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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 3-1: Planning and performance assessment of
electrical energy storage systems — General specification

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comgrising
all national electrotechnical committees (IEC National Committees). The object of IECjis"to promote
infernational co-operation on all questions concerning standardization in the electrical and glectronic fields. To
th|s end and in addition to other activities, IEC publishes International Standards, Technical Specificdtions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested
in| the subject dealt with may participate in this preparatory work. International, -governmental and| non-
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c|osely
with the International Organization for Standardization (ISO) in accordance_with conditions determingd by
adreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express; as/nearly as possible, an interngtional
cdnsensus of opinion on the relevant subjects since each technical ‘¢ommittee has representation frgm all
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Ngtional
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content qf IEC
Pyblications is accurate, IEC cannot be held responsiblg for the way in which they are used or for any
misinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
bdtween any IEC Publication and the correspondihgnational or regional publication shall be clearly indicalted in
the latter.

5) IEC itself does not provide any attestation_©f) conformity. Independent certification bodies provide confprmity
agsessment services and, in some areasy.access to IEC marks of conformity. IEC is not responsible fqr any
sgrvices carried out by independent certification bodies.

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

7) No liability shall attach to IEC,onrits directors, employees, servants or agents including individual experfs and
members of its technical committees and IEC National Committees for any personal injury, property damdge or
other damage of any nature .whatsoever, whether direct or indirect, or for costs (including legal feeg) and
eXpenses arising out ofiuthe publication, use of, or reliance upon, this IEC Publication or any othef IEC
Pyblications.

8) Attention is drawn, to-the Normative references cited in this publication. Use of the referenced publicatipns is
indlispensable for-the correct application of this publication.

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

The |main” task of IEC technical committees is to prepare International Standardg. In
excebl] . ; . . - " i,
specification when

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

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

Technical Specification IEC 62933-3-1 has been prepared by IEC technical committee TC 120:
Electrical Energy Storage (EES) Systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
120/118/DTS 120/123/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

A bil

—

r
W
r

amended.

of all parts in the IEC 62933 series, published under the general title Electrical _en
ge (EES) systems, can be found on the IEC website.

committee has decided that the contents of this publication will remain drchanged
stability date indicated on the IEC website under "http://webstore.ieeich” in the
bd to the specific publication. At this date, the publication will be

ansformed into an International standard,
pconfirmed,

ithdrawn,

bplaced by a revised edition, or

ngual version of this publication may be issued-at.a later date.
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until
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undérstanding of its contents. Users should therefore print this document usin
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ur printer.
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INTRODUCTION

IEC 62933-2-1 should be used as a reference when selecting testing items and their
corresponding evaluation methods as well as principal parameters. Principal terms used in
this document are defined in IEC 62933-1. Environmental issues are covered by
IEC TS 62933-4-1. The personnel safety issues are covered by IEC TS 62933-5-1.
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS -

Part 3-1: Planning and performance assessment of
electrical energy storage systems — General specification

1 Scope

This|part of IEC 62933 is applicable to EES systems designed for grid-connected inde
outdpor installation and operation. This document considers

o necessary functions and capabilities of EES systems
o testitems and performance assessment methods for EES systems

requirements for monitoring and acquisition of EES system operating parameters
change of system information and control capabilities required

Stakgholders of this document comprise personnel involved with EES systems, which incl

lanners of electric power systems and EES systems
ners of EES system

perators of electric power systems and EES systenis
— cpnstructors

— suppliers of EES system and its equipment

gregators

ormative references

ollowing documents are referred to in the text in such a way that some or all of
nt constitutes requirements of this document. For dated references, only the ed
applies~For undated references, the latest edition of the referenced document (inclu
mendments) applies.

Dbr or

ides

very

their
ition
ding

0721-1, Classification of environmental conditions — Part 1: Environmental param

bters

and their severities

IEC 62351 (all parts), Power systems management and associated information exchange —

Data and communications security
IEC 62443 (all parts), Industrial communication networks — Network and system security
IEC 62933-1:2018, Electrical energy storage (EES) systems — Part 1: Vocabulary

IEC 62933-2-1, Electrical energy storage (EES) systems — Part 2-1: Unit parameters
testing methods — General specification

and
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IEC TS 62933-5-1, Electrical energy storage (EES) systems — Part 5-1: Safety considerations

for g

ISO/

rid-integrated EES systems — General specification

IEC 27000, Information technology - Security techniques - Information security
management systems — Overview and vocabulary

3 Terms, definitions and symbols

3.1

For
follo

ISO
addr

3.1.1
idle,
<per

tasks related to active output power at the point of connection (POC)

3.1.2
reco
dura

cyclg is within its specified conditions for qa ‘certain operating mode and at contin

oper

Note

3.2

4 Generatstructure of EES—systems

4.1

Terms and definitions

he purposes of this document, the terms and definitions given in IEC 62933-1 anq
ving apply.

and |[EC maintain terminological databases for use in standardization at'’the follg
PSses:

FC Electropedia: available at http://www.electropedia.org

5O Online browsing platform: available at http://www.iso.org/obp

ad;j.
od of time> time period where the EES system does not@ris not able to perform any

very time
ion needed by an EES system to recover.ffom a duty cycle so that the following

hting conditions

to entry: The definition is loosely basedoh IEC 60050-447:2010, 447-05-08.

Symbols
active power
reactive power
apparent power
voltage

current

power factor

freguency

| the

wing

grid

duty
Luous

Architecture of an EES system

The typical architecture of an EES system, which internally feeds the auxiliary subsystem, is
given in Figure 1 a).
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]

IEC

1
1] 1 I
I i Communication subsystem i 1 o
1 Management subsystert :< -------- Communlcatlon
1 : : interface
o Protection subsystem i |
|}
1! : 1
j s e e s e ARAAN ~ N~ ! :
: . .
| Auxiliary |
I Auxiliary subsystem connection _—Q Auxiliary POC
1 terminal '
1
1 I
| R 3 "
1 Primary subsystem !
1r L4 A"4 1 Y |
i ! :
1 A : Power 1 Primary
ccumulation } 1 .
] 3 :
: ! subsystem conversion ; connection —-C) Primary POC
I ! subsystem ! terminal |
]
1! H 1
it 4 ' o e e e mmm——————— !
IEC
b) EES system with auxiliary POC
Figure 1 — Typical architectures of EES systems
If theauxitarysubsystemisfed—fromanother feeder,theoptiomat—=architectureof am ESS

system is shown in Figure 1 b).

In 4.2 the subsystems of an EES system are described. In general, for all subsystems, the
contribution to the overall system efficiency, for example roundtrip efficiency, shall be

indicated.

4.2 Subsystem specifications

4.2.1 Accumulation subsystem

The energy capacity of the accumulation subsystem of the EES system has to be evaluated in
an appropriate way with respect to the energy form. The energy capacity of the accumulation
subsystem directly influences the rated input and output energy capacity at the primary POC,
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i.e. it influences the active input and output power values at the primary POC as well as the
duration the active input and output power can be applied at the primary POC.

A widely-used approach for classifying EES systems is the determination according to the
form of energy used in the accumulation subsystem. A classification example of EES systems
according to energy form in the accumulation subsystem is shown in Figure 2.

