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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROGRIDS -

Part 4: Use cases

FOREWORD

Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization-con

all
co-

ational electrotechnical committees (IEC National Committees). The object of IEC is to promote~intern
bperation on all questions concerning standardization in the electrical and electronic fields. To this g

in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
Pullicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Puablication(s)")

pre
ma

baration is entrusted to technical committees; any IEC National Committee interested injthe subject de
participate in this preparatory work. International, governmental and non-governmehtal-organizations

prising
ational
nd and
eports,

Their
Alt with
iaising

with) the IEC also participate in this preparation. IEC collaborates closely with the International Organizafion for

Sta

hdardization (ISO) in accordance with conditions determined by agreement between the two organiza

Thqg formal decisions or agreements of IEC on technical matters express, as néarly as possible, an intern
conisensus of opinion on the relevant subjects since each technical committée has representation f
intgrested 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 made teensure that the technical content
Pulllications is accurate, IEC cannot be held responsible for ¢he way in which they are used or
misjnterpretation by any end user.

In

rder to promote international uniformity, IEC National €ommittees undertake to apply IEC Publi

trarjsparently to the maximum extent possible in their nationalrand regional publications. Any divergence b
any] IEC Publication and the corresponding national or regional publication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conforimity. Independent certification bodies provide con
assgessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible

ser
Al

No
me
oth

ices carried out by independent certification'bodies.
isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual expe|
nbers of its technical committees.and’IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

explenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attention is drawn to the Narmative references cited in this publication. Use of the referenced publica
indispensable for the cofrect application of this publication.

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

IEC TR 62898-4"has been prepared by subcommittee SC 8B: Decentralized electrical &
systes, ofitEC technical committee 8: System aspects of electrical energy supply. |
Technical‘\Report.

ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

nergy
t is a

The text of this Technical Report is based on the following documents:

Draft Report on voting

8B/120/DTR 8B/142/RVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

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 will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this)document indicates that it
contpins colours which are considered to be useful for the{correct understanding 9f its
contents. Users should therefore print this document using-a colour printer.
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INTRODUCTION

This document provides a set of use cases related to microgrids, as a form of "decentralized
energy system". Decentralized energy systems are small energy systems containing loads and
distributed energy resources (generation, storage) with decentralized management for energy
supply. This document completes the SC 8B roadmap for decentralized electrical energy
systems. The goal is to explain the methodology retained on the microgrid sub-domain, which
is a kind of decentralized system. This methodology, based on IEC 62913-1, describes high-
level use cases (business use cases) covering the main typical usage of microgrids, and details
some of them through system use cases. The proposed list of use cases is a first version,
proposed for review; the goal is to cover all use cases with the same level of depth.
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MICROGRIDS -

Part 4: Use cases

1 Scope

In line with the methodology specified in IEC SRD 62913-1, this document describes business
use CHSES (MIgh-Tevel uSe cases covering the maim typical usage of microgrids) and details
some|of them. System use cases linked to those business use cases are listed andopriefly
described for contextualizing the main functions to be performed for managing.‘micrggrids.
Ultimately, the goal of this document is to provide a consistent level of detail for all buginess
use cases. The document details the methodology retained to develop system uSe caseg from
the bysiness use cases.

2 Normative references

The fgllowing documents are referred to in the text in such a way that some or all of their cpntent
constitutes requirements of this document. For dated references; only the edition cited agplies.
For (Jndated references, the latest edition of the referenced document (including any
amen@iments) applies.

IEC SRD 62913-1, Generic smart grid requirements.— Part 1: Specific application of the Use
case mmethodology for defining generic smart grid>requirements according to the IEC systems
appropach

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For thie purposes of this document, the terms and definitions given in IEC SRD 62913-1 and the
followjing apply.

ISO apd IEC maintain~terminological databases for use in standardization at the follpwing
addrepses:

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

e ISP Online browsing platform: available at http://www.iso.org/obp

3.1.1
black start
start-up of an electric power system from a blackout through internal energy resources

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

3.1.2

distributed energy resources

DER

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

[SOURCE: IEC 60050-617:2017, 617-04-20]
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distributed energy resource management system
DERMS

system which, on behalf of other interested systems, manages the communications and control
of individual distributed energy resources (DER), and can do this with a variety of field message
protocols, and aggregates this information and communicates with other utility systems, such
as a distribution management system (DMS)

3.1.4
distributed generation

[SOURCE: IEC 60050-617:2009, 617-04-09, modified — The preferred terms "emb
generption" and "dispersed generation" have been omitted.]

3.1.5

distripution management system

DMS

integrption of business processes, hardware, software, and telecommunications equipme
provide effective tools to manage the operational business{processes related to ne
management, outage management, power quality and other supporting operational pract
[SOURCE: IEC TS 61968-2:2011, 2.88]

3.1.6

electiical energy management system

EEMS

system monitoring, operating, controlling .and managing energy resources and loads
installations

Note 1|to entry: This equipment can be stand-alone or integrated in other larger equipment such as a ho

buildin

[SOU

3.1.7
electn
EES
install
releas

EXAMH

electronic system.

RCE: IEC 60364-8-1:2049, 3.2.1, modified — Note 1 to entry has been added.]

ical energy storage

ation able_to absorb electrical energy, to store it for a certain amount of time 4
e electrical energy during which energy conversion processes can be included

LE » A"device that absorbs AC electrical energy to produce hydrogen by electrolysis, stores the hy

cdded

nt that
twork
ces

Df the

ne and

nd to

irogen,

and us

ps that gas to produce AC electrical energy is an electrical energy storage.

Note 1 to entry: The term "electrical energy storage" may also be used to indicate the activity that an apparatus,
described in the definition, carries out when performing its own functionality.

Note 2 to entry: The term "electrical energy storage" should not be used to designate a grid-connected installation;
electrical energy storage system (3.1.8) is the appropriate term.
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electrical energy storage system
EES system

EESS

2023

installation with defined electrical boundaries, comprising at least one electrical energy storage,
which extracts electrical energy from an electric power system, stores this energy internally in
some manner and injects electrical energy into an electric power system and which includes

civil e

ngineering works, energy conversion equipment and related ancillary equipment

Note 1 to entry: The EES system is controlled and coordinated to provide services to the electric power system
operators or to the electric power system users.

Note 2[to entry: In some cases, an EES system may require an additional energy source (non-electrical) dy

discha
storagqg

3.1.9
electr
EPS
comp
distrig

Note 1
for the

[SOU

3.1.1(

isolafed microgrid

group

systefn at distribution voltage levels not currently capable of being connected to a wider e

powe

Note 1

Note 2
the futy
is expl

[SOU
electr
with "

3.1.11
micrag

group
bound

ge, providing more energy to the electric power system than the energy it stored. Compressedain
is a typical example where additional thermal energy is required.

ic power system

bsite, comprised of one or more generating sources, and connegting transmissio
ution facilities, operated to supply electric energy

to entry: A specific electric power system includes all installations and, plant, within defined bounds, p
purpose of generating, transmitting and distributing electric energy.

RCE: IEC 60050-692:2017, 692-01-02]

of interconnected loads and distributed energy resources forming a local electric
system

to entry: Isolated microgrids are usually\designed for geographical islands or for rural electrification

to entry: The definition includes_a medification with respect to the IEV 617-04-23 to consider the fac
re, an isolated microgrid may be-cennected to an electric power system thanks to grid extension (this
red further in this document)-

RCE: IEC 60050-61#:2017, 617-04-23:2017, modified — In the definition, "with d
cal boundaries" has' been deleted, and "that cannot be connected" has been ref
not currently capable of being connected".]

grid
of sinterconnected loads and distributed energy resources with defined ele
aries“forming a local electric power system at distribution voltage levels, that acts

ring its
energy

n and

ovided

bower
ectric

that in
feature

efined
laced

ctrical
5 as a

singl

controllable entity and is able to operate in either grid-connected or 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]

3.1.12
prosumer’s electrical installation

PEI

electrical installation connected to a public distribution network or not able to operate with one
or both of local power supplies and local storage units, and that monitors and controls the
energy from the connected sources delivering it to one or more of loads, local storage units,
and public distribution network
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3.1.13

virtual power plant

VPP

group of distributed energy resources which combine to function as a dispatchable unit

Note 1 to entry: A virtual power plant can be used for the purpose of participating in the electricity market or
aggregating ancillary services.

[SOURCE: IEC 60050-617:2017, 617-04-27]

3.2 Abbreviated terms

BUC bUSINESS US€E cases

CIM common information model

DC direct current

DER distributed energy resource(s)

DERMS distributed energy resources management system
DG distributed generation

DMS distribution management system

DSO distribution system operator

EEMB electrical energy management system
EES energy storage system

EES$ electrical energy storage system

EMS energy management system

EV electric vehicle

EPS electric power system

FACTS flexible alternating current transmission system
HV high voltage

HVDC high voltage direct current

IEC InternationalElectrotechnical Commission
LV low voltage

MV medium voltage

POC paint*of connection

PEI prosumer’s electrical installation

PQ power quality

REP retail energy provider

SCADA supervisory control and data acquisition
SMU system management unit

SucC system use cases

SyC system committee

TSO transmission system operator

UML® Unified Modeling Language™

VPP virtual power plant

T UML® and Unified Modeling Language™ are trademarks of The Object Management Group. This information is

given for the convenience of users of this document and does not constitute an endorsement by IEC of the product
named.
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4 Overview of the document

In line with the methodology specified in IEC SRD 62913-1, this document describes business
use cases (high-level use cases covering the main typical usage of microgrids) and details
some of them.

Like any business use cases, these use cases attempt to be agnostic from any solutions or
systems used for supporting the implementation of these use cases.

System use cases linked to those busmess use cases are listed for contextuahzmg the main

urther
Hetail.
giness
use cases. The document details the methodology selected to develop system Use case$ from
the bysiness use cases.

This work feeds the setting up of the standardization roadmap for decentralized energy sygtems,
in the[specific case of microgrids.

This means that this work will be followed by three next steps.

e Dgrive from these use cases some high-level objectscto be standardized to ensufe the
implementation of a standard based solution for microgrids.

o Identify standards or standardization initiatives relevant in the context of microgrids and
erlgage in a collaboration for coordination.

e Conclude on possible standardization recommendations to SC 8B or other TCs/SCs in IEC.
Stpndardization activities could proceed with cooperation of concerned TC/SCs and SyCs,
in¢luding but not limited to IEC SyC Smart Energy, SyC LVDC, TC 22, TC 57, TC 64, TC 82,
T¢ 88, TC 95, TC 120.

Some|additional benefits are expectéd from the content of this document:

e harmonization of the vocabulary related to microgrids across IEC initiatives;
¢ harmonization of the roles and functions;

e hgrmonization of the* context of standardization for features cross cutting the IEC
organization.

By nafure, such-adocument is expected to evolve in order to reflect in the closest way market
needq relatedrte'microgrids usage.

The pfoposed list of system use cases is a first version, proposed for review; the ultimatg¢ goal
is to dover all use cases with the same level of depth.

5 Role model associated to decentralized electrical energy systems

5.1 Role model based on SGAM

The grouping of roles and actors (systems, components, operators, etc.) is based on a
commonly accepted breakdown model, the EU M490 smart grid conceptual model Smart Grid
Architecture Model (SGAM) in order to apprehend its complexity and to help maintain a global
vision. SGAM is described in detail in IEC TR 62357-1 and IEC SRD 63200. IEC established a
link between the SGAM framework and the use case methodology through key concepts: roles,
business processes, activities, systems and functions in IEC SRD 62913-1. The SGAM
framework enables the design of new smart grid architecture components to be organized on a
three-axis basis (see Figure 1).
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Business objectives
polit. / regulat. framework

Business layer

Function layer

Interoperability

layers Information layer

Communication layer

Component layer

y
Generm

Transmis‘sion\b‘\‘n
Distribution

Domains

Customer

prest OS\
)

Figure 1 — The Smart Grid Architecture el (CEN-CENELEC-ETSI, 2014)

QO

IEC

5.2 |Business roles <
)
Table|1 lists the business roles that ha een identified so far by IEC SyC Smart Energy
followjng the guidelines for role modelling’of IEC SRD 62913-1. This list is not exhaustive and
will b¢ updated as the use cases aredrafted.
>
Ta&B‘Q\C? — Business roles of the domain
Business roles |k\ . Definition
_ Generation and DER roles
(O Responsible party for overall market and financial decisions and contracts related to
DER ¢wner . . ) b - ; .
n@ DER including microgrid design and operations
< Responsible party for operational aspects of the facilities and their DER systems
DER ¢perator . . . ) . -
‘5 including real time microgrid operations
G
U A party which aggregates flexibilities for its customers.
Flexifilmf aggregator Can activate flexibility sites

Equivalent to retail energy provider (REP) in this document.

