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IEC TP 63222 has been prepared by |IEC technical committee 8: System aspects of ele
energly supply. It is a Technical Specification.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER QUALITY MANAGEMENT -

Part 1: General guidelines

FOREWORD
Theg International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
all [national electrotechnical committees (IEC National Committees). The object of IEC is (fo Q

prising
romote
Ids. To
ations,

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

rnmental organizations liaising with the IEC also participate in this preparations|EC collaborates
the International Organization for Standardization (ISO) in accordance with~conditions determi
agregement between the two organizations.

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

IEQ Publications have the form of recommendations for internationaluse and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to-ensure that the technical content
Pullications is accurate, IEC cannot be held responsible for~the way in which they are used or
misfnterpretation by any end user.

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

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide cor]
assessment services and, in some areas, acgess to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

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

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

Attgntion is drawn to the _Normative references cited in this publication. Use of the referenced publica
indispensable for the ‘cofrect application of this publication.

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

Draft Report on voting

8/1588/DTS 8/1602/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.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part1 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 63222 series, published under the general title Power quality
management, 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
specific document. At this date, the document will be

« regonfirmed,

e withdrawn,

« replaced by a revised edition, or
« amended.

IMPQRTANT — The "colour inside" logo on the cover page of this document indicates that it
contgins colours which are considered to be useful for the corfréct understanding of its
contents. Users should therefore print this document using‘a colour printer.
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INTRODUCTION

With the development of smart grid and massive deployment of renewable energy, power
quality issues have received attention not only from system operators and customers
(especially with sensitive power quality loads) but also from market regulators with the
demands to provide information on the actual power quality level. Power quality management
of the grid is a systematic project which includes the whole process of planning, operation,
assessment and mitigation. The characteristics of power supplier, load characteristics of
power consumer and external environment will affect the power quality of the grid. This
document focuses on the whole process management and is the general guideline for this

series

of standards.

Tradit
sourc
vehicl
and a
high-g

Powe
handl
power
qualit

consi:fnered power quality planning before project implementation is also needed, su

syste
the ug
problg
Powe

implementation.

The s
power

onal electrified railways, steel mills and other non-linear loads are the main)po
ps of the power quality. In recent years, the new loads such as new energy~and e
s have brought new challenges to power quality management. The rapidypopulari
plication of high-tech precision technology has also put forward new(requiremer
uality power supply and consumption system.

quality is an important issue for electricity supply network operators, which needs
bd at planning and operation stages. In order to achieve power quality target, r
quality impacts/losses and improve the economic efficiency of the system,
regulation and supervision of the operating power system is necessary, and 3

expansion, construction and grid connection of/the’ distributed generation. Be
ers at the end of power system should also be #aken into consideration. Power g
ms can cause system instability, equipment abnormal operation and supply interry
quality management is a method to avoid further power quality problems after p

tandard system in power quality management provides a technical basis for imp
management level and standardizing power quality industry and market. As the g

guide
and

ine of the standard series, this-specification summarizes the power quality indi
ssessment methods, and analyses the overall power quality level by mon

lution
ectric
zation
ts for

to be
pduce
bower
well-
ch as
Sides,
uality
ption.
roject

oving
pneral
cators
toring

assespment and predicted assessment. Monitoring system and field test are used to assess

the plower quality level at different nodes of the grid, and solve users' power (¢
complaints and other practical problems. Connection and monitoring points are reasd

selec
contri
qualit

d to assess the power quality levels of the grid in operation stage, and i
butes to the power quality mitigation. In addition, the economical assessment of

uality
nably

also
bower

is regulated in the document. Power quality management use cases in different fypical
scenarios are shownin Annex A.
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POWER QUALITY MANAGEMENT -

Part 1: General guidelines

1 Scope

This part of IEC 63222, which is a Technical Specification, is intended to provide provisions

operation in power quality management and

powel quality management best practices.

The power quality management domain groups use cases and associated power d
requirements common to network management, including customer support network op€
network and extension planning.

This |document captures possible "common and repeated usage" of power ¢
management under the format of "use case". Use casg. implementations are give
information purpose only. This document derives the cemmon requirement as provisig
furthef standardization activities, in terms of actors interacting with the given system

le to

investigates the current standards, for
ment of power quality assessment work, as well as to promote the developmgnt of

uality
ration,

uality
n for
ns by
. The

interfgce requirement is considered for later standardization activities. The relationship [of the

stakeholders in power quality management, such as-network operator, network user, etq

., are

discugsed in the document. Table 1 highlights the.domains and business use cases desg¢ribed.
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Table 1 — Content of IEC TS 63222-1

Domain Content Scope
. ) ) Continuous monitoring operation for public
Described with 5 business use cases power grid
1) Manage power quality over the grid.
2) Manage power quality through
distribution or  transmission  grid
interfaces with another network.
3) Take into account power quality
constraints in network operation.
4) Provide reports on network power
Power quality quality.
. 5) Manage complaints on power quality
moniterng
= over the nefwork.
assessment
Described with 5 system use cases
1) Assess power quality on the network.
2) Measure power quality on a specific
point of the network.
3) Monitor power quality on the network.
4) Engineer a power quality provision.
5) Assess the emission limit related to
power quality technical parameters in
power system.
. ) ) Power quality assessment of | new
Described with 4 business use cases construction, reconstruction or expgnsion
1) Manage_ power quality over the grid. _ project§ in-the grid
2) Take into account power quality
constraints in connecting a user to the
grid.
3) Take into account power quality
constraints in network development.
4) Provide reports on network power
quality.
Powe quality | Described with 7 system use cases
predigted 1) Predict power quality impdet of a
assessment construction work or maintenance.
2) Predict power quality impact of a new
connection or network'development.
3) Measure power quality on a specific
point of the netwaérk.
4) Monitor powerquality on the network.
5) Engineer a power quality provision.
6) Assess power quality on the network.
7) Assess ‘the emission limit related to
power quality technical parameters in
power system.
2 Normative references
The fpllowing documents are referred to in the text in such a way that some or all of their
contenticonstitutes requirements of this document. For dated references, only the gdition
cited pp“ca. Forundated IUfCICIIbCD, thetatesteditionof-thereferenceddoctment (;Ilb uding

any amendments) applies.

IEC 61000-3 (all parts), Electromagnetic compatibility (EMC) — Part 3: Limits

IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for harmonic
current emissions (equipment input current < 16 A per phase)

IEC 61000-3-3, Electromagnetic compatibility (EMC) — Part 3-3: Limits — Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply system, for equipment
with rated current < 16 A per phase and not subject to conditional connection
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IEC TS 61000-3-4, Electromagnetic compatibility (EMC) — Part 3-4: Limits - Limitation of
emission of harmonic currents in low-voltage power supply systems for equipment with rated
current greater than 16 A

IEC TS 61000-3-5, Electromagnetic compatibility (EMC) — Part 3-5: Limits — Limitation of
voltage fluctuations and flicker in low-voltage power supply systems for equipment with rated
current greater than 75 A

IEC TR 61000-3-6, Electromagnetic compatibility (EMC): Limits-Assessment of emission limits
for the connection of distorting installations to MV, HV and EHV power systems

IEC TR 61000-3-7, Electromagnetic compatibility (EMC): Limits — Assessment of emjission
limits [for the connection of fluctuating load installations to MV, HV and EHV power systems

IEC 6[1000-3-8, Electromagnetic compatibility (EMC) — Part 3: Limits — Section. 8: Signalling
on low-voltage electrical installations — Emission levels, frequency bands and electromapnetic
disturbance levels

IEC 6{1000-3-11, Electromagnetic compatibility (EMC) - Part 3-11:Limits — Limitatjon of
voltage changes, voltage fluctuations and flicker in public low-veltage supply systgms -
Equipment with rated current < 75 A and subject to conditional cennection

IEC 6[1000-3-12, Electromagnetic compatibility (EMC), <OPart 3-12: Limits - Limifs for
harmqnic currents produced by equipment connected toepublic low-voltage systems witH input
curreft >16 A and < 75 A per phase

IEC TR 61000-3-13, Electromagnetic compatibility”(EMC) — Limits — Assessment of emjission
limits [for the connection of unbalanced installations to MV, HV and EHV power systems

IEC TR 61000-3-14, Electromagnetic compatibility (EMC) — Assessment of emission linits for
harmq@nics, interharmonics, voltage ~fluctuations and unbalance for the connectipn of
disturbing installations to LV powenrsystems

IEC 6[1000-4 (all parts), Efectromagnetic compatibility (EMC) - Part 4: Testing and
measlrement techniques

IEC 6{1000-4-15, Electromagnetic compatibility (EMC) — Part 4-15: Testing and measurgment
techniques - Flickermeter — Functional and design specifications

IEC 6[1000-4-30;2015, Electromagnetic compatibility (EMC) - Part 4-30: Testind and
measyrementstechniques — Power quality measurement methods

IEC 611850 ( e N ! / ; i .

IEC TR 61850-90-17:2017, Communication networks and systems for power utility automation
- Part 90-17: Using IEC 61850 to transmit power quality data

IEC 61968-9:2013, Application integration at electric utilities - System interfaces for
distribution management — Part 9: Interfaces for meter reading and control

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

ISO 10002:2018, Quality management — Customer satisfaction — Guidelines for complaints
handling in organizations
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3 Terms, definitions and abbreviated terms
For the purposes of this document, the following terms and definitions apply.

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

o |EC Electropedia: available at http://www.electropedia.org/
o ISO Online browsing platform: available at http://www.iso.org/obp

3.1 Terms and definitions

3.11
powef quality
charagteristics of the electricity at a given point on an electrical power system; evaluated
against a set of reference technical parameters

[SOURCE: IEC 60050-617:2009, 617-01-05, modified — "electric current, voltagg and
frequéncies" has been changed to "electricity"]

3.1.2
powef quality indices

technical parameters characterizing the quality of electricity;ymeasured at a given point,
relevgnt for the assessment of the quality of the electricity delivered by a network operatpr

[SOURCE: IEC TS 62749:2020, 3.29]

3.1.3
nominal voltage
voltage by which a system is designated oriidentified

[SOURCE: IEC 61000-4-30:2015, 3.18]

314
voltage unbalance
in a [polyphase system, a_ condition in which the RMS values of the phase vo|tages
(fundgmental component).or the phase angles between consecutive phases are not all efjual.

Note 1|to entry: Theqdegree of the inequality is usually expressed as the ratios of the negative- anfl zero-
sequenice components-to'the positive-sequence component.

Note 2 [to entry \In' this standard, voltage unbalance is considered in relation to 3-phase systems.

[SOURCE:JEC 60050-161:1990 161-08-09, modified — "phase voltages" has been changed to
"phasp*\oeltages (fundamental component)", notes to entry have been added] f

3.1.5
voltage deviation
difference between the supply voltage at a given instant and the declared supply voltage

3.1.6

flicker

impression of unsteadiness of visual sensation induced by a light stimulus whose Iluminance
or spectral distribution fluctuates with time

[SOURCE: IEC 60050-161:1990 161-08-13]
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voltage dip
a sudden reduction of the voltage at a point in an electrical system followed by voltage
recovery after a short period of time from a few cycles to a few seconds.

[SOURCE: IEC 60050-161:1990, 161-08-10]

3.1.8
short

interruption

the disappearance of the supply voltage for a time interval whose duration is between two
specified limits

Note 1
noming
in the g

[SOU

3.1.9
harm

to entry: A short interruption is considered to be a reduction of the supply voltage to less than \9
| voltage, with the lower limit of the duration typically a few tenths of a second, and its upper_limit t
rder of one minute (or, in some cases up to three minutes).