EES systems

Mechanical Electrochemical Electrical
Secondary batteries Double-layer
Pumped hydro — PHS Lead acid/NiCd/NiMH/Li/NaS capacitor — DLC
A Flow batteries Superconductin
Compressed air — CAES Redox flow/hybrid flow magnetic coil — SN?ES
Flywheel — FE .
ywhee S Chemical Thermal
Hydrogen Sensible hedt storage
Electrolyser/fuel cell/lSNG Moltenisalt/A-CAES
IEC

Figure 2 — Example of classification of EES systems.according to energy form

4.2.2 Power conversion subsystem

The |power conversion subsystem converts the .power of the accumulation subsystem| into
electrical power at the POC, typically AC output. power during discharge of the accumulgtion
subslystem, and can convert grid AC input, power to suitable power for charging| the
accumulation subsystem. This conversion:can be performed by electrical and/or mechatrical
systems. The power conversion subsystem influences the apparent power characterisfic of
the EES system. The power conversionsubsystem can also influence the power quality gt the

Gengrally the power conversiofi)subsystem is connected to the accumulation subsystem and
to the (primary) connection terminal. For planning issues the power conversion subsygtem
shalll also include all power transfer apparatus between the connection terminal and the
accumulation subsystem; ‘for example any kind of power transformer, sine filter or switghing
ents.

4.2.3 Auxiliary subsystem

All necessaty equipment intended to perform EES system auxiliary functions shall be ysed,
for ekample heating, ventilation, fire suppression system and air conditioning system.

4.2.4 Control subsystem

A system for monitoring and controlling the EES system shall be used. A control subsystem
may include a communication subsystem, protection subsystem and management subsystem.
During the planning phase the required remote control capabilities and the operation modes
that the control system will support shall be stated, considering the applicable local grid code
requirements.

The EES system shall be designed in such a way that a supply outage does not affect the
EES system security and the ability of the EES system to start up again. The maximum
outage duration should be considered (for example a specific back-up power has to be
designed). A safe disconnection and safe system shutdown concept shall be agreed between
the supplier and user of the EES system.
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All protection functions shall be described with functionality and trigger values.

5 Planning of EES systems

5.1 General

The planning of an EES system is dependent on the topology of the grid as well as on the
power demand and generation available at the POC. There is a wide variety of grids that have
EES systems connected. These variations impact EES system specifications including:

iour,

wer,

The EES system requirements should be clearly outlined in order to provide the best sollition
and o maximize system adaptability and performance benefits. The-needs of the elecfrical
netwiork may also need to be considered. During the planning phase, at the system level and
after| the application has been defined, the EES system requirements have to be spegified
according to the application.

The fresults of the sizing of EES systems (examples are given in Annex A) are the relgvant
parameters of the EES system including

—

hted input and output power

n

hort duration input and output power

|
-

hted energy capacity

|
=

bsponse time parameters

— auxiliary power consumption

|
(7]

If-discharge

|
-

bundtrip efficiency

|
o

uty cycle roundtrip efficiency

—

pcovery times

— end-of-service life\values

Claupe 5 helps-the planner define the specifications in such a way that EES system suppliers
have all the relevant information to design a system.

Claupe/5.provides information needed to assess the performances of a system. This enqures
that |petential users (such as a utility) can have the necessary information about the |EES
system from the system supplier. In particular maintenance requirements and end-of-service
life values shall be provided and be compatible with the application.

In general the rated value of a quantity is used for specification purposes, established for a
specified set of operating conditions of a component, device, equipment, or system. When
specifying the rated values for planning purposes of an EES system, the critical operating
limits of the power capability chart, capability reductions due to ageing, altered environmental
conditions and other limiting factors shall be taken into account. All rated values used for
planning purposes shall be values related to the end-of-service life.

Other parameters such as availability shall be provided and taken into account during the
planning phase.
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Auxiliary power consumption varies throughout the service life of the EES system and shall
therefore be assessed for the whole service life of the unit and for the environmental
conditions expected at the installation site. The influence on the overall EES system efficiency
of the extreme weather conditions should also be considered (see 5.2.3).

NOTE End-of-service life value definitions are given in IEC 62933-1. The test of auxiliary power consumption is
included in IEC 62933-2-1.

5.2 EES system environment

5.2.1 General

Subglause 5.2 describes the environment of the EES system, which shall be considerefd for
planhing an EES system. Subclause 5.2 contains three further subclauses:

e grid parameters and requirements, which include mainly electrical parameters, constraints,
perational ranges and requirements of the electrical power grid at theprimary) POC
(9.2.2),

« service conditions, which include the non-electrical environment of thehNEES system (5.2.3),

o sfandards and local regulations, which include additional requirements accordinjg to
pplicable standards and regulations (5.2.4).

Accdrding to the place of installation the site-specific requirements shall be considered during
the planning phase. Examples of site-specific requirementsiof an EES system are given in
Anngx B.

In addition, the classification of environmental conditiens in IEC 60721-1 shall be considered
in the planning phase.

5.2.2 Grid parameters and requirements
5.2.2.1 Grid parameters

The |main parameters of the grid~at the POC, to which the EES system is going tp be
connected, shall be considered in the planning phase. These parameters include

]

ominal voltage of the service

=

ighest voltage for camponents

.
—

mporary voltage variations

« nominal frequency

o cpntinuous{nermal frequency variation
« témporary-frequency variations

« short=circuit current and duration

° n iral cannactinn
lectar—coRecton

These parameters are typically provided by the grid operator and may be included in specific
grid requirements based on local grid codes.

5.2.2.2 Protective earthing

For earthing, refer for example to IEC 60364 (all parts) and local regulations.

5.2.2.3 Emissions and disturbances of the EES system at the POC

The contribution to harmonic voltage and current disturbances or other undesired effects at
the POC of the EES system shall be declared clearly by the system supplier to assess
possible issues with grid codes already at the planning stage (see also IEC 62933-2-1 for
appropriate testing).
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4 Immunity of the EES system

The EES system shall be immune against possible, harmful impacts from the electrical
environment. For example, in EMC-sensitive cases, such as the installation of an EES system
in a substation, the EES system should implement an immunity level according to the

requi

5.2.3

rements stated in IEC 61000-6-5.

Service conditions

| General

5.2.3

Whe
gens
seis
least

For
regu
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5.2.3
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temp
radig
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oper

5.2.3

Whe
atmo
be e

re applicable, EES system planners should refer to IEC 60721-3-3, IEC 60364-5-5
'S 62933-4-1 for guidelines on environmental conditions.

.2 Earthquake resistivity and endurance

re appropriate the EES system and its support structure shall withstand earthquake
ral the EES system and its support structure should be designed in accordance wit
hic classification area of the site and local codes. The EES 'system should achie
the same performance against earthquakes than the rest.of'the grid equipment.

soil acceleration levels, as well as test methods, “refer to IEC 60068-3-3 and
ations. Additionally local conditions, for example environmental conditions, sha
h into account.

e an earthquake-proof standard is specified, the EES system should comply with
lard. However, where a large influence by vibration is expected, additional standards
sures should be considered.

.3 Ambient temperature and solar radiation

FES system shall be desighed and constructed to withstand the stress generated d
erature variation considering the effects of the ambient temperature and the
tion on the operating temperature. Unless specifically ordered otherwise by the cust
ooling/heating system shall be sized appropriately while considering the most demar
htional and weather conditions of the site.

4 Protection against dust and corrosive atmospheres

re required, the EES system shall be equipped with protection against dust and corrg
spheres according to the operating environment. The structure of the EES system
hsily, maintained.

s. In
n the
e at

ocal
| be

this
and

e to
solar
bmer,
ding

sive
shall

5.2.3.5 Inundation

If required, the measures against flood according to local regulations shall be applied. These
regulations can depend on installation conditions such as location, characteristics of the
region and principle and scale of the EES system. Where flood protection measures are
specified by local regulation, the EES system should comply with that regulation. However,

wher

e flooding probability is not negligible, protective measures should be ap

irrespective of the absence of a local regulation.

5.2.3.6 Wind

plied

If required, the wind protection measures should conform to related regulations depending on
installation conditions such as location, characteristics of the region, principle and scale of the
EES system. In case wind protection measures are specified by local regulation, the EES
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system should comply with that regulation. However, where large influence by wind is
expected, protective measures should be applied irrespective of the absence of a local
regulation.

5.2.4 Standards and local regulations
5.2.41 General impact on EES system design

All standards and local regulations which impact EES system design shall be explored in the
planning phase.

