-N4105:2011

All DER

Adjustable between-0,95~+0,95 0,95
(over excited or eapacitive) ~ 0,95 (under
excited or induetive)

BDEW: 2008
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84 This 15t edition edition was replaced in 2018 by a 2"? Edition.
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stand-alone electrification systems — Specific case of automotive flooded lead-acid batteries
available in developing countries

IEC TS 62257-9-2:200695, Recommendations for renewable energy and hybrid system for
rural electrification — Part 9-2: Microgrids

IFC TS 62257-9-3-2006196 _Recommendations for renewable energy and hybrid system for

rural electrification — Part 9-3: Integrated system-User interface

IEC TS 62257-9-4:2006+7, Recommendations for renewable energy and hybrid system-for
rural electrification — Part 9-4: Integrated system-User installation

IEC TS 62257-9-5:2013%28, Recommendations for renewable energy and hybrid-system for
rural electrification — Part 9-5: Integrated system-Selection of stand-alone lighting-kits for rural
electrification

IEC TS 62257-9-6:2008, Recommendations for small renewable energy'and hybrid systems
for rural electrification — Part 9-6: Integrated system — Selection of(Photovoltaic Individual
Electrification Systems (PV-IES)

IEC TS 62898-3-1:__*39, Microgrids — Technical Requirements “-Protection

IEC SRD 62913-2-1:2019, Generic smart grid reqliirements — Part 2-1: Grid related domains

BDEW:2008, Technical Guideline for Generating Plants Connected to the Medium Voltage
Grid

VDE-AR-N4105:2011, Power generation systems connected to the low-voltage distribution
network — Technical minimum réquirements for the connection to and parallel operation with
low-voltage distribution netwolks

CSA Std. C22.3-9:2007,- Interconnection of Distributed Resources and Electricity Supply
Systems

95 This 15t edition edition was replaced in 2015 by a 2"? Edition.
466 This 15t edition edition was replaced in 2015 by a 2" Edition.
7 This 15t edition edition was replaced in 2015 by a 2"? Edition.
428This 2"d edition edition was replaced in 2018 by a 3™ Edition.

+39Under preparation. Stage at the time of publication: IEC/CD TS 62898-3-1:2018.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 2: Guidelines for operation

FOREWORD

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

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

3) IEC Publications have the form of recommendations for international~use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madé 1o’ ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nationak'‘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 correspondingshational or regional publication shall be clearly indicated in
the latter.

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

6) All users should ensure that they have thé/latest edition of this publication.

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights, IEC shall not be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendment has been
prepared for user convenience.

IECTS 62898-2 edition 1.1 contains the first edition (2018-09) [documents 8B/3/DTS and
8B/13B/RVDTS] and its amendment 1 (2023-11) [documents 8B/164/DTS and
8B/195/RVDTS].

This Final version does not show where the technical content is modified by
amendment 1. A separate Redline version with all changes highlighted is available in
this publication.



https://iecnorm.com/api/?name=b47307139a1b92de8d089c6d11d62fd1

IEC TS 62898-2:2018+AMD1:2023 CSV -5-
© IEC 2023

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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

e the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 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.

This document has been drafted in accordance with the ISO/IEC Directivesi{/Rart 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 document and its amendment will remain
unchanged until the stability date indicated on the IEC website under webstore.iec.ch in the
data related to the specific document. At this date, the décument will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The ‘colour inside”logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

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 resourcey;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 electrical energy storage (EES), communication and monitoring under
different operation modes;

d) the principle of relay protection under different operation modes;
e) basic requirements of synchronization‘@nd reclosing during mode transfer;
f) principle for power quality, EMC, maintenance and test of microgrid.

Microgrids can be stand-alone jor"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 |EC 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 rulestfrom IEC TC 64 and TC 99 for safety and quality of power distribution within
installations” (essentially through coordination of protective devices in the different
operationmodes);

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. Microgdrids
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 daes 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 electricy 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 jsland mode.

The 62898 series is intended to provide 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 monitering procedures;

o electrical energy storage;

e protection principlelcovering: principle for non-isolated microgrid, isolated microgrid, anti-
islanding, synchrernization 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 andTC 99 publications.

NOTE 2\ Lkocal laws and regulations can overrule the requirements of this document.
NQTE' 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
developed in IEC TS 62898-3-11.

