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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER QUALITY MANAGEMENT -
Part 2: Power quality monitoring system

FOREWORD

ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical

Puflicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)")

pre
ma

paration is entrusted to technical committees; any IEC National Committee interested in(thé subject d

with the IEC also participate in this preparation. IEC collaborates closely with the International Organiz

Sta

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

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

3) IEQ Publications have the form of recommendations for international ‘'use”and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to.ensure that the technical content
Pulflications is accurate, IEC cannot be held responsible for the“way in which they are used or

mis|
4) In

nterpretation by any end user.

rder to promote international uniformity, IEC National ‘Committees undertake to apply IEC Publi

trarlsparently to the maximum extent possible in their national and regional publications. Any divergence b
any| IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

5) IE(Q itself does not provide any attestation of conforfrity. Independent certification bodies provide cor]

ass|
ser
6) Al

7) No
me
oth

pssment services and, in some areas, accessxtoIEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

liability shall attach to IEC or its direetors, employees, servants or agents including individual expé€]
nbers of its technical committees and_tEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

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

8) Attgntion is drawn to the Normative references cited in this publication. Use of the referenced publica

indi

spensable for the correctrapplication of this publication.

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

IECT
energ

S 63222-2 has been prepared by IEC technical committee 8: System aspects of ele
y supply._It'is a Technical Specification.

The textof-this Technical Specification is based on the following documents:

International Electrotechnical Commission (IEC) is a worldwide organization for standardization genjprising
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote interrjational
peration on all questions concerning standardization in the electrical and electronic fields. To, this gnd and

eports,
Their
It with

participate in this preparatory work. International, governmental and non-governmentall organizations [liaising

ion for
ions.

ational
fom all

ational
of IEC
or any

cations
etween
b |atter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

Ctrical

Draft Report on voting

8/1658/DTS 8/1674/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.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at http://www.iec.ch/standardsdev/publications.
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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

e reconfirmed,
e withdrawn,

o replaced by a revised edition, or

° amehded-

IMPORTANT - The "colour inside” logo on the cover page of this document indigates
that|it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer
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POWER QUALITY MANAGEMENT -

Part 2: Power Quality Monitoring System

1 Scope

This part of IEC 63222 defines technical requirements for designing a power quality monitoring
syste i ' i ' supply
netwolrks.

The design procedure of a power quality monitoring system (PQMS) generally cineludgs the
followjng four steps:

e Step 1: purpose and application analysis
Arlalyse power quality monitoring (PQM) demand and define the purpose of PQM.
e Stpp 2: preliminary study

Cqllect background information such as network configuration|, the parameters of instriment
trgnsformers, e.g. the output levels and performance capabilities, attributes of logds or
digstributed generations (DG), communication conditiops, budgets, and other restfictive
conditions, and select the parameters to be monitoreéd "and monitoring sites accordfing to
corresponding principles.

e Stpp 3: system structure design

Dgsign the overall structure of the monitoring\system according to the monitoring purpose
bdsed on the analysis of the advantages and disadvantages of various system structiires.

e Stpp 4: detailed design of functional maedules

Dgsign the function modules of_'data collection, communication, data storage, data
prpcessing and analysis in detail@ccording to the functional requirements.

This qocument defines the main purposes of PQM and gives recommendations for preliminary
study| such as how to select monitoring sites and monitoring parameters and whether the
instrument transformer is suitable for monitoring. This document also classifies the PQMS
structire and specifies the functional requirements of the modules such as data collgction,
comntnication, data storage, data processing and analysis.