5.2.4.2 Emissions of EES system

To minimize the influence on the environment caused by the installation of an EES)sydtem,
two ¢ategories should be considered. Specifically, one category is a regular occurrence, such
as npise exhaust gas and EMC; the other category is an irregular occurrencey such as|fire,
explgsion collapse and disposal. For environmental impacts refer to IECI862933-4-1; for
safely refer to IEC 62933-5 (all parts) and for EMC emissions refer to IEC.61000-6-4.

5.3 | Sizing of EES systems

5.3. Requirements at primary POC

Sizing of EES systems is usually connected to the identification of one or more suitable|duty
cyclgs, which the EES system may typically have to perform at the primary POC to megt its
operptional requirements. Additionally it is necessary.to know the (minimum and maximum)
recoyery times which are available to restore the EES system between duty cycles. In addition,
the required service life time of the EES system should be specified with regard to the pfoper
consfderation of system ageing and possibly necessary maintenance and refurbishment works.

The gpecification of identified duty cycles should include
o duration of the duty cycle and“the expected frequency (number of times| per
day/week/year);

« required pattern of the active power at the primary POC of the EES system, pogsibly
cluding allowed tolerance.ranges (maximum overshoot and/or undercut);

L]
-

pquired pattern of the reactive power at the primary POC of the EES system, possibly
mcluding allowed tolerance ranges (maximum overshoot and/or undercut).

The ppecified pattern) of active and reactive power at the primary POC can include durafions
in which active @and/or reactive power is zero. From these patterns it should be possible to
derivie ramp rates’ of active and reactive power.

Since thé initial value at the beginning of each duty cycle should be within a certain erlergy
conténtdrange, a recovery cycle may be necessary to bring back the EES system to a ptate
where—itis—possibtetoperform duty uyuico GHG;II. The dUHIUUO offreedom—in recovery—=< cles
depend mainly on grid requirements. With regard to sizing the EES system, the following
characteristic values of the recovery process should be given:

a) minimum duration
b) maximum duration

c) range of allowed active output or input power, including maximum and minimum active
output or input power values

d) possible requirements or constraints regarding reactive input and output power
e) maximum allowed ramp rates of active and reactive power

f) allowed range of power factor values at primary POC

g) possible requirements regarding power factor
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Regarding the operational features of the EES system, which should be represented by the
identified duty cycles and recovery times, not all possible (worst) case situations of the
electrical power grid regarding power and energy demand at the primary POC can be covered.
But the required duty cycles and the specified recovery times should cover most probable grid
situations. Future developments regarding power generation and power consumption in the
electrical power grid as well as changes to the grid structure should also be considered when
specifying duty cycles and recovery times.

For different operational requirements, sets of duty cycles with different time durations
(short-term and long-term durations) and different maximum power values might be identified.
In this case superposition of duty cycles for different operational features might be necessary
to prpperly describe the overall operational capability of an EES system.

The following characteristics of the required duty cycles should be identified:

|
-

psponse time

— overall duration

— initial energy content

— energy content value at the end of the duty cycle

- aximum value of active output power

- aximum value of active input power

— speed of change of active power values

— speed of change between active input or output power

- aximum partial energy output, i.e. maximum €nergy output in a time period withip the
duty cycle with only active power output at\the (primary) POC. This maximum erlergy
utput value at the (primary) POC is the mathematical integral of active output power|over

the duration of the time period with only active power output

- aximum partial energy input, i.e. maximum energy input over a time period withing the
duty cycle with only active power input at the (primary) POC. This maximum energy [nput
vplue at the (primary) POC is the mathematical integral of active input power ovef the
duration of this time period with~only active power input

- aximum value of reactive~output power

- aximum value of reactive input power

— speed of change ofireactive power values

— speed of change between reactive input and output power

Examples of required duty cycles for some EES system applications are given in Annex A

5.3. Sizing recommendations

The
used to derive the size of the EES system.

With the sized EES system it should be possible for the EES system supplier to show the
system user that with a certain operation strategy of the EES system the required duty cycles
can be met and the system can recover in specified time periods over the whole service life.

To ensure the required EES system capability over the whole service life, it is necessary that
the EES system parameters' rated active output power, duration at rated active output power,
rated active input power and duration at rated active input power are chosen appropriately.
Power ramp rates, which can be derived from required duty cycles, should be met by
response time parameters of the sized EES system over the whole service life.
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Regarding the proper sizing of the EES system over the whole service life, maintenance and
service works, for example periodically necessary calibration cycles, should also be taken into
account.

All (superposed) duty cycles which are necessary to describe the overall operational
capability of the EES system should be taken into account to identify the characteristic values
of duty cycles. The recovery cycles and their characteristic values may also be superposed.

5.4 Main electrical parameters of EES systems
5.4.1 General
For EES systems 5.4.2 to 5.4.7 include the main electrical parameters related to\syptem

main
but

perfgrmance at the (primary) POC, possibly including effects at the auxiliary POCy\Dhe
parameters representing the electrical performance of the EES system mayninClude
should not be limited to, the values given in 5.1.

In tHe planning phase, the EES system should be designed and reviewed based or the
requ{rements at the POC and on the customer requirements. During this process, the plganner
should focus on the performance parameters from the specification and'related data, enspiring
the ¢oordination of each subsystem and/or equipment provided by_each respective supplier
(see|Table 1). During the planning phase, the performance degradation of the EES syptem
should also be considered.

conditions and other

Cong{ ambient

inter

trains between power rating, available energy(
nal/external factors shall be considered.

Grid{
life.
IEC

connected EES systems shall meet performance specifications throughout their serv
[his includes their service life under use canditions such as operation patterns (see
52933-1:2018, Figure 1), environmental conditions, maintenance cycle, etc.

Table 1 — Points of.attention for planning phase

Rated.power for on-

Duty cycle round trip

values of performance

following operati

Enlergy capacity Input and output Round trip End-of-service life Response time
values power values (active efficiency values parameter
and reactive)
Rated energy Rated input-and Round trip energy Satisfactory design Required responge
capagity values to output power efficiency and maintenance plan [time (for autonomous
achiejve service life to keep specified operation, load-

n,

Nece s_?ary ?nergfy grid and off-grid use ;ehnergy e_sz_ficc:jiency for parameters scheduled operafion

capagity values for e specifie e

thgs e)éified Short-term power appligation and remote dispdtch)

appli¢ation ratings o Required responge
Power consumption in time from standb
:L’g!;i%;ngn?mrm state to start up
internal losses Response time from

active input powgr

Loss of energy due to state to active output
SE-consurmptiorn 7 ower state
self-discharge P

5.4.2 Input and output power rating

The rated active input and output power should be chosen according to the intended usage of
the EES system. Both rated power values shall be valid till end-of-service life.

Rated active input and output power values shall be defined at the (primary) POC and shall be
equal to the ‘rated active power during charge’ and the ‘rated active power during discharge’
defined in IEC 62933-1. The short duration input and output power values shall be equal to
the ‘short duration power during charge’ and ‘short duration power during discharge’ defined
in IEC 62933-1.
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The selection and specification of both the power conversion subsystem and accumulation

subs

ystem of the EES system shall be considered during the planning phase.

NOTE The rated input and output power can be different in EES systems.

5.4.3 Rated energy capacity

In order to provide the required rated energy capacity and the required active input and output
power values at the primary POC for the specified durations, the accumulation subsystem of
the EES system should be designed appropriately during the planning phase.

For B
serv
lowe

The
whic
from
the
rated

The

5t operation temperature).

‘duration at rated active output power’ value shall be the minimum time/duration

active output power is intended at the end of the service life.