DER equipment

Entity that produces, tests, sells, and implements DER systems

manufacturer
Party generating electric energy.

Producer Additional information: This is a type of grid user.
[SOURCE: IEC 60050-617:2009, 617-02-01]

Prosumer Network user that consumes and produces electrical energy

[SOURCE: IEC 60050-617:2017, 617-02-16]

This is a type of producer.

) o Electricity producer with generator(s) connected to the distribution grid. Production
Decentralized electricity | can be dispatchable or non-dispatchable.
producer

Power plant operator Responsible party for operational aspects of a power plant
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Business roles

Definition

Power plant owner

Responsible party for market and financial decisions and contracts related to a
power plant

Client / customer /
consumer (of electricity
supplier)

A party connected to the EPS that contracts for the ability to consume electricity at
a metering point.

Grid user

A party connected to the EPS and consuming or producing electricity or both. Grid
users include consumers, producers, and prosumers.

Equivalent to party connected to the grid.

Microgrid operator

Party responsible for the safe and reliable operation of a microgrid

[SUURUCE. TECU OUUSU-OT7.ZUTT7, OT7-UZ=-TI]

Microfrid owner

Third party managing DER systems based on market information, financial
decisions and contracts related to a microgrid

Transmission and distribution domain

Microgrid manager

Entity responsible for the planning, operation, maintenance, andythe developmgnt in
given areas of the electricity network (LV, MV, and potentiall{’HVY), the quality pf
electricity supply (power delivery, voltage etc.), to arrange.far,grid connectiong to
DERs and prosumers.

The microgrid manager is responsible for the managentent of DER within the
microgrid premises to match consumption.

Retail energy provider
(REP

Third party managing DER systems based on market information

System operator

Party responsible for safe and reliable gperation of a part of the electric power
system (EPS) in a certain area and for connection to other parts of the electric
power system

[SOURCE: IEC 60050-617:2009,°617-02-09]

Distribution system
operator (DSO)

Party operating a distribution system
[SOURCE: IEC 60050-61:2009, 617-02-10]

The DSO is responsible for the planning, operation, maintenance, and the

development in given areas of the electricity distribution network (LV, MV, and
potentially HV)~the quality of electricity supply (power delivery, voltage etc.), gr
connection of'DERs and prosumers for customer access to energy supply retaif
market through the DSO's system under regulated conditions.

According'to Article 2.6 of the Electricity Directive 2009/72/EC (Directive): "a
natural-or legal person responsible for operating, ensuring the maintenance of [and,
iflnecessary, developing the distribution system in a given area and, where
applicable, its interconnections with other systems and for ensuring the long-tdrm
ability of the system to meet reasonable demands for the distribution of electrigity"

d

Party operating a transmission system
[SOURCE: IEC 60050-617:2009, 617-02-11]

The TSO is responsible for the planning, operation, maintenance, and the
development in given areas of the electricity transmission network (HV), the qyality
of electricity supply (frequency and voltage), and access to the bulk market system
for DER systems capable of participating.

Transmission system
operator (TSO)

According to Article 2.4 of the Electricity Directive 2009/72/EC (Directive): "a
natural or legal person responsible for operating, ensuring the maintenance of and,
if necessary, developing the transmission system in a given area and, where
applicable, its interconnections with other systems, and for ensuring the long-term
ability of the system to meet reasonable demands for the transmission of
electricity". Moreover, the TSO is responsible for connection of all grid users at the
transmission level and connection of the DSOs within the TSO control area.

[SOURCE: EU Commission Task Force for Smart Grids, EG3]

Balancing responsible
arty

Party contractually responsible for the observed differences between electricity
supplied and electricity consumed, within a defined area

Market services roles

Service provider or
energy service provider

Entity providing electricity-related services (such as energy efficiency or
communication services)

Bulk power market or
transmission market

Entity providing a market for buying and selling energy and ancillary services to the
bulk power system
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Business roles

Definition

Distribution market

Entity providing a market for buying and selling energy and ancillary services to the

distribution power system

In general, this entity does not exist as a "market", but many energy service
providers can provide related capabilities.

Demand response market

Entity providing energy prices to consumers and prosumers so that they can change

their energy demand based on those prices

Third party roles

Meter operator

A party responsible for installing, maintaining, testing, certifying and

decommissioning physical meters in compliance with the regulated conditions for

contract between ESR and their customers

[SOURCE: ENTSO-E, EFET, and eblX, 2010]

Meterjng point
admirfistrator

A party responsible for registering the parties linked to the metering points)in a
Metering Grid Area. The metering point administrator is also responsible/for
maintaining the Metering Point technical specifications. The metering“point
administrator is responsible for creating and terminating metering/points.

[SOURCE: ENTSO-E, EFET, and eblX, 2014]

Telecpmmunications
operafor

Entity that offers telecommunications services

EIectrIicity installer

Entity that installs and maintains smart electric systems for industrial, commer
and residential purposes

tial,

Equipment manufacturer

Entity that produces and sells electrical devices and electricity management dg

vices

In addition, analysis has highlighted the need to extend business roles listed above with the
followjing role:
Third party roles
. . A party responsible forproviding weather forecast suitable for asset power forg¢cast
Weather service provider that can affect DER(dispatchability
5.3 |[System roles
Table|2 lists the system roles identified by the IEC SyC Smart Energy and SC8B AhG2 relevant
for this document along with some necessary additions.
To soft the systemqroles, the distinction was made between general and specific system|roles.

A spdcific system:role is always attached to a general system role. A specific systen
inherifs the properties of the general system role and can also be referred to by the g¢
systefn role. A-system role can both be a general and a specific system role.

Note fhatthis list is not intended to be exhaustive, nor does it intend to show all the relatior

n role
bneral

ships

between different roles. Its intent is to serve the purpose of this document to provide details on
the system roles to better describe the system use case.
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Table 2 — System roles of the domain

2023

System roles

General system role

Specific system role

Definition

Level 0 Electric Power System

Electric power system
(EPS)

Composite, comprised of one or more generating sources,
and connecting transmission and distribution facilities,

operated to supply electric energy

Note 1 to entry: A specific electric power system includes

all installations and plant, within defined bounds, prov

ided

for the purpose of generating, transmitting and distributing

etectricenergy:

[SOURCE: IEC 60050-692:2017, 692-01-02]

Local EPS

An EPS contained entirely within a single premises or
group of premises

Area EPS

An EPS that serves local EPSs

Microgrid EPS

A local EPS that can operate as anisland and can be
operated as a virtual resource to\the"area EPS

DC EPS

A local EPS that operates direct current

EPS measurement
system

The overall measurement system of an EPS, consistin
all the sensors and relaysthat measure, record and d
the electrical state yariables of the EPS

g of
Eliver

Frequency
measurement system

A set of equipment-that can measure frequency, recor
provide the data for other systems to use.

d and

Voltages measurement
system

A set of equipment that can measure voltage, record 3
provide'the data for other systems to use.

nd

Point jof connection
(POC

Reference point on the electric power system where t
user’s electrical facility is connected.

Note 1 to entry: In this document, point of connection
indicates a point where an area EPS is connected to
another local, DER or microgrid EPS.

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

NOTE For those POC between a utility EPS and a pl
or site EPS, this point is identical to the point of comn
coupling (PCC) in IEEE Std 1547 "Standard for
Interconnecting Distributed Resources with Electric P
Systems".

ant
on

wer

POC switch

Switch plus its controller at the POC

EPS switch

Switch plus its controller within an EPS

Synchronizing
equipment

Equipment that synchronizes the frequency, voltage
magnitude and angle between two EPSs

Weathensystem

Meteorological service providing weather system that

can

ffoot NCD [N HH
arretroreapadtittesS
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System roles

General system role

Specific system role

Definition

Level 1 Energy Resources

Virtual resource (high
level)

A set of one or more energy service resources, including
generators, energy storage, controllable load, and ancillary
services

Distributed energy
resource (DER)

A distributed set of one or more energy service resources,
including generators, energy storage, and ancillary
services

Renewable DER

DER system whose prime energy mover comes from
renewable sources, including water, solar, wind, and

biofuels

Wind turbine

A rotating machinery in which the kinetic wind energy [is
transformed into another form of energy

[SOURCE: IEC 60050-415:1999, 415-01-01]

Hydroelectric power
station

A power station in which the gravitational“energy of water
is converted into electricity

[SOURCE: IEC 60050-602:1983,'602-01-04]

Solar power station

A power station producing €lectrical energy from sola
radiation directly by photovoltaic effect, or indirectly by
thermal transformation

[SOURCE: IEC 60050-602:1983, 602-01-29]

Biomass power plant

A thermal poweér station in which the thermal energy i
obtained by< tombustion of biomass

Geothermal power
station

A thermal power station in which thermal energy is
extracted from suitable parts of the Earth's crust

[SOURCE: IEC 60050-602:1983, 602-01-28]

Combined heat and
power (CHP)

The production of heat which is used for non-electrica
purposes and also for electricity.

[SOURCE: IEC 60050-602:1983, 602-01-24]

In some circumstances, electrical energy is the primaify
purpose with heat as a secondary purpose.

Electri¢'vehicle (EV)
and electric vehicle
supply ‘equipment
(EVSE)

Automobile which is powered completely or in part by
electricity and whose battery can be charged from an EPS

Combination of EV and EVSE is identified as a DER by
IEC 63110-1.

Fuel cell

A generator of electricity using chemical energy direcfly by
ionisation and oxidation of the fuel

[SOURCE: IEC 60050-602:1983, 602-01-33]

Gas turbine set

A thermal generating set in which the prime mover cofsists
of a gas turbine

[SOURCE: IEC 60050-602:1983, 602-02-23]

Heat pump

An electrical device that can heat a building (or part of a
building) by transferring thermal energy from the outside
using the refrigeration cycle

Electrical energy
storage system

A system that can store and deliver electrical energy by
conversion into another form (chemical, potential, kinetic,
thermal ...)

Electrical energy storage system includes battery, flywheel,
compressed air, and pumped hydro storage

DER unit

Prime mover and converter to or from electrical energy or
both, including generators, energy storage, and
controllable load

DER storage unit

DER unit that includes energy storage that can be
converted to electrical energy

DER generating unit

DER unit that includes generation of electrical energy
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System roles

Definition
General system role Specific system role
Load Power demanded by a group of consumers
Controllable load (high Load allowed to be modified based on operating
level) conditions, tariffs, contracts, or other criteria
Non-controllable load Load that is not allowed to be modified

Load within a local EPS having the highest priority of

Critical load service

These loads are served at the expense of all other loads.

Loadawithin o local EDG haovinag thao lowagct neiority, of
9 Ld

J
service

Non-critical load
These loads can be left unserved in favour of critical Ipads.

DER ¢ontroller Controller of DER unit

Combined DER controller and DER unit;{hcluding

DER gystem generators, energy storage, and controllable load

DER system responsible for freqUency or voltage

Regulating DER regulation or both

system The regulating DER system tould be a generator, an
energy storage system, or controllable load.

Non-regulating DER DER system not participating in frequency or voltage

system regulation

Time pynchronization
=3

Source of an“aceurate time signal
sourc

Safety-related function to prevent harm to personnel, the

DER protection function DER¢system and possibly other electrical equipment

Provisions for detecting faults or other abnormal condjtions
inna power system, for enabling fault clearance, for
terminating abnormal conditions, and for initiating signals
or indications

[SOURCE: IEC 60050-448:1995, 448-11-01]

Protection

Firefighting Function to prevent fire ignition

Log of significant events and alarms for use in market

DER log settlements, operational analysis, and other audit purposes

Meter that records the energy produced within specifi¢d
time periods, energy used within specified time periods for
DER charging of storage, and demand curves of DER
DER Ieter generation and storage over time

Depending on the agreement between the system opgdrator
and the microgrid owner, the meter can perform recorfling
of active and reactive power.