RCE: IEC 60050-161:1990,161-08-20]

bnic component

sinusg¢idal component of a periodic quantity having a harmonic frequéncy

[SOU

3.1.1(
harm

frequd
refere

[SOU

3.1.11
interh

RCE: IEC 60050-551:2001, 551-20-07, modified — The note-has been deleted]

bnic frequency
ncy which is an integer multiple greater than one\of the fundamental frequency or
nce fundamental frequency

RCE: IEC 60050-551:2001, 551-20-05]

armonic component

sinusg¢idal component of a periodic quantity having an interharmonic frequency

Note 1
[SOU
3.1.12

interH
frequd

[SOU

to entry: For practical analysis,\an approximation of the periodicity may be necessary.

RCE: IEC 60050-551:2001, 551-20-08]

armonic freguency
ncy which_js-a non-integer multiple of the reference fundamental frequency

RCE: {EC60050-551:2001, 551-20-06]

3.1.13

of the
pically

of the

syste

m operator

network operator
party responsible for safe and reliable operation of a part of the electric power system in a
certain area and for connection to other parts of the electric power system

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

3.1.14

(power) network user
(power) system user
party supplying electric power and energy to, or being supplied with electric power and energy

from,

a transmission system or a distribution system

[SOURCE: IEC 60050-617:2009, 617-02-07]
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3.1.15
stakeholders
individual, group or organization that has an interest in an organization or activity

Note 1 to entry: Usually a stakeholder can affect or is affected by the organization or the activity.

[SOURCE: IEC 60050-904:2014, 904-01-10]

3.1.16
system average RMS variation frequency index
SARFI
a powert quaiiiy dex—that pIUViUICb acountorrateof vuiiagc u'ipb, swelts,amdfor-imterruptions
for a gystem.

[SOURCE: IEC TS 62749: 2020, 5.3.3.2]

3.1.17
distripution system operator
party pperating a distribution system

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

3.1.18
transmission system operator
party pperating a transmission system

[SOURCE: IEC 60050-617:2009, 617-02-11]

3.2 Abbreviated terms

Abbrelviations used in the text are defined_in Table 2.

Table 2 — Abbreviations of IEC TS 63222-1

Abbreviation Definition
PQ Power\Quality
BUC Business use case
SucC System use case
VSC Voltage Source Converter
PCC Point of Common Coupling
SCAQOA Supervisory Control and Data Acquisition
SARH| System Average RMS variation Frequency Index
FACTS FtextbteAC—TFramsmisstomrSystems
SvC Static Var Compensator
STATCOM Static Synchronous Compensator
UPS Uninterrupted Power Supply
APF Active Power Filter
DVR Dynamic Voltage Restorer
LN Logical Node
RVC Rapid Voltage Change
RTC Real Time Clock
EMC Electromagnetic Compatibility
BESS Battery Energy Storage system
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4 Use cases list

4.1 List of business use cases and business roles of the domains
The business use cases list is not exhaustive, and it is likely to grow as new use cases come

to light. The organisation of the use cases in the document and the links between them are
shown in Figure 1. Annex A gives the details of use cases.

Package: PQ Use Cases

«Domain» «Domain» «Domain» «Domain»
Maintenance and construction Network and extension planning (NE) Network operation (NO) Customer support (CS)

«has»

«has» |
|

Ensure access to the electricity
network

Ensure PQ obligation
related to the local
regulation

Ensure customer satisfaction
on power quality and availability

~
N
~ -
-~
-~
“«relyOn»
AN

|
1
|
«relyOn» |

~ /
«relyOn» N /«relyOn»
> /
-

«BUC»
Connect new user
to the grid

-,

«BUC»

«BUC»
Manage power quali
over the grid

Plan network
development~

<<use>> <<use>> <<use>>

a
S

straints in confiecting a user to the grid

//’/”——;;ic»

«BUC» «BUC» «BUC»
. . Manage complaints Provide reports on
ake into account power T.ake into ac.cou[tt power network power
quality constraints in quality constraints in networ the network OO quality b
cofinecting a user to the grid development «BUC»

constraints in Networ
Operation

«BUC»

Manage power quality
through distribution or
transmission grid interfaces

I
«relyOn» | 7/

Pr :dict power quality impact of & «SUC»
con struction work or mainterance

Measure power quality on a specific «SUC»
point of the network
e Monitor power quality on the

network
Predict power quality impact of a

new connection or network
development

«SUC» «SUC»

Engineer a power quality solution Assess power quality on the network

IEC
Figure 1 — Organisation of the use cases

Table 3 lists and provides a brief description of the business use cases that have been
identified so far (they do not cover the entire domain business use cases). In Clause A.1, a
part of business use cases is developed.
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Table 3 — Lists of business use cases
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Index of the business
use case

Identified business use
case

Associated domain

Brief description

uC63222-B001

Manage power quality
over the grid

Customer support,
Network operation,
Network and extension
planning

The business use case
describes the system
operator main processes
to manage power quality
disturbances for the
reliability of the power
system and ensures
continuity and quality of
the electrical energy

providedto-thegridpsers
at their connectioh.point
to the grid.

UC63p22-B002

Manage complaints on
power quality over the
network

Customer support,
Network operation,
Network and extension
planning

The business use cdse
describes thé system
operator ‘main procepses
to resplve a power quality
issue’on a specific point
of-the network.

UC63p22-B003

Provide reports on
network power quality

Customer support,
Network operation,
Network and extension
planning

The business use cdse
describes the system
operator main procepses
to retrieve, build, anplyse
power quality data apd

report on it for differpnt

commitments.

UC63p22-B004

Take into account power
quality constraints in
connecting a user to the
grid

Custamer'support,
Network operation,
Network and extension
planning

New user is connected to
the grid, which can heet
the power quality of Joad
and the grid.

Table|4 lists the business roles that have been identified so far in the business use [cases
provided in Clause A.2. This list is not 'exhaustive.
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Table 4 — Business roles of IEC TS 63222-1

Business roles

Definition

System operator

Party responsible for safe and reliable operation of a part of the electric power
system in a certain area and for connection to other parts of the electric power
system.

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

Power quality complaints
responsible

Party responsible for customer relationship and customer support on power quality
issues on part of the electric power system in a certain area

Network operation
responsible

Entity responsible for the planning, operation, maintenance, and the development
in given areas of the electricity network

Grid (ser

Party connected to the grid and consuming and/or producing electricity. Grid pisers
include consumers, producers, and prosumers

(Electricity) supplier

Party having a contract to supply electric power and energy to a customer

[SOURCE: IEC 60050-617:2009, 617-02-08]

Concgding authority

The conceding authority is usually a local authority,0ra/municipality.

Authority that owns (a part of) the distribution grid and delegates'its operatior] to a
distribution grid operator in a system where electricity distribdtion is operated|as a
concession.

Authority that is responsible for preparing or adopting regulations.
[SOURCE: IEC 60050-901:2013, 901-03-11]

Equivalent to party connecied to the grid.

Regullator May be responsible for exercising autonomous authority over electricity markets
and the associated synchronous electricity-grids.
Equivalent to regulatory authority.
Party connected to the grid and consuming and/or producing electricity. Grid pisers
Grid User include consumers, producers, ‘and prosumers.

4.2 |List of system use cases and system roles

Table|5 lists the system use cases which have been identified so far to enable the business
use cases described above to operate. The list is non-exhaustive and will be updated in future
editions of IEC TS 63222-1. [t should also be noted that business as usual functions haye not

been |isted.

Table 5 - Lists of the system use cases

Index of the system use case

Identified system use case

Brief description

UC63p22-S001

Monitor power quality on the
network

This system use case describgs the
structure composition, genera
workflow of power quality
monitoring, and functional

requiTements of eactrfayersystem.

UC63222-S002

Measure power quality on a
specific point of the network

This system use case describes the
method for measurement and
interpretation of results for power
quality on a specific point of the
network.

uUC63222-S003

Assess the emission limit related to
power quality technical parameters
in power system

This use case provides methods to
evaluate the emission limits for the
installations and equipment. The
co-ordination approach in the use
case relies on individual emission
levels being derived from the power
quality level. It can be used as a
tool when evaluating the emission
limits for the installations and
equipment.
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Table 6 lists the system roles which have been identified so far. The list is non-exhaustive

and will be updated in future editions of IEC TS 63222-1.
Table 6 — Lists of system roles
System roles Description
Client Functional unit that requests and receives services from a server
[SOURCE: IEC 60050-732:2010, 732-01-13]
Monitoring terminal A functional unit that observes and records, for analysis, selected activities within a
switching system
[SUURUE. TEVU OUUOU-7T4&. TI9IZ, 7' T4-T0-£0] I
Mastdgr station The data station that has been designated by the control station to ensure dalla
transfer to one or more slave stations
[SOURCE: IEC 60050-721:1991, 721-19-12]
5 Pfrovisions
5.1 Power quality assessment
511 General
Monitpring assessment and predicted assessment can-bé used for power quality assespment
of public power grid and users connected to the grid_JThe power quality assessment of power
supply connected to the grid can refer to monitoring assessment and predicted assesgment.

The re¢lationship between the power quality assessment and use cases is given in Figure

The s

« d
m
e CU
. op
e th

gnificant changes can be detected by, the following conditions:
ta analytics being developed faor‘automatic detection of changes from the pernj
asurements,

stomer complaints,

eration mode adjustment,information given by dispatching department,

p access change infermation of customer given by the marketing department.

2.

anent
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51.2 Monitoring assessment

:'/’BUC1:Ma e power quali
| avn:rgmg grid Y : PQ Management ‘4Re'port—‘
‘ Monitoring

'BUC2: Manage complaints on ) Assessment
— Monitoring Routine

Ppower quality over the network: N Economic
assessment

Field test
Existing PQ level PQ requirement
Events I I

PQ complaining
problem

‘ Mitigation }-

SUCH:Measure power quality o]
Assessment

:Monitor power qual'rlyon“
the netwolk ;

Background Analysis

Monitoring
Future PQ planning L
Field test > Impactanalysis —

Disturbance Assessment (
anticipation
Economic
\M‘ { L

3' BUC 4: Take into account 7 | Mitigation — ‘ PQ requirementJ P o
| power quality ints in v

in
| connecting a user to the grid !
Report & Predicted
Assessment
i C,

{ BUC 3: Provide rdports on |
network powerquality |

IEC

Figure 2 — Overview of the power qualityéymanagement main functions

The monitoring assessment should be used for the continuous monitoring of the existing grid.
In addition, monitoring assessment canybe used for power quality assessment of the key
nodeg in the network. It is also needed to analyse the actual power quality levels|when

receiVling the power quality complaining from users.

Measliring equipment is used-for field test to obtain power quality testing data. Measurgment
data Is compared with the. PQ characteristic value, judging whether it meets the standard
requirements, and evaluates voltage qualification rate and grade as required. The| main
contepts and requireménts of power quality monitoring assessment report are lisfed in

Annex B.

5.1.3 Monitofring assessment process

1)

2)

3)

4)

Object.and range determination

Degtermine the assessment object and range according to the source and purpose pf the

clepoacmant tocl
assessherttask:

System and equipment data collection

Collect the data of power system and equipment related to the assessment object,
determine the monitoring assessment points and limits or levels of PQ indicators.

Monitoring plan formulation

Analyse the operation mode, equipment working condition and characteristics of
production process of the assessment object, formulate monitoring plan.

Testing data obtaining

Select testing equipment, determine the appropriate measurement conditions,
measurement time and measurement value, obtain testing data. The measurement should
be carried out in the minimum (or smaller) operation modes of the power system and
under the normal working condition of the assessment object. The monitoring period
should include the maximum disturbance working period of the assessment object.
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Process and make statistics of testing data, compare results with the limits or levels of PQ
indicators, and analyse the respective PQ results of background or generated by users
according to the actual situation to get the assessment conclusion.

