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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -
Part 2: Guidelines for operation

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC is~to. p

prising
romote
Ids. To
ations,

Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréed to ap “IEC

rnmental organizations liaising with the IEC also participate in this preparation.||IEC collaborates
the International Organization for Standardization (ISO) in accordance with_conditions determi
agreement between the two organizations.

Theg formal decisions or agreements of IEC on technical matters express, as-nearly as possible, an interr
consensus of opinion on the relevant subjects since each technical committee has representation f
interested IEC National Committees.

IEQ Publications have the form of recommendations for international*use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are madé,to ensure that the technical content
Pullications is accurate, IEC cannot be held responsible faf the way in which they are used or
nterpretation by any end user.

In ¢rder to promote international uniformity, IEC National \Committees undertake to apply IEC Publi
trarfsparently to the maximum extent possible in theitnational and regional publications. Any divg
betyveen any IEC Publication and the corresponding national or regional publication shall be clearly indid
the |latter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide cor
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [iability shall attach to IEC or_its directors, employees, servants or agents including individual expe|
meinbers of its technical committees and IEC National Committees for any personal injury, property dan
othér damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fed
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

isers should ensure that they have the-latest edition of this publication.

Attention is drawn to/the-Normative references cited in this publication. Use of the referenced publica
indispensable for the cotrect application of this publication.

Attgntion is drawn“to the possibility that some of the elements of this IEC Publication may be the su
patént rights (IEC shall not be held responsible for identifying any or all such patent rights.

ional circumstances, a technical committee may propose the publication of a tec

brested
d non-
closely
hed by

ational
fom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

ions is

ject of

s. In
hnical

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there
future but no immediate possibility of an agreement on an International Standard.

is the

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

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

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

Full information on the voting for the approval of this technical specification can be found in

the report on voting indicated in the above table.

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

A list pf all parts in the TEC 62898 series, published under the general title Microgrids,, dan be

found|on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the sfability date indicated on the IEC website under "http://webstore.ie¢/ch" in thg data

relatefd to the specific publication. At this date, the publication will be

+ trgnsformed into an International standard,
* regonfirmed,

e withdrawn,

* replaced by a revised edition, or

+ anmended.

A bilirlgual version of this publication may be issued ab a’later date.

colopur printer.

IMPORTANT - The 'colour inside' logo.en the cover page of this publication indidates
that| it contains colours which -are considered to be useful for the co
undérstanding of its contents. Users should therefore print this document usi

'rect
hg a
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INTRODUCTION

Microgrids can serve different purposes depending on the primary objectives of their

applic

ations.

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.

IECT

1) ds

2) pr
fo

3) pr
st

4) m
IECT

a) re
b) th
c) th

S 62898-1 mainly covers the following issues:

termination of microgrid purposes and application;

eliminary study necessary for microgrid planning, including resource ,analysis
recast, DER planning and power system planning;

nciples of microgrid technical requirements that should be specified during pld
hge;

crogrid evaluation to select an optimal microgrid planning scheme.
S 62898-2 mainly covers the following issues:

sponse characteristic requirements of microgrids under different operation modes;
b basic control strategies and methods under different operation modes;
b requirements of electrical energy storage (EES), communication and monitoring

different operation modes;

d) th

e principle of relay protection under different operation modes;

e) basic requirements of synchronization.and reclosing during mode transfer;

f) pr

Micro

requir,
] Sy
“m

o |E

Wi
e b3
ing
op
e |E

nciple for power quality, EMC, maintenance and test of microgrid.

jrids can be stand-alone. orvbe the sub-system of the smart grid. The tec
ements in this document.afe‘intended to be consistent and in line with:

stem requirements, from |[EC System Committee Smart Energy (e.g. Use
icrogrid” to come);

C 62786 requirements for connection of generators intended to be operated in p
h the grid;

sic rules~ffom IEC TC 64 and TC 99 for safety and quality of power distribution

erationmodes);

load

nning

under

hnical

Cases

arallel

within

tallations” (essentially through coordination of protective devices in the different

C\I'S 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

cope

The purpose of this document is to provide guidelines for operation of microgrids. Microgrids

considemdmﬁhrdcmmem—afemam—amm—%e)—elem—syﬁemvmﬂrmdf and
distriuted energy resources (DER) at low or medium voltage level. This document,do¢s not

cover

Micro

Isolat
opera

Non-i
opera

o gr
e sl

The 6
ensur

IECT

e Op

direct current (DC) microgrids.
grids are classified into isolated microgrids and non-isolated microgridsg

bd microgrids have no electrical connection to a larger electric| ,power systen
fe in island mode only.

bolated microgrids may act as controllable units to the electric power system an
fe in the following two modes:

d-connected mode;

and mode.

2898 series is intended to provide guidelings and the basic technical requireme
b the security, reliability and stability of migrogrids.

