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IEC TS62933-3-3 has been prepared by IEC technical committee 120: Electrical En
Storage(EES) Systems. It is a Technical Specification.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 3-3: Planning and performance assessment of electrical energy
storage systems — Additional requirements for energy intensive and

backup power applications

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interndtional

cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as AEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee intergésted in the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters expres§,/as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical committee has representation frdg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for international use and are accepted by IEC N4
Committees in that sense. While all reasonable efforts are~made to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in theirrational and regional publications. Any divergence be
any IEC Publication and the corresponding national'or regional publication shall be clearly indicated in the

IE[C itself does not provide any attestation ofconformity. Independent certification bodies provide conf
agsessment services and, in some areas,\access to |[EC marks of conformity. IEC is not responsible fq
sgrvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.
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members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

N¢ liability shall attach to IEC ornits directors, employees, servants or agents including individual experjs and

Attention is drawn te_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC.shall not be held responsible for identifying any or all such patent rights.
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The text of this Technical Specification is based on the following documents:

Draft Report on voting

120/262/DTS 120/275/RVDTS

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 Specification is English.


https://iecnorm.com/api/?name=4f1e553a2ab6da10a9c4cad79fc229b7

-6 - IEC TS 62933-3-3:2022 © IEC 2022

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 62933 series, published under the general title Electrical energy
storage (EES) systems, 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 webstore.iec.ch in the data related to the
specijfic document. At this date, the document will be

—

pconfirmed,
e Withdrawn,

—

bplaced by a revised edition, or

e amended.

it

contains colours which are considered to be useful for the caorrect understanding of its
contents. Users should therefore print this document using a-colour printer.

IMH:ORTANT — The "colour inside" logo on the cover page of this document indicates thaf
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INTRODUCTION

Electrical energy storage (EES) systems can provide solutions to multiple energy storage
scenarios. The objective of this document is to provide requirements, guidelines and references
when EES systems are designed, controlled and operated for energy intensive, islanded grid

and backup power supply applications.
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1

This
are

supply applications. In energy intensive applications, the EES system provides long charge

disc

operption, the EES system provides energy to the islanded grid and coordinates other p
gengration systems in the islanded grid. In backup power supply and emergency support
EES|system provides energy to the internal grid or a set of emergency“loads when the

grid

2

The

consfitutes requirements of this document. For datedyreferences, only the edition cited apy

For
ame

IEC

420:|Basic communication structure — Distributed energy resources and distribution autom
logiclal nodes

IEC
Part

IEC

IEC

metHods — General specification

IEC

testipg methods — Application and performance testing
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 3-3: Planning and performance assessment of electrical energy
storage systems — Additional requirements for energy intensive and

backup power applications

anpn

part of IEC 62933 provides requirements, guidelines and references when EES\sys
designed, controlled and operated for energy intensive, islanded grid and backup p

harge phases at variable powers to the supported grid or user equipment. In isla

bower supply is not available.

Normative references

ollowing documents are referred to in the text in su¢h a way that some or all of their co

undated references, the latest edition ofsthe referenced document (including
ndments) applies.

51850-7-420, Communication networks\and systems for power utility automation — P4

R 61850-90-9, Communication networks and systems for power utility automati
90-9: Use of IEC 61850 for-Electrical Energy Storage Systems

52933-1:2018, Electrical energy storage (EES) systems — Part 1: Vocabulary

52933-2-1, Electrical energy storage (EES) systems — Part 2-1: Unit parameters and te

IS 62933-2-2, Electrical energy storage (EES) systems — Part 2-2: Unit parameters

ems
ower
and
nded
bwer
, the
main

ntent
lies.
any

rt 7—
ation

sting

and

IEC TS 62933-3-1:2018, Electrical energy storage (EES) systems — Part 3-1: Planning and
performance assessment of electrical energy storage systems — General specification

IEC TS 62933-3-2:2022, Electrical energy storage (EES) systems — Part 3-2: Planning and
performance assessment of electrical energy storage systems — Additional requirements for
power intensive and renewable energy sources integration related applications

3 Terms, definitions, abbreviated terms and symbols

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62933-1 and the

follo

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

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

e |SO Online browsing platform: available at https://www.iso.org/obp

3.11

backup power supply

provision of power to all internal loads connected to user side equipment during a specified time
period without relying on an external power source in the event of electrical grid outage

3.1.

blac} start capability
capapility of the EES system to start the electric power system (IEV 601-01-01) only|with
interpal energy resources

3.1.3
allowed charging time
time|period when an EES system is allowed to charge the accumulationsstbsystem in the peak
shavjng application

3.1.4
allowed discharging time
time|period when an EES system is allowed to discharge(the accumulation subsystem in the
peak shaving application

3.1.§9
duty| cycle roundtrip efficiency
enerfy discharged measured at the primary ROC divided by the energy absorbed by the [EES
system, as a sum of what is measured at“all the POCs (primary and auxiliary), during [duty
cyclgs in a specified operating mode at-continuous operating conditions with the same|final
statg of charge as the initial state of chiarge

[SOURCE: IEC 62933-1:2018, 4.12.1, modified — the notes have been deleted.]

3.1.6
emefgency load
set df devices and equipment that should be operated during electrical grid outage

3.1.7
emefgency support
provision of\pewer to emergency loads within a specified time and duration without relying on
an external‘power source in the event of electrical grid outage

3.1.
energy intensive application

EES system application generally not very demanding in terms of step response performances
but with long charge and discharge phases at variable powers

[SOURCE: IEC 62933-1:2018, 3.12, modified — the terms “long duration application” and “long
term application” have been deleted and the notes have been deleted.]

3.1.9

fluctuation reduction of consumption

reduction of power oscillation of power consumption at the grid connection point by absorbing
the active power of the grid by EES systems at low power demand phases and by feeding in
additional active power by EES systems at high power demand phases


https://www.electropedia.org/
https://www.iso.org/obp
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3.1.10

islanded grid

part of an electric power system that is electrically disconnected from the remainder of the
interconnected electric power system but remains energized from the local electric power
sources

3.1.11

islanded operation

function to provide power to the islanded grid and to control the coordination with other power
generation systems and the system voltage and frequency

3.1.12
load|profile
line graph illustrating the variation in loads over a specific time

3.1.13

peal shaving
limitation of the power consumption from the power grid to a maximumvalte by providing the
powegr exceeding the maximum value from other active power sources

3.1.14

rated AC current
AC qurrent that the EES system can provide to the grid contindously and can accept from the
grid fontinuously without exceeding the maximum operating temperature of the EES systgm

3.1.15
self-discharge
pherfomenon by which the EES system accumulation subsystem loses energy in other yays
than|by discharge through the primary POC

[SOYRCE: IEC 62933-1:2018, 4.12.7,.modified — the note has been deleted.]