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 61000-4-30:2015, Electromagnetic compatibility (EMC) - Part 4-30: Testing and
measurement techniques — Power quality measurement techniques

IEC 61968-1:2020, Application integration at electric utilities — System interfaces for
distribution management — Part 1: Interface architecture and general recommendations

IEC 61850-3:2013, Communication networks and systems for power utility automation — Part
3: General requirements

IEC 61850-4:2011, Communication networks and systems for power utjlity automation — Part
4: System and project management

IEC 61850-5:2013, Communication networks and systems for.power utility automation — Part
5: Communication requirements for functions and device models

IEC TS 62749:2020, Assessment of power quality — Characteristics of electricity supplied by
public networks

IEC TS 62786:2017, Distributed energy resources connection with the grid

IEC TS 62898-1, Microgrids — Part 1%/Guidelines for microgrid projects planning and
specification

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

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Opline browsing platform: available at http://www.iso.org/obp

3.1

anti-islanding protection

pretection function(s) or combination of protection functions preventing distributed energy
resources from supplying electricity 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]

3.2
black start
start-up of an electric power system from a blackout through internal energy resources


http://www.electropedia.org/
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[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 componénts including poles, transformers, disconnects, relays,
isolators, cables and wires that areowned 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 systém“operator

DSO

party operating:a distribution system

[SOURGE:TEC 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

3.1

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) of 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 totentry: 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.
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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 10 entry has been changed]

3.18

microgrid

<electric power system> group of interconnected loads” and distributed energy resources with
defined electrical boundaries forming a local electric power system at distribution voltage
levels, that acts as a single controllable entity and is able to operate in island mode

Note 1 to entry: This definition covers both (utility) distribution microgrids and (customer owned) facility microgrids.

[SOURCE: IEC 60050-617:2017, 617-04*22]

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.{e-entry: The nominal value is generally a rounded value.

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

3.21

poimtoftonmmection
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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3.22

power factor

under periodic conditions, ratio of the absolute value of the active power P to the apparent
power S:

=L
S

Note 1 to entry: Under sinusoidal and symmetric conditions, the power factor 1 is the absolute value of the active
factor.

[SOURCE: IEC 60050-131:2002, 131-11-46]

3.23

power quality

characteristics of the electric current, voltage and frequencies at a given poiniiin an electric
power system, evaluated against a set of reference technical parameters

Note 1 to entry: These parameters might, in some cases, relate to the compatibility bétween electricity supplied in
an electric power system and the loads connected to that electric power system.

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.24

reliability

probability that an electric power system can perform a required function under given
conditions for a given time interval

Note 1 to entry: Reliability quantifies the ability of an electrie’power system to supply adequate electric service on a
nearly continuous basis with few interruptions over an-extended period of time.

Note 2 to entry: Reliability is the overall objectivesin‘electric power system design and operation.

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

3.25
renewable energy
primary energy the source of*which is constantly replenished and will not become depleted

Note 1 to entry: Examples of renewable energy are: wind, solar, geothermal, hydropower.

Note 2 to entry: Fossil'fuels are non renewable.

[SOURCE: |[EE60050-617:2009, 617-04-11]

3.26

security

ability of an electric power system to operate in such a way that credible events do not give
rise to loss of load, stresses of system components beyond their ratings, bus voltages or
system frequency outside tolerances, instability, voltage collapse, or cascading

Note 1 to entry: This ability may be measured by one or several appropriate indices.
Note 2 to entry: This concept is normally applied to bulk power systems.

Note 3 to entry: In North America, this concept is usually defined with reference to instability, voltage collapse
and cascading only.

[SOURCE: IEC 60050-617:2009, 617-01-02]
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3.27
unintentional island
island that is not anticipated by the relevant network operator

[SOURCE: IEC 60050-617:2017, 617-04-18]

— 4 —Operation modes

4.1 General

Microgrids can be designed to address different needs. Operation requirements, lare
developed in accordance with the high level Use Cases (Business Use Cases of |BUCs)
already identified in IEC TS 62898-1.

Operation complements to Microgrids BUCs are given in Annex A to D.