6) Put forward mitigation suggestions

If the assessment results exceed PQ limits, mitigation suggestions shall be put forward.

7) Provide report

Provide monitoring assessment report. See Annex C for the main contents of the
monitoring assessment report.

5.1.4

The p
recon

Accor,
of the
with t

The main contents and requirements of power quality predicted assessment report are

in Anr

5.1.5
1) O

Dd
as

2) Sy
Cq
un
po

3) Ag
Ad
th

Predicted assessment

redicted assessment shall be used for the power quality assessment of newcconstr
struction or expansion projects in the planning feasibility study stage.

ding to the relevant load data and system parameters, modelling, simulation or an
ne limit value of PQ indicators to determine whether it meets the.standard requiren

ex C.

Predicted assessment process
bject and range determination

termine the assessment object and range according to the source and purpose
sessment task.

stem and equipment data collection

llect the data of power system and equipment related to the assessment object
able to provide, refer to the samestype of equipment), and determine the asses
int and limits or levels of PQ indicators.

sessment under prediction

cording to the influence.degree of the assessment object to the assessment ind

s
is
4) P

Pr]
a

aller) operation mode and maximum load level of the system in the year when th
ut into operation.and the year when the capacity is reached shall be considered.

ovide report

vide predigted assessment report. See Annex C for the main contents of the pre
essmept.feport.

Background description and analysis

Liction,

alysis

assessment object is made to get power quality data. Assessment.results are compared

hents.
listed

pf the

if it is
sment

cator,

b predicted assessmeft)method is used. During the assessment, the minimum (or

b load

Hicted

uption,

transient and temporary overvoltage, harmonic/interharmonic, voltage fluctuation and flicker,
three-phase unbalance, voltage deviation and frequency deviation. Power quality data is
obtained, mainly through the establishment of power grid and load simulation models and
power quality monitoring equipment, from which the basic voltage/current data can be
obtained.

In different areas, different requirements of power quality may be applied for planning
purposes; the level should be under the planning level.

5.1.7

Disturbance anticipation

At the planning and designing stage of power quality interference source connected to power
system, qualified organizations should be delegated to conduct disturbance evaluation.
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PQ predictive evaluation should be based on a local evaluation process, and it is related to
load type, load electrical characteristics and electrical parameters of the grid. The main
parameters include the grid voltage level, system capacity, load capacity, power quality data,
maximum active power and reactive power.

For the project whose predictive evaluation result is "exceeding PQ standard limit", the PQ
control technical measures need to be taken, and the power quality monitoring terminal shall

be ins

5.1.8

talled synchronously.

Impacts analysis

PQ e
The n
predid
interfe

5.2
5.2.1

PQ m
fluctu

voltages, interharmonics, dips and swells. For different application scenarios, one or

monit
asses|

Some
also

200-n
made
SCAD

When
enorn

between these currents and voltage fluctuations at the PCC could be outlined. Last b

least,
during
qualit

5.2.2

The s
the fo

a:uat;uu ;b dlwdcd ;IItU tVVU |||cthudo. IIIUII;tUI;IIy cva:uatiun all\-,lI plcdib‘livc UVG:
honitoring evaluation should meet the needs of the grid performance evaluation
tive evaluation should meet the requirements of various types of power g
rence sources and sensitive users connecting the grid planning.

PQ monitoring system
General

bnitoring indicators are those stated in IEC TS 62749, i.e. supply voltage deviation
ptions, flicker, three-phase voltage unbalances, system frequency deviations, har

bring indicators can be selected for monitoring. As stated in that documer
5ing power quality monitoring periods should not bé&sshorter than 1 week (168 h).

limes, apart from the aggregated statisticaliwvalues, the intermediate magnituds

illisecond and 3-second aggregations. Those magnitudes in shorter windows ¢
available for either statistical analysis. or even online measurements (e.g. throug
A).

direct correlations with different sources are in mind, monitoring current migh
ously. For instance, by measuring drawn current by a customer, a direct corrg

if a relevant customer is very important for the analysis of power quality pro
events and faults, it is necessary to record the current waveforms through the
monitoring devicés

Monitoring points

blection(of ‘optimal distribution points for power quality monitoring points should co
lowing-factors: technical factors and economic factors.

ation.
. The
uality

s and
monic
more
t, for

S are

ery important. For instance, each 10-minute RMS value is the result of previous

AN be
h the

help
lation
ut not
blems
bower

nsider

For th

epower supply system, power quality monitoring can be performed at the foll

owing

monitoring points:

. im

portant busbars and outlets of substations,

« DC receiver terminals and high- and low-voltage busbars affected by the substations,

. bu

sbars and outlets that supply power to users of the interference source,

e power connection points,

« system substations (converter stations) busbars and outlets equipped with FACTS

€q

uipment (such as SVC, STATCOM, etc.),

o substation busbars and outlets with more serious oversubscription or more complaints
from users in field tests,

« power supply to sensitive users, busbars and outlets,
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« customer with equipment liable to cause more distortion than would be expected from a
customer their size.

For users, power quality monitoring can be performed at the following monitoring points: the
connection point to the utility grid, the input and/or output side of power quality control
devices (such as UPS, APF, DVR, etc.), the connection of important sensitive devices and the
incoming side of a typical power quality pollution source device.

5.2.3 Monitoring equipment

Power quality instrument- class A should be selected when precise measurements are
neces icati i i isputes,
verifyjng compliance with standards, etc. Power quality instrument- class S2is recommended
for stptistical applications such as surveys or power quality assessment, possibly With a
limited subset of parameters. Devices such as fault recorders, power meters, protection relays
can He selected if the measurement methods conform to IEC 61000-4-30. ‘Measurgment
instruments can be fixed or portable. The instrument measurement capahility should|be in
accor@lance with the phenomena to be investigated.

5.2.4 Related information and communication system

The monitoring data should have a standard format in order \to interact between dif]ferent
appligation systems and achieve full potential of the value ‘of/the power quality monitoring
data. Monitoring equipment could be based on IEC 61850 (all parts) to achieve power quality
data modelling and communication, and any applicatiofy system could obtain power quality
monitpring data from monitoring instruments through¢it) By using IEC 61850 (all parts), any
calculpted power quality magnitude can be associated to a LN, either specific (e.g., lpgical
node [for harmonics, logical node for flicker, etc.);or generic (e.g., logical node for generic
measyrements). Management of PQ events js “also included in the standard through the
IogicgrL node for power quality events and lpgical nodes for protection related functior|s (for
wavefprm recording). Moreover, by using the“logical nodes and interfacing and archiving, any
PQ mpagnitude can be periodically storedzand queried.

Howeyer, this approach seems very tight and lacks flexibility. Indeed PQ magnitudgs are
rarely|used by the SCADA system;-and this is not even conceivable in LV networks dug to its
complexity and unnecessary overhead on PQ devices. These devices are indeed simpler: they
can bg queried online for realtime visualisation by high-skilled personnel, but not by SCADA
operators. In fact their main goal is to produce files with PQ measurements every n-miputes,
synthétic description of évents and waveform recording. This process can be easily yielded by
these|devices either in binary or text flat formats with little overhead (see Appendix 4#-A in
CIGRE/CIRED C4.142).

Moreqgver, .it\should be considered whether these data-centric approaches are |really
appropriate y*when dealing with thousands of devices. In contrast, edge-computing
architectures are showing up, thus lowering communication, storage and processing negds in
centrat—tocations: Tilcy juai get ricof—the icgaby gcllclatiun offites—and lciy omembedded
databases with simple HTTP interfaces.

5.3 Economical assessment
5.3.1 General

The PQ economic evaluation is the basis for power grid and users to make investment
decisions for power quality control. The assessment of the economics of power quality shall
be based on a clear assessment of the required basic data and data collection methods firstly;

1 Class A: This class is used where precise measurements are necessary, for example for contractual applications
that may require resolving disputes, verifying compliance with standards, etc.

2 Class S: This class is used for statistical applications such as surveys or power quality assessment, possibly
with a limited subset of parameters.
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then calculate the economic losses caused by various types of power quality disturbances for
power users and distribution networks, and then evaluate the investment benefits of mitigation

projects through economic benefit analysis.

5.3.2 Economical assessment of PQ provisions

5.3.2.1 PQ economic evaluation data type

PQ economic evaluation data type consists of: basic economic cost data for the economic
evaluation of the power quality of electricity users and public distribution networks, power

quality related monitoring data, equipment and system parameters.

5.3.2.p Economic cost data

The gconomic data of power users includes: labour costs, equipment costs, pfaduct fosts,
materjal costs, inspection and test costs, energy and power costs, and contract'default cpsts.

Distribution network economic cost data includes: electricity costs, labeur costs, equipment

costs | inspection and testing costs, contract default costs.

5.3.2.8 Power quality indicator data

The RQ indicator data includes: original power quality monitoring data; annual staﬂ
resultf of event-based power quality data that cause economic losses; annual sta
value$ of continuous power quality indicators; annual fGnndamental voltage, operating
and main measurement data of electrical equipment.

5.3.2.4 Equipment and system parameters

Equipment and system parameters include:*electrical equipment rated parameters, ele
equipment test parameters, power supply-System operating parameters.

5.3.2.p Power quality economic evaluation data collection method
1) Data collection

Pgwer users or public distribution networks shall collect basic economic cost
relevant monitoring data, equipment and system parameters for power quality th
monitoring, calculation*and statistical methods, and provide data basis for cond
economic losses assessment of electrical energy.

The power quality data collection cycle is generally one year. The collected data sho
trde, accurate,» and comprehensive, reflecting the operating conditions and prod

istical
istical
ower,

Ctrical

data,
rough
Licting

ild be
iction
Bction
bower

following steps:

o the

a) Collect equipment and system parameters before putting the electrical equipment into

operation.
b) Conduct power quality monitoring and collect power quality monitoring data.

c) After the occurrence of power quality disturbance, combined with power quality
disturbance phenomenon, consequences and characteristics, collect and calculate the

basic data of various economic losses caused by the power quality disturbance.

See Annex D for more details on data collection.

d) After completing the various types of economic losses caused by a single power

quality disturbance and collecting and statistics, all types of economic losses sh
aggregated to obtain the economic losses of this power quality disturbance.

all be


https://iecnorm.com/api/?name=31b87e2b4c36b24d40921d2ba86a7e51

2)

5.3.3 Economical assessment of unsatisfactory PQ objectives/resilts

5.3.3(1 Electric power users economic loss calculation method

- 22 - IEC TS 63222-1:2021 © |IEC 2021

e) After completing the above calculation of economic data of economic power quality
and calculation of economic losses, statistical work on economic loss of power quality
shall be carried out on a yearly basis.

Data forecast

For the systems that have not yet completed the preliminary design, or the system under
different operating conditions and different mitigation programs to carry out power quality
economic assessment, some of the data cannot be directly collected, and can be
estimated by the following two methods:

a) Simulation prediction method: This method is suitable for event-type power quality
assessment, mainly including fault point method, Monte Carlo simulation method and

critical-distancemethod-

b)| Probabilistic analysis and prediction method: This method is suitable") fgr the
continuous power quality assessment. It mainly considers the uncertainty o¢f the
disturbance, introduces the random variable and the period probability density
function, and uses the probabilistic analysis method to evaluate the cycle power quality
indicators and their economics loss.

Accorfding to the effects of power quality disturbances on powerf.users, the economic losges of
powel users can be divided into economic activity interruption losses and economic activity
unintgrruption losses, such as the poor quality of proddcts. Generally, one year is taken as
the sfatistical period to calculate the economic lossegs)Caused by power users in ong year
becayse of power quality problems, including the loss of economic activities and the

unintgrrupted loss of economic activities.