3.2 | Abbreviated terms and symbols

3.2.1 Abbreviated terms

ACB air circuit breaker
ATS automatic transfer switch
BMS battery management system

CVCF constant voltage constant frequency

DER distributed energy resources

DNP distributed network protocol

EES electrical energy storage

EMS energy management system

GHG greenhouse gas

HVAC heating, ventilation, and air conditioning
PCS power conversion system

PMS power management system

POC point of connection

PV photovoltaics

SOC state of charge
SOH state of health

TR transformer


https://iecnorm.com/api/?name=4f1e553a2ab6da10a9c4cad79fc229b7

IEC TS 62933-3-3:2022 © IEC 2022 -1 -

UVR
VT

T under voltage ride through
voltage transformer

3.2.2 Symbols

N~ o v >

frequency
active power
reactive power
apparent power

star configuration

delta configuration

eneral planning and performance assessment considerations fon EES
ystems

Clauge 4 presents the general and common requirements for variousCapplications of
systems. IEC TS 62933-3-1 shall be applied. Clause 4 of IEC TS®62933-3-2:2022 is

appl

5

5.1

5.1.

able.

eak shaving and load levelling

Application of EES system

Functional purpose

The EES system performs a shift, in time, of available energy to achieve more uniform

pow
asso

r generation and consumption pattern. With this activity, peaks in power consumption
ciated power generation demand are smoothed. This results in a reduction in behind

metdr demand charges by an appropriate-timing of the activation of power generation or p
stordge assets.

NOTH This document covers peak shaving and load levelling application from the perspective of behind the i

5.1.2 Application related requirements

5.1.241 General

In th
appl
appl

cation independent requirements listed in 4.1.2 of IEC TS 62933-3-2:2022, the follo
cation spécific requirements shall be considered.

5.1.3.2 Specific requirements

EES
also

ty in
and
tthe-
bwer

neter.

e peak shaving_and fluctuation reduction of consumption applications, in addition t¢ the

wing

Ine

4l £
I

£1 4 et ol ' 'H i 1l H IH i H ol
CIrygy nmuciuauvurr tTcuucuurt appriiatiults, tic TUTNMTUWITY appiualtiulimT spTUllie TSUUTTITTITTIU A

should be considered:

e load profile;

e C

harging-discharging time;

e rated AC current;

e d

5.2

uty cycle efficiency.

Conditions and requirements for connection to the grid

Subclause 4.2 of IEC TS 62933-3-2:2022 is applicable.

ions
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5.3 Design of the EES systems
5.3.1 Structure of the EES systems

The EES system structure and components defined in 4.3.2 of IEC TS 62933-3-2:2022 shall
also be applied to the peak shaving and fluctuation reduction of consumption applications.

5.3.2 Subsystem specifications and requirements

Subclause 4.3.3 of IEC TS 62933-3-2:2022 is applicable. Further, additional technology
dependent requirements are defined in Annex B.

5.3.3 Grid integration of the EES systems

Subglause 4.3.4 of |IEC TS 62933-3-2:2022 is applicable. Further, additional- technglogy
depgndent requirements are defined in Annex A.

5.3.4 Operation and control
5.3.4.1 Overview

Subglause 4.3.5 of IEC TS 62933-3-2:2022 is applicable.~ In addition, the following
recommendations should be considered.

5.3.4.2 General

Therg are three types of operation periods of the EES system for peak shaving and fluctuation
redugtion of consumption applications, namely peak' period, idle period, and off-peak period.
The EES system operation modes for each opetation period are listed in Table 1.

Table 1 — Operation modes.of EES system for peak shaving
and fluctuation-reduction of consumption

Operation mode Discharge Standby Charge
(type of period) (peak period) (idle period) (off-peak period
Skheduling principle Try hofsto take power Minimize the interaction Try not to discharge tp

gp P from*the grid. with the grid. the grid.

Avoid charging and

The EES system EES system charges from

Approach . . discharging from the grid .
discharges to the grid. to EES system. the grid.
Restore EES system {o a
predefined SOC.
Reduce the pressure on Maintain stable operation
Purpose the grid during peak  the arid P Absorb excess energy
period. or the gria. from the grid and
increase energy
efficiency.

The EES system for peak shaving and fluctuation reduction of consumption can be operated to
provide one or multiple charge and discharge sequences or cycles per day. Figure 1 shows the
operation modes and effect of the EES system using "one charging and one discharging" as an
example. In Figure 1, the dashed line indicates the target input power from the grid and the
solid line indicates the load over time. When the load level is below the target input power
during the off-peak period, the EES system charges from the grid. When the load level exceeds
the target input power during the peak period, the EES system performs a discharging operation.
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5.3.4.3 Operation modes of control subsystem

g
\

Discharge

Power (MW)

Load levelling Load levelling

Peak shaving

Time (h)
IEC

Figure 1 — Example of peak shaving and fluctuation reduction
of consumption consisting of charge and discharge events

The jpperation modes of the EES system are charge, discharge, and standby. The operation
modes over time are determined by a duty cycle. When determining the duty cycle, the following

recommendations should be considered.

he EES system should be charged at the off-peakperiod (usually at night), and the |EES
ystem should be put into standby mode after the)accumulation subsystem is fully chaftged.

he EES system can be operated in various\duty cycles, such as "one charge and| one
ischarge", "one charge and two discharges", "two charges and two discharges",| and
multiple charges and multiple discharges®- The specific charge-discharge power and|time
the EES system are set by the operating mechanism and the scheduling mechanisn).

o4 v -

he scheduling mechanism manages’the EES system at peak period to discharge, and the
wer response time of the EES-system does not exceed a predetermined time.

he EES system can automatically receive the dispatching curve issued by the grid sygtem
nd operate according to.the-power generation plan curve. The deviation between the agtual
utput curve and the scheduling command curve needs to be determined before| this
peration.

In the case that the-pewer curve is not formulated by the grid dispatch organization, the [EES
system should distribute the charge-discharge power and time according to the loads and the

interpal constraints of the EES system.