‘rated output energy capacity’ shall be derived by multiplying the rated active o

powg¢r with the duration at the rated active output power. So-the ‘rated output energy cap

is eq
the
prim

The
the H
emp
prim
activ|

The
with

Res
the d
systsg

5.4.4

pnd-of-service life the EES system can provide /the”rated output power value a
bry POC for a certain duration.

bry POC, and finally reaching the end-of-charge condition. The duration at the
e input power is intended at the end)of the service life.

the duration at the rated actjve input power.

ommand signal oridetects changes in the nominated grid parameter, to the time whe

m reaches a specified response.

Auxiliary power consumption

Auxiliary power consumption shall be considered during the planning phase.

NOTH

EXplanations about auxiliary power consumption are included in IEC 62933-2-1:2017, Clause 5.

ual to the ‘rated energy capacity’ defined in IEC 62933-1. Therefore it is assured th

FES SyStem pranning the rated energy capacity shall be the capacity vaiue at the end-of-
ce life considering the worst case operation limits (e.g. degradation due to highept or

with

h the EES system is able to deliver the rated active output power continuously, starting
full state of charge, providing continuously the rated active output-power, measurgd at
primary POC, and finally reaching the end-of-discharge conditioh!, The duration at the

Utput
Tcity’
at at

the

duration at rated active input power’ valuecshall be the minimum time duration with which
ES system is able to consume continuously'the rated active input power, starting from an
y state of charge, providing the rated.active input power continuously, measured aft the

ated

rated input energy capacity, shall be derived by multiplying the rated active input ppwer

onse time parameters. shall be designed from the time when the EES system recgives

h the

5.4.5 Self-discharge

Refe

r to IEC 62933-1 and IEC 62933-2-1.

5.4.6 Roundtrip efficiency

The energy consumption of an auxiliary subsystem shall be taken into consideration for the
calculation of the roundtrip efficiency.

NOTE 1

of rou

ndtrip efficiency is included in IEC 62933-1.

Explanations about roundtrip efficiency are included in IEC 62933-2-1:2017, Clause 5, and the definition

NOTE 2 The terms duty cycle and duty cycle efficiency are defined in IEC 62933-1. The EES system supplier will
state in the planning phase the idle times needed when operating the system to perform the user’s duty cycle.
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5.4.7 Duty cycle roundtrip efficiency
For duty cycle and duty cycle roundtrip efficiency refer to IEC 62933-1 and IEC 62933-2-1.

5.4.8 Recovery times

The duration necessary to recover the EES system for the next duty cycle shall be considered
during the planning phase.

5.4.9 End-of-service life values

In the planning phase the expecied NIife time needed shall be specified. At the end-of-sefvice
life, EES systems no longer comply with the end-of-service life values (see IEC 6293[3-1).
Examples are:

. he actual energy capacity or the actual input energy capacity of the EES system is|less
than the end-of-service life value.

« Tlhe power during system charging or discharging is less than the end=pf!service life value.

« The round trip energy efficiency is less than the end-of-service life(values.

o The response time parameters deteriorate for the end-of-servicelife values.

From the viewpoint of service life, performance parameters ate-typically categorized intq two
type$ of degradation characteristics as shown in Figure 3:

a) The performance is deteriorated over time: for example actual energy capacity and rpund
tfip energy efficiency.
b) The performance is not significantly deteriorated over time: for example input and opitput
gower rating.
a) Performance is deteriorated b) Performance is not significantly
deteriorated
(0] [0]
g e
© ©
E E
1S S
5 } 2

For example - actdal\energy capacity (Wh) For example - input and output power rating
- found trip energy efficiency (Wivar/VA)
0 Time 0 Time
Ec
Eigur — Sampl rformance ver ime char ristics for EE m

The performance degradation in EES systems is generally caused by ageing or charge-and-
discharge cycles, as well as by some failures. If performance degradation has occurred in the
EES system but is recovered by maintenance or repair work, the EES system is still
considered in service life.

NOTE If the system parts replacement or the maintenance services periods are not performed as expected, the
service life is no longer assured.

Typical items to consider for the design of service life of the EES system are shown in
Figure 4. Both degradation characteristics and maintenance plan should be taken into
consideration to set the service life, which should be subjected to agreement between the
user and system supplier.
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5.5

5.5.1 General
5.5.1.1 Overview

Subglause 5.5 provides different options te‘configure the control system of an EES sys

Not
prov

5.5.1.2 Typical applications

The

locafion. EES systems can be classified into three classes (see IEC 62933-2-1:2017,

Five

Clas
over

1) Hrequeney'regulation

Tlhe’EES system has the capability to support grid frequency within a specified toleran
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Figure 4 — Sample consideration to design the service'life of EES systems

Functional system performance

all EES systems might have the _described functionality, for example EES sys
ding no grid services.

application and usage ©f;an EES system varies depending on its intended purpose

examples of representative applications are provided as follows.

s A: Short duration applications require the EES system to supply the required p
a duty cyclesfor a short period of time. Possible applications include:

tem.
tems

and
4.2).

pwer

OTE The definition of frequency regulation is included in IEC 62933-2-1.

2) Reduction of power fluctuations

The EES system has the capability to reduce fluctuating power, for example caused by

S

ome renewable energy systems or highly dynamic loads.

3) Voltage regulation

The EES system has the capability to stabilize the voltage of the grid.

Class B: Long duration applications require the EES system to supply a duty cycle for a long
period of time. A possible application is:


https://iecnorm.com/api/?name=23a1d30a689508e69de832bc91ace6fd

IEC TS 62933-3-1:2018 © IEC 2018 -21-

4) Peak shaving/peak shifting

The EES system has the capability to use the stored energy for peak demand or to store
excess energy that has been generated. This application is very useful in transmission
and distribution systems, in order to optimize the existing assets.

Class C: The EES system can be used for back-up power purposes in emergency cases
without relying on an external power source. A possible application is:

5) Back-up power

The EES system can have the capability to supply AC power to electric power grids to
operate critically important systems in accordance with the system specifications as
defined between the user and system supplier. The EES system can thereforerefuce
the risks of major blackouts.

A cgmbination of applications with different operation times may be required” to cover the
requfred functionality at the POC.

A grid-connected EES system could impact the power quality of thepower grid at the POC,
grid protection and grid security. Therefore, the items that follow regarding security and safety
aspects should be taken into consideration.

In general, supply reliability (power failure), power quality, (Véltage, frequency, power fgctor,
etc.)|land fault current should be considered.

5.5.1.3 Security of supply

The fability of EES systems to support peak demands and renewable generation surplug will
increase the security of supply to specific parts,of the grid after the EES system installatign.

5.5.1.4 Grid stability

The |following parameters shall be, provided by the EES system supplier to the relgvant
electric power system operator according to requirements of the network operator:

-

bsponse time

=

hmp rate capability
hort-circuit current\contribution

pltage ride through capability (low- / over-voltage ride through (LVRT/OVRT))

S
v
e H(f) regulation characteristic
A(U) capability

For all(features the actual response characteristic shall be clearly provided. Regarding| grid
stability requirements the FES system shall comply with grid codes and local connection fules.
The supplier and user of the EES system should analyze and agree on the impact of the EES
system to the grid.

The accumulation subsystem provides the main functionality of an EES system which typically
is the capability to store energy and to exchange active input and output power at the primary
POC. If the accumulation subsystem does not allow charging or discharging, EES systems
may still be able to provide grid services which do not have significant active input or output
power at the primary POC.

5.5.1.5 Quality of supply

The normal operation of a grid-connected EES system should not negatively affect the power
quality of the grid (e.g. voltage harmonics and flicker).
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5.5.2 Operation states of control subsystem

There are different kinds of operation states which can be adopted for the control of an EES
system and which are presented in Figure 5 as an example. All these operation states are not
necessarily implemented on the control system of an EES system and it is the responsibility of
stakeholders to specify the operation modes required for a particular application.

Figure 5 shows one example for possible operation states of an EES system.