The lgss of economic activity is divided intoiloss of single economic activity interruption and

annudl loss of economic activity.

The yninterrupted loss of economig, activity refers to the calculation of the uninterfupted
econdmic losses of annual economic activities after calculating the annual economic losses

that afe caused by the above-mentioned various types of power quality disturbances.

5.3.3.p Distribution network economic loss calculation method

In thg power grid, some of the power quality disturbances are transient impact causged by
specific events while-0Others are long-term continuous impact. Thus the economic losges of
powell quality im~distribution networks can be divided into losses caused by event-type

5.3.3.3 Economic evaluation method

1)

2)

Life-cycle cost analysis (LCC)

The life cycle cost (LCC) is the present value of the life cycle cost of the power quality
control equipment. It is applicable to the comparison of alternative solutions when the
effects of different solutions are basically the same. When the life cycle is equal, scheme
with the smallest LCC value is the optimal mitigation scheme; when the life cycle is not
equal, the annual value of LCC should be used, and the scheme with the smallest annual
value is the optimal.

Net present value method (NPV)
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Net present value indicates the annual cash flow during the life cycle of a project, which is
the sum of the current cash flows of each year discounted to the present value at the
beginning of the construction period at a certain discount rate.

Net present value method is based on the calculation of the NPV value of different power
quality management schemes. The evaluation criteria are: The solution with a net present
value not less than zero is a viable option. Since the NPV value cannot reflect the
efficiency of the initial investment, when there is no capital constraint, the larger the NPV
value, the better; when the funds are in short supply, the internal rate of return method
(IRR method) should be used for evaluation.

3) Payback period method (PB)

The—bpaback—periodis—calctHatedfromthe-start of construstion-of-the—mitigation—plan and
payoatk—peHea—+S—catcthatea—HoeH—+h teH+—04 RSHUHGHER—6+—Re—1HHgaHeR—pial

th¢ time required for the recovery of the net cash flow of the mitigation plan\ for all
inyestments.

THe payback period method is based on the calculation of the payback period.for different
pgwer quality management options. Its evaluation criteria is: the investment regovery
period is less than the basic investment recovery period as a feasible’ plan, the shortest
inyestment recovery period is the optimal plan, and the anti-risk @bility is strong. The
gegneral PB method is only used as an assistant decision method.

4) Internal rate of return method (IRR)

Infernal rate of return method refers to the discount rate when-the present value of the net
calsh flow related to the project capital is equal to zero within the calculation period [of the
mitigation plan. It is the profit rate of the project investment and reflects the efficiepcy of
inyestment use.

Infernal rate of return method is based on the interhal rate of return (IRR) calcularlron of
different power quality management schemes. \Fhe evaluation criterion is that the internal
raie of return greater than the benchmark *tate of discount is considered to me¢t the
reiuirements of investment interests; theomaximum IRR is the optimal managgment
scheme.

The gconomic evaluation method of power quality management scheme recommends the
abovg four methods. In actual situatien, one or more methods could be selected for evalpation
accorfling to the need, and other methods are not excluded for evaluation.

5.4 |PQ requirement

Accorgding to different conditions, the power quality assessment of public power grid evaluates
powell supply voltage‘deviation, frequency deviation, harmonic voltage, voltage fluctpation
and fl|cker, three-phase voltage unbalance, inter harmonic, etc.

The power quality assessment of the users connected to the power system evaluates power
supply voltage deviation, harmonic voltage, harmonic current, voltage fluctuation and flicker,
threedphase’ voltage unbalance, negative sequence current, frequency deviation and inter
harmqnicvas required.

5.5 Mitigation/Trouble shooting
5.5.1 Total requirements

On the basis of meeting the requirements of the general users connected to the power system,
attention should be paid to power quality problems caused by interference source users, and
the principles of prevention, pollution and governance should be followed, and the public
power environment should be maintained.

PQ mitigation measures can be divided into: harmonic mitigation, reactive power management,
three-phase unbalance mitigation, voltage deviation mitigation, voltage sag and short-term
interruption mitigation, voltage fluctuations and flicker mitigation, switching transients and
temporary overvoltage mitigation.
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5.5.2 Power quality mitigation scheme
5.5.21 Harmonic mitigation scheme

Harmonic mitigation includes active filtering and passive filtering. The principle of mitigation is
local mitigation of harmonic sources, ensuring that the harmonic current of the PCC point
connected to the grid is lower than the national limit value.

The mitigation methods can be implemented either on the grid side or on the load side. The
main way to control harmonic pollution is to install a filter device at the harmonic source to
absorb harmonic current, |nclud|ng active filter and passwe filter. Actlve power filter (APF) is

the o
harmqgnic current can be compensated in real time. It is suitable for filtering the 2N timeg (N is
a natyral number which can be 1,2,3...) harmonics at the same time. Or seleCt 2 specific
harmqgnics within 50 times harmonics to compensate. The passive filter uses the combipation
of indpctance, capacitance and resistance to form a single tuned filter, a double-tuned fifter, a
high-pass filter circuit, which can filter one or more harmonics. The mosticommon passive
filter gtructure is the series of inductors and capacitors, which can form” a low impeflance
bypasgls for the main subharmonics.

5.5.2.p Reactive power control scheme

compe¢nsator (SVC), static var generator (STATCOM, 8V@), and the principle of mitigation
should be reactive load local compensation, reducing<he line loss caused by reactive power
flowing in the power grid to minimize the loss of the pewer grid.

The rEactive power compensation measures mainly include ¢apacitor compensation, static var

The shunt capacitor bank can be switched in parallel by a mechanical contact device to fix the
capaditor bank on the power supply bus, and“the inductive reactive power generated by the
electrlc equipment in power system can\be compensated by increasing the capac|tance
appropriately. In order to avoid the oscillation of the power supply system caused hy the
switchling process, the reactor and capacitor are usually used in series, and the impedapce of
the cgmpensation loop is inductivexrelative to the load at the harmonic frequency point, thus
eliminjating the harmonic oscillation-caused by the capacitance of the circuit. At the same time,
it has|the function of limiting the\inrush current.

Static| var compensator (SVC) usually uses a thyristor control capacitor or reactor to cqnnect
the ppwer supply bus, )and the reactive power compensation is realized by changipg its
equivalent capacitance or equivalent inductance.

The static synchironous compensator/static Var Generator (SVG) is generally composefl of a
voltage source converter connected in parallel to the power supply bus, and the phasge and

amplijude(of 'the output current of the AC side of the converter are adjusted by adjusting the
phasq and amphtude of the output voltage at the AC S|de of the converter. It absorbs or{emits
reactive er naT ' cactive

power compensation.

5.5.2.3 Voltage unbalance mitigation scheme

Voltage unbalance mitigation includes passive unbalanced mitigation, active unbalanced
mitigation, and unbalanced load transfer mitigation.

The active unbalanced regulator is equivalent to four-wire SVG. It can dynamically treat the
three-phase unbalanced current of the load. By detecting the unbalanced current of the
system in real time, the system can be compensated by the opposite unbalance current and
the system can reach the state of three-phase balance. Active unbalance control can achieve
continuous regulation.
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The passive unbalanced regulator adjusts the unbalanced current by adjusting the number of
capacitors connected between phase and phase and between phase and zero line. Passive
unbalance control cannot achieve continuous regulation and zero order unbalance control.

The unbalanced load transfer mitigation uses the fast switching to realize the three phase
load redistribution and adjustment.

5.5.2.4 Voltage deviation mitigation scheme

Voltage deviation mitigation includes adjusting the operating mode of the power grid, OLTC
and series voltage regulation, adopting reactive power compensation, balancing three-phase

Ioadsgcmmmm—pm—m—pm—mmﬁdﬁmg—mmﬁaﬂewmy-ﬂorage
system etc., to meet the requirements of relevant standards.

5.5.2.p Voltage dips and short interruptions mitigation scheme

The njitigation methods can be implemented either on the grid side or on the)load side.

On the grid system, it is recommended to evaluate the SARFI index andimplement megsures
to requce the index to be in line with IEC 61000-4 series standard. A study on afea of
vulnetability is recommended to be conducted for new supply applications.

There| are three categories for load side voltage dip protection for industries with critical|loads:

« copntrol system protection,
e equipment protection,
« whole plant protection.
At theg load side, voltage dips mitigation includes purchasing equipment that meet/excegd the

IEC standard, dynamic voltage restorersiistatic UPS, Dynamic UPS, dip proofing system,
BESS] etc.

Short|interruptions can be mitigated by installing either a static UPS or a dynamic UPS.

5.5.2.p Voltage flicker and fluctuations mitigation scheme

Voltage flicker and fluctuations mitigation include erection of dedicated lines to connect |arge-
volume impact load~users to higher voltage power supply systems, installation of| fast-
respopse static var_compensators, or static var generators to dynamically compensate for
load fluctuations;
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Annex A
(normative)

Use case

A.1 Business use cases

A.1.1 BUC 1: Manage power quality over the grid

A1.11 Description of the use case

A1.1]11 Name of use case

Use case identification

ID Area(s)/Domain(s)/Zone(s) Namle)of use case
1 Cugtomer support (CS), Network operation (NO), Network and extension Manage pewer quality over the
planning (NE) grid
A.1.1]1.2 Scope and objectives of use case
Scope and objectives of use case

Power quality management of electricity trapsmitted and distributed on the grid to the|grid

s users, either producer or consumer. Customer/premises power quality issues and
cope ; .

management processes are not in the scope, only power quality at the network user

connection point is considered.

Ensure that power quality requireménts have been defined and power quality is withir]

acceptable limits at all times. Power quality requirements concerns (IEC TS 62749)

e frequency deviation,

e supply voltage deviatien,

e voltage unbalanceé (positive, negative and zero voltage consequences),
Objective(s) e harmonic and\interharmonic voltages,

e flicker (voltage fluctuation),

e supply interruption,

e yoltage dips and swells,

e | fapid voltages changes (RVC).
Relatefl business Ensure customer satisfaction on power quality and availability
case(s| Ensure PQ obligation related to the local regulation
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A.1.1.13 Narrative of the use case

Narrative of use case

Short description

Power quality issues on electrical grids operated by the system operator can take several forms such as:

frequency deviation,

Su

VO

hafmonic and interharmonic voltages,

fligker (voltage fluctuation),

Su

int|

VO

rapid voltages changes (RVC).

pply voltage deviation,

Itage unbalance (positive, negative and zero voltage consequences),

This business use case describes the system operator main processes to ensure continuity and quality of the
electrical energy provided to the grid users at their connection point to the grid.

pply interruption due to faults on the operated network, faults on a higher voltage network,

tage dips and swells (short or long increase or decrease compared to acceptable threshold),

erruptions due to maintenance or construction work or major outstanding events (natural or'accidenta}),

supply

Complete description

The syptem operator main power-quality processes are organised in three scenarjos depending on the state
grid copcerned by power quality issues, each of them using one or several dédieated business use cases.

Mgnage power quality in network planning (extension or reinforcement)
Dgscription: The objective is to ensure that while planningfa network extension, the system opera
ceftify that power quality will meet power quality requirements at all times, in the network extension a

equipment should be taken into account to ensure the %eliability of the power quality. This scenario coyv
cape of a network extension or reinforcement used assprovision for power quality issue resolution on a 1
arga.

Mgnage power quality in customer support

Dgscription: The objective is to ensure that'pewer quality at a grid user connection point meets power

Mpnage power quality during construction, network operation and maintenance work (before,
and after)

De
net

and| also(in ether parts of the network.