Subglause™5:3.4.3 presents one charge and one discharge duty cycle, and two charges and two
discharges duty cycle as examples. Other duty cycles may be used depending on the situdtion,

and

represented in IEC 62933-2-1 and IEC TS 62933-2-2.

a) One charge and one discharge duty cycle

Figure 2 displays the example of duty cycles for a midnight-to-midnight day with an
afternoon peak. Each duty cycle in the figure consists of a total of 12 h duration for charging.
The required discharge duration and a standby duration after charge and discharge bring
the total duration for each of the A, B, and C duty cycles to one 24 h cycle. The peak period
for discharging starts at 13:00 for duty cycle A, 14:00 for duty cycle B, and 15:00 for duty
cycle C, respectively. Prior to the peak period, the EES system should be charged to
maximum SOC. When operating the A, B, and C cycles, the EES system should be returned
to the same SOC as the SOC at the start of the duty cycle, which in this case is the maximum
SOC. Thus, each duty cycle A, B, and C consists of a discharge followed by standby, charge,
and standby to bring the EES system to the initial SOC.

e Off-peak period (charge mode): During the off-peak period, the EES system is charged
generally with a sequential constant power—constant voltage charging profile to bring
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the accumulation subsystem of the EES system to its upper SOC limit. The exact profile
and associated conditions are specified by the manufacturer of the battery system.

e Peak period (discharge mode): During the peak period, the EES system is discharged

at constant power until the minimum SOC level for the discharge power is reached. The
minimum SOC level is specified by the EES system operator.

e Idle period (standby mode): During the idle period, the EES system does not perform a

charge or discharge operation to an external load of EES system. When the EES system
does not have an auxiliary POC, the lower SOC limit might not be maintained and the
operation of any internal support loads for the EES system, such as, but not limited to,
heating, ventilation, and air-conditioning systems, continues to operate as required in
dbbulddllbc vvith thU EES bythlll |||a||ufabtwcl'a apcbifibatiuua dlld UpPCTI tlng
instructions. Discharging of the EES system that does not serve a load external {9 the
EES system is permitted during the idle period.

| | | | I | I |
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c) Peak shaving duty cycle C, 2 h discharge

[Source: IEC TS 62933-2-2.]

b)

Figure 2 — One charge and one discharge duty cycle for peak shaving application

Two charges and two discharges duty cycle

Figure 3 displays an example of duty cycle for a midnight-to-midnight day with a morning
peak and an evening peak. The duty cycle has a total of 13 h duration for charging and a
total of 8 h duration for discharging. The required off-peak periods are 00:00 ~ 8:00 and
12:00 ~ 17:00. The required peak periods are 8:00 to 12:00 and 17:00 to 21:00. The required
peak period and required off-peak period are set by the EES system operator according to
the investigated load profiles. There is an idle period between 21:00 and 00:00 that brings
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the total duration for each duty cycle to one 24 h period. The EES system starts with a
charge at 00:00 for a duty cycle. The EES system will be charged and discharged two times
a day in an optimal capacity configuration, which can effectively achieve the function of peak
shaving and fluctuation reduction of consumption, and economic efficiency.

When applying the duty cycle shown in Figure 3, the duty cycle might not be adequate
depending on the type of accumulation subsystem. For example, in a battery-based
accumulation subsystem, a two-cycles per day with charge, discharge, charge and
discharge with no rest time can decrease battery life. Depending on the cell/module
temperature, it could be necessary to wait some time until the temperature decreases below

a

safe level between each consecutive phase of charge or discharge.

[Sour

5.3.5
Subd

5.3.6
Subd

5.3.7

Subd
reco
are d

An H
islan
in IH

exchange shown in Figure 4 are presented in IEC TR 61850-90-9.

Discharge
Charge

Charge/Discharge

10 12 14 16 18 20 (22 24
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o
N
EAN
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e: |[EC TS 62933-2-2]

Figure 3 — Two charges and two discharges duty cycle
for peak shaving application

Monitoring

lause 4.3.6 of IEC TS 62933-3-2:2022 is applicable.

Maintenance

lause 4.3.7 of IEC TS 62933-3-2:2022 is applicable.

Communication interface

lause 4.3.8 of IEC T8 62933-3-2:2022 is applicable. In addition, the follo
mmendations shouldibe considered. Further additional technology dependent requirem
efined in Annex B>

ES systemsinteracting, as distributed energy source, with a transmission, distributic
ded grid,~should exchange relevant information with their management entities as de
FC 61850-7-420 and IEC TR 61850-90-9. The operational procedures for inform

wing
ents

n or
fined
Ation



https://iecnorm.com/api/?name=4f1e553a2ab6da10a9c4cad79fc229b7

- 16 - IEC TS 62933-3-3:2022 © IEC 2022

Query/response
(system capability
and status)

Charge

Energy management

system (grid) Discharge EES system

[Sour

5.4
5.4.1
5.4.1

Subd
reco

5.4.1
The

fluctbation reduction of consumption applications is depicted in Figure 5.

Set operation mode
and schedule

Monitoring

1EQ

e: IEC TR 61850-90-9]

Figure 4 — Use case for information exchange between grid and EES system

Sizing and resulting parameters of the EES system
Sizing
A General

lause 4.4.2 of IEC TS 62933-3-2:2022 is applicable. In addition, the follo
mmendations should be considered<

2 Sizing and planning process of the EES system

general sizing and planning process of the EES system applied in the peak shaving

wing

and
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Figure 5 — Process to determine the sizing and planning/of-the EES system applied in

5.4.1.3

Wheph performing
recojmmendations should be met:

peak shaving and fluctuation reduction of consumption applications

Requirements for sizing and planning

the sizing and planning <process of EES system,

the following

o thhe effect of different types of energyxstorage technologies on peak shaving/fluctugation

pbduction of consumption;

—

e thhe charge and discharge power, and energy storage capacity of the EES system;

o djifferent control strategies;

o the life of the accumulationsubsystem, the charge-discharge characteristics and the optimal

charge-discharge cycles.

The $izing and planningiof'the EES system shall be set according to the power and the operation

mod

of the accumulation subsystem. The initial accumulation subsystem size cap be

configured as 5 %.t0-20 % of the transformer capacity interconnecting the EES system and|grid,
and subsequently-determined after calculation.

5.4.

Characteristics and restrictions of the EES system

Subglatse 4.4.3 of IEC TS 62933-3-2:2022 is applicable.

5.5 Service life of the EES system

5.5.1 Installation

Subclause 4.5.2 of IEC TS 62933-3-2:2022 is applicable.

5.5.2 Performance assessment

Subclause 4.5.3 of IEC TS 62933-3-2:2022 is applicable.
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5.5.3 Operation and control
5.5.3.1 General

Subclause 4.5.4 of IEC TS 62933-3-2:2022 is applicable. In addition, the following
recommendations should be considered. Further additional technology dependent requirements
are defined in Annex B.

5.5.3.2 Control process of the EES system

The EMS determines the working state of the EES system by predicting the load demand (MW)
and eal-time—power—vatve—{(M¥W-ef-the—power—grid—and—ealeutates—the—eharge-diseharge
¢r of the EES system under the different states defined in Table 1. The example'cgntrol
process of the EES system for charging in the peak shaving and fluctuation reduetign of
consjumption is shown in Figure 6. Additional descriptions for the numbered processes in
Figufe 6 are as follows.

1) During the system status check in (1), the functions of the distribution panel, ppwer
cpnversion subsystem, accumulation subsystem, air conditioning andyventilation sygtem,
fire extinguishing system, and emergency stop function should be checked.