Switch and its controller that connects a DER or a DER

DER gwiteh system to an upper-level EPS
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System roles

General system role

Specific system role

Definition

Level 2 Energy Management Systems

DER management
system (DER-MS)

System that manages the settings and dispatch of DER
systems

Facility DER EMS
(FDEMS)

System that manages the settings and dispatch of DER
systems within a facility. This facility could be a residence,
a building, a commercial site, an industrial site, or any
other high-level location.

Microgrid DER EMS

System that manages the settings and dispatch of DER
systems within a microgrid, and that can cause the

(MDEMS)

microgrid to become an island and to reconnect with the
area EPS

Power plant DER EMS
(PDEMS)

System that manages the settings and dispatch‘ef DER
systems within a power plant

Building DER EMS
(BDEMS)

System that manages the settings and-dispatch of DER
systems within a building

Virtual power plant
(VPP) DER EMS
(VDEMS)

A

System that manages the settings_and dispatch of DE
systems that are enrolled in_ a virtual power plant

Electric vehicle EMS
(EVEMS)

System that manages the settings for charging electri
vehicles, including as‘DER systems

Electific vehicle supply
equipment (EVSE)

Devices that supplies electric power to an EV to charde the
vehicle's batteries

Level| 3 Aggregators

Aggrggator / retail DER
manapement system
(ADEMS)

Systemnthat manages the settings and dispatch of DER
systemsrthat have been contracted to be operated by REPs
or aggregators or both

Levell4 DSO and TSO

TDEMS is part of the TSO EMS that manages large DER

TDEMS systems or large aggregations of smaller DER systemp.
DSO PER EMS DDEMS is part of the DSO EMS that manages large ER
(DDEMS) systems or large aggregations of smaller DER systemp.
Distripution

manapement system
(DMS

High level term for all applications used for distributiop
management

Distribution operations
model and analysis
(DOMA)

Topological model of distribution system, including the
location and profile characteristics of all distribution
equipment and DER systems (individually or in aggregate
or both). This model is derived from the geographic mpdel
in the GIS, the facilities information (often included in|the
GIS or an asset management database), and the DER
profiles (derived from the CIS and DER characteristic
database)

Distribution system

Application that determines the power flows of the

power flow (DSPF)

distribution system, using the DOMA model

Transmission bus load
model (TBLM)

Geographic information
system (GIS)

Geographic model of the distribution system, including the
location and characteristics of all distribution equipment
and DER systems (individually or in aggregate or both)

Customer information
system (CIS)

System with customer information, including personal
information, billing information, customer profile
information, etc.

Distribution SCADA
system (DSCADA)

A control system architecture comprising computers,
networked data communications and graphical user
interfaces for high-level supervision of an EPS
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System roles
Definition
General system role Specific system role
Level 5 Market
Retail market (high Market in which transactions are made to provide energy to
level) end-customers
Demand response (DR) System providing demand response pricing information for
system different energy products during different time frames
Schedule provided by REPs, DSOs, TSO, and others to
De_mand response (DR) indicate contractual and forecast prices for energy and
pricing schedule ancillary services during specific time periods
EV pricing program Special pricing for charging EVs
V2G DR program Vehicle-to-grid demand response program
5.4 |Clarifications on some roles and further detailing concepts

Mored
the w
typolg

a) Rd

Generally, an EPS consists of the infrastructure and systems that electrically ca

S€
Cco

S€
TH

brk conducted in this document, it was found useful to clarify some roles, in particuld
gy of the electric power systems (EPS), the DER and‘the point of connection (POG

garding EPS, DER and POC

veral users together. Producers (DER), cohsumers (Load) and or prosumers
mpose these users.

The area EPS consists of a group.of EPS connected together. In the context of
case, it can also stand for the extérnal system(s) connected to the EPS(s) of inter¢

is limited to that of interest té6.the use case.

The local EPS cannot operate on its own. It needs at least one (or several) externg
to provide services thatthe local EPS lacks to operate. The external EPS can eith
a microgrid EPS, an area EPS or both, depending on the nature of the services pro

The microgrid ERS can operate on its own and is not necessarily connected
external EPS( The difference between the local and microgrid EPS is the ability
microgrid ERS to be operated in both island mode and grid-connected mode.

system ean either or both be referenced as a DER and as an EPS, based on the t
rvice it'provides, in the frame of each use case.

e/ physical separation between each EPS is the point of connection (

ver, it was found that several notions can target the samé physical entity. In the frame of

r, the
).

nnect
DER)

a use
pst. In

that case, the required knowledge of the composition and the operation of the area EPS

| EPS
er be
Vided.

to an
of the

pe of

POC).

Fi

jure 2 provides a visual explanation.
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Figure 2 — Schematic view of the different types of electti¢c power systems

e DER-MS as a generic DER management system
e DER-MS refers to the set of functions that are involved.in the management of oper

ch of the specific implementations of the DER-MS"listed in Table 2 (FDEMS, MO
DEMS, etc.), with variations based on the application case. The DER-MS consist{
bre in a set of functions than an actual system-and can be hosted in many systems (U
stems, Service providers, and facility management systems). As such, the DER-MS

garding DER, DER unit (and its varieus subsystems) and DER system
e DER system roles proposed in_Table 2 offer an array of useful concepts for desg

bse definitions:

The DER is a distributed-resource seen from the area EPS. It can be a heterog
set of resources and“includes all the facilities necessary for operation and feg
electrical energy té\the area EPS. It is a general term and all the systems that ha
capacity to feed energy and have the proper tools to perform so can be called [
regardless of(thgir internal architecture and origin of power.

e word "ufity, used in several terms, refers to an individual or a homogenous
sources (with respect to the concepts developed).

jure 3sprovides an example of the use of system roles and highlights the key differ
scope between DER, DER unit and DER system.

e —

IEC

ations

d settings of a set of DER. The functions related/Ao 'DER management are included in

MES,

then
tilities
is the

ribing

nctionalities carried out by DERs. Some clarifications are provided below on the lise of

ENous
eding
e the
DERS,

set of

ences



https://iecnorm.com/api/?name=444ee733788b141effeed20aba6a048c

- 22 - IEC TR 62898-4:2023 © IEC

DERMS Distributed energy resource (DER)
(optional)

! b DERMS Distributed energy \

1 1 X (optional) resource (DER) 1

1 1 |

1 | ' T ——— |

1y DER 1 1 N \ 1

iy storage DER 1 I 1 1

"y unit controller i 1 S : I

|

1 [ L ! | 1

1 . 1 L ;! ! ]
(g [p=R e o lu| DER = | e 1P

:: : : : : unit controller [} : unit controller %(1/:

Il |DER system ¢ : 1 ~(1.f 1

| e 2 DER unit 1 '/ DERunit | S

i I ;! (b’ |

1 I 1

:| i + DER system 1 ' DER system Cb ! :

\

\____________—/ \\_______ ___¢,
11 \ /
‘ Q ‘

B (el

Figure 3 — Graphic user guide for DER related terms and concepts

icrogrids use cases

6.1 General

IEC SRD 62913-1 use case methodology .has been followed as well as IEC SEG 6 rg
IEC SEG 6 (System Evaluation Group onzlNon-conventional Distribution Networks / Microg
propoged a list of generic use cases which are listed in 6.2.

6.2 |List of business use cases identified
The BHusiness use cases (BUE) have been classified based on their need and objectiv
follo

A Guarantee a continuity in load service by islanding.
Elgctrify remotevareas using renewable energy resources.
Optimize local resources to provide service to customers inside microgrids.

Optimizeslocal resources to provide services to the area EPS / disaster preparedness.

2023

sults.
grids)

eS as

Dgvelop larger energy system by interconnection of isolated microgrids.

m m O O

system.

These business use cases are illustrated in Figure 4.

Optimize energy supply cost by proper use of local asset within a community-run distribution
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k. BUC A: Customer service by islanding

e
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6.3

BUC

resou
assoc
comm

fodh

Large grid |

T
H?”| |

k- BUC E: Interconnection of microgrids%
@ é——;
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PQ: load reactlve and active power

G
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lgenerator

meter

load (reactive and active power)
renewable energy resources

microgrid

Figure 4 — Schematic vision of the microgrids business use cases
icated section for each of the BUCs identified above further describes them in deta

Use case methodology applied to microgrid domain

A (Guaranfee a continuity in load service by islanding) and BUC C (Optimize

k. BUC B: Electrify remote areas using RnE

IEC

local

‘ces toprovide service to customers inside microgrids) were analysed to determing their

ated roles and system use cases. Around 25 SUCs for each BUC were identified,

onalities between the two. Details were provided for each SUC to be understood ang

by othe

ac o haocn foar ctondardi—

e sh

rl atio rl
€F vvvll\lllv 5|uu|uu a5-a-Baseter-stahaafratZatHeR—works

ort description;

with
used

e related business roles and system roles based on the list of roles provided in this document.

A methodology was developed to identify the system use cases, and was applied for BUC A

and B

UC C. The methodology is intended to fulfil the following goals.

— Ensure of the consistency with previous publications. Namely, a first set of system use cases
is derived from the business use case itself, based on the details given by this document
and IEC SRD 62913-2-1.

— Identify elementary system use cases and provide only essential details on each of them.
This allows the use cases to be broadly understood and accessible. It also opens on a
variety of implementations. Thus, the identified use cases will be stored in the IEC use case
repository. Refer to Annex B for a succinct presentation of the IEC use case repository.
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— Combine the system use cases so as to provide an exhaustive set of tools to achieve the
related business use case.

— Build a shared vision throughout the working groups involved in activities related to the use

ca

ses to provide a reliable and representative set of use cases.

To meet these goals the group developed a step-by-step approach.

1) Derive a draft set of SUCs:

Based on the business use case description and group member expertise, the coordination
working group identifies a first set of elementary system use cases, with the aim of providing
an exhaustive description of the systems involved to achieve the related BUC.

2) Pr

It
b4
of

3) Ci

TH
9

a)

—

b)
TH
T(
ap
gr
4) Eg
Ta
Ts
w
th
E4
th
pr
TH
IE
re
Th

gr
fra

ppose UC based on specialized work:

s possible that use cases have been developed by other specialized working”g
sed on their needs for standardization. These use cases need to fit into a coordinat
use cases for microgrids and thus are integrated in the edition process,

oss-check analysis:

en, the set of use cases is compared to work performed by other/specialized w
bups (either using UML methodology or other approaches). The comparison is inte

to build further exhaustiveness by integrating the use cases that were found m
from the first step, and

to validate the first list by finding links in between thereviewed works.

is step was done for BUC A with the use cases provided by the relevant working gr

57, which later yielded the system use case:identified in IEC 61850-90-23. |
proach a first list of use cases was used and.in parallel reworked by the relevant w
bup in TC 57. Further work for alignment is¢planned in the near future.

it SUCs in a standardized format:

the consolidated list of SUCs were attributed business roles and system roles take
ble 1 and Table 2. For each SUC,za first list of business and system roles were f
nen required, the roles were thenisorted with regards to their importance in carryi
e SUC in a set of primary andxsecondary business or system roles.

ch SUC was completed with a short description featuring the elements of importa
b SUC and aiming at (eliminating any ambiguity. The short description also prd
bliminary details as to°the actions attributed to each of the primary roles.

e SUCs are developed following the guidelines of IEC SRD 62913-1
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1. Deriving a draft set of SUC | 2. Propose UC based on specialized work

Based on the analysis of IEC From standardization work, it appears some
publications, reference documents and microgrid use cases aren’t described by existing

task force expertise standards

Microgrid > use cases
from other groups
(working document)

!