Summary of use case

other parts of the network connected to it. The powenguality of the grid and disturbance emission

uirements at all times through managing
dedicated contracts with grid users including special power quality commitments and monitoring,
treatment of customer (grid user) complaints on power quality issues,

management of connection-of the grid user to the grid (connection requirements, dedicated 9
extension, ...),

monitoring of the RQat connection points.

cription: The objective is to ensure that while conducting network construction or maintenance work g
vork operation, power quality will stay within acceptable limits for grid users, in the network extension

of the

or can
hd also
of the
ers the
etwork

quality

ork or

during

r
if any
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Use case conditions

Use case conditions

Assumptions

Power quality requirements have been defined: Power quality limits can be defined by

the regulation,
the standardization,
the grid user through specific contracts for network access,

the system operator in accordance with network operation constraints.

IEC TS 63222-1:2021 © |IEC 2021

NOTE Fhesetmits—existfor-seeurity-reasens—forperformanece-of-industrial-precesses-and-use-ef-eleet
Prerequisites
/
A.1.113 Further information to the use case for classification/mapping
Classification information
Relatign to other use cases

<<BUQ

>> Manage power quality through distribution or transmission grid interfaces with other network

<<BUQ>> Take into account power quality constraints in connecting a user to the grid
<<BUQ>> Take into account power quality constraints in network development
<<BUQ>> Provide reports on network power quality

<<BUQ>> Manage complaints on power quality over the network

<<BUQ>> Take into account PQ constraints in Network Operation

Level ¢f depth

High-lgvel

Priorit|sation

/

Generic, regional or national relation

Generdl

Nature| of the use case

BUC

Furthe

r keywords for classification

Power

Quality) Manage PQ

A.1.2

A.1.2.

A.1.2.

BUC 2: Manage complaints on power quality over the network
1 Description of the use case

1.1 Name of use case

Use case identification

ID |Are

a(s)/Domain(s)/Zone(s) Name of use case

Customer support (CS)

Manage complaints on power quality over the network
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A.1.2.1.2 Scope and objectives of use case

Scope and objectives of use case

Scope

Exchanges between the grid user and the network operator on managing a power quality
complaint on the electricity transmitted and distributed on the grid to the grid user either
producer or consumer. It can concern:

frequency deviation,

supply voltage deviation,

voltage unbalance (positive, negative and zero voltage consequences),
harmonic and interharmonic voltages,

flicker (voltage fluctuation),

NOTE Customer premises power quality issues can appear in complajnts as it is

supply interruption,
voltage dips and swells,

rapid voltages changes (RVC).

sometimes difficult to identify the causes and root causes of a power)quality issue. It |s part
of the scope as analyses of the complaint will help sort upstream-connection- point ppwer-

quality issues from downstream ones.

Objectjve(s)

Resolve power quality issue on a specific point of the network

Relate
case(s]

H business

Ensure customer satisfaction on power quality and availability
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A.1.2.1.3 Narrative of the use case

2021

Narrative of use case

Short description

Re

gister the grid user complaint information.

Identify the power quality commitments potentially unfulfilled and the network events correlated.

In order to resolve a power quality issue on a specific point of the network, several steps have to be performed:

If potentially the power quality issue can be reproduced, measure the power quality on the specific point of the
network.

Assess the power quality issue (causes, root cause, etc.).

Pr

bpose a power quality solution.

Compl

pte description

Relgister the grid user complaint information

De
infi

Th
(sy

Idg
D¢
po
ex
Me
D¢
ne

Agsess the power quality issue

De
an

Th

Pr
De

Summary of use case

scription: Through customer relationship management processes and tool, register-the-grid user co
brmation such as:

grid user contact information,

nature of the power quality issue (supply interruption, voltage threshold, hrarmonics, etc.),

grid user observations (producing process abnormal interruption, equipment malfunction, etc.),
context (dates, load configuration),

potential data measured.

e grid user complaints can be provided directly to the /System operator or through secondary
pplier).

ntify the network events potentially correlated

scription: Identify the power quality commitments “potentially unfulfilled and identify the network

entially correlated to the power quality issue. Those events may have been measured, monitd
rapolated through statistical analyses or networK simulations.

asure power quality on the specific point. of the network
scription: Measure the power quality at.the network user connection point or any relevant point
work.

scription: In order to assess a power quality issue on a specific point of the network and identify its
H root cause, the assessment_should list:

the standard values or the/commitment values as indicated by contract or regulation recomn
or/indicative values,

the measure or monitoring conditions associated with,
measurement methods or statistical analysis methods,

It should be“noted that there are some gaps between the standards, contracts and regulation, tf
measurement and assessment also need to conform to the contracts and regulation.

e assessment is made over a minimum period of time depending on the phenomenon observed.

pbpose.and/or engineer power quality solutions
seription: Decide and deploy power quality solutions such as

mplaint

actors

events
red or|

of the

causes

hended

us the

network development,

balance settings,

modify grid user connection,

modify transformer tap changer position,
modify network operation plan,

client desensitization.

Check power quality on the specific point of the network after the solutions are deployed.
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A.1.21.4 Use case chart Key performance indicators (KPI)
Key performance indicators
ID [Name Description Reference to mentioned use case objectives
1 |Mean response time |ISO 10002:2018 |[Resolve power quality issue on a specific point of the network
2 |Satisfaction rate ISO 10002:2018 |Resolve power quality issue on a specific point of the network
A1.21.5 Use case conditions
Assuniptions
1 Spgcific power quality constraints on the network user connection point have been defined: On both sidep of
the|network user connection point commitments and responsibilities concerning power quality'shall be dgfined.

Prereduisites

/

A.1.2

1.6 Further information to the use case for classification/mapping

Classification information

Relatiq

n to other use cases

<<BUQ
<<SUQ
<<SUQ

>> Manage power quality over the grid
>> Engineer a power quality solution
>> Measure power quality on a specific point of the network

Level

bf depth

High-Ig

vel use case

Priorit

sation

/

Generic, regional or national relation

Generi

L

Nature| of the use case

BUC

Furthe

r keywords‘for classification

Power

qualitysNetwork operation, Customer support



https://iecnorm.com/api/?name=31b87e2b4c36b24d40921d2ba86a7e51

-32 - IEC TS 63222-1:2021 © |IEC 2021

A.1.2.2 Diagrams of use case

Diagram(s) of use case

Overview of use case "Manage complaints on power quality onver the network":

Use Case: Manage complaints on power quality over the network - overview /

<<Business>>

ork operation respon5|bl?.l§1/
<<Business>>
(Electricity) Supplier <<use>>
se>>

«BUC»

<<use>> Manage complaints on powe

quality over the network <<use>>
<<Business>>
Grid User
<<Business>>
/ \ Power quality complaints resppnsible
/ Q \
/ Q \
«has» «has»

ﬂ _
\ «has»
C\’b «has»

/
C)\\ Satisfaction rate

KP
C) Mean response time
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Diagram(s) of use case

Scenarios flow chart of use case "Manage complaints on power quality onver the network"

Activity: Manage complaints on power quality over the network - scenarios flowchart /

Measure is requested ?

Request from Network
operation responsible
or Grid user

Assessed

\ Grid user complaint
{directly-te-SO ia

A}
/ supplier)

grid user
complaint

A power quality issues is
confirmed and qualified ?

INO]

No power quality issue on the
network



https://iecnorm.com/api/?name=31b87e2b4c36b24d40921d2ba86a7e51

— 34—

IEC TS 63222-1:2021 © IEC 2021

Diagram(s) of use case

Overview of use case "Manage complaints on power quality over the network":

Use Case: Manage complaints on power quality over the network - BUCSUC Ove... /

«BUC»

Manage complaints on
power quality over the
network

A.1.2]3 Technical details
A.1.213.1 Actors

Actors
Group|ng (e.g. domains,

zones

Group description

Actor Further informatjon
Actor name Actor description specific to this Use
type case
Power [quality Party responsible for customer relationship and customer
complgints Business |support on power quality issue on part of the electric
respongible power system in a certain area
Entity responsible for the planning, operation,
. maintenance, and the development in given areas of the
Netwo k_operatlon Business [electricity network.
respongible
See definitions of distribution system operator,
transmission system operator.
A party connected to the grid and consuming and/or
) ) producing electricity. Grid users include consumers,
Grid user Business [producers, and prosumers.
Equivalent to party connected to the grid.
(Electricity) Supplier|Business Party having a contract to supply electric power and
energy to a customer.
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A.1.2.3.2 References
References
No.|Reference type Reference Status Impact on use case |Originator / organisation [Link
1 [Technical Specification|s IEC TS 62749:2020 |Published|/ IEC /
2 |International Standard [+ IEC 61000-4-30:2015 |Published|/ IEC /
A.1.2.4 Step by step analysis of use case — Overview of scenarios
Seenario-eonditions
No_Sc Bnario Scenario description Primary Triggering Pre- - Po ;t-_ )
name actor event condition |condition
1 |Repister the |Through customer relationship management |Power Grid user / /
gri¢l user processes and tool, register the grid user quality complaint
complaint complaint information such as: complaints |(directly to S@
infprmation o grid user contact information responsible |or via suppligr)
e nature of the power quality issue
(supply interruption, voltage threshold,
harmonics, etc.),
e grid user observations (producing
process abnormal interruption,
equipment malfunction, etc.),
e context (dates, load configuration),
e potential data measured.
The grid user complaints can be provided
directly to the system operator or through
secondary actors (supplier).
2 |ldgntify the Identify the power quality commitments Network Registered grid |/ /
nefwork events|potentially unfulfilled and identify the operation [user complaint
po’llentially network events potentially correlated to the |responsible
coffrelated power quality issue. Thosé events may have
been measured, monitored or extrapolated
through statistical.analyses or network
simulations.
3 |Measure power|Measure the power quality at the network Network Request from |/ /
quality on the [user connection point or any relevant point |operation |network
spégcific point |of the network. A measurement instrument |responsible [operation
of {he network |may be required. responsible or
grid user
4 |Assess the In"order to assess a power quality issue on [Network / / /
poyer quality._Ja specific point of the network and identify |operation
isspe its causes and root cause, the assessment |responsible
should list:
e the standard values or the commitment
values as indicated by contract or
regulation recommended or indicative
values,
e the measure or monitoring conditions
associated with,
e measurement methods or statistical
analysis methods.
The assessment is made over a minimum
period of time depending on the
phenomenon observed.
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Scenario conditions
No.Scenarlo Scenario description Primary Triggering Pre- i Post-. ]
name actor event condition [condition
5 |Propose and/or|Decide and deploy power quality solutions |Network Assessed / /
engineer such as operation |power quality
power quality |, network development responsible |issue
solutions ’
° balance settings,
e modify grid user connection,
modify  transformer tap changer|
position,
e modify network operation plan,
e client desensitization.
Check power quality on the specific point of
the network after the solutions are deployed.
A.1.3 BUC 3: Provide reports on network power quality
A.1.31 Description of the use case
A.1.311.1 Name of use case
Use case identification
ID |[Arep(s)/Domain(s)/Zone(s) Name of use case
1 |Cusitomer support (CS), Network operation (NO), Network and Provide reports on network powey
extgnsion planning (NE) quality
A.1.3]11.2 Scope and objectives of Use case
Scope)and objectives of use case
Reporting on power quality of the electricity transmitted and distributed on the grid to|the
grid users, ejtherproducer or consumer based on data measured, statistical analysis |or
Scope simulated data:< This reporting can apply to grid user connection points, on one point,|on a
specific area or on the whole network. It can apply also to TSO-DSO or DSO-DSO
interfaces:
Objectjve(s) Comply with contractual and regulatory commitments on network power quality management
Relatefl business Ensure PQ obligation related to the local regulation
case(s| Ensure customer satisfaction on power quality and availability
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A.1.3.1.3 Narrative of the use case

Narrative of use case

Short description

Reporting and assessment on power quality against standards can be required by regulatory authorities, other
network operators or grid users for survey, compliance with connection agreement, compliance with quality
regulation, or benchmarking. This business use case describes the system operator main processes to retrieve,
build, analyse power quality data and report on it for different commitments.