S 62898-2 applies to operation and_econtrol of microgrids, including:

eration modes and mode transfer;

e €

e communication and monitorjng procedures;

e ¢l

° pr

islanding, synchrenization and reclosing, power quality;

e CO

NOTE
IEC TG

NOTE 2

ergy management system (EMS) and control of microgrids;

ctrical energy storage;

btection principle_covering: principle for non-isolated microgrid, isolated microgrid

mmissioning; maintenance and test.

1 Safety, for personnel is outside the scope of this document, and such information is referre
64 and, TC 99 publications.

Local laws and reqgulations can overrule the requirements of this document.

n and

d can

hts to

anti-

H to in

NOTE 3 The principles for main types of protections in microgrid, fault analysis for converter type and rotating
machines type, protection type selection, general technical requirements, setting value principles and so forth are

intended to be developed in IEC TS 62898-3-1 1,

2 N

ormative references

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

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

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

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

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

IEC 6[1968-1, Application integration at electric utilities — System interfaces for distribution
management — Part 1: Interface architecture and general recommendations

IEC 6{1850-3, Communication networks and systems for power utility automation — Hart 3:
Genetral requirements

IEC 6[1850-4, Communication networks and systems for power utilitycattomation — Hart 4:
System and project management

IEC 6{1850-5, Communication networks and systems for power-utility automation — Hart 5:
Communication requirements for functions and device models

IEC TS 62749, Assessment of power quality — Characteristics of electricity supplied by public
netwarks

IEC T 62786, 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 document, the following terms and definitions apply.

ISO aphd IEC maintainsterminological databases for use in standardization at the following
addrepses:

e |E[ Electropedia: available at http://www.electropedia.org/
e ISP Opline browsing platform: available at http://www.iso.org/obp

3.1
anti-islanding protection

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

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

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

2 This 2"d edition was replaced in 2015 by a 3" Edition.


http://www.electropedia.org/
http://www.iso.org/obp
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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 fre

quency

includi

[SOU

3.4
distri
DER
gener

g Zero frequency.

RCE: IEC 60050-151:2001, 151-13-36]

buted energy resources

systems), connected to the low or medium voltage network, with the€ir auxiliaries, prot

and c

[SOU
mode
addedg

3.5

distri
gener
voltag

[SOU
replag

3.6

distri
electr
isolat
electr

Note 1

3.7
distri

bnnection equipment, if any

RCE: IEC 60050-617:2017, 617-04-20, modified — "ingluding loads having a gene
and "with their auxiliaries, protection and connection equipment, if any" have
]

buted generation
btion of electric energy by multiple sources which are connected to the low or m
e network

RCE: IEC 60050-617:2009, 617-04-09, modified — "power distribution system" has
ed by "low or medium voltage:network"]

bution network

cal facility and its\‘components including poles, transformers, disconnects, r|
brs, cables and wires that are owned by an electrical utility for the purpose of distri
cal energy from_substations to customers

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

htors, including loads having a generating mode (such as elecirical energy sforage

Bction

rating
been

edium

been

elays,
buting

bution system operator

DSO

party operating a distribution system

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

3.8

electrical energy storage

EES

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

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

Note 1

to entry: EES may be used also to indicate the activity of an apparatus described in the definitio

performing its own functionality.

n while
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romagnetic compatibility

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
elect

romagnetic disturbance

any ¢lectromagnetic _phenomenon  which —may degrade the performance of a _device,

equipment or system, or adversely affect living or inert matter

3.11
high
HV

yoltage

voltage having a value above a conventionally adopted limit

[SOU

3.12
inten

island

RCE: IEC 60050-151:2001, 151-15-05]

fional island

the rgsponsible network operator, or both, in order td. keep supplying electrical energ
section of an electric power system

[SOU

3.13

RCE: IEC 60050-617:2017, 617-04-17]

interqonnection
<elec{ric power systems> single or multiple transmission link between transmission sy

enabl

electr|c circuits and/or transformers

[SOU

3.14
islan

RCE: IEC 60050-61%:2009, 617-03-08]

<e|ecTric powersystems> part of an electric power system, that is disconnected fro

rema

Note 1

ihder of\the interconnected system, but remains energized

to\€éntry: An island can be either the result of the action of automatic protections or the resy

resulted from planned action(s) of automatic protections, or from deliberate action(s) by

y to a

stems

ng electric power and energy-to be exchanged between these networks by means of

m the

It of a

deliberateraction

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

3.15
isola

has been changed]

ted 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.


http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=151-11-27
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=692-01-02
http://www.electropedia.org/iev/iev.nsf/display?openform&ievref=692-01-02
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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
mediym voltage
Mv
any se¢t of voltage levels lying between low and high voltage

Note 1 [to entry: The term medium voltage is commonly used for distribution system's*with voltages above 1 |kV and
generally applied up to and including 35 kV.

[SOURCE: IEC 60050-601:1985, 601-01-28, modified — Note 4¢to entry has been changgd]

3.18
micrggrid
<elecfric power systems> group of interconnected |loads and distributed energy resourcejs with
defingd electrical boundaries that acts as a single‘controllable entity and is able to opetate in
both grid-connected and island mode

Note 1|to entry: This definition is intended to cover both (utility) distribution microgrids and (customer pwned)
facility pmicrogrids.