2) The allowed charging time period in (2) is determined by chegcKing the allowed chafging
riod, configured charging time, or off-peak period.

3) Tlhe configured threshold value for the charging statelify (4) depends on the typge of
cumulation subsystem. For example, a SOC of 95 % _ean be the threshold in the baftery-
ased accumulation subsystem.

b

Tlhe configured charging power value in (5) can\be set according to the charging [time
schedule.
T
s

5) The charging power limit in (6) is determined by the characteristics of the accumulation

Lbsystem.
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Figure 6 — Sequence of charging events in the peak shaving application

The example control process of the EES system for discharging in the peak shaving and
fluctuation reduction of consumption is shown in Figure 7. Additional descriptions for the
numbered processes are as follows.

a) During the system status check in (1), the functions of the distribution panel, power
conversion subsystem, accumulation subsystem, air conditioning and ventilation system,
fire extinguishing system, and emergency stop need to be checked.

b) The allowed discharging time period in (2) is determined by checking the allowed
discharging period, configured discharging time, peak period, or real time peak shaving
function.


https://iecnorm.com/api/?name=4f1e553a2ab6da10a9c4cad79fc229b7

- 20 -

IEC TS 62933-3-3:2022 © IEC 2022

c) The configured threshold value for the discharging state in (4) depends on the type of
accumulation subsystem. For example, a SOC of 5 % can be the threshold in the battery-

based accumulation subsystem.

d) The configured discharging power value in (5) can be set according to the discharging time
schedule or real time peak shaving function.

e) The discharging power limit in (6) is determined by the characteristics of the accumulation

subsystem.

Start discharging
procedures

y

(1) Check system status

Normal
status?

(2) Check accepted
discharging time period

Allowed
discharging

No

Need emergency
stop?

time?

o
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4) Check configured threshold valuefor

discharging state

3z #)?

/Terminate discharging\

N Emergency
/. stop
Stop
4 Standby
£

(5) Check configured
discharging power value

(6) Check discharging
power limit of
accumulation subsystem

No

(5)=(6)?

procedures

N /

h 4

Yes

Set discharging power as
discharging power limit of
accumulation subsystem

Set discharging power as
configured discharging
power value

N

Discharge

Figure 7 — Sequence of discharging events in peak shaving application
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When charging or discharging is in progress and the following conditions occur, charging and
discharging should be limited according to Table 2.

Table 2 — Conditions for charging/discharging limitation

Charging/discharging limit conditions

Minimum and maximum limit of SOC

When the actual SOC reaches the configurated

input or output shall be set respectively to zero.

maximum and minimum threshold value any energy

When the actual charging/discharging power or current

Accumulation subsystem charging and discharging level exceeds the configurated maximum threshold
currént/power limit value, any further increase of its value shall be
prevented.
5.5.4 Monitoring
Subglauses 4.3.6 and 4.5.5 of IEC TS 62933-3-2:2022 are applicable.
5.5.5 Maintenance
Subglauses 4.3.7 and 4.5.6 of IEC TS 62933-3-2:2022 are applicable.
6 Islanded grid application
6.1 | Application of the EES system
6.1.1 Functional purpose
In an islanded grid, the EES system provides and stores electrical energy. The EES sygtem
also|supports and controls the voltage.sand frequency of such a grid in coordination|with
subsjidiary power generation systems also present.
NOTH In islanded grid application, energy is provided for a long duration. Thus, from that point of view, islanded
grid application can be categorized ascenergy intensive application.
6.1.2 Applications related requirements
In the islanded gridyvapplications, the applications requirements listed in 4.1.2 of
IEC TS 62933-3-2:2022 shall be considered.
6.2 | Conditions and requirements for connection to the grid
6.2.1 Grid parameters at the intended POC
The EES has to ensure that the relevant performance levels of the islanded grid are mef and

therefore all connected electrical loads can operate properly. Subclause 6.2 applies the same
requirements as those indicated in 4.2.2 of IEC TS 62933-3-2:2022.

6.2.2 Service conditions

Subclause 4.2.3 of IEC TS 62933-3-2:2022 is applicable.

6.2.3 Requirements and restrictions of the grid or system operator

Subclause 4.2.4 of IEC TS 62933-3-2:2022 is applicable.

6.2.4 Standards and local regulations

Subclause 4.2.5 of IEC TS 62933-3-2:2022 is applicable.
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6.3 Design of the EES system
6.3.1 Structure of the EES system

The EES system structure and components defined in 4.3.2 of IEC TS 62933-3-2:2022 are also
applied to the islanded grid application. In addition, there exist additional considerations. An
EES system for islanded grid application can be installed in conjunction with distributed energy
resources (DER) such as PV, wind turbine, etc., in order to improve the effectiveness of
islanded grid application. The supply of electricity can be unstable due to the intermittence of
renewable energy sources if additional energy sources such as generators and EES systems
do not exist. The EES system can mitigate the intermittent generation.

An ekample configuration of the EES system in conjunction with DER is shown in Figure 8{ The
EES|system and DER are connected to a common AC bus. In the configuration, the, PV and
wind|turbine are listed as DER, but other energy sources can be considered. The main erlergy
sourges of the islanded grid are the DER, the EES system and conventional generators thdt are
installled to provide power when the output power shortages of the DER and EES-system happen.

In the islanded grid, the EES system can be used to support stable power provision using the
renevable energies. It is common to install a conventional generator.in the islanded gnid to
provide power in case of generated power shortages from the repewable energy sourceq due
to erjvironmental reasons.

The DER and EES system which are connected to the A€ bus can control output powgr in
resppnse to the load changes. The control subsystems“in the EES system and DER are
connected to the energy management system (EMS) through communication interfaces.
Varigus communication protocols among the control/subsystem, DER, and EMS can be pused
and the requirements for the communication interface are presented in 4.3.8 of IEC TS 62933-
3-2:2022, as well as in 5.3.7 and 6.3.7 of this decument. Each equipment is connected tp the
EMS| via the communication network, so the~EMS can perform optimal control when the|load
chanige or generation fluctuation of the DER happens. When the generation is less than the
load$, the EMS sends a signal to thesswitch controller in order to start and connecf the
conventional generator to the AC bus.\Fhis configuration allows the easy extension of cappcity
and ¢onnection to the remote DER.
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Kigure 8 — Example configuration for applying an EES system to an islanded grid
containing distributed energy resources

6.3.2 Subsystem specifications
Subglause 4.2.2%of IEC TS 62933-3-2:2022 is applicable. Further, additional technglogy
depgndent requirements are defined in Annex B.
6.3.3 Grid integration of the EES system
Subadlause 4.3.4 of |[EC TS 62933-3-2:2022 is applicable. Further, additional technaglogy

dependent requirements are defined in Annex A. In addition, the following recommendations

should be considered.