2 Normative references

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

IEC 61000-2-2:2002, Electromagnetic compatibility (EMC) - Part 2-2: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public low-
voltage power supply systems

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

IEC TR 61000-3-7:2008, Electromagnetic compatibility (EMC) — Part 3-7: Limits — Assessment
of emission limits for the connection of fluctuating load installations to MV, HV and EHV power
systems

IEC TR 61000-3-13, Electromagnetic compatibility (EMC) — Part 3-13: Limits — Assessment of
emission limits for the connection of unbalanced installations to MV, HV and EHV power
systems
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IEC 61000-4-7, Electromagnetic compatibility (EMC) — Part 4-7: Testing and measurement
techniques - General guide on harmonics and interharmonics measurements and
instrumentation, for power supply systems and equipment connected thereto

IEC 61000-4-30:2015, Electromagnetic compatibility (EMC) - Part 4-30: Testing and
measurement techniques — Power quality measurement methods

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 61869-6:2016, Instrument transformers — Part 6: Additional general requirements for low
power instrument transformers

IEC 6[1869-11, Instrument transformers — Part 11: Additional requirements for low>power
passive voltage transformers

IEC TR 61869-103, Instrument transformers — Part 103: The use of instrument transformers for
power quality measurement

IEC 6R443 (all parts), Industrial communication networks — Network and.system security

IEC 6R586-1:2017, Power quality measurement in power supply systems — Part 1: Power quality
Instruments (PQI)

IEC 6R586-2, Power quality measurement in power supply systems — Part 2: Functional| tests
and uhcertainty requirements

IEC TS 62749:2020, Assessment of power quality —<Characteristics of electricity supplled by
publigq networks

3 Terms and definitions
For the purposes of this document, the follewing terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addrepses:

e |E[ Electropedia: availableiat'https://www.electropedia.org/

e ISP Online browsing platform: available at https://www.iso.org/obp
NOTE | Terms are listed in alphabetical order.

3.1
flagged data

for arly measurement time interval in which interruptions, dips or swells occur, the marked
measlirementiresults of all other parameters made during this time interval

[SOURCGE-IEC 61000-4-30:2021, 3.5]

3.2

flicker

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

[SOURCE: IEC 60050-161:1990, 161-08-13]

3.3

point of common coupling

PCC

point in an electric power system, electrically nearest to a particular load, at which other loads
are, or may be, connected

Note 1 to entry: These loads can be either devices, equipment or systems, or distinct network user's installations.

[SOURCE: IEC TS 62749:2020, 3.25, modified — "network" has been replaced by "system"]
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3.4

point of connection

POC

reference point on the electric power system where the user's electrical facility is connected

[SOURCE: IEC 60050-617:2009, 617-04-01]

3.5

power quality

PQ

characteristics of the electric current, voltage and frequencies at a given point in an electric
power system, evaluated against a set of reference technical parameters

Note 1 [to entry: These parameters might, in some cases, relate to the compatibility between electricity-supplied in
an elegtric power system and the loads connected to that electric power system.

[SOURCE: IEC 60050-617:2009, 617-01-05]

3.6
powef quality instrument
PQl
instrument whose main function is to measure, record and possjbly) monitor power quality
paranjeters in power supply systems, and whose measuring methods (class A or class ) are
defingd in IEC 61000-4-30

[SOURCE: IEC 62586-1:2017, 3.1.1]

3.7
resicrirral voltage
minimum value of U rms(:) recorded during a voltage dip or interruption

[SOURCE: IEC 61000-4-30:2021, 3.28]

3.8
time aggregation
combination of several sequential values of a given parameter (each determined over idgntical
time intervals) to provide a value. for-a longer time interval

[SOURCE: IEC 61000-4-30:202, 3.31]

3.9
voltage deviation
differgnce between the supply voltage at a given instant and the declared supply voltage

3.10
voltage dip
suddgn reduction of the voltage at a point in an electrical system followed by voltage regovery
after @ short period of time from a few cycles to a few seconds

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

3.1

voltage unbalance

in a polyphase system, a condition in which the magnitudes of the phase voltages or the phase
angles between consecutive phases are not all equal (fundamental component)