STAND-BY

GRID
FOLLOWING

GRID
FORMING

Frequency droop control Voltage and frequency
Islanding control Master control

Manual active powencontrol

Pattern active power control

Automatic load following control

Active powerlimitation

Power fa¢ton control

Voltage control

Reactive power control

IEC

Figure 5 —-Example of EES system operation states

Whe i ; i i i ivated
controls.

5.5.3 Grid frequency support

In this mode the system will support the grid frequency, with part or the whole of its active
power capabilities. With the activation of the grid frequency regulation control mode, the EES
system shall be capable of activating active power response as a result of a frequency
deviation, in an automatic mode, to support the grid stability.

The specified strategy for frequency support will be part of the system controller program,
implementing the related local grid code requirements. The user will typically set in the
system controller the following parameters:

1) the percentage of rated active power that is reserved for frequency support,
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2) the frequency support strategy that the system shall perform.

The rest of the operation modes could be running simultaneously as long as the system limits
are respected with regard to power and energy ratings.

With the activation of the grid frequency regulation control mode, the EES system shall be
capable of activating the active power response to the frequency deviation with a
programmable droop and for a frequency greater (or lower) than a programmable frequency
threshold.

Figure 6 provides an example of automatic grid support strategy against frequency variations
at the POC.

P (f) strategy

(P,> 0 when it is power injected into the grid)

AP,/Pn,

------- +AP,4/Pn,

K4
, , A/.Zlf;mminal
Dead .bé?ndWIdthkg Mfnominal
A/1//ncominal KZ

—AP /PN, [g<Hc

IEC

Figure 6 — Example for P(f) strategy

NOTH The dead band width can be’adjusted down to 0 mHz.

In onder to avoid disconnection due to over-frequency protection while discharging or unpder-
freqyency protection‘\while charging, the EES system shall implement a control mode to
reduge/increase active power output as a function of frequency variation. The activation of
such| control mede' shall not cause steps or oscillations in the output power.

5.5.4 Islanding control and black start capability

Islandifig” control refers to the grid forming control modes; with the activation of such a cgntrol
mode, the EES system shall be capable of supporting the voltage and the frequency of a local
network with loads and other generators. Islanding control mode can either refer to the
procedure to recover from the shutdown of the network (black start) or to the intentional
disconnection of a local network from the main power system. For black start performance
parameters refer to IEC 62933-2-1.

5.5.5 Active power limitation

With the activation of the active power limitation mode, the EES system is capable of reducing
its active power to a set point provided by the system operator. The set point shall be
adjustable in the complete operating range of the EES system. The EES system shall be
capable of carrying out the limitation as fast as technically feasible.
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Manual active power control

The system controller will set the electric power's active input-output power value at the
primary POC and operate it at that value. With the specified value, the operation will continue
until a stop signal is received or when the operation ends. An example for possible active
output power setting manually is shown in Figure 7.

5.5.7

(kW)
2000
]
2
[©]
(o
5
Q.
5
© 500 -
[
=
3]
< 200 -
o L A i
Stand-by A | | A (Time)
100 kW Setting Setting Setting End of operation
Manual change to change to changeto
start of 500 kW 2 000 kW 200 kW
operation

IEC

Figure 7 — Example of setting of active cutput power at primary POC

Pattern active power control

The |system automatically operates according’to the operation pattern set up beforehand in

this pperation mode. The example in case the active input and output power and start|time
valugs are set up beforehand is shown_in, Table 2 and Figure 8.
Table 2 —'Example of day pattern operation
No. Stating time Power No. Starting time Power

1 9:00 Stand-by 0 kW 6 20:00 Input 2 400 kY

2 10:00 Output 1 000 kW 7 7:00 Stand-by 0 kW

3 13:00 Output 2 000 kW 8

4 16:00 Output 1 500 kW 9

5 18:00 Stand-by 0 kW 10
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(kW)
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10 --+13 - 16 17 18

Output power

1000 Stand-by Stand-by

Input

- 2000

Input power

- 2400

IEQ

Figure 8 — Example of day pattern operation at primary POC

5.5.8 Automatic load following control

In th|s operation mode, the electric output power automatically changes according to the(load
change, for example for peak shaving purpose. An exanmple of a peak shaving application|with
an EES system providing a maximum power output‘f 2 000 kW is shown in Figure 9.

(kW]
System maximum power
o 2 000 kW Starting power output
g (setting value)
o

LB Output energy from
% EES system

[Time]

NOTE When the load exceeds the setting value, the EES system delivers the
power corresponding to the exceeded value.

IEC

Figure 9 — Fxample of peak shaving application
5.5.9 Power control modes for grid voltage support
5.5.9.1 General

When grid connected, the EES system shall be capable of operating in, for example, one of
the following control modes. These different reactive power control modes for grid voltage
support are exclusive; only one mode shall be active at a time. Possible control modes, which
are described in 5.5.9.2 t0 5.5.9.5, are

« constant value control modes

« voltage-related control modes

o active power-related control modes

o voltage-related active power reduction
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5.5.9.2 Constant value control modes

The EES system shall be able to activate two different constant value control modes: Q
constant mode and cos¢ constant mode. With the activation of one of those two control
modes, the EES system shall be able to control the reactive power output or the cos¢ of the
output according to a set point set in the control of the EES system or by a remote control
signal.

5.5.9.3 Voltage-related control modes

The EES system shall be able to activate two different voltage-related control modes: Q(U)
and WA fvati ; gll be
able [to control the reactive power output or the cos¢ of the output, respectively, as a)fungtion
of the voltage.

ach of these voltage-related control modes, behaviour with a minimume-and maximum
and a characteristic according to Figure 10 shall be configurable. cbn” addition tq the
above-mentioned characteristic, further features and their relative parameters shall be

he dynamics of the control shall be configurable.

o limit the reactive power at low active power, two methods, shall be configurable (these
ethods are exclusive; only one method may be active at'd time):

- for cosg(U) control mode, an upper and lower limitdor cosg should be configurablg (for
example, in the range of 0 to 0,95);

- for Q(U) control mode, the activation and degactivation should be configurable i the
active power operating range of the EES system.

2

Control set point

-
-

Control input signal

IEC

NOTE 1 Source for Figure 10: CLC/TS 50549-1 and CLC/TS 50549-2.

NOTE 2 The red, grey and blue curves represent three possible control characteristics.

Figure 10 — Example of a general control characteristic

5.5.94 Active power-related control modes

The EES system shall be able to activate two different active power-related control modes:
O(P) and cosg(P). With the activation of one of those two control modes, the EES system shall
be able to control the reactive power output or the cos¢ of the output as a function of the
active power output.
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For each of these active power-related control modes, a characteristic with a minimum and
maximum value and three connected lines according to Figure 10 shall be configurable.

A change in active power output shall result in a new Q or cosg set point, defined according to
the characteristic. The appropriate response to a new Q or cosg,set point shall be as fast as
possible to allow the change in reactive power to be in line with a possible change in active
power.

5.5.9.5 Voltage-related active power reduction

In order to avoid disconnection due to over-voltage protection during active power output or
undgr-voltage protection during active power input, the EES system shall implement acegntrol
mode¢ to reducel/increase active power output as a function of voltage variation (over- and|low-
voltage ride through capability). The activation of such control mode shall not cause-steps or
oscillations in the output power.

5.6 | Communication interface

5.6.1 General

o

Subglause 5.6 includes recommendations for the communication interface of EES system

5.6.2 Information model for an EES system

The Jreference architecture of an EES system is given,in“4.1. An essential requiremer|t for
intedration of EES systems within electric power systéms is the definition of an EES sygtem
information model for the communication (see ‘Figure 11). An information model [is a
fundgmental step to get interoperability of EES systems with other devices.