A key safety issue in islanded grids is the fact that the peak of the short-circuit current or fault
current level, which is mainly generated by electronic power converters, is limited. The short-
circuit current level is often of the same magnitude as the rated continuous current level.
Depending on the design of the fault detection scheme, fault events might not be well detected
and then the tripping action of protection devices, such as circuit breakers, is not always
guaranteed. Hence, specific attention should be paid to overcurrent level and short-circuit
protection design scheme during the planning and designing phase.

6.3.4 Operation and control

Subclause 4.3.5 of IEC TS 62933-3-2:2022 is applicable.
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6.3.5 Monitoring
Subclause 4.3.6 of IEC TS 62933-3-2:2022 is applicable.

6.3.6 Maintenance

Subclause 4.3.7 of IEC TS 62933-3-2:2022 is applicable.

6.3.7 Communication interface

Subclause 4.3.8 of IEC TS 62933-3-2:2022 is applicable. Further, additional technology

depdndent requirements are defined in Annex B.

6.4 | Sizing and resulting parameters of the EES system
6.4. Sizing
6.4.1.1 Sizing and planning process of the EES system

The |general sizing and planning process of the EES system applied”in the islanded

grid

applications is depicted in Figure 9. After the initial survey on the“target site, the techpical

aspects and requirements of the energy system design are considered, to determine op
design. When the simulated design is technically feasible, the ‘value of energy efficiency
demand management is determined in the energy efficiencies“and load assessment prog
Ther|, a design economics assessment process is performed to determine if it is economi
feasible. If the determined design is not feasible in terms.of technology or economics, the s
and planning process is repeated with changed requitements. If no design is feasible, the
related issue is identified and reported. If a simulated design is feasible, it is presented i
output report.

The |nput design requirement process consists of two types of constraints, fixed and vari
Fixed constraints indicate non-flexible requirements such as physical constraints incld
geodraphic data or a case-specific requirement for the projected reliability. Variable constr
indicpte all constraints that are flexible and can be changed under given conditions, sug
renevable generation penetration, "minimizing greenhouse gas (GHG) emissions, and de
cost,
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In the load profile estimation process, energy efficiency, demand side management, and fliture

demand need to be considered. In the energy technologies selection process, available en
resolirces, energy requirements, and energy storage technologies should be considered.
availpble energy resources can consist both of renewable and conventional resources
dies¢l, gasolingj natural gas, etc.). The resources have to be compatible with the demand p
Energy requirements determine if there is any constraint or requirement that excludes or |
the gvailable.energy technologies. An example could be a geographic constraint where o
limit¢d area can be used for PV panels, for example it is only allowed to install PV pane
housgle\fooftops. An important aspect in islanded grid design phase is the consideratig
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Figure 9 — Example process to determin€ the sizing and planning
of the EES system applied in islanded grid application
Wheh the EES system is used for an islanded gtidyapplication, the following information should

be id

o0

q

o (g
€]
o s
Ci

entified and considered:

urvey of the planned islanded grid site, including the types of DER, forecasted profil
ads, equipment for site, etc.;

cation, size, and configuration of voltage regulation equipment, reactors, prote

quipment, and transformers;
iglanded grid system’s~'hlack start, abnormal voltage, and frequency ride-thr
apabilities;

ceptable range ofiwoltage, frequency, and harmonic;

onitoring system and requirements;

aximum aeceptable rate of change of frequency for supplied power;
ceptable)imbalance of voltage at a specific point in the system;

ceptable dynamic stability limits;

bs of

ctive

bugh

e ratings and types of switching devices;

e p
e C

rotection equipment and settings;

onsideration for future expansion;

e load analysis including three-phase detail, historical load profiles, customer composition,
large spot loads such as motors, and forecasted load profiles.

This information is sufficient for developing an engineering model to understand how much
power production capacity is necessary to meet the islanded load. If the capacity of the DER in
the planned islanded grid is not enough to cover the full loads, peak shaving and fluctuation
reduction of consumption schemes can be necessary. This includes the determination of critical
and non-essential loads. The installation of an emergency generator and an automatic transfer
switch can be sized to support critical loads.
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The islanded grid has to be designed in order to provide the real and reactive power
requirements of the loads within the islanded grid and serve the range of load operating
conditions. The equipment in islanded grid shall be able to regulate the frequency and voltage
of the grid within the designed ranges. Voltage regulation equipment within the islanded grid
can be modified in its functionality because the functional requirements for the islanded grid
system can be different from the grid connected system.

6.4.1.2 Requirements for sizing and planning

When determining the size of an islanded grid, a reserve margin which is a function of the load
factor, the magnitude of the load, the load shape, reliability requirements of the load, and the
availgbility of DER should be considered. To balance the load and generation withij the
islanded grid, various load control schemes may be used. This functionality includes/peak
shavjng and fluctuation reduction of consumption when the DER cannot serve all.cdnngcted
load$. The DER has to be able to maintain acceptable voltage and frequency throughouft the
islanded grid during all expected load and DER changes.

In the islanded grid application, there is a need to provide dynamic response from the DER.
The DER should have adequate real and reactive power capability and résponse characteristics.
Loads can have a variety of issues, including active and reactive demand profiles, step Iqads,
motdr starts, voltage imbalance, current imbalance, and power faetor/ On an islanded grid, the
load$ can cause more issues than on a grid connected system because the grid conngcted
power systems have stronger and larger generation sources, and aggregate more loads, which
can phave a balancing effect. For example, if a motor startirequires a large amount of irfrush
currgnt, there should be sufficient reactive power capacity to correctly maintain voltagel and
freqyency stability or current limiting equipment can be-ifistalled in the islanded grid. Otheryise,
the islanded grid system needs to manage the maior’loads by sectionalizing the loads| into
segments and staged starting.

6.4.2 Characteristics and restrictions of.the EES system

Subglause 4.4.3 of IEC TS 62933-3-2:2022 is applicable.

6.5 | Service life of the EES system
6.5.1 Installation

Subglause 4.5.2 of IEC TS 62933-3-2:2022 is applicable.

6.5.2 Performance assessment

Subglause 4.53. 0f IEC TS 62933-3-2:2022 is applicable.

6.5.3 Operation and control

6.5.3.1 General

Subclause 4.5.4 of |IEC TS 62933-3-2:2022 is applicable. Further, additional technology
dependent requirements are defined in Annex B. In addition, the recommendations in 6.5.3.2
should be considered.

6.5.3.2 Control process of the EES system
When operating an islanded grid system, there exist several issues to be considered as follows:
e The islanded grid system needs to monitor and control generation output to ensure power

is balanced in real time so that acceptable frequency and voltage are maintained. Load
control schemes may be implemented to ensure this.
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e Additions and changes to significant loads and generation capacity should be evaluated.
Forecasted load growth should be planned into the islanded grid system design and verified
regularly.

e Time synchronization may be necessary due to accumulated effects of off-rated frequency
operation.

e Training for all personnel involved with the islanded grid system operations and
maintenance is necessary.