4.2 Non-isolated microgrid
4.2.1 General

When a microgrid operates in island mode, the most importantdasks are to ensure the normal
operation of critical loads and not to impair the integrity or the safety of the utility grid. When
the microgrid transfers between the two modes, the voltage and frequency should stay within
acceptable limits and the protection system shall operaté.reliably.

4.2.2 Grid-connected mode
4.2.2.1 General

In grid-connected mode, DER as well as‘ether connected components in the microgrid shall
comply with the same requirements as required for connection to the utility grid. DER have to
be able to operate in the operating“range specified in IEC TS 62786, regardless of the
topology and the settings of thelinterface for both microgrid POC and DER interface
protection.

In grid-connected mode, themicrogrid as a whole shall follow the same requirements as DER
in microgrid.

4.2.2.2 Voltage response characteristics

The operating \voltage requirement of this mode is specified in IEC TS 62786. DER with
capacity exceeding a certain level, as defined by local requirements, shall be capable of
withstanding voltage deviations.

4.2.2:3 Frequency response characteristics

The operating frequency requirement of this mode is specified in IEC TS 62786. DER with
Capacity exceeding a certain level, as defined by local requirements, shall provide capability

of withetandina fraauianev daviations
HWHHRSHERGHgHeqHe R —e8HaHO RS-

4.2.3 Island mode
4.2.3.1 Voltage response characteristics

Voltage control is essentially a local problem. Thus, there is no critical difference between the
island mode and the grid-connected mode. In both cases, in order to limit the voltage
deviation within a permissible range, the voltage is controlled by both active and reactive
power generated by the DER in the microgrid. In the grid-connected mode, the voltage in
microgrid is controlled by both utility grid and DER.
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The DER shall respond accordingly when the voltage of the microgrid violates the operating
limits defined by local requirements.

The following important issues should be considered when the non-isolated microgrid is
operating in the island mode:

a) proper operation of auxiliary equipment, including capacitor banks, voltage regulators,

reactors, protection equipment, capacity, and configuration of iranstormers,
b) the characteristics of loads in steady state;
c) the abnormal voltage withstanding capability;

d) the characteristics of the distribution network and microgrids, such as the earthing scheme,
the short-circuit impendence of the equivalent source, the voltage regulators, configuration
of the protection system, and automation scheme;

e) the measurement, information exchange, voltage control systems, and their fequirements;
f) the permissible dynamic voltage stability limit and the reactive power capacity reserved for
the future.

4.2.3.2 Frequency response characteristics

Non-isolated microgrids in island mode shall be able to perform\load tracking. Load in this
operation mode is supplied solely by DER and load management, and the sizing of DER
should be large enough to ensure the normal operation of predetermined critical load.

In this operation mode, there shall be at least one~or one group of) controllable DER to
provide frequency reference. The response characteristics of the converter control system
shall be the same as those in grid-connected mode™Frequency regulation can be achieved by
DER active power output adjustment throughOfrequency droop control, storage devices
response, and load shedding schemes jin<order to limit frequency deviation within a
permissible range.

The microgrid in island mode needs to\meet the following objectives:

a) active power balance between\DER output and load;

b) frequency measurement.and regulation;

c) load tracking, load management, and load shedding;

d) the ability to maintain transient stability when severe load swing, DER outage or other
internal faults oceuf.

In the low voltage. application area, sometimes Q(U) and P(f) are not decoupled, and this kind
of situation should be considered.

4.2.4 Mode transfer of non-isolated microgrids
4.2.41 General

Mode transferring from grid-connected mode to island mode can be divided into two types:
intentional islanding and unintentional islanding. The intentional islanding requires the

microgrid to be disconnected from the ufility grid seamlessly. VWhen there 1S a fault in the
utility grid which causes power quality to deteriorate beyond the predefined limit at POC, the
microgrid is separated from the utility grid passively, and this is called unintentional islanding.
A microgrid may have black start capability, which is needed if the mode transferring fails.