‘ 3. Cross-check analysis F

* - Validation of the draft proposal

- Build further exhaustiveness

4. Edit SUC in a standardized form?t‘n:

- Business roles and system roles
# attributed for each SUC
- Short description for each SUC
Consolidated set of SUC l
:| Work led by coordination entity
:I Work led by specialized entities
SUC to be stored

Published set of SUC  in the IEC repository
(UML format)

First set of SUC

1]

IEC
Figure 5 — Process for SUC edition for each BUC

6.4 |Guarantee a continuity in load service‘by islanding (BUC A)
6.4.1 General

This BUC is based on IEC SRD 62913-2-1 and is intended to be consistent with it. BUC A was
described using the IEC 62559-2 use case template. The description is provided in Anneix A.

6.4.2 Scope
This BUC describes how'a microgrid, which is generally operated in grid-connected modg¢, can

guarahtee continuity inNead service by islanding, in other words by operating disconnected from
the area EPS.

6.4.3 Objectives

This BUC ‘\has several objectives on the services to microgrid users:

e Improve reliability of power supply of customers by maintaining supply continuity or
maintaining supply continuity for critical loads.

e Facilitate maintenance of network assets, by enabling supply continuity to customers during
an interruption.

e Reduce the occurrence of outages and their duration for the customers within the microgrid.
Three kinds of islanding are possible:

e Preventive islanding in case a supply interruption is planned (for example, due to
maintenance) or a grid outage is expected (storms that could damage overhead lines,
damage by third parties, line congestion are non-exhaustive examples). Also, high price
events are an abnormal situation to which islanding could be an appropriate answer.

e Unintentional islanding in case of unplanned grid failure; this islanding can be triggered
automatically.
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e Black start recovery to re-supply loads after grid failure, if the microgrid is technically not

able to automatically and seamlessly island without any blackout.

After starting the islanding, the microgrid will continue to operate in island mode until the power
is back to normal on the area EPS, as long as the local power sources are able to supply.
Afterwards when the area EPS supply is back, the installation can reconnect to the area EPS
and operate again in connected mode.

6.4.4 Operation of use case and technical issues

6.4.4.1 General

This Yse case can be broken down into 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: Operating the islanded microgrid (scenario 5)

e Step 4: Reconnection to the area EPS (scenario 6)

Scengrio 2 is only applicable for planned grid outages; which can be planned maintenance of
upstrgam equipment or anticipation of possible upcoming failure or constraints on the ngtwork
(storms that could damage overhead lines, line congestions are two examples).

Scengrios 3 and 4 are applicable when anxunplanned outage of the area EPS occurg. The
choicg¢ between both scenarios depends® on the technical capabilities of the microgrid:
automated islanding is better for the clights, as they do not sustain any outage, but ismuch
more | technically complicated to achieve, and thus needs more equipment and [more
invesiments.

The pfrocesses before and during the islanding, and for the re-connection to the area ERS are
the sgme in every case.

6.4.4.p Before islanding (scenario 1)

When|the microgrid'is connected to the area EPS, in normal operating conditions, the microgrid
operator monijtors the state of the area EPS and of the different generators, storage sygqtems,
contrgllablestoads and other flexibilities inside the microgrid to enable islanding if an dutage
occur$ and_to assess the possible duration of islanding. Microgrid (storage) might operatg only
a limifedtime in island mode. This duration should be communicated with the DSO, espgcially
for sensitive applications. The microgrid operator informs the DSO about the microgrid’s
possibility to island in real time. For utility microgrids, the DSO gives an authorization to island
in case of outage (If possible, automatic action will be engaged).

The microgrid operator also prepares the different generators, storage systems, controllable
loads and other flexibilities, so 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 charge could be reserved to enable islanding, and not be used for other use
cases. The microgrid operator can control either directly or through a system manager a
generator, storage system or controllable loads (DER operator or EES operator) to prepare for
islanding.


https://iecnorm.com/api/?name=444ee733788b141effeed20aba6a048c

IEC TR 62898-4:2023 © IEC 2023 - 27 -

The preparation and the assessment of the islanding duration takes into account the forecasting
of the consumption and production inside the microgrid. In case of critical loads such as
hospitals, banks, etc., seamless switches are needed for islanding and the total islanding
duration must be defined and guaranteed. Depending on the configuration of the microgrid EPS,
operating DERs and causes for islanding, the islanding operation can temporarily degrade
power quality. In this context, a seamless islanding refers to a level of disruption of power feed
that stays within acceptable range of operation of the microgrid customers. The range of
operation depends on the criticality of customer processes. It is possible that a microgrid is able
to perform a seamless planned islanding but is unable to island seamlessly in response to an
unplanned event.

6.4.4.3— Preventive-islanding-({secenario-2)

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

e Fdr distribution microgrids, the MV/LV system operator informs the microgrid-operatgr that
it should perform a preventive islanding because of

— | an operation on the network that will cause a supply interruption intthe microgrid|area,
or

— | an expected grid failure due to climatic events or constraints{on the network.

EXAMPLE Weather forecast alarm of imminent arrival of cumuloninibus’clouds with possibility of lightning
strike to the transmission or distribution line.

THe MV/LV system operator informs the microgrid operator about the starting time and the
ddration of this event.

e Fdr facility microgrids, the private network operator can decide to operate a preventive
islanding in one of the following cases.

— | The MV/LV system operator informs thecprivate network operator about an operation on
the network that will cause a supply interruption in the facility area.

— | The MV/LV system operator or a weather forecast provider informs the private ngtwork
operator about an expected grid\failure due to climatic events.

— | The MV/LV system operator ‘informs the private network operator about an expectdd grid
failure due to grid constraints.

In coqrdination with other use-cases, the microgrid operator prepares the different genenators,
storage systems, controllable loads and other flexibilities, so that the system will be aple to
island during the entirenevent. For critical applications, periodic tests must be conducied to
ensurg the readiness of the system. The microgrid operator informs the MV/LV system opgrator
about|{the microgtid \possibility to island.

Beforg¢ the event starting time (real or expected), the microgrid operator takes control pf the
operalionmode of the different generators, storage systems, controllable loads and|other
flexibilities,”and starts the islanding by commanding the resources to reduce transferred power
to zeto—at tha POC while e\nlii‘r\hing the ralevant resolirces tao island mode than phy ~ica||y

disconnecting the microgrid from the area EPS.

6.4.4.4 Unintentional islanding (scenario 3)

At a given time, an unplanned outage occurs on the area EPS, and is detected by the microgrid
operator. If the conditions allow it, the microgrid operator 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 area EPS and simultaneously
switching the relevant resources to island mode.

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

At a given time, an unplanned outage occurs on the area EPS, and the microgrid is unable to
automatically island and is thus powered off. The microgrid operator 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 operator takes control of the operation mode of the
different generators, storage systems, controllable loads and other flexibilities, physically
disconnects the microgrid from the area EPS and simultaneously switches the relevant
resources to island mode, and performs a black start by managing the energy sources and the

other flexibilities. The microgrid operator assesses the duration that it will be able to maintain
islan ing and informs the MV//L\/ cycfnm operator about it

6.4.4.p Maintaining the islanding (scenario 5)

Oncethe islanding has started, the microgrid operator has control over the different generators,
storage systems, controllable loads, and other controllable devices in a mieragrid. One pf the
goals|of the microgrid operator is to maintain electricity supply within the-guality limits defined
for th¢ area. Monitoring and controlling DERs of the microgrid in a coofdinated manner by the
microgrid operator serves this purpose. For AC systems, this notably/implies to control vpltage
and frequency within the microgrid EPS. It can also imply modifying the protection functigns for
the npw short-circuit levels and grounding situation as well, @s the ground connection to
accommodate the new isolated grid.

The bus bars on LV level might be divided into non-intetruptible (security lights, server |etc.),
interryptible (heating, cooling, refrigeration, etc.) and\interruptible with a time delay (dryer,
washing machine). This usually ensures enough flexibility through a simple and rgliable
appropch in order to manage them to maintain the“islanding for the targeted duration. |f it is
impossible to maintain all the loads supplied for the total duration, the microgrid opgrator
optimjzes the supply time of the loads, taking into account priorities between the loads. As
maintaining the islanding is not sufficient te\maintain a stable operation, frequency and vepltage
contrgl also need to be available. Depénding on the use case, the selection of logds or
generption power settings for continuous operation of islanding is realized by an autgmatic
means or by service personnel of the-microgrid operator.

the MV/LV system operator-about it. This assessment takes into account the forecasting |of the
consumption and produetion inside the microgrid. Load priorities need to be considered{when
the mjcrogrid is operated in island mode; for example, washing is not an important action ¢gluring
a bladkout.

The :T/icrogrid operator regularly assesses the possible duration of the islanding and informs

If, du¢ to a lack of production, consumption or flexibility, islanding operation mode begomes
impossible toxmaintain, the microgrid operator safely powers out the microgrid aredq, and
reconhegcts the microgrid to the area EPS when it is possible.

6.4.4.7 Reconnection to the area EPS (scenario 6)

When the power on the area EPS has regained normal operating conditions, the MV/LV system
operator informs the microgrid operator that it can reconnect the microgrid. The microgrid
operator then manages the different generators, storage systems, controllable loads and other
flexibilities to enable a reconnection without perturbation or interruption of the power supply,
and physically performs the reconnection. The microgrid operator informs the MV/LV system
operator about the reconnection, and continues to operate different generators, storage
systems, controllable loads and other flexibilities based on the other use cases. The
reconnection can follow different paths.

— Scenario 6.1: Seamless reconnection, if the microgrid EPS has the necessary facilities
(synchronizer, frequency and voltage control of some DERSs) to reconnect to the area EPS
online.
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— Scenario 6.2: Shutdown followed by an offline reconnection, if the DERs are unable to
reduce the voltage or frequency difference at the POC. The startup procedure in this case
follows the normal on-grid startup.

6.5 Electrify areas using renewable energy resources (BUC B)

6.5.1 General

This BUC implies that microgrid is one of the solutions to promote electrification in cases such
as:

— far rural areas or islands;

— elgctrically congested areas with overloaded transmission or distribution feederg with
infegration of renewable energy resources (or distributed energy resources DERS).

This BUC can serve a community with weak transmission or distribution feedersy

6.5.2 Scope

The BUC concerns connected microgrids with weak transmission or distribution feedgr and
isolateéd microgrids used for purposes such as electrification in far rural areas or geographic
islands.

6.5.3 Objectives
This BUC has several objectives:
— Lgcal electrification in developing areas, beforeseventual construction of a main distribution

network.

— Elgctricity supply on islands or areas whete there is no possibility to connect to al main
digtribution network.

— Elgectricity supply on islands or areas’where there is a main distribution network but it’s
pgwer reliability and power quality. are very poor.

— Elgctricity supply on islands or_areas where there is a main distribution network and low
cost of electricity from localmicrogrids.

6.5.4 Operation of use case and technical issues
6.5.4.1 General requirements

In addition to local\grid codes, IEC 62786 requirements apply to the user holding genefration
conngcted to the grid, with an assessment considering each feature’s impact on micrggrids,
one by one,

6.5.4.2 Basic functions

Basic essential functions include black-start as well as frequency and voltage regulation to
guarantee necessary power reliability and quality.

6.5.4.3 Advanced functions

Advanced functions could include load shedding, load control, forecast of load and power
generation.

Figure 6 shows an example of this kind of microgrid built in China with the following
characteristics.

— The local area is far from local electric power distribution system.

— There is low power reliability and high maintenance cost of the area EPS.
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— Some critical loads in this area need high power reliability.

— Local renewable energy resources are available.
Far and low reliability distribution network
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Figure 6 — lllustration of a microgrid for electrifying
remote areas_ using renewable energy resources

6.6 |[Optimize local resourcesto provide services to customers inside the microgrid
(BUC C)

6.6.1 Scope

This Business usetwcase concerns connected microgrids. It describes how microgrids cpn be
used o providesservices to their customers, by optimizing the assets such as energy stgrage,
dispaichable |0ads, dispatchable generation, etc. The services provided can lead to redfiction
of thg¢ energy cost, increase of local energy consumption, decrease of greenhous¢ gas
emissjons,_etc.

6.6.2 Objectives
This BUC has several objectives:

— Reduce the energy cost for microgrid users.