When operating an islanded grid, load imbalance within the islanded grid shall be investigated.
One |ssue with loads in the islanded grid system is that the Ioads can be extremely imbalanced.

e- to neutral voItages or phase-to-phase voItages can be reasonably balanced Thérefore,
the Ipad configuration needs to be investigated and can be modified to facilitate anvislapded
grid gonfiguration.

Imbglances in the distribution system or load imbalance can cause negative sequence curfents
that might damage equipment. Three-phase DER and motors have limited ‘negative sequence
capadpbility and can be damaged by imbalanced load conditions. Use ofya’negative sequence
currgnt relay can mitigate damage to three-phase rotating machinery. The islanded grid sygtem
custdmers can make modifications to protect their equipment for use’in the islanded grid.

Therg are three types of control strategy for the islanded grid{.as follows:

1) (entralized control: A central control system provides éommands to the entire islanded grid
siystem in what is effectively a master-slave configuration between the central cdntrol
system and distributed equipment.

2) Distributed control: Control is accomplished, with independent controls communicating|with
ne another. This strategy uses intelligent devices that are strategically located to dgtect
the conditions and initiate the required actions.

3) Autonomous control: Control is .accomplished with independent controls without
communication with other devices.

The jslanded grid systems operating outside normal utility parameters can cause equipment
perfgrmance problems because-of equipment operating ranges, safety concerns, or custpmer
needs. However, the islanded.grid systems may operate outside normal utility parameters if
acceptable to all interested parties.

6.5.4 Monitoring
Subglauses 4.3.6.and 4.5.5 of IEC TS 62933-3-2:2022 are applicable.

6.5.5 Maintenance

Subglduses 4.3.7 and 4.5.6 of IEC TS 62933-3-2;2022 are applicable. In addition, the following

al 4 o Lol _lo +al pu |
recommentdatons—SsnotraDe constaetrea:

As a periodic testing and maintenance, the islanded grid system design should be re-evaluated
to ensure proper capabilities in terms of load and generation. Also, periodic confirmation that
the planned assets and equipment are still connected and operational is necessary.

Load monitoring and control can be employed to manage the islanded grid systems. There
should be sufficient monitoring to operate and understand the status of the islanded grid.

The islanded grid systems with multiple DER require communications among the DER. Their
operation should be managed and coordinated to effectively meet the needs of the islanded
grid.
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In islanded grid application, it is difficult to repair or perform maintenance because maintenance
operation can cause grid outage. Therefore, setting a maintenance plan should be considered
grid outage.

7 Backup power supply and emergency support

7.1  Applications of the EES system
711 Functional purpose of the EES system

eafls or

In th-\ avant ~f Alanter
C—C VvV CTTOT—CTTcotrt

only fto the emergency

7.1.2 Applications related requirements

Subglause 4.1.2 of IEC TS 62933-3-2:2022 is applicable.

7.2 | Conditions and requirements for connection to the grid

Subglause 4.2 of IEC TS 62933-3-2:2022 is applicable.

7.3 | Design of the EES system
7.3.1 Structure of the EES systems
Subglause 4.3.2 of IEC TS 62933-3-2:2022 is applicable.

7.3.2 Subsystem specifications and requirements

Subglause 4.3.3 of IEC TS 62933-3-2:2022 is applicable. Further, additional technalogy
depgndent requirements are defined in Aanex B.

7.3.3 Grid integration of the EES system
7.3.3.1 General considerations

Subdlause 4.3.4 of IEC TS 62933-3-2:2022 is applicable. Further, additional technglogy
depgndent requirements.are defined in Annex A. In addition, the following requirements shall
be considered.

7.3.3.2 Specific requirements

In addition-to"the general considerations, 7.3.3.2 describes specific requirements. Figute 10
shows the example use case for backup power using a diesel generator. The emergency Ipads
are ¢onnected to the backbone grid through a transfer switch. The diesel generator is|also
connected to the transier switch. VWWhen power outage of the backbone grid happens, the transfer
switch disconnects the emergency loads from the backbone grid and connects the diesel
generator to the emergency loads.

NOTE Since a diesel generator is commonly used for backup power, 7.3.3.2 considers use cases related to a diesel
generator. However, instead of a diesel generator, other types of generators such as a gas turbine generator can be
used as backup power.
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Transfer
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Non-essential
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load load
Elevators
lights
sprinklers

IEC

Figure 10 — Example use case for backup power using a diesel generator

Figufe 11 shows the simple replacement of a diesel generator with‘an EES system for backup
power support. The use case in Figure 11 is the same as in Figure 10 except that the djesel

gengrator is replaced by the EES system. The disadvantage gf'this use case is the low u
the BES system because the EES system operates during backbone grid outage and doe
support the EES system’s own functions such as peak control.

Wheh replacing the diesel generator with the EES system for backup power usage, there
several requirements to be considered as follows:

he emergency load shall be separated from non-essential load and be connected t
ES system by transfer switch when grid>outage occurs.

In the conventional diesel generator-based emergency load support case, p
imterruption happens to the emergency load due to the transfer time in the transfer sw
or some critical loads, voltagelinterruptions longer than a few cycles are not admiss
hus, if power interruption is!not allowed to emergency loads, the transfer switch sha

5e of
5 not

exist

b the

bwer
itch.
ible.
Il be

plemented by a static.switch and the transfer time from grid to EES system shall be

uaranteed.

i

g

Since the capacity of'the EES system for backup power supply can be limited, the cap
of the EES system_shall consider the emergency load characteristics as described in 7
d
V]

nce the grid‘voltage is returned, the EES system shall synchronize its own voltage t
pltage of the grid before transferring critical and emergency loads back to the grid.

acity
4.

b the
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Figure 11 — Simple replacement of diesel generator
with EES system for backup power support

simple replacement of the conventional diesel generator with the EES system is not
tive because the EES system is disconnected from loads’and is not used during
hAtion. Figure 12 shows the grid integration of the EES\System in order to support
up power and its own functions. In the use case, the EES system is connected to the

pberform its own functions such as peak control,during grid connection. When grid o\
rs, the disconnectors detect the power outage and disconnect the EES system
gency loads from the grid. Then, the EES systém feeds power to the emergency load

pe necessary.

h the EES system is used for bothibackup power support and energy intensive applicg
exist the following additional requirements in addition to the requirements describ
e 11.