Grid operators
EES system
aggregator

@) :
1
1
1
EES system
- operator
EES system
maintainer

EES system
information
model

Communication‘ihterface Q----------

EES system

POC (f—

Power grid
IEC

Figure 11 — Reference diagram for information exchange

Another relevant consequence of the use of EES system information modelling for the
communication between an EES system and external stakeholders is to offer the possibility of
aggregation of EES systems (see Figure 12). One large EES system can be formed by
aggregation of several EES systems which are electrically connected to the same POC. In
order to evaluate the overall performance of an aggregation of EES systems, the information
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model of each EES system shall be able to provide information about the parameters'
operation status and available functions.

The |nformation model should therefore allow. the EES system to:

To
categories of messages defined according to the type of exchanged information:

EES system

Communication

Communication
interface

---------------------- interface
EESsystem1 e Summarized
e e
[ " - aggregated |7
Communication | . R e EES systems
interface e
EES system 2 ,
POC Q] ___,,..-"""
Primary POC

Communication | .=
1.
interface  {"

EES system n

FC

Figure 12 — EES system as an aggregation of several EES systems
at the same primary POC

rovide stakeholders with all the measurements necessary for a secure and reljable
peration of the EES system within\thle power system,

QT

ar;tivate and provide power .system operators with ancillary services (active ppwer
limitation, provision of reactive power, voltage control, etc.),

—

hpidly disconnect the EES.system from the grid when required.

chieve the above_purposes, the information model shall at least include the following

ES system_characteristics represent data related to the rated values of a specific |EES
slystem which*uniquely identify the EES system within the power system.

ES system status represents information related to the operating and/or physical sjatus
an(EES system; the EES system's status can change following events on the network or
the EES system'’s site or due to remote control signals.

EES system measuremenis represent data related to EES system variables directly
measured, or calculated through the elaboration of other measured variables such as
voltage or current.

EES system operating limits represent the limit values to change the EES system's
operating range or the set-points/parameters for the use of the EES system's remote
control capabilities by stakeholders.

EES system forecast represents a forecast of the EES system's active and reactive power
characteristic for different objectives, with the scope to provide stakeholders with some
information for the management of the EES system.

EES system connection status represents the signals to be exchanged in order to get the
connection status (connected or disconnected) of the EES system.
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« EES system diagnostics represent the signals to be exchanged in order to inform the
stakeholders about the state of health of the EES system, the approach of abnormal
operating conditions and/or fault conditions.

In case of a loss of connection of the communication interface with the EES system or a part
of the EES system, necessary procedures should be defined in advance.

5.6.3 Remote monitoring and control

5.6.3.1 Categories of EES system for measurement and monitoring
The reguirements—ef—monitoring—activites—and—the—infermation—to—be—exechanged—have—p be
developed according to the relevance of the EES system with respect to network opergation
and fo the on-going innovative solutions developed in the framework of Smart Grid initiatjves.
In agcordance with these requirements, it is then possible to define different .progresgsive
levels of EES monitoring and control requirements:

« Measurement and monitoring category I: EES systems in this category-are not relevant for
twork operation. EES systems are not required to provideOspecific monitpring
pabilities. The ability to receive signals from the local distribution” entity or aggregator
ay be optional.

3 Q35

« Measurement and monitoring category II: EES systems in-this category are unlikelly to
ve a relevant impact on network operation and are ugually not included in the ppwer
slystem operator's control algorithms. EES systems in this.*Category shall however prgvide
onitoring capabilities for stakeholders different from)the power system operator.| The
ES system may be configured to receive dispatchlinstructions or operation requests [from
the local distribution entity or aggregator.

easurement and monitoring category lll: EES systems in this category shall provide
onitoring capabilities since they have/could~have a significant impact on the netwofk to
hich they are connected. For EES systems of this category, the power system operafor is
likely to require on-line monitoring of EES status and active and reactive power.| The
interfacing of the EES system with the'system operator's systems requires integration| with
the scan rate and the protocol currently in use by the operator. An EES system in such
cptegory can also be included.into the system operator's control algorithms. The EES|may
required to receive dispatch instructions or operations requests from the power sygtem
perator or local distribution.entity or aggregator.

The [information to be exchanged between an EES system and the different stakeho|ders
depgnds on the application, voltage level of connection, the EES system capacity and the
criticalities of the local_power system. For an EES system, the stakeholders should assegs all
of thiese factors to ‘define in which category the EES system may belong. Table 3 proyides
som¢ guidelinestfor defining each category and the categories of messages to be included in
the informatien<exchange.
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Table 3 — Example for messages of measurement and monitoring categories
versus categories of messages

Measurement and monitoring
category
1 1 ]
Category of
messages
EES system characteristics X
EES system status (X) X
EES system measurements X
EES| system operating limits X X
EES| system forecast X
EES| system disconnection (X) X X
EES| system diagnostics X

5.6.3.2 Interoperability

Interpperability is the ability of devices to exchange information afnd wWork together in a sy

The

published object and data definitions, standard commands; and standard protocols
5.6.3.3).

Interpperability generally requires time coordination between the transacting parties.
needs in this area depend on the application enabled between parties. Time synchroniz

can

upddtes from global positioning system sources.

Issu
com

5.6.3.3 Protocol

Standardized communication should be used for the communication between the EES sy

and
are
IEC

5.6.3.4 Development of an EES system information model

For
coul

exchgnged between an EES system and the different stakeholders depend on the applica

interoperability of an EES system with stakeholders, would be achieved by U

be handled by many mechanisms, ranging.from manual entry of time to constant

Ls of cyber security shall be taken into consideration when configuring int
unications and configuring up to.afd including the point of common coupling.

he stakeholders. Common standards used for grid management involving control ce
EC 60870-5-101, ¥EC 60870-5-104, IEC 60870-6 (all parts), IEEE Std 1815 (DNP
51850 (all parts).

bach_eategory of messages, Table 4 shows examples of typical single messages W
be.exchanged between stakeholders and EES systems. The messages to be act

stem.
sing
(see

The
ation
time

ernal

stem

htres
B) or

hich
ually

tion,

the voltage Teverl of the connection, the EES sysiem capacity and the criticalities of the local
power system. Disclosure of the information profile should be defined during the planning
phase in order to provide the required data to the different stakeholders. However, the
information model should support future integration due to the evolution of the EES system

and

of the stakeholders’ requirements.


https://iecnorm.com/api/?name=23a1d30a689508e69de832bc91ace6fd

IEC TS 62933-3-1:2018 © IEC 2018 -31-

Table 4 — Example of messages of an EES system information model

Messages related to » EES system name
EES system e name of primary POC
characteristics
e nominal voltage at primary POC
e EES system control capabilities available
— grid frequency regulation
— islanding control
— manual active power control

— _Dpattern active power control

— automatic load following control
— active power limitation
—  Q constant value
- 0W)
- 0P
— cosg constant value
— cosg(U)
— cosg(P)
- P(U)
e capability chart at primary POC

e EES system rated energy capacity

e nominal grid frequency
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Messages related to the
EES system status

The

EES system availability represents the EES system's connection status with

respect to the grid:

fully connected,

partially connected (in the case of aggregated EES systems where part of
those are disconnected),

disconnected but available for connection,
disconnected and not available for connection,
unavailable (in case of communication failure).