— Reduce installation costs (smaller cable sizes).

— Postpone further infrastructure investments.

— Promote local consumption.

— Facilitate renewable energy sources (RES) integration.

— Individual self-energy sufficient community connected for frequency or voltage stability or
backup supply of critical loads (short-circuit protection and selectivity, more important for
community connected case).
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The services delivered to the area EPS could be:

6.6.3 Operation and related technical issues
6.6.3./1 General requirements

This BUC concerns connected microgrids used in grid-connected mode.

Manage power produced locally so that there is no injection (or limited injection) to the area
EPS.

Manage the reactive power consumed to avoid penalties. For example, in an installation
comprising PV production, the PV system will produce an active power only by default. Thus,
at the POC the consumed active energy will be reduced, but there will be the same reactive
energy required, resulting in a degraded power factor.

Manage loads so that their consumption matches with the local production.

Optimize resource use (for example, PV, storage) depending on tariff condition or to
optimize the self-consumption ratio

Fgcilitate peer-to-peer energy exchange (for example, by a trading platform) imorgder to
ingrease self-consumption (within the microgrid), foster DER integration-‘and ytilize
flexibilities.

Ofher services to the area EPS can include voltage or frequency regulation or both and
dgmand response, which are more in the scope of BUC D.

In addlition to local grid codes, IEC 62786 requirements@pply to the user holding genefration
conngcted to the grid, with an assessment considering’each feature’s impact on micrqggrids,

one by one.

Assuming compliance to grid code and agreement between network operator and the micfogrid
operator, the optimization of the microgrid assets can provide several services to its custgmers:
reduction of the energy cost, increasg~of local energy consumption (self-consumption),

decrepse of greenhouse gases emissions, lower grid connection costs, etc.

The ¢perational issues to achieve these goals are highly dependent on the regulatory

framework, especially on the following points:

a)

b)

the possibility or not toshave different levels of energy metering and billing: at the micfogrid
leyel, and at the customer level;

status of the microgrid as a consumer or as a producer or both (prosumer), and nparket
stfuctures for«decentralized production.

Consifdering paint b), several options can exist, which will impact the optimization strategies:

tion-1a: Microgrid operator can sell the over-generated renewable energy to the

area EPS. In this case, the microgrid is considered temporarily as a power generator
(cf. existing business model). In this case, the optimization is done considering the buying
and selling costs of electricity.

Option 1b: Microgrid operator can inject the over-generated renewable energy to the area
EPS, with penalty for the quantity of energy injected (new business model taking into
account the potential danger to the system operation).

Option 2: Microgrid operator cannot sell over-generated renewable energy to the area EPS
(new business model). The total customer load curve needs to be kept to positive or zero
value, it never reaches permanently negative load power value, in other words maintaining
the load profile as "consumer" rather than "generator". In this case, other control solutions
could be studied further and put into place in order to avoid the injection of power into the
area EPS:

— system of penalty on customer billing for the injection of power to the area EPS
(threshold, duration, price, etc.);
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real-time monitoring of customer load curve and sending an information or control
signals for customer to regulate or limit its power generation on time;

use of scheduling algorithms and peer-to-peer platforms to balance energy generation
and demand as well as for capacity management;

at customer side, a local control system, measuring the area EPS power consumption

and controlling the local generators and storage system, so that the area EPS power
consumption is always positive;

last remedy to be studied further: circuit breaker (smart meter) in case of permanent
power injection. Remark: there are technical risks if breaking off a power generation,
further study needs to be carried out2.
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R Requirements of area EPS for the above new business models

bquirements for the area EPS include the following, related to the options‘descrilbed in
1:

directional meter for Options 1a, 1b and 2; or unidirectional meter for‘Option 2 byt with
gative power monitoring (for example, power fed to or received by-the area EPS).

mote control of the circuit breaker tripping at the POC in case of grid event as the
crogrid is considered as generator.

e busbars of customers can be designed for load shedding of non-critical loads (el|ectric
hicles, washing machine) to provide for additional% flexibility. For this BUC, [some
ntrollable loads can be shifted (load shifting) for the period with local renewable gnergy
bduction to optimize the self-consumption ratio.

a communication interruption occurs3, the. $ystem must go to a safe mode| The
mmunication is not allowed to be critical for.aysafe operation.

3 Requirements of microgrid side

grid operator need to use power, regulation, control and energy management syptems
its own network to:

julate the total injection power'at the POC under the given threshold for Options 1ja and

arantee positive or zero-foad power at the POC for Option 2.

grid power regulation and energy management system are considered as micfogrid
ment and can(bg installed downstream of the meter under the microgrid opernator’s
nsibility.

7 is assimplified representation of the options.

2 Regulatory framework could or could not allow breaking off a power generation depending on generator size.

3 This depends on the system design and control type: distributed controls with peer-to-peer communication are
more resilient.
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6.7.1

Community microgrids serve critical facilities such as hospitals, grocery stores, pharm

ency shelters, palice and fire stations, banks and community cell-phone charging celntres,

emerg
"pasis"

and community communication assets. Such microgrids are also called "town centre" or
microgrids and connect to provide electricity to multiple customers in the face of an emer
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Figure 7 — Representation of the power regulation and control of a microgrid
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e Ancillary service for electric power system such as frequency regulation, area voltage
control.

e Community safety and continuity.

e L

imiting 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, etc.).

e Re-synchronization with area EPS.

This BUC implies that microgrids or distributed energy resource are one of the solutions to
improve power quality, robustness and availability of power supply for customers of an EPS.
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6.7.3 Operation of use case and technical issues
6.7.3.1 General requirements

In addition to local grid codes, IEC 62786 requirements apply to the user holding generation
connected to the grid, with an assessment considering each feature’s impact on microgrids,
one by one.

6.7.3.2 Basic functions

Basic essential functions include black-start, reactive power control, frequency and voltage
regulation and automatic transfer switching.

6.7.3.B Advanced functions

Advarnced functionalities could include management of priority of distribution angioperatfon as
a virtual power plant to respond to a grid event (for example, ancillafyyservices) load
curtailment).

6.7.3.4 References
— Ng@gw Jersey Grant program: https://microgridknowledge.com/eommunity-microgrids-3
— A rteport on resiliency through microgrids in Maryland:

ht{p://energy.maryland.gov/documents/marylandresiliencythroughmicrogridstaskforcefepor
t_P00.pdf

— Bgqrrego Springs (*whole community, not "town center") Demonstration Project:

ht{ps://www.energy.ca.gov/publications/2019/hdrego-springs-californias-first-renewaple-
energy-based-community-microgrid

— NEDO Microgrid at Sendai: http://www.nédo.go.jp/content/100516763.pdf

— Hgboken, New Jersey Microgrid Project: https://microgridknowledge.com/microgrids-made-
edsier-how-hoboken-is-creating-a-resilient-microgrid-and-how-your-city-can-too/

—

6.8 |[Develop larger energy systems by interconnection of isolated microgrids (BUC E)

6.8.1 Scope

This Qusiness use case toncerns a type of non-conventional EPS in which the developmient of
larger energy systems\is'accomplished by interconnection of isolated microgrids or distributed
energly resources. JThis BUC implies that the development of large public power systems can
be cafried out in.two steps: 1) building isolated microgrids, and 2) interconnection of eXisting
microgrids by darge transmission or distribution EPS.

6.8.2 Objectives

The objectives of this Use case include the Tollowing:

— Optimize grid planning and investment phase by phase: it is possible to develop power
systems by promoting local and isolated energy power systems as phase 1, and later
interconnecting the existing local power system as phase 2 (see Figure 8 and Figure 9).

— Optimize energy exchanges among isolated microgrids, loads and local energy distribution
zones.

— Enhance renewable energy integration into electric power grids.
— Improve power quality and power reliability.

— Ensure progressive settlement of new customers.
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https://www.energy.ca.gov/publications/2019/borrego-springs-californias-first-renewable-energy-based-community-microgrid
https://www.energy.ca.gov/publications/2019/borrego-springs-californias-first-renewable-energy-based-community-microgrid
http://www.nedo.go.jp/content/100516763.pdf
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https://iecnorm.com/api/?name=444ee733788b141effeed20aba6a048c

IEC TR 62898-4:2023 © IEC 2023 - 35—

6.8.3 Operation of use case and technical issues
6.8.3.1 General requirements

In addition to local grid codes, IEC 62786 requirements apply to the user holding generation
connected to the grid, with an assessment considering each feature’s impact on microgrids,
one by one.

This BUC case could generally be deployed in the following way.

— Phase 1: isolated microgrids and autonomous local power supply systems

FC A a6 v v y Cl V€ y y L] the
construction of isolated microgrids or local power supply areas will make it possiple to
dgvelop local economies step by step. Figure 8 shows an area where there~are|three
microgrids and two local energy supply systems without interconnection.
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Figure 8 — lllustration of an area with microgrids and local energy

supply systems without interconnection = |

— Phase 2: interconnection of existing microgrids and settlement of more new customers

Based on the existing local power supply systems and the economic evolution of the areas,
it would be possible to plan the future power supply system in different ways:

e arrival or extension of upstream large power supply system to the area (Power Grid 1 in
Figure 9);

e interconnection of existing microgrids and local power supply systems with or without
centralized power generation (Power Gen 1 in Figure 9);

e enhanced local power systems will be able to supply more customers (the two new loads
in the Figure 9).
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Figure 9 — lllustration of the connection between microgrids
and local energy supply systems of an area
6.8.3.p Basic functions
Basic|essential functions include and-are not limited to local energy balance, power flux cq
frequgncy and voltage regulation, intermittence smoothing, power quality and reli
improyement.
6.9 |[Optimize energy«supply cost and exploitation of local assets inside community-
run distribution_utility by managing local resources (BUC F)

6.9.1 Scope
This |business) use case concerns microgrids in grid-connected mode. It des
community-run or community-owned (also municipality-owned, neighbourhood-o
coopgrative-owned, etc.) distribution utilities that own or manage a complete part of the g
distribution network downstream of the MV/IV _HV/MV or HV/I V transformer aiming &t two

principal objectives.

1) To determine capital and operating expenses for the maintenance and the operation of the
network infrastructure managed or owned. As a result, network use tariffs for the community
members are also determined by owners.

2) To promote the use of local energy assets and resources accounting for the technical,
economic and environmental impact of various energy production and transportation
techniques.
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The services provided to the community members can be the reduction of the network use tariff
and of the energy supply cost, the increased consumption of energy locally produced (from
renewable or conventional resources), the exploitation of local assets for self-sufficiency
purposes, the creation of economies of scale in the community and in nearby areas, the
decrease of greenhouse gas emissions, the active engagement of community members with
innovative energy related technologies (metering, storage, etc.) and energy efficiency actions
(demand side management), etc.

6.9.2 Objectives

The objectives of this BUC include the following:

e Prptect community members against energy price volatility (concerning network use, fariffs
and energy supply cost).

e Prpmote the use of locally produced energy and the exploitation of local assets.
o Regduce network losses and optimize network operation and maintenance‘cost.
e Minimize energy transportation cost.

e Fdcilitate local RES integration (cooperative RES projects, ownership of local RES or
stprage installations).

e Create economies of scale in the community and in,hearby communities (project
management, project development, new technologies, etc).

e Degliver services to the area EPS (if the existing legal framework allows such actions)|

e Optimize operational expenses by eventually merging the service with other local ufilities
sulch as district heating, water utilities, sewage,.waste management, desalination, etq.

e Ingrease community members’ engagement‘in‘energy efficiency actions by offerind tariff
intentives (local re-profiling of network use tariff).

e Ingrease community participation in the current energy transition (for example, shared
dgvelopment and management of RES, projects).

e Dgvelop innovative (applied within the community) energy market models such as pger-to-
peer systems.

e Cuystomize energy trading,and"purchase to the specific needs, objectives and characteristics
of{the community.

6.9.3 Operation and-related technical issues
6.9.3.11 General

This BUC coneefns connected microgrids used in grid-connected mode. It is important to glarify
that the BUC\describes microgrids locally owned or run only by end-users to whom enegrgy is
supplied,via the microgrid. This clarification is important in order to differentiate the BUQ from
generpl privatization, re-municipalization or re-nationalization models.