[SOURCE: IEC 60050-617:2017, 617-04-22, modified — "forming a local electric power system
at dis{ribution voltage levels" has\beéen deleted]

3.19
micragrid 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
vaIueTof 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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power factor

under

Note 1

Note 2

periodic conditions, ratio of the active power P to the apparent power S:
2=F
S

to entry: Under sinusoidal and symmetric conditions, the power factor 1 is equal to cos ¢.

to entry: For the purpose of this document, the load power factor is determined assuming a

sinusoidal supply voltage. Where the load is non-linear, the load power factor includes harmonic
components.

n ideal
power

Note 3

[SOU
active
chand

3.23

powe
chara
power

Note 1
an eleg

[SOU

3.24

P
to entry: COS?’:E with positive and negative value.

RCE: IEC 60050-131:2002, 131-11-46, modified — "ratio of the absolute/value
power P" has been changed to "ratio of the active power P", Note 1Cto“entry has
ed and Notes 2 and 3 to entry have been added]

I quality
Cteristics of the electric current, voltage and frequencies at’a given point in an e
system, evaluated against a set of reference technical. parameters

to entry: These parameters might, in some cases, relate tosthe. compatibility between electricity sup
tric power system and the loads connected to that electriepower system.

RCE: IEC 60050-617:2009, 617-01-05]

condi

Note 1
nearly

Note 2

[SOU

3.25

reliablility
prob:}aility that an electric power system can perform a required function under

ions for a given time interval

to entry: Reliability quantifies the_ ability of an electric power system to supply adequate electric servi
Continuous basis with few interguptions over an extended period of time.

to entry: Reliability is theroverall objective in electric power system design and operation.

RCE: IEC 60050-617:2009, 617-01-01]

renewable energy

prima

'y energy the source of which is constantly replenished and will not become deplet

Note 1

pf the
been

ectric

blied in

given

Ce on a

Note 2

ante: Examplec-of ranawa bla-aneravara- wind acotharmal hudranower
LA A =X RpreS—oHeReWwWanT ReFgy—afre—wihes Tgeothermayareopowes

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

Note 2

to entry: This ability may be measured by one or several appropriate indices.

to entry: This concept is normally applied to bulk power systems.
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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
Micro

devel
alread

Opersz

4.2
4.2.1
When
opera

the m
accep

4.2.2

General

prids can be designed to address different needs. Operation requirement

y identified in IEC TS 62898-1.
tion complements to Microgrids BUCs are given in Annex A to\D.

Non-isolated microgrid
General

a microgrid operates in island mode, the most important tasks are to ensure the n

ion of critical loads and not to impair the integrity or the safety of the utility grid.

crogrid transfers between the two modes, the voltage and frequency should stay
table limits and the protection system shiall operate reliably.

Grid-connected mode

In gri
comp
be ab
topold
proted

In grig
in mig

4.2.2.

4.2.2.£ General

-connected mode, DER“as” well as other connected components in the microgrig
y with the same requirements as required for connection to the utility grid. DER h
le to operate in the operating range specified in IEC TS 62786, regardless

gy and the settings of the interface for both microgrid POC and DER int
tion.

-connectéd-mode, the microgrid as a whole shall follow the same requirements ag
rogrid.

5 are

bped in accordance with the high level Use Cases (Business Usge~Cases or BUCSs)

ormal
\When
within

shall
hve to
pf the
prface

DER

P 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

withst

anding 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 withstanding frequency deviations.


https://iecnorm.com/api/?name=f18d814136c8e55e3702c98f042e2abe

- 14 - IEC TS 62898-2:2018 © |IEC 2018

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.

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

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

a) prpper operation of auxiliary equipment, including capacitor banks, yoltage regulators,
repctors, 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 sgheme,
th¢ short-circuit impendence of the equivalent source, the*voltage regulators, configyration
ofthe protection system, and automation scheme;

e) thé measurement, information exchange, voltage control systems, and their requiremgents;

f) the permissible dynamic voltage stability limit and<dhe reactive power capacity reservied for
the future.

4.2.3.p Frequency response characteristics

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

In thi$ operation mode, therexshall 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 achieyed by
DER [active power output adjustment through frequency droop control, storage dgvices
respopse, and load” shedding schemes in order to limit frequency deviation within a
permissible range.

The njicrogridiin island mode needs to meet the following objectives:

a) adtive power balance between DER output and load;

b) frequency measurementandregutation;

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 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

WhenBER—can—satisfy—the—criticattoads—im—themon=tsotated—microgrid—the—ron=tsplated

microgrid may be disconnected from the utility grid and operate in island mode. For intentional
islandling, the disconnecting time and duration need to be coordinated with all parties inyolved.

a) Voltage support

In|order to prevent severe voltage fluctuation, the microgrid shall have‘enough deviges to
prpvide self-regulation of reactive power. The major DER operating_in 9(U)-mode shall be
usled to provide voltage support.

b) Frequency support

Injorder to prevent severe frequency fluctuation, the microgrid-shall provide self-regylation
of|active power. The major DER operating in P(f)-mode shalf’'be used to provide frequency
support.