The microgrid may be able to maintain acceptable voltage continuity if enough DER operating
in Ulf operation mode are connected at the moment of the disconnection, associated to a fast
shedding system to quickly adapt the load to the islanded generation capacity. Otherwise, the
microgrid will stop operation and requires a black start sequence to restart.
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4.2.4.2 Grid-connected mode to island mode

When DER can satisfy the critical loads in the non-isolated microgrid, the non-isolated
microgrid may be disconnected from the utility grid and operate in island mode. For intentional
islanding, the disconnecting time and duration need to be coordinated with all parties involved.

a) Voltage support

In order to prevent severe voltage fluctuation, the microgrid shall have enough devices to
provide self-regulation of reactive power. The major DER operating in Q(U)-mode shall be
used to provide voltage support.

b) Frequency support

In order to prevent severe frequency fluctuation, the microgrid shall provide self-regulation
of active power. The major DER operating in P(f)-mode shall be used to provide ftequency
support.

4.2.4.3 Island mode to grid-connected mode

In island mode, the microgrid shall monitor the voltage amplitude and frequency of the utility
grid plus the phase angle between the utility grid and the microgrid by'a,synchronization relay.
Synchronization control shall be adopted for the transition from island mode to grid-connected
mode by shifting voltage amplitude and frequency in a desired-direction. When the voltage
amplitude, frequency and phase angle differences between the-utility grid and microgrid are
within given ranges, the synchronization relay may close the linterface switch to transfer the
microgrid from island mode to grid-connected mode.

In case the microgrid does not have the capability.fo meet the requirements above, the
synchronization control shall wait until the, ‘synchronization condition reappears. |If
synchronization is needed urgently, the synchronization control shall shut down connected
DER, so that the microgrid is de-energized and then the interface switch can be closed. The
interface switch can be closed without complete synchronization if the microgrid users have
been requested to provide immunity for<reclosing the interface switch outside the given
ranges for resynchronization conditions*and the relevant DSO has agreed. The DSO provides
the synchronization conditions for frequency, voltage, and phase angle range.

4.3 Isolated microgrid
4.3.1 General

An isolated microgrid-is- a small local power system. It aims at providing a certain level of
power quality and reliability even if large amounts of intermittent resources are present. It is
physically independent of a utility grid.

4.3.2 Structure of the isolated microgrids

The iselated microgrid only contains DER, loads, and other control and monitoring devices. It
has_ho-connection with a larger utility grid. The structure of the isolated microgrid shall meet
thefollowing objectives:

a) ensure the safe, secure and steady operation of the system;

by—provide stabte power suppty to criticattoads, i amy;

c) improve the economy of the system if possible.
4.3.3 Voltage response characteristics

When the voltage of the isolated microgrid is outside the normal range, the DER shall respond
timely to ensure the reliability of the power supply. The DER shall be designed to withstand
abnormal voltage for certain durations. In this situation, the protecting devices shall not
disconnect the DER from the microgrid, unless the voltage deviation exceeds the given range.
The EES may also provide sufficient reactive power timely to reduce the voltage deviation.
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4.3.4 Frequency response characteristics

Without active power support from the utility grid, the frequency response characteristics of
DER are especially significant for the isolated microgrid. There shall be at least one
controllable DER to provide frequency support. When the frequency is outside the normal
range, the DER should respond accordingly to ensure the power quality and the reliability of
power supply. The EES may also provide sufficient active power timely to reduce the

fraauanaov daor ot o
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5 Control of microgrids

5.1 General

The control structure may have several hierarchies. For example, the main contral)system of
the microgrid is the primary control in each unit by local droop control, and this\control may
have a proportional characteristic (P control). The central controller is a secondary loop, and
this control may have an integral characteristic (I control). The local control at each mode
reacts on measured frequency and voltage locally. The central control is needed for
coordinating and optimizing purposes, it is also needed to guarantee steady state accuracy
prior to resynchronization. The microgrid gets access to the utility grid through the interface
switch.

In isolated microgrids and island mode of non-isolated micfogrids, the major function of
energy management system (EMS) is to balance the lpads and generation and manage the
electrical energy storage capacities.

a) In the grid-connected mode, monitoring, information exchange, and control can be used to
optimize the operation of the DER and to control the power flow between the microgrid
and the utility grid.

b) In the island mode, DER should be sdfficient to support the microgrid voltage, frequency
and phase angle conditions. When, the microgrid is reconnected to the distribution
network, conditions of the microgrid-and the utility grid at the POC shall be monitored for a
certain observation time durations to check for synchronization conditions. The microgrid
can reconnect only if all these‘conditions are met.