Complete description

The system operator main power-quality reporting processes are split in 3 main activities, each of them using one
or several System use cases.

D
in
m

Summary of use case

rieve power quality data from the field

scription: The objective is to retrieve the data measured on the field by power-quality de
truments, equipment dedicated to other purposes (network operation, metering, etc.)\or comin|
nitoring systems. The data should be post-processed to obtain valid statistical indices.

ild power quality data from statistical analysis and network simulations
scription: The objective is to build complementary power quality data using

statistical analysis based on cross-referencing measures and monitoring data with non-power qual
(topology, weather, network events, etc.) to complete existing data,

network simulation used to extrapolate data on parts of the network where it is not available or to
the impact on power quality of network operation or maintenance and’construction work.

alyse power quality data and build a report on it
scription: The objective is to analyse power quality data on_different criteria depending on the r¢
bds (target, commitments, etc.), criteria examples:

number or ratio of grid users impacted,
causes and root causes,
network location/extent of the power quality issue

power quality interruption indices: SAIDI, SAIEM

Hicated
g from

ty data

ASSEess

porting

A.1.3

1.4 Use case conditions

Use case conditions

Assum

ptions

1

Reg

ulatory and contraetual power-quality constraints and objectives have been defined.

2

A g

Fid and grid users.topology model is available for network simulation.

Prerequisites

1

Poy

er quality monitoring data is available.
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A.1.3.1.5 Further information to the use case for classification/mapping

Classification information

Relation to other use cases

<<BUC>> Manage power quality over the grid
<<SUC>> Assess power quality on the network

<<SUC>> Monitor power quality on the network

Level of depth

/

Priorit|sation

/

Generic, regional or national relation

/

Nature] of the use case

BUC

Furthef keywords for classification

Power Quality, Reporting, Monitoring
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A.1.3.2 Diagrams of use case

Diagram(s) of use case

Overview of use case "Provide reports on network power quality":

Use Case: Provide reports on network power quality - overview /

«has» «has» _
\ 1

e

- ““«has» %(b%

«BUC»

Provide reports on network p
quality

<<use>>

<<Business>>
Grid User /

/

<has»

<<Business>>
<xyse>> Conceding Authority

< \’\ <<Business>>

<<Business>> Regulator

§ . System Operator
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Diagram(s) of use case

Scenarios flowchart of use case "Provide reports on network power quality":

Activity: Provide reports on network power quality - scenarios flowchart /

ActivityInitial

; Network
event

impacting
power
quality

Parts of the
network
with no, or

not
sufficient,
power
quality
data
available

Reporting
request or
milestone
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A.1.3.3 Technical details
A.1.3.31 Actors
Actors
dGrouglng (e.g. Group description
omains, zones)
/ /
Actor Further information
Actor name ¢ Actor description specific to this use
ype
case
Concedling Business [Authority that owns (a part of) the distribution grid and delegates |/
authority its operation to a distribution grid operator in a system where
electricity distribution is operated as a concession.
The conceding authority is usually a local authority or a
municipality.
Regulator Business [Authority that is responsible for preparing or adopting regulations |/
May be responsible for exercising autonomous authority over
electricity markets and the associated synchronous electricity
grids.
Equivalent to regulatory authority.
[SOURCE: Based on IEC 60050-901:2013, 901-03-11]
Grid uger Business [A party connected to the grid and consuming and/er{groducing /
electricity. Grid users include consumers, producers; and
prosumers.
Equivalent to party connected to the grid.
Systen Business [Party responsible for safe and reliable.operation of a part of the |/
operatgr electric power system in a certain aréarand for connection to
other parts of the electric power system.
[SOURCE: IEC 60050-617:2009,°617-02-09]
A.1.3{3.2 References
References
No.[Reference type Reference Status Impact on use °"9'".a‘°f / Link
case organisation
1 [Teghnical o )IEC TS 62749:2020  |pyplished) IEC /
Spegcification
o [Intprnational o IEC 61000-4-30:2015 |publishedl/ IEC /
Stgndard
) e |EC TR 61850-90- )
3 |Te¢hnical Réport 17:2017 Published|/ IEC /
4 [Intgrnational o IFC 61968-9:2013 Pbliahedl Ee k
Standard RPublished HC
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A.1.3.4 Step by step analysis of use case — Overview of scenarios
Scenario conditions
. . Lo Primary . . Pre- Post-

No.[Scenario name [Scenario description actor Triggering event condition |condition

1 |Retrieve power [The objective is to retrieve the data |System [Network event / Measure or
quality data from [measured on the field by power- operator |impacting power monitoring
the field quality dedicated instruments, quality data are

equipment dedicated to other stored
purposes (network operation,

metering, etc.) or coming from

monitoring systems

2 |Bu|ld power The objective is to build System |Parts of the / Built ppwer
quality data from |complementary power quality data operator |network with no, quality| data
staftistical using or not sufficient, availalple
anglysis and e statistical analysis based on power qu_allty
nefwork cross-referencing measures and data available
sinjulations monitoring data with non-power

quality data (topology, weather,
network events, etc.) to complete
existing data,

e network simulation used to
extrapolate data on parts of the
network where it is not available
or to assess the impact on power
quality of network operation or
maintenance and construction
work.

3 [Anplyse power |The objective is to analyse power System |Reporting Power Reporf{ing is
quality data and |quality data on different criteria operator [request or quality data |availalple
build a report on |depending on the reporting needs milestone is available
it (target, commitments, ...), criteria

examples:

e number or ratio of grid users
impacted,

e causes and root causes,

e network location/extent of the
power quality-issue,

e power quality interruption indices:
SAIDI, SAIFI.

A.1.4 BUC 4: Take into account power quality constraints in connecting a user to the

grid

A.1.41 Description of the use case

A.1.4{11 Name of use case

Use case identification
ID |Area(s)/Domain(s)/Zone(s) Name of use case

planning (NE)

Customer support (CS),Network operation (NO),Network and extension

grid

Take into account power quality
constraints in connecting a user to the
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A.1.4.1.2 Scope and objectives of use case
Scope and objectives of use case
The power quality assessment process for new user connection to grid. It can concern:
e frequency deviation,
e supply voltage deviation,
e voltage unbalance (positive, negative and zero voltage consequences),
Scope e harmonic and interharmonic voltages,
e flicker (voltage fluctuation),
e supply interruption,
e voltage dips and swells,
e rapid voltages changes (RVC).
New user is connected to the grid, which can meet the power quality of load _and the grid.
Objectjve(s) New user is connected to the grid according to the process. The power@uality of the prid
and the new users meet the standard’s requirement.
Relatel business Manage power quality over the grid
case(s Provide reports on network power quality
A.1.4(1.3 Narrative of the use case
Narrative of use case
Short description
In ordefr to connect new user to the grid, several steps have toybe performed:

o |If
. EV

. Ing

he new user meets the relevant requirements, the joad can be allowed to connect to the grid directly.

tall appropriate mitigation equipment for new-user with excessive power quality emission.

pluate new user power quality disturbance emission and the pre-existing harmonic voltage amplificatipn.

CompIFte description

De
dir]
sp
61

Th
ap

e Ndw user automatic acceptance
scription: New users with small @mount of power quality disturbance can be allowed to connect to the grid

. Ejaluation of new user disturbance emission
Degs

ectly. Detailed evaluation igTnoe'longer required. In order to be automatically accepted, the usen

D00-3-7, IEC TR 61000-3-13, IEC TR 61000-3-14:
voltage level,
capacity,

short circuitycapacity.

blied.

del

Fo

cription: The new user’s load shall adhere to the power quality disturbance emission limits by perf01

e Installation of mitigation equipment
Description: If the new user’s calculations do not conform to the power quality management, the economic
rationality of different mitigation equipment may be evaluated through testing, monitoring, simulation or,
evaluation or other technical measures.

r sensitive users, if the background power quality does not meet the requirements, add special power

supply line power supply, or install mitigation device.

s load

bcific parameters should satisfy conservative criteria according to stage 1 of IEC TR 61000-3-6, |[EC TR

e parametens’ should be controlled in a certain range. In different areas, specific requirements may be

ming a

Afterwards, the installation of appropriate mitigation equipment, such as dynamic compensation equipment,
etc., is selected and connected to the power grid.
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A.1.41.4 Use case conditions

Use case conditions

Assumptions

1 |Specific power quality constraints on the network user connection point have been defined.

Prerequisites

1 |User’s power quality data is available.

A.1.4,

{5 Eurther information to tt for classification/manpi

Classification information

Relatign to other use cases

<<BUQ>> Manage power quality over the grid
<<BUQ>> Provide reports on network power quality

<<SUQ>> Measure power quality on a specific point of the network

Level ¢f depth

/

Priorit

sation

/

Generic, regional or national relation

/

Nature] of the use case

BUC

Furthe

r keywords for classification

Power

Quality, Reporting, New user



https://iecnorm.com/api/?name=31b87e2b4c36b24d40921d2ba86a7e51

IEC TS 63222-1:2021 © |IEC 2021 - 45—

A.1.4.2 Diagrams of use case

Diagram(s) of use case

Overview of use case "Take into account power quality constraints in connecting a user to the grid":

uc Use Case: Connect New User to the Grid Overview /

Specific power quality
constraints on the
network user connection
point have been defined.

User's power quality
data is available

Connect New User
to the Grid

Lusen

- I “usen
wusen X
)

i

Grid Uset

A
\
i ~
!
System Operator
Regulator
Conceding Authority

Cusen ~
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Diagram(s) of use case

Scenarios flowchart of use case "Take into account power quality constraints in connecting a user to the grid":

act Connect New user to the grid- scenarios ﬂowchart/

Activitylnitial

Scenario:
Is a detailed \NO% New user
evaluation required? automatic
Yes \__acceptance
Scenario:
Evaluation of new
user power

quality emission

Do the new user's

calculations comply

with power gquality
limits?

No

For sensitive user, the
background power quality
does not comply with the
specification.

Scenario:
Installation of
mitigation
equipment

Do the actual power

quality measurement ves Q\é
satisfy the

specification?

New user connect to the grid

New user not accepted
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A.1.4.3 Technical details
A.1.4.31 Actors
Actors
Grou_pmg (e.9. Group description
domains, zones)
/ /
Actor Further information
Actor name ¢ Actor description specific to this use
ype
case
Authority that is responsible for preparing or adopting regulations.
May be responsible for exercising autonomous authority over
. electricity markets and the associated synchronous electricity grids.

Regulator Business /

Equivalent to regulatory authority.

[Source: Based on IEC 60050-901:2013, 901-03-11]

A party connected to the grid and consuming and/or producing

electricity. Grid users include consumers, producers, and
Grid uder Business prosumers.

Equivalent to party connected to the grid.

Party responsible for safe and reliable operation ofa{art of the
Systen ) electric power system in a certain area and for connection to other
operatdr Business |parts of the electric power system.

[SOURCE: IEC 60050-617:2009, 617-02-09]
A.1.4[3.2 References

References

No. Reference type Reference Status [ Impact on use case | Originator / organisatign |Link
1 |Intprnational Standard |IEC 61000-4-30:2015 |Published |/ IEC /
2 [Tephnical Specification [IEC TS 62749:2020 Published |/ IEC /
3 [Teghnical Report IEC TR.61000-3-6 Published |/ IEC /
4 |Teghnical Report IEC'TR 61000-3-7 Published |/ IEC /
5 [Teghnical Report fEC TR 61000-3-13 Published |/ IEC /
6 [Tefhnical Report IEC 61000-3-14 Published |/ IEC /
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A.1.4.4 Step by step analysis of use case — Overview of scenarios

Scenario conditions

Scenario
name

No.