4.2.4.8 Island mode to grid-connected mode

In islgnd mode, the microgrid shall monitor the yoltage amplitude and frequency of the|utility
grid pJus the phase angle between the utility grid‘and the microgrid by a synchronizatior| relay.
SyncHronization control shall be adopted for the'transition from island mode to grid-conrlected
mode|by shifting voltage amplitude and frequency in a desired direction. When the vpltage
amplijude, frequency and phase angle. differences between the utility grid and microgrjd are
within[ given ranges, the synchronization relay may close the interface switch to transfer the
microgrid from island mode to grid-eénnected mode.

In case the microgrid does/net have the capability to meet the requirements aboveg, the
synch[onization control shall wait until the synchronization condition reappeafs. |If
synchronization is needed\ urgently, the synchronization control shall shut down conrjected
DER, |so that the microgrid is de-energized and then the interface switch can be closed. The
interfagce switch can'be closed without complete synchronization if the microgrid userg have
been [requested o provide immunity for reclosing the interface switch outside the |given
rangep for resyfichronization conditions and the relevant DSO has agreed. The DSO provides
the sylnchronization conditions for frequency, voltage, and phase angle range.

4.3 |lsolated 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 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 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.

4.3.4 Frequency response characteristics

Without active power support from the utility grid, the frequency response characteris‘tics of
DER |are especially significant for the isolated microgrid. There shall be at_least one
contrqllable DER to provide frequency support. When the frequency is outside)the rjormal
range} the DER should respond accordingly to ensure the power quality and the-reliabllity of
powell supply. The EES may also provide sufficient active power timelyt0 reduge the
frequency deviation.

5 Clontrol of microgrids

5.1 General

The cpntrol structure may have several hierarchies. For example, the main control sysfem of
the mjcrogrid is the primary control in each unit by loeak droop control, and this contrdl may
have p proportional characteristic (P control). The central controller is a secondary loop, and
this cpntrol may have an integral characteristic (f:control). The local control at each [mode
reactd on measured frequency and voltage %ocally. The central control is needgqd for
coord|nating and optimizing purposes, it is also needed to guarantee steady state acguracy
prior {o resynchronization. The microgrid géts access to the utility grid through the int¢rface
switch.

In isgdlated microgrids and island, mode of non-isolated microgrids, the major functjon of
energy management system (EMS8) is to balance the loads and generation and manage the
electr|cal energy storage capacities.

a) In|the grid-connected mode, monitoring, information exchange, and control can be uged to
oftimize the operation of the DER and to control the power flow between the midrogrid
arld the utility grig-

b) In|the island mode, DER should be sufficient to support the microgrid voltage, freguency
arld phase<{angle conditions. When the microgrid is reconnected to the distripution
ngtwork, conditions of the microgrid and the utility grid at the POC shall be monitored for a
cdrtain-gbservation time duration to check for synchronization conditions. The migrogrid
cgn reconnect 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.

c) 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.

Utility grid
POC %
Power cable I
@ Control and communication — —|—
S _< _Central__ _ _ _ _ _ O _ _ _ | I
| controller _i
I
| I
I0,4 kV I
I
| DER Load |
| controller controller
IoSloTre gl guilgRumvg' &
\{ Switch
1 | \ \ \ |
Converter I Convertér I
converter ™
(\ QI Charger \ I‘
Mi;ro @Wi. o
. i B J U Other
Electrical turblne/DleseIE CrI‘L'IC.aI/ Electric | DER
enefgy generator sensitive/  vehicle
Wind Power general load
storage battery
PV |system power

generation
IEC

Figurp 1 — FExample for a non-isolated mirrogrid
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Power cable

Control and communication — — — —

| Central

PV

5.2
5.2.1
5.2.1.

The s

DER Load
controller controller

N

N\

e e e

S S |

I I

\ \ \
umverter Bi-direction| | Converter Converteﬂ

Figure 2 — Example for aniisolated microgrid

Control of the non-isolated microgrid
Control of the grid-connectedamode
1 Active power control and, frequency regulation

ystem frequency shall be:régulated by the utility grid through active power control.

The microgrid in grid-connected mode is not required to regulate frequency unless the

has s

In thig
expor
capab
grid.

5.2.1.

pecial requirements:

operation mode, the power flow at POC is bidirectional, meaning that the microgr
to or import active power from the utility grid. Combined with load shg
ilities, the microgrid may also be able to provide auxiliary system services to the

converter {/, ,\u\ Charger l l
. \_ | i 1
\p\ Micro - N/ \ /
Electrical .| turbine/Diesel T \4 V4 Other J
energy ﬂ generator Pc;\;ver Sengitive/ General DER
storage battery critical load
system Wind power l6ad
generation

2—Reactive power-controt-and-voltageregtiation

IEC

DSO

d can
dding
utility

Power factor 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

voltag

e support:

a) constant power factor 4;

b) reactive power as a function of active power Q(P);
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c) fixed reactive power Qy,;

d) reactive power as a function of voltage O(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 irl some situations compensation measures are needed. When the utility grid voltag
varialjle state, DSO can provide a characteristic curve, which defines reactive poweri

functi

Ther

bn of voltage characteristics.

pactive power of the DER shall be adjustable within a required rangex 1t needs tg

the ability to change reactive power output within a range and specified-time duration 3

often

as required. If a characteristic is specified by the DSO, reactive power value reg

from the characteristic shall be able to adjust automatically.