NOTE The non-isolated micragrid that can work in grid-connected or island mode can or cannot have the
black start capability, considering its importance and function to the utility grid.

c) In the isolated microgrid, several points should be considered:
— active power.and reactive power should be balanced,;
— voltage andfrequency shall be adjusted within the permissible range;

— some-fechnical measures, such as load tracking, load management and load shedding
should’be adopted;

— Jhe'dynamic response of the DER shall be provided;

- < the DER should have active and reactive power generation capacity and response
characteristics to maintain power quality levels;

— the isolated microgrid shall have its own black start capability.

Figure 1 and Figure 2 give examples for the structure of the non-isolated microgrid and
isolated microgrid respectively.

The EMS mainly manages the power generation of the microgrid and its functions may include
weather forecast, DER power generation forecast, load forecast, generation planning and
dispatching, etc. It shall also manage data, and provide information to meet operation needs.
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Figure 1 — Example for a non-isolated microgrid
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Figure 2 — Example for an‘isolated microgrid

5.2 Control of the non-isolated microgrid
5.2.1 Control of the grid-connected mode
5.211 Active power control and frequency regulation

The system frequency shall be\ regulated by the utility grid through active power control.
Typically, the transmission system operators (TSO) define the system operation requirements
regarding frequency regutation. The distribution system operator (DSO) passes these
requirements to its netwark) customers.

The microgrid in grid=connected mode is not required to regulate frequency unless the DSO
has special requirements.

In this operation mode, the power flow at POC is bidirectional, meaning that the microgrid can
export toor import active power from the utility grid. Combined with load shedding
capabilities, the microgrid may also be able to provide auxiliary system services to the utility
grigd:

5.2.1.2 Reactive power control and voltage regulation

Power tactor at POC can be adjusted by the utility grid and microgrid within a certain range
for grid-connected mode, and can be out of the range for a specified time. For a small
capacity microgrid, a Q/U approach may be useful, and when the microgrid is in island mode,
the power factor is defined by load or power factor compensator (capacitor bank or active
filter). Microgrids shall be capable of generating reactive power. In some cases, reactive
power compensation equipment is required to adjust the utility grid voltage to the normal
range. The power factor shall be adjusted within an allowable range, and the reference
parameters are shown in Table E.1. When the utility grid operates in steady state, there are
several reactive power control schemes that can be applied to the microgrid to provide static
voltage support:
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a) constant power factor 4;

b) reactive power as a function of active power Q(P);

c) fixed reactive power QOyy;

d) reactive power as a function of voltage Q(U);

e) reactive power as a function of active power and voltage at the same time Q(P,U).

Under specific conditions of the utility grid shown in Table E.1, the dispatching mechanism of
the microgrid is required to operate in either mode. This is to provide an operation curve or
goal setting value, while ensuring the power factor is within the range specified in Table E.1.

The power provided by photovoltaic, wind and other kinds of DER fluctuates all the time:"DSO
can provide a characteristic curve which defines power factor as a function of active”power
A(P). For a constant active power output, DSO may require it to operate in fixed power factor,
and in some situations compensation measures are needed. When the utility gridivoltage is in
variable state, DSO can provide a characteristic curve, which defines reactive power as a
function of voltage characteristics.

The reactive power of the DER shall be adjustable within a required,rahge. It needs to have
the ability to change reactive power output within a range and specified time duration and as
often as required. If a characteristic is specified by the DSO, reactive power value resulting
from the characteristic shall be able to adjust automatically.

Under the permission of DSO, the microgrid may participate in voltage regulation at the POC
as ancillary service. Power factor can be adjusted within the allowable range provided by the
DSO.

The integration of the microgrid and the utility,grid may have an impact on the voltage of the
utility grid. Utility grid operators can change(the voltage adjustment by the DER in low voltage
distribution network with the need of utility:grid operation.

In order to satisfy the requirements of the utility grid, microgrids may participate in the steady
state voltage control of the medium voltage grid. DER of asynchronous machines and
converter types in the medium, voltage level shall be able to participate in the voltage
regulation of the POC by :reactive power control, especially for direct drive permanent
magnetic wind turbine machines. The range of the power factor is related to the regulation
ability of various DER. For power factor requirements, Annex E gives typical values cited in
some standards

5.2.2 Control of the island mode

The operation” control scheme of the island mode shall be consistent with the planned
operating‘configuration of the island mode.