Assuming compliance with grid code and agreement between network operator and the
microgrid operator, the previously mentioned objectives could be achieved. However, certain
technical issues need to be addressed accounting for local conditions and the existing
regulatory framework. The technical issues that need to be considered to achieve these goals
are highly dependent on the regulatory framework, especially on the following points:

a) possibility of management or ownership or both of a part of the distribution network by the
local community (cooperative business of end-users, local authorities);

b) possibility to have energy metering at different levels (at the point of common coupling of
the microgrid with the area EPS, at the end-users’ level, at some critical points within the
microgrid, etc.);

c) possibility to have energy metering of different time resolutions (recordings of less than
some hours, less than one hour, less than 10 minutes or 15 minutes, less than one minute);
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possibility to apply a different energy billing model within the microgrid (for the network use
tariff or for the energy supply tariff or both);

status of the microgrid as a consumer or as a producer, and market structures for
decentralized production;

possibility of using the existing network wire or need to establish a private network wire;

possibility to establish a local (community-run) energy supplier or implement a franchising
model that can be established by existing energy suppliers or energy service companies;

possibility to apply customized technologies for technical constraint management (inverters
for renewable energy curtailment, three-phase four-wire inverters, customized voltage
control strategies, etc.);

pgssibility to develop community-owned RES projects, storage projects.

Point a) depends on the legal framework of the country about the ownership and Mmanagément

of the|power distribution network. Two general cases can exist:

Case a.1: In countries where the distribution network is a public asset and canrjot be
prlvatized, a customized agreement could be established between the community and the
state (or the respective municipality or the respective public distribution utility). Such an
adgreement could set the community as the microgrid operator that will be in charge pf the
syktem infrastructure, operation, energy supply, energy trading,issues within the microgrid.

Case a.2: In countries where the distribution network s\ privatized, the community can
submit candidature for the ownership or the management of the local distribution network,
byl establishing an energy cooperative or another legal entity that could participate fin the
respective auction. In this case, the community can\be the microgrid owner and operator.

Pointg b), c), d), f), g), h), i) would heavily depend.on the terms of the customized agre¢ment
in Cage a.1 or in the existing legal framework_in"Case a.2. Tariffs for the use of the public
transmission and distribution network (upstream of the community-owned network) can be
addrepsed in the agreement, considering the'*community as a single network user (metering at

the POC with the area EPS is necessary):

The plossibilities of implementing energy metering at the end-user level (point b)) and 4 local
re-prdfiling of network use tariffs-(point d)) are important for achieving the first pripcipal
objeclive of this BUC. If the-lagal re-profiling of network use tariffs can be applied sg¢veral
optiors exist concerning the optimization of capital and operating expenses for the microgrid.

Option d.1: Networkyuse tariffs can be customized for microgrid users in order to reflect
timme-of-use and crifical load, both depending on local energy resources, power and gnergy
consumption patterns of community members. A well-studied tariff re-profiling can reduce

Network use tariffs can be customized for microgrid users but also points g) and h) dan be
implemented. If point g) can be implemented, the cost of energy supply can be refduced
thanks- to a customized energy tradmg or to the m|n|m|zat|on of the energy transportation
ntrol,
etc. ) and storage technolog|es can be used for opt|m|Z|ng the energy flow in the microgrid.

Concerning point f), duplicating the existing system is undoubtedly not cost-effective. Private
wire networks are used in off-grid configurations or industrial parks; however, if the legal
framework does not allow the use of the existing infrastructure in a community-run or
community-owned microgrid, this option could be considered.

Regarding point g), the establishment of a local supplier could further support the second
principal objective of this BUC. Local energy producers and community members could sell their
energy to the local supplier and buy energy from it. Innovative market models, such as peer-to-
peer models, could also be developed within the community. For implementing point g) two
options could exist.
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Option g.1: Setting up a licensed supply company, such as a community-owned generation
plant, a cooperative trading business or a local authority that can act on behalf of the
community for negotiating power purchase agreements (PPAs) with the existing energy
generation companies. However, setting up a licensed supply company requires a high initial
capital and a flexible legal framework for integrating such businesses.

Option g.2: Setting up a franchising model of existing licensed energy supply companies
that can be implemented in the community microgrid by means of a community-run energy
service business.

Concerning point e), several options can exist, which will impact the optimization strategies.

6.9.3.p General requirements

» area
of the
erator

uying

b area

Option e.3: Microgrid operator cannot sell over-generated renewable energy to thg area
ERS (new business model). The total customer load curve ne€ds'to be kept to posifive or
zero value; it never reaches permanently negative power value in other words maintpining
the load profile as "consumer" rather than "generator". In«his case, technical and paglitical
sollutions need to be studied further and put in force in ordér to avoid the injection of negative
pgwer into the area EPS:

— | system of penalty on customer billing for the injection of negative power to the area EPS
(threshold, duration, price, etc.);

— | real-time monitoring of customer load curveand sending an information or control gignal
for customer to regulate or limit its powetf’generation on time;

— | use scheduling algorithms and peer=to-peer platforms to balance energy generatign and
demand as well as for capacity management.

— | last remedy to be studied further: circuit breaker (smart meter) in case of permanent
power injection. Remark:.there are technical risks if breaking off a power generation,
further study needs to be(carried out.

In addlition to local grid codes, IEC 62786 requirements apply to the user holding genefration
conngcted to the grid,) with an assessment considering each feature’s impact on micrqggrids,

one by one.

6.9.3. Requirements of grid side for the above new business models

The refquirements for the area EPS include:

metering that allows bidirectional power measurement (either with two meters or with one
meter that allows negative power measurement);

remote control of the circuit breaker at the POC in case of grid event in the cases where the
microgrid can feed power to the area EPS.

6.9.3.4 Requirements of microgrid side:

Microgrid operator needs to use power regulation, control and energy management systems
within its own network to:

regulate the total injection power at the POC under the given threshold for Option e.1;

guarantee positive or zero load power at the POC for Option e.2.
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Microgrid power regulation and energy management system are considered as microgrid
equipment and can be installed downstream of the meter under the microgrid operator’s

responsibility.
Figure 10 provides a simplified representation of these options.

I Local optimization of energy resources

B Local islanding

Upstream grid HV/ILV POC, meter

——o——

DSO information, etc.

I Custormer regulation and EMS
Key
w Wwattmeter
PQ load (reactive and active power)

RnE [renewable energy resources

Figure 10 — Customerregulation and EMS connection options

In Figure 10, the symbol EMS-refers to microgrid power regulation and energy manag
system. It is installed within theé microgrid premises. The information link with DSO can
internet or dedicated communication link between microgrid operator and DSO.

6.10 [List of system use cases

Table|3 lists the system use cases identified for BUC A and BUC C.

IEC

ement
be via
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Table 3 - List of microgrids system use cases

islanding (for instance, by charging the
storage units).

Name BUC Short description Business System roles
linked roles involved
involved
Monitor the state of A/C The DERMS continuously monitors the DER DERMS
the POC state of the area EPS at the POC, whether | operator
the microgrid EPS is operated in islanded . ) POC
or grid-connected mode. The intent is to Microgrid Microgrid EPS
detect any unplanned outage from the operator
area EPS as well as return to normal DSO Area EPS
conditions, if the area EPS was previously
out of service at the POC. Local EPS
Synchronizing
equipment
Time
synchronizgtion
source
DER protection
function
DERMS
Monitpr the status of A/C The DERMS or the DER management Microgrid DERMS
the DER in the system monitors in real time the status of operator
microgrid EPS DER (generators, storage units and DER
controllable loads) within the premises of DER DER controllable
the microgrid EPS. Depending on the operator load
DER, status issued by the DER could
include real time operating conditions and Microgrid EPS
alarms. Local EPS
DER log
DER meter
DER system
Enable microgrid EPS | A In case an oufage of the area EPS occurs, | Microgrid DERMS
islanding in case of the POC switch disconnects the microgrid | operator
an ouftage EPS fronTthe area EPS. In addition, the DER
relevant\DER are switched to island DER DER controllable
moget operator load
Requirements for switching from grid- Microgrid EPS
connected mode to island mode, earthing
and protection management are provided POC switch
by IEC 60364.
Assegs the possible A The DERMS evaluates how long the Microgrid DERMS
duratipn of islanding microgrid EPS can be operated in island operator
operation mode from the capabilities of each DER DER
(generation, storage units and controllable DER DER controllable
loads) and forecasts the load within the operator load
upcoming time frame. In parallel, the DSO
DERMS and the DMS assess the time at Microgrid EPS
which the microgrid EPS can be Ao
connected to the area EPS. i
Forecast of the A The DERMS forecasts the production with | Microgrid DERMS
consumption and the capabilities of each DER (generation, operator
production of the storage units and controllable loads) and DER
microgrid EPS forecasts the load based on accurate DER DER controllable
algorithm for an upcoming time frame. The | OPerator load
production forecast of intermittent DERs Weather
can be derived from predictions of a provider Microgrid EPS
weather system.
Weather system
Ensure that each A The DERMS inquires on the capability of Microgrid DERMS
relevant DER is in each relevant DER to be operated in operator
optimal state to island mode and requests the DERSs to DER
enable islanding transition to optimal state to prepare for DER
operator
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Name BUC Short description Business System roles
linked roles involved
involved
Manage DER storage A The DERMS manages the storage units of | Microgrid DERMS
units to enable the microgrid EPS to enable islanding. operator .
islanding The intent is that the state of charge of DER storage unit
DER storage units reaches a given DER
percentage to facilitate islanded operator
operations.
Perform periodic tests | A The microgrid operator plans, manages Microgrid DERMS
for islanding and performs periodic tests, with the operator
readiness assistance of the DERMS, on the DER
microgrid relevant premises (POC switch, DER . Microarid EPS
relevant DER units and the Vet
communication network), to ensure the POC switch
microgrid assets readiness for unplanned "
islanding. Communicgtion
network
Monitpr and provide A The DERMS monitors and provides the Microgrid DERMS
microgrid islanding microgrid EPS islanding status directly to operator
state the requesting party or by broadcasting. Area EPS
Islan_ding ste_itus can cover i§landi_ng state bSO Microgrid EPS
and its possible duration, microgrid EPS
readiness for islanding, microgrid EPS DMS
successfully tested to provide islanding
service.
Evalupte and inform A The DERMS or a dedicated system DER DERMS
on the readiness of verifies that the required conditions are operator ) .
black |start met by the relevant actors (DERS, grid ) ) Microgrid EPS
facilities and customers) to perfosm the Microgrid DER
black start up. The DERMS informs the operator
operator on black start-up\readiness. Client Grid facilitigs
Flexibility Customers
aggregator
Manape the relevant A After the conditions are met and black DER DERMS
DER @nd other start is availaple, the DERMS or a operator ) .
flexib{lities to perform dedicated system manages the relevant _ _ Microgrid EPS
black |start actors (DER, grid facilities and customers) | Microgrid DER
to perform the black start. During the operator
blackistart, relevant DERs are connected Client Grid facilitigs
tosthe area EPS and progressively ramped
up to a stable operation state. Identified Flexibility Customers
customers are energized in priority. The aggregator
black start ends when some terminal
conditions involving steady state
operations are met.
Manape DER to A The DERMS manages the DER and Microgrid DERMS
mainthin islanding fer controllable loads to maintain steady state | operator
the targeted duration operation of the microgrid EPS during a DER
target duration. In parallel, it a_Iso _ DER i DER controllable
regularly reassesses the possible duration | oPerator load
of islanding based on evolving conditions DSO
(environment and load...) and updates the Microgrid EPS
relevant systems about it.
Monitor and manage A The DERMS continuously monitors the Microgrid DERMS
load types and type and priorities of the relevant loads of | operator
priorities the microgrid EPS. Prioritizing helps the ) DER controllable
DERMS in targeting loads for shedding, Client load
feeding and so on. Priorities can_be _ Flexibility Microgrid EPS
updated dynamically or by the microgrid aggregator _
operator. Client
Optimize supply time A Based on the assessment of the possible Microgrid DERMS
of loads in island duration of islanding operations, the operator
mode DERMS attempts to maximize load . DER controllable
feeding according to load priorities (if Client load
.releva‘nt) while matching target duration of Flexibility Microgrid EPS
islanding. aggregator