Underl the permission of DSO, the microgrid may participate i voltage regulation at thg

as an
DSO.

Cillary service. Power factor can be adjusted within the alfowable range provided

The integration of the microgrid and the utility grid may’have an impact on the voltage

utility

grid. Utility grid operators can change the voltage adjustment by the DER in low v

distrigution network with the need of utility grid operation.

In ord
state

ler to satisfy the requirements of the utility grid, microgrids may participate in the s
voltage control of the medium, yoltage grid. DER of asynchronous machine

convelrter types in the medium voltage level shall be able to participate in the v
regulgtion of the POC by reactive)power control, especially for direct drive perm

magn

ptic wind turbine machines./The range of the power factor is related to the regd

B is in
as a

have
nd as
ulting

POC
by the

of the
bltage

teady
5 and
Dltage
anent
lation

ability] of various DER. For power factor requirements, Annex E gives typical values cited in

some

5.2.2

standards

Control of theisland mode

The gperation control scheme of the island mode shall be consistent with the pl

opera

There

ling configlration of the island mode.

are/four alternative control schemes, as follows:

ntralized control: in this control scheme, a central controller gives commands

hnned

o the

a) ¢

entire system through a master-slave control configuration between the central controller
and the controllable distributed devices;

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 operate in P/Q mode. The DER 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.
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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
withi fimitedtime guratiom;

d) Fn
di

e) T
m

DER
power
accur
as so
maint

In Fig
accor
be dd
frequs
frequs
is ded
emulg

ferent even though there are some common points;

hined constant.

ting the left hand part of the droop cukve.

n isolated microgrid shall have frequency regulation ability. DER;shall not adjust
if the frequency is outside the regulated range according to Figure 3. With the re
hcy and at the required time, DER shall adjust active power‘versus frequency response
bn as possible. Once these requirements can no longer bemet, this active power lg¢vel is

N\
N\

om the control point of view such as voltage and frequency control, strategigs are

e frequency and voltage of the non-isolated microgrid in island mode shoyld be
pnitored all the time in order to reconnect back to the utility grid.

pctive
uired

ure 3, the frequency threshold values may beSprovided for the isolated midrogrid
ing to load demand. For the frequency range between f, and fy;, the power of DER shall
creased when the frequency is increasings The overall effect of the regulati
ncy should emulate the right hand part ofythe droop curve given. Similarly, f
ncy range between f3 and f;, the power of DER shall be increased when the frequency
reasing; even non-essential loads may. be regulated or disconnected (load shedding),

bn on
br the

Off-range
IEC

Figure 3 — The P-f control in isolated microgrid

fnet refers to the system frequency axis, and the values of other parameters are shown in

Table

1.
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Table 1 — Example for the isolated microgrid frequency response of 50 Hz

Parameter Value
Hz
fo 50,0
/4 49,95
/o 50,05
J3 49,5
Ja 50,5
7L 470
Sy 53,0

The values in Table 1 are examples (refer to [2]3) applied to isolated microgrid.

The DER with capacity over, for example, 100 kVA, shall be able to-limit its power

accor

jing to dispatch instructions. The step of DER active power- output reduction

normgl operation shall not exceed a given gradient (e.g. 10 % of the“maximum power

per n
When
the D

f3 < fnet < f4 Within an isolated microgrid, there is no adjustment to the output po
ER. When f; < fyet <f3 Within an isolated microgrid, the DER shall increase their

powels within their capacity in order to compensate thesmierogrid frequency drop. Whg

fNets

The S

f;» the DER shall decrease active power output if frequency increases.

provided by the isolated microgrid. The microgrid users’ requirements for the step res
time depend on the technology. DER with fastresponse characteristic (e.g. converter

EES)
slowe

shall react within a maximal step response time. If this is not technically feasibl
I reacting DER (e.g. gas turbines,ccombustion engines, hydro turbines), the DER

be digconnected.

The aftive power change of DER shall meet the requirements for secure and stable ope

of the

Witho
reliab
micro
micro

NOTE
output
device

6 C

6.1

isolated microgrid.

Ut the support fromeutility grid, there shall be one or more (or one group of) DER g
lity to work in U/fmode to maintain the stability of voltage and frequency for the is
grid. There should be a transient control system to maintain stability for the is
grid operatifigiat the boundary of the unstable situation.

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

butput
under
butput

inute). When fyqi< f; Or fnet™ fi» the DER shall be disconnected from the micrdogrid.

ver of
butput

N fy <

etting values of an active power gradient~and a step response maximum time are

bonse
based
B with
shall

ration

f high
plated
plated

g their
btorage

fo_bechosen.

ommunication and monitoring

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.