Therée.are four options of control schemes, as follows:

a)' centralized control: in this control scheme, a central controller gives commands to the
entire system through a master-slave control configuration between the central controller
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b) decentralized control: this control scheme is accomplished through independent controls

communicating with each other. This strategy uses intelligent devices that are strategically
located to detect the conditions and initiate the required actions;

c) hierarchical control: this control scheme combines the central and decentralized control;
d) autonomous control: this kind of control scheme is accomplished through independent
controls without communication with other devices.

In the island mode of the microgrid, at least one of DER shall operate in U/-f mode to maintain
voltage and frequency, and other DER should operate in P-Q mode. The DER voltage
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controller shall be coordinated with other regulating devices in the system. This will require
some type of control that will coordinate the set points of different DER units and reactive
power compensation equipment and voltage regulators to maintain the desired voltage
profiles. The frequency regulation ability of DER in the island mode shall be similar to the
isolated microgrid as described next in 5.3.

5.3 Control of the isolated microgrid

The steady state control of the isolated microgrid is different from the island mode of the
non-isolated microgrid:

a) The ratio of electrical energy storage capacity to the total of other DER capacity-in| the
isolated microgrid shall be much larger than that of the island mode;

b) The desired power quality of the isolated microgrid could be different from~that of the
island mode depending on the load demand requirements;

c) The isolated microgrid works currently in a self-sustained and independent way based on
the load requirements, while the non-isolated microgrid only operates in island mode
within limited time duration;

d) From the control point of view such as voltage and frequency control, strategies are
different even though there are some common points;

e) The frequency and voltage of the non-isolated microgrigy-<in island mode should be
monitored all the time in order to reconnect back to the utility grid.

DER in isolated microgrid shall have frequency regulation-ability. DER shall not adjust active
power if the frequency is outside the regulated range(according to Figure 3. With the required
accuracy and at the required time, DER shall adjust’active power versus frequency response
as soon as possible. Once these requirements can no longer be met, this active power level is
maintained constant.

In Figure 3, the frequency threshold values may be provided for the isolated microgrid
according to load demand. For the frequency range between f, and fy;, the power of DER shall
be decreased when the frequency.i$ increasing. The overall effect of the regulation on
frequency should emulate the right“hand part of the droop curve given. Similarly, for the
frequency range between f3 and\f;, the power of DER shall be increased when the frequency
is decreasing; even non-essential loads may be regulated or disconnected (load shedding),
emulating the left hand part-of the droop curve.
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Figure 3 — The P-f control in isolated microgrid

fnet refers to the system frequency axis, and the values af~other parameters are shown in
Table 1.

Table 1 — Example for the isolated microgtid‘frequency response of 50 Hz

Parameter Value
Hz
fo 50,0
i 49,95
1o 50,05
/3 49,5
/a 50,5
J1 47,0
Sy 53,0

NOTE The values in Table 1 are examples (refer to IEC 60364 series) applied to isolated microgrid.

The DER(with capacity over, for example, 100 kVA, shall be able to limit its power output
according ‘to dispatch instructions. When fyq< f; O fnet™ /g the DER shall be disconnected
from<the microgrid. When f3 < f\et S f4 Within an isolated microgrid, there is no adjustment to
the. output power of the DER. When f; < fyet < f3 Wwithin an isolated microgrid, the DER shall
incfrease their output powers within their capacity in order to compensate the microgrid

frequency drop. When f, < fyet < fi, the DER shall decrease active power output if frequency
increases

The setting values of an active power gradient and a step response maximum time are
provided by the isolated microgrid. The microgrid users’ requirements for the step response
time depend on the technology. DER with fast response characteristic (e.g. converter based
EES) shall react within a maximal step response time. If this is not technically feasible with
slower reacting DER (e.g. gas turbines, combustion engines, hydro turbines), the DER shall
be disconnected.

The active power change of DER shall meet the requirements for secure and stable operation
of the isolated microgrid.
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Without the support from utility grid, there shall be one or more (or one group of) DER of high
reliability to work in U/f mode to maintain the stability of voltage and frequency for the isolated
microgrid. There should be a transient control system to maintain stability for the isolated
microgrid operating at the boundary of the unstable situation.