EES system operating status represents
available energy at present power

The

An EES system could provide different operating functions at the same time

available energy at rated power

the EES system's remote control capabilities effectively activated-on)the EES
system, such as

— grid frequency regulation

— islanding control

— manual active power control

— pattern active power control

— automatic load following control

— active power limitation

— Q constant value

- o)

- o)

— cosgp constant value

— cosg (V)

— cosy (P)

- PU)

EES system status with respect to capabilities, such as:
— EES system operating on maximum active power limit
— EES(system operating on minimum active power limit
— EES system operating on maximum reactive power limit

= N'EES system operating on minimum reactive power limit

system

Me§[ages related to
urements

All the measures are intended at the primary POC and the typical measurements to

be exchanged are

voltage
current
active power

reactive power

frequency

power factor
total harmonic distortion

auxiliaries consumption
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This information is not related to the activation/deactivation of EES system
operating functions described above (see 5.5) but to the parameterisation of such
functions:

e frequency control

Messages related to
EES system operating
limits

— frequency dead-band

— frequency droop coefficient

— frequency margin reserve
e manual active power control

— active power set point

e pattern active power control

= active power Set point curve
e automatic load following control
— load value
e active power limitation
— maximum active power set point
— minimum active power set point
e voltage Q or cosp constant value control
— O set point
— cos¢ set point
e voltage-related control
—  Q(U) characteristic curve

— cos@ (U) characteristic curve

Represent a forecast of EES system/capability curves for different objectives, |with
the scope to provide stakeholders with some information for management of the
EES system. The different objectives of the request could be:
e time

Mespages related to
EES| system forecast

e active power

e final state of charge

Meskages related to The messages to\be exchanged shall cover the following aspects:
EES| system connection e request from stakeholders to disconnect the EES system,

staths e communication by the EES system that the EES system has Been

disgonnected,

e linformation from stakeholders that the disconnection is no longer required|and
that the EES system could therefore be re-connected to the network

Meskages related to ¢ Warning/alarms that refer to environmental conditions (temperature, humidity,
EES| system diagnostics pressure,etc.).
e Warning/alarms that refer to operation (current, voltage, power, stat¢ of

charge, etc.).

e Warning/alarms that refer to safety (electrical isolation, smoke detection,| gas
emissions, etc.).

e State of protection systems (EES system and/or single equipment within EES
system, etc.).

e Warning/alarms that refer to auxiliary equipment (conditioning, auxiliary power
supply, etc.).

e Warning/alarms that refer to security (enclosure integrity, movement detection,
etc.).

6 EES system performance assessment

6.1 Factory acceptance test (FAT)

Pre-assembly in the factory of combined devices to a subsystem of an EES system may be
done. In this case a FAT of this subsystem may be useful.
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FAT methods, FAT items and FAT acceptance criteria should be discussed between the EES
system supplier and EES system owner on the basis of IEC 62933-2-1. A FAT protocol will be
prepared by the system supplier for user approval beforehand.

FAT results should be sent prior to the transportation of the EES system to the site.

The FAT results shall be provided to the EES system owner and be considered with the site
acceptance test (SAT).

6.2 Installation and commissioning

6.2. General

During the installation and commissioning phases it is necessary to validate the requirenjents
of

o the EES system environment (see 5.2)

« tlhe main electrical system parameters (see 5.4)
« the functional system performance (see 5.5)

« tlhe communication interface (see 5.6)

6.2.2 Installation phase

The jinstallation phase of an EES system can be subdivided into two phases: transportation
and site-assembling. Examples of items to be taken inteaccount are shown in Table 5.

For detailed examples regarding EES system installation, see Annex B.

Table 5 — Example of items to be taken into account in
the different installation phases

Regulation Transportation Site-assembling

Electrical Transportation regulation in land, Confirmation of earthing

sea, air and warehousing. ) )
Measurement of insulation

resistance

Chefical Confirmation of fire prevention and
fighting

Confirmation of alarms and
indications

Mechanical Foundations

Dimensional measurement and
appearance check

6.2.3 Commissioning phase
6.2.3.1 General

After completion of the installation phase and during the commissioning phase the system
supplier should make sure that the EES system meets the performance requirements and
system specification. Afterwards the site acceptance test may be performed (see 6.3).

Generally both the factory acceptance test (FAT) and site acceptance test (SAT) demonstrate
system compliance with EES system specifications.
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In the commissioning phase, the performance parameters of the EES system should be
measured by appropriate testing methods and procedures in order to confirm that system
functions and capabilities are implemented as designed.

During the planning and commissioning phase, system security and safety shall be taken into
consideration which includes both physical and cyber security. Existing standards shall be
used, for example IEC 62351 (all parts), IEC 62443 (all parts), IEC TS 62933-5-1 and ISO/IEC
27000.

The main performance test items at the commissioning phase are described in Table 6. Their
evalyation methods shall be selected from |[EC 62933-2-1

Table 6 — Points of attention for commissioning phase

End-of-service life
values

Response time
parameter

Input and output
power values

Round trip
efficiency

Enlergy capacity
values

Measurement of self- Measurement of

Measjurement of input
and dutput energy
capagity (initial, rated)

Rated input and
output power test

Rated output power
test for on-grid and off-
grid use

consumption / self-
discharge

(Recording of relevant
initial parameters)

response time (fq
autonomous
operation, load-
following operatiol

=

scheduled operatign and
remote dispatch)

Measurement of
response time frg
standby state to
up

Measurement of
response time frg
charging state to
discharging stat¢

m
btart

m

For measurements, monitoring, information exchange, and control of the EES system see|5.6.

6.2.3.2 Insulation performance
6.2.3.2.1 Insulation resistance
The |nsulation resistance'between the parts to be energized, such as the primary subsystems

of the EES systemand the earthing, should be determined appropriately in accordance|with

the maximum operating voltage.

6.2.3.2.2 Dielectric strength

The |EES—system’s insulation should be verified by the dielectric strength test to er|sure
perfgrmance standards are met — both in the FAT and SAT. The proper test voltage shou|d be
applied continuously between the parts to be energized and the earthing in this test. In
addition, the EES system, which operates at a different temperature from the normal
temperature, should be tested at the operating temperature.

6.3 Site acceptance test (SAT)

The performance of the commissioned EES system, which may be a combination of devices
and/or prefabricated subsystems, should be confirmed in the SAT.

The SAT should be done as shown in IEC 62933-2-1. The SAT can be conducted by dividing
into several stages according to the installation environment, but it is also necessary to
confirm the performance of the main functions of the whole EES system. SAT criteria should
previously be determined between the EES system supplier and the EES system owner.
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Constraints between power rating, available energy, ambient conditions and other
internal/external factors shall be indicated by the system supplier.

Some test items can be difficult or practically impossible to check at the site due to the scale
of the whole system or environmental restrictions. In such cases, some items of the site
acceptance tests may be replaced by factory acceptance tests. Site acceptance tests may be
conducted for subsystems and some of the site acceptance tests may be combined with some
of the factory acceptance tests and results reviewed by analysis. It is necessary to keep the
documents as complete records, to prepare the operation manual of the system and the
tracking records including the examination (FAT, SAT) results before completion of the
system installation.

6.4

Performance monitoring phase

In the performance monitoring phase (see Table 7), the performance parameters of the |EES
system shall be measured and monitored by appropriate methods and procedures such as

thos
user
Perf
and

Table 7 — Points of attention for performance monitoring phase

shown in the |IEC 62933-2-1. Alternatively, methods and proceduresS~agreed between
and system suppliers are acceptable as long as they follow~specified practices.
rmance degradation in system functions and ageing capabilities |should be monifored
bvaluated periodically.

actupl energy
capgcity

Meapurement of
actupl input and
outplut energy
capdcity (as
required)

Meapgurement of
actupl back-up
eneljgy capacity (as
requlired)

verification of input
and output power
(rated and/or short
duration
capabilities)

Load-following
power test for on-
grid and off-grid use

daily or weekly
efficiency

Historical records of
power, eonsumption
in auxililary and

control subsystems

Historical records of
self-consumption of
EES system and/or
self-discharge of
accumulation
subsystem

performance
parameters,
whether their
specified values are
kept (i.e. still being
in service life)

Enlergy capacity Input and output Round trip End-of-service life Response time
values power values efficiency values parameter
Meagurement of Performance Historical records’of) | Evaluation of Performance

verification of
response time

Start and stop test
(as required)

Loca]l1 measurement,"and monitoring data collected during the SAT and during
cominissioning phase may be used for comparison with periodic tests performed on the |EES

the

system (see Table 8). Energy metering devices at the auxiliary and primary POC may aldo be
provided locally for proper accounting of energy data.
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Table 8 — Example of local measurements and monitoring of EES system

Subsystem

(where)

Measure

(what)

Sample time

(how often)

Term data storage

(how long)

Accumulation subsystem

State of charge of
different units

<1 min

v

Physical or electrical
parameters (temperature,
pressure, voltage, etc.)