3 Figures in square brackets refer to the Bibliography.
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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

6.2.1

Communications of microgrids

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

includ
com

If diffe
comp
transg
emerg
IEC 6
the m

6.2.2
a) In
cu
by M
ut
c) Fd
tra
re

6.2.3

these communication protocols shall have incorporated security mea
ing security against inadvertent errors, power system equipment malfung
unications equipment failures, or deliberate sabotage.

rent communication protocols are used, they shall be interoperable. To connect m
bnents, a communication system shall reconcile network and protocol differ|

ing standards and applications. IEC 61850-3, IEC 6185044, IEC 61850-5
1968-1 are recognized as the core standards for the smart grid-and should be us
crogrid applications.

Communications between non-isolated microgrids.and the utility grid

the normal operation mode, microgrids shall exchange information including vdg
rrent and power with the utility grid;

crogrids shall be able to receive commands from the dispatching department
lity grid when the utility grid needs support.frem microgrids;

r the mode transfer, microgrids may send signals to the utility grid when prepar
nsfer from island mode to grid-connected mode or vice versa. Then the utility grig
spond to it.

Communications inside the microgrids

Comnpunication and data exchange are extremely important for the safe, secure and re

opera
and/o

NOTE
6.3
The m

a) th

ion of the microgrid. Data exchange may be realized among DER, essential
r central controller.

Data exchange with, electrical energy storage is important to manage the microgrid.
Monitoring.the DER

icrogrid. mainly monitors the following concerning DER:

e voltage and current of the DER in microgrids;

b) th

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

d) the fault states of DER in microgrids.

sures,
tions,

Liltiple
ences

arently to the components. The content of this subclause is based on existing or

and
ed for

ltage,
pf the

ing to
shall

liable
loads

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
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devices and other services. The data of switching devices in the non-isolated microgrid to be
monitored include:

a)
b)

c)

6.5
The

ﬁmﬁvmg—systaﬂ—shaﬂ—met—fhe—mmntrof—emmx—pmrmmﬂr i i i fration
concerning relay protection, automatic safety devices, automation systems and other 'sefvices.

The dpta of switching devices in the isolated microgrid monitoring includes:

a)
b)

7

7.1

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

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

the switching status of DER.

Monitoring the switching devices for isolated microgrids

transformer tap changer position, the switching status of circuit breakers inside the
m|crogrid;

thg switching state of DER.
Electrical energy storage

General

EES is playing a very important role in microgrids, depénding on what kind of EES is|used.
From [the function point of view, they are classified as4wo types: power type and energy type.
The ppwer type is mostly used in isolated microgrids'for transient or dynamic stability control.
The epergy type is mostly used for power balance:"EES can work as load when it is charging

and
essential when working with different EES.

7.2

7.21 Requirements for EES invgrid-connected mode

a)

b)

dlso as a generator when it is discharging. Converter control techniques arg also

EES in non-isolated microgrids

When the microgrid is in the€,grid-connected mode, the EES shall adopt the P/Q dontrol
mpde. The setting power value of EES should aim to guarantee the power quality pf the
utflity grid. In this way, EES can ensure that the output power of microgrid system fo the
utlity grid is smooth:

EES shall absorb~the active/reactive power from the power grid or output the
adtive/reactive ‘power to the utility grid based on the system demand (or EMS instrudtions)
tolensure the.stability of the power flow in the microgrid and the POC.

When insthe grid-connected mode, the voltage and frequency of the microgrid codild 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)

b)

In island mode of non-isolated microgrid, the black start may or may not 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 U/f, to establish and maintain
the system voltage and frequency, if there is no other major stable DER such as
microturbines or diesel generators.

When the output power of the DER in the microgrid cannot meet the load demand, the
EES shall start the power compensation working as generation. 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 inevitable depending on the load demand
and the capacity of the EES, even some of the critical and sensitive load, cannot be
supplied.
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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 meet the synchronization requirements.

C) F ast-and-smooth-mode-transferof- microgridcanreduce-the-influence—onthe-sensitiv
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d DER due to the mode transfer. The strict grid synchronization condition shall be
Huce the surge current of the microgrid, through EES and ensure the stable apera
b microgrid and the utility grid.

the EES act as the main resource in the island mode, when transferring from
nnected to island mode, the control strategy mode shall transfer fromP/Q control
ntrol, and the system shall have anti-islanding detection ability.

w voltage and high voltage ride through (LVRT or HVRT) capability of the ¢
brage system shall match IEC TS 62898-1.

set to
ion of

grid-
to UIf

nergy

an isolated microgrid, consideration for the capacity of the-EES is totally differen

fating machines are either not regulated fast'enough, shut down or faulty. In the is
crogrid, the black start is necessary and the EES can play a major role.

hen the output power of the distributed generation in the isolated microgrid cannof
e load demand, the lack of the power supply for the critical and sensitive loads sh
aranteed by EES.

hen the output power of theldistributed generation in the isolated microgrid excee
hd demand, the redundant\power shall be absorbed by the EES.