Client
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Name BUC Short description Business System roles
linked roles involved
involved
Safely power down A Upon request or when islanding becomes Microgrid DERMS
the microgrid EPS in impossible to maintain, the DERMS or a operator
island mode dedicated system powers out the DER
microgrid EPS while respecting a safety DER Microgrid EPS
procedure. Step by step load shedding operator
and DER ramp down are conducted in Client Client
parallel to maintain power balance at all POC
times. The DERMS also needs to ensure
the capability of the microgrid EPS to be
restarted by either relevant DER or the
area FPS
Identify and update A Among the pool of relevant DER within the | Microgrid DERMS
the relevant DERs for microgrid EPS premises, the DERMS operator
frequ¢ncy and voltage identifies and informs the DER(s) that will DER
regulgtion perform frequency and voltage regulation. DER
This process can be regularly repeated operator
and can be triggered by islanding
operation, preparation for islanding or
based on unavailability of a grid forming
DER.
Regulate frequency in | A For the complete duration of the islanding, | Microgrid DERMS
the mjcrogrid EPS DERMS performs real-time frequency operator
regulation which involves continuous DER DER
monitoring of the‘ frequency, issuing operator Frequency
frequency set points to relevant DERs,\the sensors
identification of grid forming DERS,to
maintain frequency within acceptable DER
limits for the system.
Regulate voltage in A For the complete duration.ef the islanding, | Microgrid DERMS
the mjcrogrid EPS DERMS performs real-time voltage operator
regulation which involves a continuous DER
monitoring of the microgrid EPS voltages, DER Voltage serfsors
the identificationy update and operator
management of-the contribution of each Voltage Voltage
asset participating to voltage regulation regulation regulation
(DERs, EACTS, on load tap changers, ...). | ggset systems
operator DER
Monitpr POC facilities | A/C The DERMS continuously monitors and Microgrid DERMS
(micrggrid EPS to issues the status of the POC between operator
area EPS) microgrid EPS to any DER systems within POC
the microgrid EPS that can require it. bSO Microgrid EPS
Area EPS
Synchronizing
equipment
Local EPS
DER protection
function
DERMS
Perform a safe A/C Prior to performing safe reconnection, the Microgrid DERMS
connection to the area DERMS verifies that all necessary operator
EPS conditions are met, on both microgrid EPS POC
and area EPS. Then, it enables the DSO Microgrid EPS
synchronizing equipment to close the POC | per
switqh when oppprtune. Synchronizing operator Area EPS
requires some minor tweaks on DER
production. DER
Synchronizing
equipment
Time

synchronization
source

DER protection
function



https://iecnorm.com/api/?name=444ee733788b141effeed20aba6a048c

—44 —

IEC TR 62898-4:2023 © IEC 2023

Name BUC Short description Business System roles
linked roles involved
involved
Perform a safe A Prior to islanding, the DERMS identifies Microgrid DERMS
intentional islanding DER for frequency and voltage regulation, | operator
from the area EPS ensures that the islanded operation time POC
is feasible and that the authorization for DSO i i
! > ] Microgrid EPS
islanding was given by the area EPS. DER
Then, thg DER.MS perform.s a safe and operator Area EPS
planned islanding by opening the POC
and in parallel, by notifying the relevant DER
DER and the DMS. DMS
Obtaip_permission for A/C The permission for jslanding is requested Microgrid Area EPS
intentjonal islanding by the DERMS of the microgrid EPS. After | operator ) )
ensuring all conditions are met, the Microgrd EPS
DERMS of the area EPS authorizes the bSO DERMS
microgrid EPS for a safe intentional DER
islanding. operator
Enable connection to C Both EPS must first meet the necessary Microgrid Area EP
area EPS after an conditions for reconnection. The microgrid | operator ) )
outagk occurs EPS will adapt its voltage to the voltage of Microgrid EPS
the area EPS. The synchronizing DERMS
equipment can be directly or indirectly
interfaced with the DER involved in
controlling voltage and frequency of the
microgrid EPS. The synchronizing
equipment performs synchronization of
the voltage signals of both EPS and
closes the POC switch. In addition] the
relevant DER are switched to-grid-
connected mode by either the/POC switch
or the DER management System.
Assegs the possible C The DERMS evaluates how long the Microgrid Area EPS
duratipn under grid- microgrid EPS can\be“operated in grid- operator ) )
conndcted operation connected mode By.inquiring the Microgrid EPS
capabilities of each DER (generation, Energy DERMS
storage units @nd controllable loads) and service
inquires thelarea EPS (grid) duration of provider
availability.
Forecpst of the C The-BERMS forecasts the production by Microgrid DER meter
consymption and inquiring the capabilities of each DER operator
produgtion inside the (generation, storage units and controllable DERMS
microfrid in grid- loads) and forecasts the load based on Energy Aggregator
conngcted mode accurate algorithm for an upcoming time service
frame. The production forecast of provider Outage
intermittent DERs can be based on management
predictions from a weather system. system
Ensure that different C The DERMS inquires on the capability of Microgrid Local EPS
generptors are (in the each relevant DER to be operated in grid- | operator
optimpl stateto.start connected mode and requests the DERs DERMS
grid (fe)connection to transition to optimal state to start for DER log
grid connection operation (for instance,
related to reserve management and grid DER meter
forming sources). DER system
Manage DER C The DERMS will manage the DERs of the DER Microgrid EPS
(sources / controllable microgrid EPS taking into consideration a operator
loads) during the grid- targeted duration. At the end of the grid- Local EPS
connected mode for connected time the microgrid EPS will be DERMS
the targeted duration in island mode or grid-connected mode
without any services received from the DER log
area EPS. DER meter

DER system
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Name BUC Short description Business System roles
linked roles involved
involved
Optimize the supply C Based on market prices and forecast Flexibility Microgrid EPS
time of the loads in within the demand response market, the aggregator
grid-connected mode, flexibility aggregator optimizes the supply Local EPS
taking into account time of the loads under its supervision and | Demand DERMS
priorities between the with authorization of the DER operator to response
loads (demand maximize profit and consumer utility market DER system
response) according to load priorities (if relevant). participant
Demand
DER response (DR)
operator system
Bermard
response€XR)
pricing schedule
Identify and update C Among the pool of relevant DER, the Microgrid Microgrid EPS
the DERs to perform DERMS identifies and informs the DER(s) | operator
frequency and voltage to perform frequency and voltage Local EPS
reguldtion in grid- regulation. This process can be regularly DER DERMS
conndcted mode repeated and can be triggered by a operator
request from the area EPS operator, DER log
preparation for islanding or based on
unavailability of a grid forming DER. DER meter
DER system
Perfofm frequency C For the complete duration of the Microgrid Microgrid EPS
and vpltage regulation frequency/voltage regulation request,’the operator
in rea) time for the DERMS performs real-time frequency Local EPS
duratipn in grid- regulation which involves contindeus DER DERMS
conndcted mode monitoring of the frequency, issuing operator
frequency set points to relevant DERs. DER protection
function
DER system
Area EPS
Microgrid EPS
Monitpr the level state | C The DER leg,"DER meter and customer DER owner DER log
of engrgy metering information system send data to the
and bjlling: at the DERMS\in order to monitor the energy Producer DER meter
microfrid level, and at produced, measured and billed. Prosumer DERMS
the cystomers level
Microgrid Customer
owner information
system
Demand
response (DR)
pricing schedule
Monitpr the statUs, of C The DER owner, producer, prosumer or DER owner DERMS
the mjcrogrid_as-d microgrid owner monitors the state of
consymer ot as a energy metering and billing at their POC. Producer
produer or-both They send information to the DERMS Prosumer
(prostimer), and about surplus or deficit then the DERMS
market structures for decides on the status of the Tocal EPS as Microgrid
decentralized consumer or a producer, based on the owner
production status of the DER within the facility.
Energy
service
provider
Monitor the C The position of the area EPS is requested Energy Area EPS
absorption capacity of by the DERMS. The position of the local service
the area EPS EPS as a prosumer is made available to provider DERMS
any systems that require it and would o
have the necessary authorizations. The Flexibility
area EPS absorption capacity provided aggregator
depends on local and global constraints DSO
and can be limited for each system willing
to export production. DER
operator
Microgrid
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Name BUC Short description Business System roles
linked roles involved
involved
Monitor the energy C The DSO provides the absorption capacity | DER DERMS
quantity accessible of the area EPS to any DER or microgrid operator
and dispatchable of EPS that request it, with the relevant . .
the microgrid authorizations. Microgrid
operator
Monitor the buying C The DERMS monitors the prices of the Energy DERMS
and selling costs of energy accessible and dispatchable within | service )
electricity the microgrid EPS by requesting provider Retail Market
information from the retail market and Flexibility Demand
from the demand response market. agareqatar response (DR)
pricing schedule
DSO
DER
operator
Microgrid
operator
Monitpr and forecast C The DERMS requests customer Energy DERMS
the total customer consumption information from the service
load durve customer information system in order to proyider Customer
collect real-time load data and forecast o information
future short-term consumption. Flexibility system
aggregator
DSO
DER
operator
Microgrid
operator
Monitpr the power C The DERMS monitors;the power DER DERMS
flowing in (negative) measurements from the POC power operator
and ot (positive) to meters on both sides, local EPS and area ) ) POC
the area EPS EPS. Microgrid
operator
Balane the total C In case of\power flowing in the local EPS DER DERMS
custoer load curve from the.area EPS (negative power), the operator
to pogitive or zero DERMS balances the negative power to . . POC
value zero-by activating the controllable DERs Microgrid
on deactivating controllable loads. When operator
the power flows from the local EPS to the
area EPS (positive power), the DERMS
will maintain the status of the DERs within
the local EPS.
Meterjng C When the power flows from the local EPS Energy DERMS
bidireftionally at grid to the area EPS (positive power), the service
side tp sell the over DERMS will detect if it is produced from provider DER meter
generjated repnewable rgnewable DER Ip this case, the DERMS DSO DER log
energly to thejarea will meter bidirectionally to sell the level
EPS of positive power produced by Microgrid
renewables, with or without limitation in aneratar

energy quantity according to the
absorption capacity of the area EPS.
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7 Coordination with other IEC Standards

7.1

Links with IEC 61968-1

The IEC 61968 series is intended to facilitate inter-application integration, as opposed to intra-
application integration of the various distributed software application systems supporting the
management of utility electrical distribution networks. Intra-application integration is aimed at
programs in the same application system, usually communicating with each other using
middleware that is embedded in their underlying runtime environment. Additionally, the intra-
application integration tends to be optimized for close, real-time, synchronous connections and
|nteract|ve request -and-reply or conversatlon commumcatlon models. The IEC 61968 series, by

to co

applic
series

opera

In the

of sysftems or a set of federated systems. A system composed of coordinating subsystem

suppd

The s
impro

The Ik
a com

Itis th
and tq

payload formats other than XML could bejofficially adopted by the IEC 61968 series for sj
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IEC 6
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IEC 6
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needs
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ations) each supported by dissimilar runtime environments. Therefore, the EC
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rt activities more efficiently than the subsystems operating indépendently.

andardization of data facilitates the reduction of errors, reduced time for data entr
ved process control.

FC 61968 series recommends that the semantics¢({domain model) of system interfa

encourage the usage of enterprise service buses (ESBs). In the future, it is possibl

br information exchanges

1968-1 is the first in a series that, taken as a whole, defines interfaces for the
nts of an interface architécture for distribution management.

1968-1 identifies and“establishes recommendations for standard interfaces based
ce Reference Madel (IRM). Each interface identified in the IRM is further detaile
ted clause., They provide for interoperability among different computer sys
'ms, and _languages. Methods and technologies used to implement functid
ming to/these interfaces are recommended in IEC 61968-100.

ommon Information Model (CIM) Interface Reference Model (IRM) describes the bus
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world of integrated systems, systems can also be a subset of a larger system, a system
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pliant utility inter-application infrastructure be defined using Unified Modeling Language
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are illustrated in Figure 11.