<1 min

v

1d

Power conversion
sub

vetem
ySteh

Electrical parameters:

Related to the application

of-EES byc\tam

v

1d

Voltage

Current

Active power
Reactive power
Frequency
Power factor

Total harmonic distortion

Conpection subsystem

Voltage

Current

Active power

Reactive power
Frequency

Power factor

Total harmonic distortion

Status of
breakers/switches

>

1d

Auxiliary subsystem

Active power
Power factor

Energy consumption

<1 min

15 min

Average

[\

IN

1 year

Confrol subsystem

Reference
Environmental measures

Safety measures

1 min

week
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Annex A
(informative)

Examples of EES system applications

EES system designed for reserve control

A.1.1 General

imes

the primary reserve. The different aspects to take into account (economical, ecological}-asset

man

hgement, etc.) are under the responsibility of the local electrical network planner.
estimate them, the planner should have an estimation of the cost of investment (CAPEX

To
and

the gperational cost (OPEX), including the performance evolution through the life time off the

EES
and

A.1.2 Example of an EES system for primary frequency control

An HES system used in a frequency control application should be able to handle a pri
freqyency control situation during a sudden loss of generation-or.during a sudden loss of
For ¢xample an EES system can provide for 30 s the active \(short term) rated power, res

29,5
or tg

bperational costs in other assets (transmission, distribution, generatiop).

min (see Figure A.1), and then can repeat this same-pattern of use over a period o
a point in time when the low SOC limit of the €ES system is reached. In case

system, and the possible savings. This can be achieved by avoiding other investnjents

mary
oad.
5t for
f2h
of a

sudden loss of generation, typical values of a required) duty cycle are given in Table A.1[ and
typicpl values of recovery time for primary frequency control are given in Table A.2] For
primary frequency control the initial SOC may, be 'set at maximum SOC for sudden lo$s of
gengration, and at minimum SOC for sudden lgss of load.
=100
o
S
g
o 80
g
Y]
o
60
407
20
0 T T T T
0 20 A0 B0 20 100 120

Time (min)
IEC

NOTE Source for Figure A.1: PNNL-22010.

Figure A.1 — Sample duty cycle for a primary frequency control
application with 30-s power output every 30 min shown over 2 h
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Table A.1 — Sample values of a duty cycle for
primary frequency control for sudden loss of generation

Overall duration 2h
Initial energy content SOC =100 %
Energy content value at the end of the duty cycle SOC=20%

Maximum value of active output power

100 % of (short term) rated power

Maximum value of active input power

n.a
(loss of load is not considered)

Speed of change of active power values 4/h
Spegd of change between input or output power n.a
(loss of load is not considered)
Max|mum partial energy output 4S0C =20 %
Max|mum partial energy input n.a

(loss of load is notr@afnsidered)

Max|mum value of reactive output power n.a.
Max|mum value of reactive input power n.a.
Spegd of change of reactive power values n.a.
Spegd of change between reactive input and output power n.al

Table A.2 — Sample values of recovery time for primary frequency control
for sudden loss of generation

Durgtion

12 h

Range of allowed active output power

n.a.

Range of allowed active input power

100 % of (short term) rated power

Range of allowed reactive output power

n.a.

Range of allowed reactive input power

n.a.

Max|mum allowed ramp rates of activevand reactive power

50 % of rated power/s

Alloyved range of power factor values'at primary POC

n.a.

A1.3 Example of;ah EES system for secondary frequency control

In ap example-of-secondary frequency control situation, an EES system can provide oltput
power continugusly for 20 min, rest for 40 min, and then repeat this same pattern of use|over
a pefiod of.3.h or to a point in time when the low SOC limit of the EES system is reached|(see
Figufte A(2)and Table A.3). Both scenarios — power output (at sudden loss of generation) and

powgr input (at sudden loss of load) — may be considered. The initial SOC may be spt at
maxitnnmmfgmm ; TTi d.
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Figure A.2 — Sample power output for a secondary frequency
control application with 20-min power output over 3 h

Table A.3 — Sample values of a dutylcycle for secondary
frequency control for sudden.loss of generation

Ovefall duration 3h
Initigl energy content SOC =100 %
Enefgy content value at the end of the duty cycle SOC=20%
Max|mum value of active output power 100 % of rated power
Max|mum value of active input power n.a

(loss of load is not considered)
Spegd of change of active power values 2/h
Spegd of change between active‘input or output power n.a

(loss of load is not considered)
Max|mum partial energy output 4S0OC =33 %
Max|mum partial energy-input n.a

(loss of load is not considered)
Max|mum value of reactive output power n.a.
Max|mumsvalue of reactive input power n.a.
Speed‘ef change of reactive power values n.a.
Speed of change between reactive input and output power n.a.

A1.4 Example of an EES system for dynamic frequency control

In an example of dynamic frequency control applications the grid frequency data can be
obtained for four seasons from a utility. With a strategy similar to Figure 6, the input and
output power of an EES system can be derived (see Figure A.3). In the example power is
normalized. Since the duty cycle corresponds to both charge and discharge, the initial SOC
should be set far enough away from the maximum or minimum limit so that these limits are
not breached during operation. It is assumed that the initial SOC is set at 50 % for dynamic
frequency support. Table A.4 contains the sample values of a duty cycle for dynamic primary
frequency control.
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Figure A.3 — San1§;j‘~output power of an EES system for a dynamic
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[able A.4 — Sameﬁalues of a duty cycle for dynamic primary frequency contro

6 12 18
Time (h)

P4

IEC

1 |
Q
Ovefall duration 24 h
Initigl energy 9;@1“ SOC =50 %
Enefgy cg_n@"dalue at the end of the duty cycle SOC 220 %

Max|

T@S«&Iue of active output power

100 % of rated power

Max

P PwP-N £ $ir s H-V-CET S~ V-C VTP~
oy ara SO ettt e putpPOwes

Speed of change of active power values

continuously changing

Speed of change between active input or output power

up to maximum ramp rate of the

EES system
Maximum partial energy output 4S0C =30 %
Maximum partial energy input 4S0C =30 %
Maximum value of reactive output power n.a.
Maximum value of reactive input power n.a.
Speed of change of reactive power values n.a.
Speed of change between reactive input and output power n.a.
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A.2 EES system in conjunction with renewable energy production

A.2.1 General

The EES system may be used to manage the intermittence of renewable energy production.
EES systems can smooth intermittency and support grid stability, as well as store the excess

production to assist with peak shaving.

For the first application, the EES system should have the capability to store a relatively small
amount of energy, and response time should be short. For the second appl|cat|on the

EES

stem

ipment

EES|systems may be used in renewable (energy) firming applications. Renewable (eng
firming is the use of an EES system to balance renewable power generation over a given
periqd, for example over one hour. That is, the amount ofcenergy generated by the renew
enerfy source over each hour (or the average power over one hour) may be guaranteed {
a fixed amount (within a pre-determined range). lnthe case of over-generation of p
during the hour, the EES system takes up the excess energy generated by getting charge
the power input. During periods of under-generation, the EES system provides the p
defigit by discharging via power output. Figure A.4 shows a sample power curve of an
system for firming up photovoltaic generation. The difference between the moving ave
and the target energy value over the hour determines the power input or output of the
system. The power values are normalized with respect to the rated power of the EES sys
wherne a positive sign represents the!power input of the EES system and a negative
reprg¢sents the power output from'the EES system as a function of time in hours. Sa
valugs of a duty cycle for a renewable (energy) firming application are given in Table A.4.
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