EES management

ES management'shall:

b overalFEES;

timatéthe output capacity of each element among the EES and balance energy 3
ES7 the state of charge for each element of the EES should be given, and the g

from

At of the non-isolated microgrid in island mode. The capagity of EES is much larger than
it of non-isolated microgrid in island mode, dependingyon what kind of EES is usgd and
e load demand. In the isolated microgrid, there iscat least a rotating machine sych as
croturbine or diesel generator that is set to operate in U/f mode. If more than on¢ EES
used, a group of larger EES shall work in U/f mode to support the isolated microgrid in
der to maintain the system voltage and frequency stability under the condition thgt the

blated

meet
all be

s the

tect the werking state of each element of the EES dynamically, and the working sfate of

mong
verall

ate.'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) ra
8 P

8.1

ise the utilization efficiency of EES.
rotection principle for microgrids

General

Non-isolated and isolated microgrids shall have the corresponding protective re
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.

laying
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Therefore, the microgrid protection setting values shall be reconfigured accordingly. The
microgrid protection should also take into account 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 the microgrid at any given time.

8.3 Reclosing with synchronization in a non-isolated microgrid

Befor-\ roclaocina cocvnmoheranioatinn chauld ha oohinvad
T e CToO o g oy e oMz troT oo oo o e v e o

SyncHronization requires that the microgrid components (mainly DER) are equal'or clpse to
the ut|lity grid voltage, phase angle and frequency.

For the microgrid DER of synchronous machines, the parameter settings) of synchrpnous
intercpnnection are of great importance. The DER of asynchronous machines can be griven
by thé prime mover to connect the synchronous devices before close to the synchrpnous
speed.

If the| utility grid reclosing devices attempt to reclose befofe the microgrid is readly for
recloging, utility grid, the microgrid and DER equipment may:be damaged.

If the DER cannot coordinate with the reclosing schepie of the utility grid, it may be necgssary
to alt¢r the microgrid interconnection system or modify the reclosing POC breaker gn the
utility [grid. Modification of utility grid reclosing.mray require the replacement of recjosing
devicIs or the installation of supervisory relaying to inhibit reclosing if the DER have nof been
discompnected.

If the [island resulted from the operation.6f a breaker because of a fault, it is unlikely thjat the
DER are capable of synchronizing te, the utility grid at that breaker. Sometimes the island is
shut fown before it can be reconnected to the utility grid, regardless of intentiopal or
unintgntional island. Both the microgrid and the utility grid will typically study the| DER
conndction and determine whether the reclosing will impact the fluctuation of voltage and
frequency.

8.4 [Principle for protection in an isolated microgrid

The cpntribution-tosshort-circuit currents from the microgrid depends on the configuration of
the m|crogrid atany given time. Moreover, due to the solid state inverters or converters,|small
fault gurrent'values cannot guarantee the accurate action of the traditional protective rglays,
and specific algorithms sometimes are needed. In some cases, fiber-optic current diffefential
protegtion, should be used as the main protection, and directional or non-diregtional
overcurremntprotections—shoutd—beused—asthebackup protectiom—tongitudimat—differential
protection and overcurrent protection should be installed on the DER side of the line.

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

e voltage distortions above 2 kHz;

e voltage dips and short supply interruptions;

e voltage unbalance;

e transient overvoltage;

e power frequency variation;

e DC components;

e mains signaling.
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10 Maintenance and test of microgrids

10.1

Micro

isolatéd and non-isolated microgrids. When doing the above, the staff shall coordinat

the D

As a
reass

10.2

2018

bwer quality parameters at the POC should comply with IEC TS 62749.

5 otherwise specified and mutually agreed, the power quality levels atAPCs (in
pf coupling) shall be the same in grid-connected and island modes.

Power quality in isolated microgrids

5 otherwise specified and mutually agreed, the power quality levels shall be the sa
grid connected microgrids.

EMC in microgrids

grids shall be designed with consideration of\electromagnetic emissions arn
nity to various electromagnetic phenomena.

esign and operation of a microgrid shall be“consistent with the relevant EMC stan

General

grid operation and maintenance staff shall make maintenance and test plans bg

50.

part of the-regular maintenance and test, the equipment of the microgrid sh
bssed periodically, and be reassessed based on the equipment conditions.

-plant

me as

d for

ards,

include compliance with IEC 6100047, IEC 61000-4-7, IEC 61000-4-30, bgsides
specific product standards.

th for
e with

Bl be

Maintenance

The requirements for maintenance are as follows:

a) Microgrid operation and management department shall make the maintenance 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 operation information for the
maintenance plan: the status of the protection devices, grounding equipment, other
security equipment and all the DER equipment. The microgrid shall have a specific
maintenance cycle, and all the information shall be recorded.
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10.3 Test
All equipment in the microgrid shall meet the test requirements specified below:

a) Implementation of test procedures shall be conducted 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 /ntended to be rewewed
in vie ’ S JaiT

Part 2-1: Domains — Gr/d related domams these /nclude transm/ssmn grid management,
distrigution grid management, microgrids and smart substation automation.