Scenario description

Primary
actor

Post-

Triggering event Pre-condition condition

1 |New user
automatic
acceptance

New users with small amount of
power quality disturbance can be
allowed to connect to the grid
directly. Detailed evaluation is no
longer required. In order to be
automatically accepted, the user’s
load parameters should satisfy the
criteria:

System
operator

/ New user connects [/
to grid

e voltage level,
e capacity,

e short circuit capacity.

The parameters should be
controlled in a certain range. In
different areas, specific indicators
may be applied.

2 |Evaluation of
new user
power quality
emjfssion

The new users shall adhere to the
power quality disturbance
threshold by performing a detailed
power quality analysis and
submitting a report to the system
operator.

System
operator

/ New user cannot |/
directly connect to
grid

3 [Installation of
mitjgation
eqdipment

If the new user doesn’t meet the
requirements, the economic
rationality of different mitigation
equipment shall be evaluated
through testing, monitoring,
simulation and evaluation and
other technical measures.

The installation of appropriate
mitigation equipment, such as
dynamic compensation equipment
etc., shall be selected and
connected to the power-grid.

For sensitive usersyifthe
background power)quality does not
conform to the*specification, add
special powensupply line power
supply, orinstall mitigation device.

System
operator

For.sensitive users, |The new user’s /
the background calculations do not
power quality does [conform to the

not conform to the [power quality
specification. management.

A.2 | System)UCs

A.2.1 SUC1: Measure power quality on a specific point of the network

A.211 Description of the use case

A.2.1.11 Name of use case

Use case identification

ID(Area(s)/Domain(s)/Zone(s)

Name of use case

Customer support (CS),Network operation (NO),Network and
extension planning (NE)

Measure power quality on a specific point
of the network
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A.2.1.1.2 Version management
Version management
Version No. Date Name of author(s) Changes Approval status
1 2020-05-12 Miao Huiyu Creation
2 2020-05-27 Simon Issard Update model
A.2.1.1.3 Scope and objectives of use case
Seope-and-objectives—ofuse
The use case defines the methods for measurement and interpretation of results for power puality
on a specific point of the network. Measurement methods are described in terms thaf\give rgliable
and repeatable results, regardless of the method’s implementation. The considered power quality
parameters include but are not limited to:
e frequency deviation,
e supply voltage deviation,
Scope e voltage unbalance (positive, negative and zero voltage consequences),
e harmonic and interharmonic voltages,
o flicker (voltage fluctuation),
e supply interruption,
e voltage dips and swells,
e rapid voltages changes (RVC).
The power quality of the special point in the power grid is measured accurately, and the dafa is
stored.
Objectjve(s) On a specific point of the network, measure and log relevant power quality events.
Observe, measure and log all the relevant power quality events (power outage, faults, etc.)|on a
specific point of the network such»as grid user connection point, network interfaces, key noges.
Relatef
busindss /
case(j)
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A.2.1.1.4 Narrative of use case

Narrative of use case

Short description

For each parameter measured, there are two classes (A and S). For each class, measurement methods and
appropriate performance requirements are included. Class A is used where precise measurements are needed.
Class S is used for statistical application. Users shall select the class based on the applications.

Power quality measurement data and investigation of specific point to the network are useful for analysis
(Emphasis should be focused on the measurement of current which is invaluable in determining sources/causes of
power quality disturbances, since it can help to determine if the cause of the problem is upstream or downstream
of the measuring instrument in IEC 62749:2020 5.1)

Complpte description

Measufing power quality on a specific point is organised in five scenarios, depending on the state of the grig
concerped by power quality issues, each of them using one or several dedicated system use cases.

Summary of use case

e Dgtermine the organization of the measurement
Dgscription: The electrical quantity to be measured may be either directly accessible,(aslis generally the case
in Jow voltage systems, or accessible via measurement transducers. The measurentent’chain usually cpntains
mgasurement transducers, measurement unit and evaluation unit.

e Dgtermine the electrical values to be measured
Dgscription: Measurements can be performed on single-phase or polyphase supply systems. Depending on
thg context, it may be necessary to measure voltage between phase conductor and neutral (line-to-nedtral) or
befween phase conductors (line-to-line) or between phase conductors or’ neutral and earth (phase-tq-earth,
neptral-to-earth). Phase-to-phase instantaneous values can be‘ measured directly or derived from
indtantaneous phase-to-neutral measured values. Current measurements can be performed on each copductor,
of pupply systems, including the neutral conductor and the protective earth conductor.

e Aggregate measurement over time intervals
Dgscription: The basic measurement time interval for\parameter magnitudes (supply voltage, hafmonic,
interharmonics and unbalance) shall be a 10-cycle time ‘interval for a 50 Hz power system or 12-cyde time
interval for a 60 Hz power system. The 10/12-cycle yalues are then aggregated over additional intervals. The
commonly used time intervals are 150/180-cycleinterval, 10 min interval, 2 h interval. Measufement
agpregations shall be performed using the squarge root of the arithmetic mean of the squared input valugs. The
10[{12-cycle measurement shall be re-synchronized at every RTC 10 min tick in Class A. Resynchrorjization
with the 10 min tick is permitted but not requijred in Class S.

e Mgnage real time clock (RTC) uncertainty.
Ddscription: RTC uncertainty is defined\relative to coordinated universal time. In Class A, the RTC uncgrtainty
shall not exceed +20 ms for 50 Hz or16,7 ms for 60 Hz. In Class S, the uncertainty shall not exceed tp s per
24| h period. The performance canbe achieved, for example, through a GPS receiver, or through reception of
transmitted radio timing signals. When synchronization by an external signal becomes unavailable, tfe RTC
tolerance shall be better than'+1 s per 24 h period.

e Trigger and flag measurenient
Dgscription: Flagging-is_triggered by dips, swell and interruption. Once triggered, all measurement channels
shpll be opened to record the transient waveform and effective values. Values, such as frequency, yoltage
deyiation, voltage Unbalance, harmonics and interharmonics shall be flagged when trigger event happer]s.

A.2.111.5 Use case conditions

H olidi
oSt CaseContitions

Assumptions

1 |Power quality requirements have been defined.

Prerequisites

Dedicated instrumentation has been deployed: On the selected point of the network, instruments to measure
relevant power quality data have been installed.

2 |The measuring point of the network is determined.
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A.2.1.1.6 Further information to the use case for classification/mapping

Classification information

Relation to other use cases

<<BUC>> [] Manage complaints on power quality over the network

Level of depth

/

Prioritisation

/

Generic, regional or national relation

Generif

Nature| of the use case

SUC

Furthef keywords for classification

Power guality, Manage PQ, Monitor, Measurement
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D

iagram(s) of use case

Overview of use case "Measure power quality on a specific point of the network":

DUSTITESS.
Use Case: Measure power quality on a specific point of the network W&iﬁ‘ﬁpe 9‘;

ration responsible

>

-

AN
- N-
«has»™ ~ / .
< <<use>> (lﬁsiness»
< __ «SUC» % tory commitmenty
- — responsible
«has» Measure power quality on a specific %
- i point of the network ,@
= " «has»

_~ “«has»
b

3

.\Q)

<<System>>
Power quality
measurement instrument
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Scenarios flowchart of use case "Measure power quality on a specific point of the network":

Activity: Measure power quality on a specific point of the network - scenarios flowchart /

Start measure
campaign

N
.\Q)

xO
-
.\0

*
*
@ips, swell or interruption
happens
&
~
*

%

Stop
measure
campaign
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A.2.1.3 Technical details
A.2.1.31 Actors
Actors
Grouping (e.g. domains, zones) (Group description
/ /
Actor Further information
Actor name ¢ Actor description specific to this use
ype
case
Onsite |power quality
measufement System |/ /
instrunent
Mobile|power quality
measufement System |/ /
instrument
Power guality
measufement System |/ /
instrunjent
. Party responsible for customer relationship and
Power guality . o
- . Business [customer support on power quality issues ‘on part of the |/
complgints responsible . . )
electric power system in a certain area
Entity responsible for the planningjperation,
) maintenance, and the developnient in given areas of
Netwonl‘(.operatlon Business |the electricity network. /
respongible
See definitions of distribution system operator,
transmission system operator.
Regulaftory
commi{ments Business |/ /
respongible
A.2.1{3.2 References
References
No.|Reference type Reference Status Impact on use case |Originator / organisatioh [Link
1 |Intprnational Standard JIEC 61000-4-30:2015 [Published|/ IEC /
2 |International Standard |I[EC 61000-4-15 Published |/ IEC /
3 |Teghnical Specification |IEC TS 62749:2020 |Published|/ IEC /

A.2.1.4———Step by Step analysis of Use case

A.2.1.41 Overview of scenarios
Scenario conditions
No. Scenario Scenario description Primary|Triggering Pre-condition Post-condition
name actor event
1 |Determine the |The electrical quantity to be / / Determine the Measurement
organization of|measured may be either directly measuring point |chain and

the
measurement

unit.

accessible, as is generally the case
in low voltage systems, or
accessible via measurement
transducers. The measurement
chain usually contains
measurement transducers,
measurement unit and evaluation

organization is set
up
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Scenario conditions

No. Scenario Scenario description Primary Triggering Pre-condition Post-condition
name actor |event

2 |Determine the [Measurements can be performed |/ / Determine the Electrical
electrical on single-phase or polyphase organization of |measurements to
values to be [supply systems. Depending on the the perform are
measured context, it may be necessary to measurements defined

measure voltage between phase and the (voltage/current,
conductor and neutral (line-to- measured power |phases, etc.)
neutral) or between phase quality value.

conductors (line-to-line) or between Determine the

phase conductors or neutral and measuring point

earth (nhhasa.to narfh’ neutral-to

earth). Phase-to-phase

instantaneous values can be

measured directly or derived from

instantaneous phase-to-neutral

measured values. Current

measurements can be performed

on each conductor of supply

systems, including the neutral

conductor and the protective earth

conductor.

3 |Aggregate The basic measurement time / / Determine the Electrical
mefasurement |interval for parameter magnitudes electrical measures ale
over time (supply voltage, harmonic, measurement to |aggregated
intg¢rvals interharmonics and unbalance) perform.

shall be a 10-cycle time interval for Determine the
50 Hz power systems or 12-cycle measuring point.
time interval for 60 Hz power Determine the
systems. The 10/12-cycle values organization of
are then aggregated over additional the

intervals. The commonly used time measurements
intervals are 150/180-cycle interval, and the

10 min interval, 2 h interval. measured power
Measurement aggregations shall be quality value.
performed using the square roet-of

the arithmetic mean of the squared

input values. The 10/12-cycle

measurement shall be rez

synchronized at every/RTC 10 min

tick in Class A. Resynchronization

with the

10 min tick is permitted but not

required in_Class S.

4 |Maphage real [RTC uncertainty is defined relative |/ / Electrical /
timje clock to coordinated universal time. In measurements
(RTC) Class ‘A, the RTC uncertainty shall are aggregated
ungertainty not*exceed +20 ms for 50 Hz or

16,7 ms for 60 Hz. In Class S, the
uncertainty shall not exceed £5 s
per 24 h period. The performance
can be achieved, for example,
through a GPS receiver, or through
reception of transmitted radio
timing signals. When
synchronization by an external
signal becomes unavailable, the
RTC tolerance shall be better than
+1 s per 24 h period.