Real Time
Operational
Simulation
Training (ROST)

Energy
Connection
Management

(ECM)
[
Model Part
Management
(MPM)
)
Network Case\ )
Manageme?fl,
(NP! N ¢

Fault
Identification

(F1)

Restoration L]
Operation
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L]
Emergency
Compliance
Testing (ECT)

C)&
%
N

.

*
Informa/t@i@xchange
[ Business function.\\ | |__Business function |
\O IEC
Figure 11 '%d;rface Reference Model (IEC 61968-1)

The goal of IEC 61968-1tis to create and maintain a common IRM for TC 57 working droups
that cpver domains lik smission, distribution, market, generation, consumer, and regional
reliab|lity operations('lt-also needs to be understood and used by IEC 61850 related wgrking
groupg. @

The modelli Qr;tegy for creating the IRM is to identify the relevant business objects thjat the
Part teams (IEC 61968-3 to -9, -13) are releasing through one or more data objects, also falled
CIM grafi opjects
have ibe their

purpose.

IEC 61968-1 lists several typical systems which are part of the network operation business
domain: EMS, DMS, DERMS, for instance. These typical systems and their associated business
objects are described in IEC 61968-3.

IEC 61968-1 provides a global architecture framework and helps to reduce complexity by
providing a methodology used in the context of IT/OT enterprise architecture management.
IEC 61968-1 includes DER related interface as described in IEC 61968-5.
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Links with IEC 61968-5

The scope of IEC 61968-5 is the description of a set of functions that are needed for enterprise
integration of DERMS functions. The scope of IEC 61968-5 specification does not include how
the DERMS behaves, or how it manages communication to individual DER, but deals
specifically with the communication between a DERMS and other enterprise systems or third

partie

s in a business-to-business (B2B) mode of operation.

The DERMS works with groups of DER so that requests made to the DERMS for the behaviour
of the power system can be handled in aggregates. This aggregation relieves the system

operator from having to manage each DER individually, a situation that becomes more
problc matic as DER ppnpfrnfinn inthe power chfnm caontinues to increase

To th
capal
group

>
it end, these use cases focus on the creation and maintenance of groyﬁ%f
ility discovery, DER connect/disconnect, status monitoring and forecastir f
5, and dispatching of power and voltage.

o

Figure 12 illustrates some DERMS deployment architectural options. (f/b

The u

Enterprise Integration

Sensors, capacitors,
switches, etc

Figur — Architectural options for DERMS deployment (from IEC 61968-5)

se\é@es covered in IEC 61968-5 are

DER,
these

e DER group creation,

e DER group maintenance,

e DER group status and monitoring,

e DER group forecasting,

e DER group dispatch,

e DER group voltage ramp rate control,

e DER group connect and disconnect, and

e DER group capability discovery.

Three DER grouping functional requirements are proposed in IEC 61968-5 (group size,
grouping by power system level, Grouping according to other attributes), and microgrid are

assoc

iated to a "Grouping by power system level".
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The creation of DER groups can be implemented using either of the approaches illustrated in
Figure 13 and Figure 14.

Figure 13 involves a request-and-reply interaction in which a DER Group is defined by one
entity (for example, the Group Forming entity such as a DMS) and provided to one or more
Group Acknowledging entities (for example, one or more DERMS). The EMS/DMS is at the
origin of the creation of the DER Groups.

sd DER Group Management 61968-5

% %
EMS/DMS DERMS

|

|

|

|

n
opt /)

|
[DERMS subsumed into EMS/DMS]

|
?j create(DERGroups)

create(DERGroups)

reply(DERGroups
L _____resyPERGows)

-———

IEC

Figure-13 — Request-and-reply message exchange pattern
for the creation of a DER Group (from IEC 61968-5)

Figurg 14 depicts an alternate messaging approach for the same scenario. This examplg uses
a notification message (referred to in IEC 61968-100 as an Event Stereotype message) rather
thanj request-and-reply message interaction. The DERMS is the starting point for thg DER

Group creation.
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|

|
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I |
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UJ |

|

|

[

|

|

created(DERGroups) |

——
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Figure 14 — Notification message exchange pattern
for the creation of a DER@Group (from IEC 61968-5)

1968-5 is focused on CIM relatedi* DER grouping and associated managemsg
nship must also be established with-lEC 61850 standards related to DER, microgrid
1850-7-420 and IEC TR 61850¢90-23.

Links with IEC TR 61850:90-23
R 61850-90-234, focusing on the Use of IEC 61850 for microgrids systems, is
bpment. It will provide necessary information within the IEC 61850 based object md

to model functions of a microgrid as a DER. It will complement the generic DER
exposed in IEC'61850-7-420:2021.

grids,including:

eration and protection when grid-connected,

nt. A
s, like

under
del in
data

R 61850-90-23 will extend the IEC 61850 information model in order to sdipport

operation and protection when islanded,

planned transitioning from grid-connected to islanded,

un

planned transitioning from grid-connected to islanded,

reconnection from islanded to grid-connected, and

black start as a microgrid.

From a configuration perspective, a microgrid could have a single point of connection to an
electric power system (EPS), but it could also have multiple points of connection to the same
or different voltage levels, or even for different electrically isolated EPSs.

4 Under development. Stage at the time of publication: IEC CD TR 61850-90-23:2022.
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From a modelling perspective, a microgrid can be expressed as a DER. This means that all
generic properties already defined for DERs can normally apply to a microgrid.

The purpose of the IEC TR 61850-90-23 consists in making a formal assessment of all these
differences in order to identify the missing model elements and propose model complements
accordingly.

A DER including microgrid is decomposed in sub-roles:

e The energy resource, which represents the "actuator”, and whose mission is meeting the
energy setpoints (mostly) provided by the DER power manager.

e THe DER electrical point(s) of connection (ECP) to the area EPS, is there to feedbagk and
loppback the DER power manager with the information related to the ECP of the-DER. This
is [an equivalent to the point of connection used in this document.

e THe DER power manager decides, by applying a strategy of usage to the résource| what
arg the expected setpoints the resource must follow and the states which\must be reached
byl the resource to meet the different requests expressed by the usets of the resdurces
thfough the DER operational functions.

e THe DER operational function(s) represents the interfaces throGgh which the users pf the
resource will express their expectations, one of the resources possibly being the area EPS
thfough mandatory requirements (grid codes functions), buipossibly also facility or market
refluirements.

Figurg 15 illustrates the first set of sub-roles attachedto a DER (microgrid) deduced from
IEC 6[1850-7-420.

.9

microgrid
(from
0..1 microgrid
sub-
Energy resource DER ECP to the DER operational roles)
AreaEPS function (DER user
interface)

DER Power manager
IEC

Figure 15 — First set of sub-roles attached to a DER (microgrid)
deduced from IEC 61850-7-420

These roles are mapped into Logical Nodes (LNs), which are basic functions in IEC 61850.
Figure 16 illustrates this mapping.
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DER Generic model

1 1.* 0.*
DEResourceLN (Socket) gJ | i i
ke ElectricalReference OperationalFunctionLN @
_ responsibilities PointLN responsibilities
DER Electrical and functional = Grid connection requirement related functions
DER Electrical measurement responsibilities Market related requirement functions
DER namep_late ECP electr!cal characteristics Process related requirement (if an external process is depending on the DER functioning)
DER operation ECP electrical measurement
DER status ECP electrical status

ECP identifier

For each of these roles, a corresponding microgrid related role is"derived:

e th
m
e th

e th
e th

7.4
7.41

The |
micro
opera

7.4.2
IECT

e ddterminatioh of microgrid purposes and application;

[ ) pr‘
fo

) pr
e mi

7.4.3
IECT

0.1

PowerManagementLN @

responsibilities
DER active and reactive power resulting set-points, in accordance with the DER strategy
Distribution of setpoints and control to DER components (or itself if unit)

Figure 16 — Current role transpositions into LNs according to\IEC 61850-7-420

crogrid;

b microgrid ECP(s) to the area EPS;
b microgrid (power) manager;

b microgrid operational function(s).
Links with the IEC 62898 series

General

FC 62898 series is intended, toprovide comprehensive guidelines and requiremer
grid projects. These requirements feed into this document to provide more insigh
fion requirements and project management for microgrids.

Links with IEC.TS 62898-1

S 62898-1 mainty covers the following issues:

bliminary study necessary for microgrid planning, including resource analysis,
ecast;, DER planning and power system planning;

IEC

b microgrid energy resource, possibly referring to energy resources internal fo the

ts for
ts on

load

crogrid evaluation to select an optimal microgrid planning scheme.
Links with IEC TS 62898-2

S 62898-2 mainly covers the following issues:

e response characteristic requirements of microgrids under different operation modes;

e the basic control strategies and methods under different operation modes;

nciptes of Tmcrogridtechmicat Tequirements that eed-be specifieddurimg prammingstage;

e the requirements of electrical energy storage (EES), communication and monitoring under
different operation modes;

e the principle of relay protection under different operation modes;

e basic requirements of synchronization and reclosing during mode transfer;
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e principle for power quality, EMC, maintenance and test of microgrids.
7.4.4 Links with IEC TS 62898-3 series
7.4.41 General

The IEC TS 62898-3 series currently consists of four subparts. The series is focused on
protection, stability and control (multilevel) of microgrids. IEC TS 62898-3-2% is slightly different
as it focuses specifically on self-regulation of dispatchable loads in microgrids. The functions
covered by the other three parts are presented in Figure 17.

Enelrgy Power generation Economic and Market Demand side Power and energy exchange
management and load forecast environmental transaction management with upstream grid IEC TS
. dispatch optimization 64898-3-2
(h, rpin) (.f (MEMS)
} Data acquisition and processing }=‘ Database management } (N
‘ Maloperation locking ‘ ‘Local power quality control ‘ ‘ Switch control of devices ‘ ‘ Sequence of Operations |
Moniforing IEC TS
and cpntrol | Frequency/voltage regulation during normal operation ‘ l Active and reactive power control of dévices ‘ ?2%9(?-83)-4
(mirp, s)
| Islanding detection | ‘ Mode switching | | Black start ‘ | System restoration | | Time synchronization |
D Frequency stability —{ Dynamic disturbance control (50 ms to,2.s) l— Voltage stability [ T
[ Loss of main protecton | 212105209 contrl
Protdction ) Oscillation damping control »
N (due to high proportion of RES, CBGs and ‘noh:linear loads) #C TS
and dynamic - — 6b89s.3.1
‘Transient disturbance control (Qms to 50 ms)|
(s, ms)
| Unintentional islanding and mode transfer‘ ‘ Switching and control of major DER and heavy load
- IEC
Mode
Key
RES renewable energy sources
CBGs | converter-based generators
Figure 17 — Function mapping among subparts in the IEC TS 62898-3 series
7.4.4. Links with IEC TS 62898-3-1
IEC TS 62898-3-1 is thexfirst part of the IEC 62898-3 subseries which intends to provide

guidelines for the specification of fault protection and dynamic control in microgrids|. The
document’s scopeqis-limited to single- or three-phase AC microgrids with a single pqint of
conngction (POE):to the upstream power network. Challenges and special requiremepts in
protegtion, transient and dynamic disturbance control of microgrids are addressed. [While
generpl technijcal requirements and specific technical requirements of fault protectiop and
dynaric, control are provided, IEC TS 62898-3-1 does not specify stricter requirements and
produgt. requirements for measuring relays and protection equipment.

Microgrids with a higher proportion of converter-based-generators are given special attention
in IEC TS 62898-3-1 due to the characteristics and requirements significantly different from
conventional grids. Major points that need be considered in protection of microgrids from phase
and earth faults are specified in [IEC TS 62898-3-1.

The discussion on general requirements of protection systems that are mostly applicable to
both conventional grids and microgrids is expanded by providing special considerations to be
made in the microgrid perspective. The specific challenges and ways of addressing the
challenges in protection of non-isolated microgrids which operate in island and grid-connected
modes are also presented.

5 Under development. Stage at the time of publication: IEC DTS 62898-3-2:2022.
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