Vhen grid outage occurs; the disconnector shall be opened in order to disconnect the
ystem and emergency. loads from the distribution line and other loads.

ince the EES systeém can be used for energy intensive application such as peak sha

he operation'of the EES system shall follow the control process described in 7.5.3.

cost
grid
both
non-
s5tem
tage
and
s. In
e 12

tion,
pd in

EES

ving,

fhe minimum SOC-to support emergency loads shall be maintained in case of grid outage.
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Fljgure 12 — EES system use case for both backup power-and EES’s own functionls
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Figufe 13 shows the use case for grid integration of the EES system when a distribution panel
is present and electrical loads are connected to the distribution panel. In this use case} the
distribution panel is capable of communicating with théycontrol subsystem in the EES sydtem,
so that the status of the EES system and the distribution panel can be exchanged. When fhere
is an| intelligent distribution panel which is capable.ef communicating with the EES systen| and

separating the emergency loads from non-essential loads, the presented use case is applic

able.

Whep grid outage is detected, the EES system notifies the distribution panel to separat¢ the

emefgency load. The EES system then prevides power to the emergency load. When
outage occurs, the disconnectors disconnect the EES system and electrical loads from the
The [EES system notifies the backup.\power operation of the EES system to the distrib

grid
grid.
Lition

pangl. On receiving the notificationthe distribution panel disconnects non-essential loadq and

only the emergency loads are supported by the EES system.

Wheh the EES system is used in the use case shown in Figure 13, there exist the following

addifional requirements in_addition to the requirements described in Figure 11 and Figure

12.

a) The distribution(panel shall be capable of separating emergency loads and non-essgntial

lpads.

b) The distribution panel shall be capable of disconnecting non-essential loads after
utage.

c) The distribution panel shall be capable of reconnecting non-essential loads after
recovery.

grid

grid

d) The distribution panel shall be capable of communicating with the EES system during
outage.

grid
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Figure 13 — EES system use case for communication 'with distribution panel

Operation and control

lause 4.3.5 of IEC TS 62933-3-2:2022 is applicable. In addition, the requirements in

h the grid is recovered from the outage,.the EES systems start the reconnection pro

grid. The reconnection time for eachoEES system shall be coordinated with the
r and grid operator, to avoid a second*disturbance when all the EES systems reconne
ame time.

Monitoring

lause 4.3.6 of IEC TS 62933-3-2:2022 is applicable.

Maintenance

lause 4.3.7 of IEC TS 62933-3-2:2022 is applicable.

Communication interface

lause’ 4.3.8 of IEC TS 62933-3-2:2022 is applicable. Further, additional techng

IEC

r.3.4

cess
vires
ct at

logy

ndéent requirements are defined in Annex B.
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7.4  Sizing and resulting parameters of the EES system
7.41 Sizing
7.41.1 Sizing and planning process of the EES system

The general sizing and planning process of the EES system applied to the backup power supply
and emergency support applications is depicted in Figure 14. In the input emergency load
requirements process, the types and operation time for each emergency load are considered.
The load profiles of the emergency loads are then analysed so as to determine the optimal
startlng sequences of the emergency loads. The size and design of the EES system are then
deter )
processes are repeated with changed starting sequences of the emergency Ioads Whe
detefmined size and design meet the backup power support requirements, .€cohpmic
assessment is performed. A suitable type of accumulation subsystem is then sélected| and
checked if the characteristics of the selected accumulation subsystem satisfy the backup ppwer

suppport requirements.

Input emergency load
requirements Change the type (f
accumulation subsysgtem

l Determine the type of 4
Emergency load profile » accumulation subsystem
analysis amiongavailable technologies

A
_ i I[dentify characteristics of the
Determine starting selected accumulation
sequences of emergency subsystems
loads

Change starting sequences
of emergency loads v

Is selected
accumulation subsystem
feasible?

A . . .
Determine size and design

Doesit meet
backuppower support
edquirements?

QOutput the best size and
design

Figqure 14 — Example process to determine the sizing and planning of the EES systpm
applied to the backup power supply and emergency support application

Economic and technical
assessment

IEC

A mi |mum capaC|ty of the EES system to supply power to the emergency Ioads durm(

the reqwred time to supply power to the emergency Ioads Emergency Ioads consist of a fire
suppression facility load and other emergency facility loads. The fire suppression facility load
is the load used in the fire. For example, fire suppression facilities (fire extinguishing facilities,
evacuation facilities, firefighting water facilities, firefighting activity facilities, etc.) and fire
prevention and evacuation facilities (emergency elevators, evacuation elevators, drainage
pump, fire extinguishing facility, fire partitioning facility, etc.) are generally considered. Other
emergency loads include medical facilities or a drainage pump if there is an electric room or
machinery room in the basement.

Table 3 shows an example of the operation time for emergency load facilities. During the grid
outage, the EES system should provide power to the listed emergency loads for the required
operation time. The operation time is determined according to local or regional regulations.
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Table 3 — Example of the operation time for emergency load facilities

Types Minimum required operation time
Indoor fire hydrant equipment 20 min
Sprinkler equipment 20 min
Foam-type fire extinguishing equipment 20 min
Fire extinguishing equipment such as water spray 20 min
Ventilation equipment 20 min
Emergency light 30 min
Emergency outlet equipment 20 min
Emergency elevator 120 min
Emergency drainage pump 30 min
Fireproof shutter 30 min

7.4.1

Whe
the ¢
subs|

It is
start

.2 Requirements for sizing and planning

N estimating the capability of the power conversion subsystem'in the EES system, not
apacity of the accumulation subsystem, but also the capacity of the power conve
ystem should be considered.

ated power estimation for power conversion subsystem

when estimating the power conversion subsystem’s rated power, it should be calcu
so as not to interfere with the operation of.the*emergency load facilities required b
relevant regulations.

apacity estimation for accumulation subsystem

the annual deterioration rate of theaccumulation subsystem should be considered
the capacity for the emergency;lead shall be preserved at all times;

load according to the size(of‘the site;

when operating an isplation operation, it is necessary to preserve the minimum cap
required for heating,~ventilation, and air conditioning (HVAC) and the control p
operation, and consider the energy conversion loss due to charging and dischargi
the accumulation subsystem;

the capacity 'of the accumulation subsystem should be calculated considering the p
consumption, SOC operation range, line loss, EES system efficiency and power f
in accordance with the technical data provided by the manufacturer etc.

hoted ;that the inrush current of the motor is higher than the normal load current, s

load
the s

tarting sequence.

7.4.2 Characteristics and restrictions of the EES system

Subclause 4.4.3 of IEC TS 62933-3-2:2022 is applicable.

7.5

7.5.1

Service life of the EES system

Installation

Subclause 4.5.2 of IEC TS 62933-3-2:2022 is applicable.

only
rsion

ated
y the

and

estimated capacity should be)calculated considering the power supply time of the fire

acity
bwer
ng of

bwer
hctor

b the
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7.5.2 Performance assessment

In backup power supply and emergency support applications, in addition to the application
requirements listed in subclause 4.5.3 of I|EC TS 62933-3-2:2022, the following
recommendations should be considered.