5 |Trigger and Flagging is triggered by dips, swell |/ Dips, swell [RTC uncertainty |/
flag and interruption. Once triggered, all or is managed.
measurement |[measurement channels shall be interruption |Electrical

opened to record the transient happen measurement are
waveform and effective values. aggregated.

\Values, such as frequency, voltage
deviation, voltage unbalance,
harmonics and interharmonics shall
be flagged when trigger event
happens.
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A.2.1.4.2 Steps — Scenarios

e Determine the organization of the measurement
The electrical quantity to be measured may be either directly accessible, as is generally
the case in low voltage systems, or accessible via measurement transducers. The
measurement chain usually contains measurement transducers, measurement units and
evaluation units.

Requirement list (refer to "Requirement” section for more information)

Requirement R-ID Requirement name
/
N
N
Overvigw of scenario "Determine the organization of the measurement": Q(]’
(@)
Network operation VvV

Use Case: Scenariol - overview /

responsible P .
W

use>>

<
~

-
«has»

—_

. —
«has»

oF

O
. etermine the electrici}alues to be measured
Me¢asurements can ke. performed on single-phase or polyphase supply sygtems.
Depending on the text, it may be necessary to measure voltage between phase
cojnductor and al (line-to-neutral) or between phase conductors (line-to-line) or
bgtween phasewconductors or neutral and earth (phase-to-earth, neutral-to-earth). Ahase-
toiphase in aneous values can be measured directly or derived from instantapeous
ral measured values. Current measurements can be performed on| each
f supply systems, including the neutral conductor and the protective|earth



https://iecnorm.com/api/?name=31b87e2b4c36b24d40921d2ba86a7e51

IEC TS 63222-1:2021 © IEC 2021

— 57 —

Requirement list (refer to "Requirement” section for more information)

Requirement R-ID

Requirement name

/ /

Overview of scenario "Determine the electrical values to be measured":

Use Case: Scenariol - overview /

<<Business>>

AN

Network operation
responsible

~
Wel
OF
N L
ggregate measuremelﬁ)over time intervals
THe basic measurem
inferharmonics an
or| 12-cycle tim
adgregated ov

inferval,

10 min irézl, 2 h interval. Measurement aggregations shall be performed usirn
square of the arithmetic mean of the squared input values. The 10/12
m

R

t time interval for parameter magnitudes (supply voltage, harr
alance) shall be a 10-cycle time interval for 50 Hz power sy
rval for 60 Hz power systems. The 10/12-cycle values arsg
ditional intervals. The commonly used time intervals are 150/180

a l.@ment shall be re-synchronized at every RTC 10 min tick in Cla
s{éChronization with the 10 min tick is permitted but not required in Class S.

honic,
stems
then
-cycle

g the
-cycle
5s A
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Requirement list (refer to "Requirement” section for more information)

Requirement R-ID Requirement name

/ /

Overview of scenario "Aggregate measurement over time intervals":

Use Case: Scenariol - overview /

©
&%ystem»

.{j Power quality
asurement instrument

;\\

¢ Mana 'aéeal time clock (RTC) uncertainty
RT %gbertalnty is defined relative to coordinated universal time. In Class A, thg RTC

uncertainty shall not exceed #20 ms for 50 Hz or 16,7 ms for 60 Hz. In Class §, the
uncertainty shall not exceed +5 s per 24 h period. The performance can be achieved, for
example, through a GPS receiver, or through reception of transmitted radio timing signals.
When synchronization by an external signal becomes unavailable, the RTC tolerance shall

be better than £1 s per 24 h period.
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Requirement list (refer to "Requirement” section for more information)

Requirement R-ID Requirement name

/ /

Overview of scenario "Manage meal time clock (RTC) uncertainty":

Use Case: Scenariol - overview /

N7

/)
g
:\.{1,
<<use>> <<System?l(1/

Power quali
measure instrument

<

~

~ ~ -
~
«has» ~ ~~

- -
~
-
.~ “«has»

2

e Trigger and flag measurement A\
Flagging is triggered by dips, ell and interruption. Once triggered, all measurgement
chEnneIs shall be opened to‘record the transient waveform and effective values. Values,

sulch as frequency, volta ’\Q‘bviation, voltage unbalance, harmonics and interharnmonics
shiall be flagged when trigger event happens.

oo® |
&

éo

S

&
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Requirement list (refer to "Requirement” section for more information)

Requirement R-ID Requirement name

/ /

Overview of scenario "Trigger and flag measurement":

Use Case: Scenariol - overview /

O

measurerpL
S

N
_ = “«has»

v

<<System>>'\ N

<<use>>  power g;li}g,
anijnstrument

N
N

A.2.2 SUC2: Monitor power qualig\@h the network
A.2.2]1 Description of the useGase

A.2.211.1 Name of use (‘(a‘fteo

. Use case identification
\&
ID(Ared (s)/Domain(s)/Zo,q@ Name of use case
1 Cusfomer support ( Wetwork operation (NO),Network and extension Monitor power quality on the
planping (NE) e network
o
A.2.2 1%0 Version management
\\ Z
Version management
Version No. Date Name of author(s) Changes Approval status
1 2020-05-12 Miao Huiyu Creation /

2 2020-05-27 Simon Issard Modelisation update /
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A.2.2.1.3 Scope and objectives of use case

Scope and objectives of use case

Power quality monitoring equipment terminal, communication, monitoring master station and

Scope client

Define the structure composition, general workflow of power quality monitoring, and functional
requirements of each layer system in order to measure and log relevant power quality events

Objective(s) on the network.

In the background, observe, measure and log all the relevant power quality events on parts or
whole network such as: power outage, faults, etc..

Related business

[
case(s]
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1.4 Narrative of use case

Narrative of use case

Short description

quality.

Power quality monitoring system is set in a distributed structure. A complete monitoring system includes
monitoring equipment layer, service layer and client layer. The monitoring equipment layer, service layer and client
layer are connected by the communication network. Different monitoring systems realize data exchange through
the interconnection of service layers. The power quality monitoring system selects a monitoring point and
determines the description and analysis method. The system uses the power quality monitoring terminals installed
on the grid side or the user side to collect the field data, which is then transmitted back to the master station on
the client layer. The system monitors power quality on multiple locations and provides reports on network power

Complete description

The po
concer

Summd

wer quality monitoring processes are organised in four scenarios depending on the state of the grid
hed by power quality issues, each of them using one or several dedicated system use cases.

ry of use case

. Po
D¢
an
in
ne
Th
thd

Dd

pr
red
rey

e Th
D¢
se
m3
be

o Cli
D¢
thd
pr
sh

e Data transmission between monitoring terminal and service'station

wer quality monitoring equipment operation

scription: The equipment layer has a power quality monitoring function, which consists of a monitoring unit
i an adaptor unit. Data exchange between the equipment layer and the service-layer should be carried out

a unified format according to the communication protocol. Each monitoring terminal shall have b fixed
work afldress.
e equipment measures the voltage and current to calculate and monitor the power quality. It should have

following functions:

accurate measurement,
communication and interface,
statistics, recording and storage,

capturing and recording for emergencies.

scription: The monitoring equipment, service station~and client communicate by a unified commurjication
tocol. Different monitoring systems realize data exehange through the interconnection of service laypr. The
I-time data report and statistical data report are periodically uploaded to the master station. The ipcident

ort is uploaded immediately. The file servicetdata is uploaded according to the master station request.

e power quality monitoring service layer_opé&ration
scription: power quality service layer~master station) consists of communication server, data servégr
ver, application server, management-workstation, etc. It has the functions of monitoring data colle

, web
ction,

nagement and analysis, system_maintenance, authority management, etc. It is the link of data intgraction
ween equipment layer and clieni-layer. The objectives of the service layer include but are not limited|to:

synchronous collection and-real-time transmission of distributed data, data sharing of heteroggneous

platforms, processing massive data and network information services,

ensuring the integrityy‘accuracy and consistency of the power quality data,

meeting the compatibility requirements of software, hardware and the interconnection between systgms.

ent layer receiving the power quality reports
scription: After the data collecting in the monitoring equipment layer and the analysis in the servicg

layer,

client layer accesses the service layer and receives the power quality reports by a unified commurjication
tocol.-The client layer also has monitoring data access, browsing, query and other features. The feports

pbuld follow the following requirements:

accurately describe the power quality on the network,

evaluate the overall power quality of the network and indicate the system performance of the system,

identify the power quality pollution source, as the reference for the equipment maintenance.
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A.2.21.5 Key performance indicators (KPI)
Key performance indicators
ID|Name Description|Reference to mentioned use case objectives
1 Number of Defin_e the strupture composition, general workflow of power quality monitoring, and
outage functional requirements of each layer system
5 Duration of Defin_e the strupture composition, general workflow of power quality monitoring, and
outage functional requirements of each layer system
A.2.21.6 — Use case conditions
Use case conditions
Assuniptions
1 Power quality even.ts relevancy has peen defined through regulation: The power quality events that the network
opgrator shall monitor have been defined by regulations or contracts.
2 |Thg stable operation of the terminal equipment
3 |Thg system of each layer is not isolated and operates coordinately.

Prereduisites

1 |Con

hmunication protocol has been unified.

2 |PoV

er quality requirements have been defined.

A.2.211.7 Further information to the use case for classification/mapping
Classification information

Relatign to other use cases

<<BUQ>> [] Provide reports on network power quality

Level ¢f depth

High lejvel

Priorit|sation

/

Generic, regional or nationhal relation

Generi

Nature| of thecusée case

SuUC

Furthe

r keywords for classification

Power Quality, Manage PQ, Monitor
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A.2.2.2 Diagrams of use case
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Diagram(s) of use case

Overview of use case "Monitor power quality on the network":

Use Case: Monitor power quality on the distribution grid - uverﬁféWSin?‘}»
Netwerk-operation responsible

<<System>>
Power quality events
monitoring system

«has»
|

«SUC»

Monitor power quality on the

network
«has»

> %
\ ~
J N Q?
;(has» // Q N . <<System>>
y \ N Mas.ter
/ ; s\o\ «I';s» \\ Station
«has» \
/ %] \
/ \‘(\ \
\
// $ \\
/ ’\Q)
A N

A

<<use>>
ystem>>

Monitoring

terminal
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Diagram(s) of use case

Scenarios flowchart of use case "Monitor power quality on the network":

Activity: Monitor power quality on the distribution grid - scenarios flowchart /

Normal operation data report are
periodically uploaded and the incident
report is uploaded immediately
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A.2.2.3 Technical details
A.2.2.31 Actors
Actors
Grouping (e.g. domains, Group description
zones)
/ /
Actor Further information
Actor name ¢ Actor description specific to this use
ype
case

Power guality events |System |A unit that monitors the access, browse and query of |/
monitofing system power quality data. it connects to the service layer

through the network.

Functional unit that requests and receives services

from a server

[SOURCE: IEC 60050-732:2010, 732-01-13]
Network operation Business |Entity responsible for the planning, operation, /
respongible maintenance, and the development in given areas, 6f

the electricity network.

See definitions of distribution system operatory

transmission system operator.
Monitofing terminal System |A functional unit that observes and records, for /

analysis, selected activities within a‘switching system

[SOURCE: IEC 60050-714:1992,.%14-18-28]
Master|station System |The data station that has been.designated by the /

control station to ensure data)transfer to one or more

slave stations

[SOURCE: IEC 60050-721:1991, 721-19-12]
A.2.2{3.2 References

References

No.|[Reference type Reference Status Impact on use case [Originator / organisatioh [Link
1 |Intprnational Standard |IEC\61000-4-30:2015 [Published|/ IEC /
2 |Teghnical Specification|IEC TS 62749:2020 |Published|/ IEC /
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