NOTE Wind power generators or photovoltaic arrays do not have the ability to work in U/f mode, considering their
output fluctuation. A large enough capacity is one of the necessary conditions for the electrical energy storage

uevibe LO De Clhoscll.
6 Communication and monitoring

6.1 General

The DER in a microgrid should have the ability of data communication with the~monitoring
system, which can collect the electrical operating conditions of the microgrid and.receive the
instructions of control adjustment from the dispatching department in the utility grid. The
microgrid shall monitor the system and record the operating conditions.

In the grid-connected mode of the non-isolated microgrid, the communication methods and
information transfer between the microgrid and the dispatching department including the
telemetry, telecom and remote control, remote adjustment signal, shall comply with the
relevant standards and DSO requirements.

6.2 Communications of microgrids
6.2.1 General

The microgrid communication system shall be responsible for retrieving information from the
utility grid, microgrid field and equipment in ghe~“microgrid and vice versa. Despite their key
functions, these communication protocols)shall have incorporated security measures,
including security against inadvertent “errors, power system equipment malfunctions,
communications equipment failures, or deliberate sabotage.

If different communication protocelstare used, they shall be interoperable. To connect multiple
components, a communication) system shall reconcile network and protocol differences
transparently to the componénts. The content of this subclause is based on existing or
emerging standards and™~applications. IEC 61850-3, |EC 61850-4, IEC 61850-5 and
IEC 61968-1 are recognized as the core standards for the smart grid and should be used for
the microgrid applications.

6.2.2 Communications between non-isolated microgrids and the utility grid

a) In the nermal operation mode, microgrids shall exchange information including voltage,
current and power with the utility grid;

b) Mierogrids shall be able to receive commands from the dispatching department of the
utitity grid when the utility grid needs support from microgrids;

e}~ For the mode transfer, microgrids may send signals to the utility grid when preparing to
transfer from island mode to grid-connected mode or vice versa. Then the utility grid shall
respond to it.

6.2.3 Communications inside the microgrids

Communication and data exchange are extremely important for the safe, secure and reliable
operation of the microgrid. Data exchange may be realized among DER, essential loads
and/or central controller.

NOTE Data exchange with electrical energy storage is important to manage the microgrid.
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6.3 Monitoring the DER
The microgrid mainly monitors the following concerning DER:

a) the voltage and current of the DER in microgrids;
b) the active and reactive power exchanged between DER and microgrids;

c) the state of change or state of the electrical energy storage system in microgrids;

d) the fault states of DER in microgrids.

Besides the above contents, the microgrid also monitors the following concerning non-isolated
microgrid:

1) the voltage and current of the POC;

2) the active and reactive power exchanged between microgrids and the utility grid-

6.4 Monitoring the switching devices for non-isolated microgrids

The monitoring system shall meet the requirements of electric power communication
concerning relay protection, automatic safety devices, automation |systems, dispatching
devices and other services. The data of switching devices in the non-isolated microgrid to be
monitored include:

a) the transformer tap changer position, the switching status’ of circuit breakers inside the
non-isolated microgrid;

b) the main transformer tap changer position, the switching status of circuit breakers at the
POC,;

c) the switching status of DER.
6.5 Monitoring the switching devices for isolated microgrids

The monitoring system shall meet the requirements of electric power communication
concerning relay protection, automatié safety devices, automation systems and other services.
The data of switching devices in thetsolated microgrid monitoring includes:

a) transformer tap changer position, the switching status of circuit breakers inside the
microgrid;

b) the switching state of DER.
7 Electrical energy storage

7.1 General

EES is playing a very important role in microgrids, depending on what kind of EES is used.
From the“function point of view, they are classified as two types: power type and energy type.
The power type is mostly used in isolated microgrids for transient or dynamic stability control.
The_energy type is mostly used for power balance. EES can work as load when it is charging
and also as a generator when it is discharging. Converter control techniques are also
essential when working with different EES.

7.2 EES in non-isolated microgrids

7.21 Requirements for EES in grid-connected mode

a) When the microgrid is in the grid-connected mode, the EES shall adopt the P/Q control
mode. The setting power value of EES should aim to guarantee the power quality of the
utility grid. In this way, EES can ensure that the output power of microgrid system to the
utility grid is smooth.
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