The performance of the EES system’s supporting backup power can be assessed by using the
following performance indicators:

e the amount of time to supply power to emergency loads;

e the amount of emergen oad nat the em s able to 1pP powe the
emergency loads during the electrical grid outage;

e tlhe amount of time spent before supplying power to the emergency loads after thé elécjrical
grid outage. Usually, diesel generators require tens of seconds to provide power t¢ the
emergency loads after electrical grid outage, however the EES system can perform within a
second;

e inrush current and time of emergency load during backup power suppty;

e shifting (exchange) time from the grid to the EES system at outage;

e re¢turn time from stand-alone to the grid;

e plower quality of stand-alone mode (frequency, voltage, totalkharmonic etc);

o for some critical loads, voltage interruptions longer than a few cycles are not admissible.
herefore, the disconnector should be implemented by ‘@ static switch, and the transfer|time
flom the grid to the EES system shall be guaranteed (i.e. < 20 ms). Once the grid voltage

ig returned, the EES system shall synchronize ifs own voltage to the grid’s voltage béfore
transferring critical and emergency loads back\to the grid.

7.5. Operation and control
7.5.3.1 General

Subglause 4.5.4 of IEC TS 62933-3-2:2022 is applicable. Further, additional technglogy
depgndent requirements are defined in Annex B. In addition, the requirements in 7.5.3[2 to
7.5.3.4 should be considered.

7.5.3.2 Control process of EES system

Whep the EES system is 'used as a backup power, it has to support both the EES’s own fungtion
and [the backup power function. The EES’s own function is performed during the ngrmal
elecfrical grid. Invnormal operation, the EES system shall be compliant with the correspording
grid pode. Oné<of the points that it shall comply with is the LVRT capability. The EES cdntrol
system shall-guarantee that the outage detection (i.e. anti-islanding system) and LVRT
mechanismiwork harmoniously. The following lists operational considerations for EES sygtem
opergtionduring normal electrical grid status and during electrical grid outage and bagkup
powersupport—Figure 15 shows an-exampleof operational flow of the S-system-when grid
outage happens. Figure 16 shows an example of operational flow of the EES system when the
grid is recovered.
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(2) Disconnect ATS ATS | (2) Disconnect ATS
| .
(3) Disconnect ACB
emergency loads EES system
l Commulnication _________________________ :
interface i i i
(4) Operate PCS 6 e»— Emergency [ . > Control subsystem | i
(CVCF mode) load 1 = - . i
l ' Auxiliary subsysfem 1
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: ) 1| Power N
(3) Disconnect C C?nne_ctml)n L conversion I Acczmultano : 3
(6) Connect emergency loads i erminal | i subsysterf subsystem| 1 |
gmergency loads (6) Connect emergency : IR -
In sequence loads in sequence ! Primary subsystem 1

(1) Grid recovery

&

1) Grid recovery

Figure 15 — Example operation flow for backup powersupport during grid outage

(5) Check if PCS voltage
is in the normal range

(4)/Qperate PCS
(CVCF mode)

IEC

mode with grid

(2) PCS OFF ATS | (4) Connect ATS
| .
ACB
(3) £heck zero voltage

oo EESsystem |
l Commuhication S, |
Emergency intetface : : :
(#) Connect ATS -6 = e Qe > Control subsystem | |
i Auxiliary subsysfem i
(5) Gheck if grid voltage Lo Frergency ! _|I |
is i the normal range : P leieks dalsisiststsisiaieietetelsistninistebs o
PGC ) : Power i Lo
& | Connection | | conversion — Accumulatior] |1
(p) Operate PCS b terminal i subsystem subsystem | |1 |
[as cooperative ; i b

(3) Check zero voltage
(5) Check if grid voltage
is in the normal range

(2) PCS OFF
(6) Operate PCS as
cooperative mode with

Figure 16 — Example operation flow for backup power support when grid is recovered

7.5.3.3

Operational considerations during normal grid status

In case of operation of the EES system during normal electrical grid status, the EES system
has to cooperate with the protection system that separates the EES system from the grid in the

event of power outage or fault including:

e fault or failure of the EES system;
e fault or failure of the grid system;

e isolated operation status.
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7.5.3.4 Operational considerations for backup power support

In the event of a fault or failure of the electrical grid, the EES system should be disconnected
from the grid before the reclosing of the relevant system in the grid. In addition, the EES system
should be separated from the electrical grid until the voltage and frequency of the grid come
within the normal range. In order to provide power to the emergency loads, the EES system
should meet the following requirements.

The EES system can be connected to low voltage (< 1 kV) equipmeént or high voltage (> 1
equipment, so there exist different control system considerations for each voltage categor

Backup power should be installed to provide power-only emergency loads during the
electrical grid outage. Non-essential loads should not be powered from the backup power

system during the electrical grid outage.

I{ is necessary to provide required facilities such as ventilation in the space where the
siystem is installed as the backup power supply for emergency.

hen the power outage happens in the electrical grid, the EES system should st
lectricity to the emergency load reliably.

he EES system should maintain the required amount of the accumulation subsyst
charging status specified by the relevant regulations in order to supply electricity td
mergency load during the grid power outage.

the event of a grid power outage the electrical grid should be disconnected and p
hould be supplied to the emergency load through the EES system;

n

=

hen the EES system is qperated in parallel with an on-site diesel generator, voltage
fflequency synchronizers are required;

—h

hen the EES system.is installed in a low voltage distribution line, a grid outage even
e linked to the unearthing on neutral wire. During the grid outage, earthing of the neg
ire should be guaranteed.

= 0o =
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HV (>1 kV)

LV (g1 kV)
POC
| Connection
terminal De
[
Normal Emergency Power 2
load load conversion 8 _8
subsystem S
Accumulation
Subsystem
EES system

IEC
Figure 17 — Example of configuration for low voltage connection

Wheh the EES system for backup power support is connected to high voltage equipmenf (AC
voltage greater than 1kV), the configuration shown in Figure 18 may be used and the following
consjdered:

. hen supplying power tathe emergency loads through both the electrical grid and the|EES
siystem in normal situation, power may be supplied to the emergency loads through the
ttansformers because 'the voltage of the power conversion subsystem can be different|from
the voltage of thelemergency loads;

e in case of an ‘electrical grid outage, the EES system should provide power to emergency
Ipads after.confirming the emergency loads and the EES system are disconnected from the
lectrical(grid;

. hen‘an electrical grid outage occurs, the EES system should provide power to emergency
Ipads, after confirming the non-essential loads are disconnected from the EES system;

e the EES system can be installed with a transfer switch to separate the power line;

e when the EES system is operated in parallel with an on-site diesel generator, voltage and
frequency synchronizers are required.
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