Operdtion 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)
o Stpp 2: Starting the islanding with one of the following scenarios:

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

— | Automated islanding in case of unplanned grid-failure (scenario 3);
— | Black start recovery to re-supply loads aftergrid failure (scenario 4);
e Stpp 3: Maintaining the islanding (scenario 5);

e Stpp 4: Reconnection to the main grid (s¢enario 6).

Scengrio 2 is only applicable for plannedigrid outages, which can be planned maintenance of
upstrgam equipment, or anticipation of possible upcoming failure or constraints on the
network (storms that could damageée-overhead lines, voltage limit reached locally due o PV
injection, line congestion are non-exhaustive examples).

Scengrios 3 and 4 are applicable when an unplanned outage of the main grid occurg. The
choic¢ 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
invesiments.

The pfocesses before and during the islanding, and for the re-connection to the main grid, are
the sgme 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.

4 Under preparation. Stage at the time of publication: IEC/CD TS 62913-2-1:2018.


https://iecnorm.com/api/?name=f18d814136c8e55e3702c98f042e2abe

IEC TS 62898-2:2018 © |IEC 2018 - 29 —

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.

Startipg the fstanding — Prevenmtive fstanding (scenarto 2. ... |

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

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

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

The MIV/LV system operator informs the microgrid manager“about the starting time and the
duratipn of this event.

For fefcility microgrids, the private network operatorvcan decide to operate a preventive
islanding if he receives one of the following information:

e THe MV/LV system operator informs aboutcan operation on the network that will cguse a
supply interruption in the facility area;

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

e THe MV/LV system operator informs about an expected grid failure due to grid constrpints;

e THe private network operator.calculates from market prices that it will be less expengive to
island for a given period of time.

In cogrdination with othér-use cases, the microgrid manager prepares the different genefrators,
storage systems, coptrollable loads and other flexibilities, so that the system will be aple to
island| during the entire event. The microgrid manager informs the MV/LV system opgrator
about|the microgfid's possibility to island.

Befor¢ the. event starting time (real or expected), the microgrid manager takes control pf the
operafion\mode of the different generators, storage systems, controllable loads and]|other
flexibilities, and starts the islanding by physically disconnecting the microgrid from theg main
grid and 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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start recovery (scenario 4):

2018

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

perfor

m a black start recovery, and informs the MV/LV system operator about it.

If a black start is possible, the microgrid manager takes control 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 ab

Maint

€ 10 Mmdlntain I1standaing, and mnrorms tne viv/LVv systemm operalor about It.

hining the islanding (scenario 5):

Once
storag
island
total

account eventual priorities between the loads.

The nli/crogrid manager regularly assesses the possible duration”of the islanding, and in
/LV system operator about it. This assessment takes into account the forecasting of

the M
the cd

the islanding is started, the microgrid operator has control over the different gene
e systems, controllable loads and other flexibilities, and manages_them to maint
ing for the targeted duration. If it is impossible to maintain all the loads supplied f
juration, the microgrid manager optimizes the supply time ©of the loads, takin

nsumption and production inside the microgrid.

ators,
in the
or the
j into

forms

If, dug to a lack of production, consumption or flexikility, the islanding becomes impossible to

maint
micro

Recor

hin, the microgrid manager safely powers:out the microgrid area, or reconnec
grid to the main grid if it is possible.

nection to the main grid (scenario 6):

When
inforni
then

flexibi
recon
the c
flexibi

the power on the main gridsis)back to normal conditions, the MV/LV system op
manages the different.ngenerators, storage systems, controllable loads and
hection. It informs_the ‘MV/LV system operator about the reconnection, and gives

pontrol of the different generators, storage systems, controllable loads and
lities to the othér,use cases.

s the

erator

s the microgrid manager that it can reconnect the microgrid. The microgrid manager

other

lities to enable a reconnection without perturbation, and physically performis the
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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 /ntended to be offered to IEC SyCSmartEnergy to /n/t/ate new development in

micro

This B
areas
resou
feede

Scopag

This
electr
Objed]

e |o
dis

ns, these /nclude transmISSIon grid management, d/str/but/on gr/d manage
grids and smart substation automation.

BUC implies that microgrid is one of the solutions to promote electrification for fa
or islands with integration of renewable energy resources (orndistributed ¢
‘ces DERs). This BUC serves a community with weak transnfission or distri
S.

business use case (BUC) concerns isolated microgfids used for purposes su

fication in far rural area or geographic islands.
five(s)
al electrification in developing areas, eventually before the construction of large

tribution network;

la

. eIIctricity supply in islands or areasswhere there is no possibility to have connect

ge public distribution network;

o electricity supply in islands or*areas where there is public distribution network [
pawer reliability and power quality are very poor.
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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.

o Low power reliability and high maintenance cost of the existing public distribution grid.

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

o Local renewable energy resources are available.
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