[SOURCE: IEC TS 62749:2020, 3.47]
4 Purposes and applications analysis

The most important step in the design of a PQ monitoring system is clear identification of the
purpose for PQ monitoring, which is crucial for the selection of monitoring sites, the selection
of monitoring parameters, monitoring system structure and requirements of functional modules,
etc.
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The following main purposes for PQ monitoring can be distinguished from the present PQM
practices:

e Compliance verification

Compliance verification compares a defined set of power quality parameters with limits given
by standards, contracts or regulatory specifications. The verification results are reported
externally to promote power quality management. It includes typical tasks such as
verification of compliance with the connection contracts for a connected user, or verification
of compliance with regulatory specification for a system operator. Compliance verification
is usually done for individual sites and provides qualitative results. It can also be applied to
multiple sites by using appropriate aggregation.

e Pdrformance analysis

Pgrformance analysis is mainly undertaken by system operators to assess average power
guality levels in a grid. The analysis results can be used to determine long term trerlds by
sygtem operators and provide support for strategic planning, asset management and
benchmarking, etc. Performance analysis is usually done for multipleysites but cpn be
applied to single sites as well. It provides quantitative results (indices), which can be
selected flexibly and it is not mandatory to follow specific standards. Benchmarking
pares one or more indices for different sets of sites and is partof performance analysis.

e Sife characterization

Site characterization is used to describe PQ at a specific sitein a detailed way. It in¢ludes
typical tasks such as to predefine the expected power quality for a potential customef or to
asjsess and verify power quality once the customer is already connected to the grid. It is
important to know the power quality at a particular&ite, in particular to predict the effect of
a mew non-linear, unbalanced or intermittent load,“and subsequently survey the ability|of the
site to comply with the contractual constraints.

e Trpubleshooting

Trpubleshooting is used to diagnose pewer quality related problems such as sjystem
harmonic resonance, the abnormal-interruption of the customer production pr¢cess,
equipment malfunction, etc. A long term PQM campaign by permanent monitoring equipment
can provide more useful information for troubleshooting, especially for process interruptions
cajused by voltage dips. Typically, raw unaggregated power quality measurement dafa are
maost useful for troubleshootihg, as they permit any type of post-processing preferred

e Advanced applications and-studies

Advanced applicationsiand studies are relevant for purposes of different aspects from both
syptem operator's-side and end user's side, e.g. how to improve the efficiency of system
opleration, howyto-promote end user's immunity capability, etc., it includes more specific
me¢asurementsi-and deep analyses that are often not part of the daily business. Tlypical
applicationsiand studies include fault location, signature analysis and studies of propagation
of |power_quality phenomena.

5 Preliminary study

5.1 Background information collection
The following background information should be collected before the design of the PQMS:

e Power supply network configuration to be monitored

The configuration of the power supply network to be monitored such as power grid
topological structure (e.g. radial or meshed networks), three-phase or single-phase, short-
circuit powers, the categories of feeders available for monitoring (e.g. urban, semi urban or
semi-rural, rural), and the parameters of instrument transformers, e.g. the output levels and
performance capabilities, should be collected, which can be used for the selection of
monitoring sites.
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Attributes and information of loads or DGs

The attributes and information of loads or DGs should be collected, such as the access
location, voltage level, and installed capacity of wind farms, solar plants, electric railways,
arc furnaces, energy storage power stations, and electric vehicle charging infrastructure or
stations, etc.

Existing communication condition

Understanding the existing communication condition available for PQ monitoring is very
important. The communication between PQ equipment and data centre will be based on the
available conditions. Analysis should also be made to carry out whether the existing
communication condition is enough and feasible to be used for the operation of future

PC\I\IIC‘ o H [~ PN tal % H HE Al
KIVID, ULTTTTWIOT TITTCAOoUTT O olfTUUTU VT TANTITT U THTPTUVE TUTTT auvarico.

Canstraints

Cgnstraints should be clearly identified in advance, e.g., budget, limited. conditlon at
present, etc. The PQMS designing should be subject to these factors.

Fture development anticipation

Understanding system development planning in short term, medium-term and long térm is
criicial for PQMS designing. Technically and economically, PQMS designing shoyld be
bgsed on and adapted to power supply system planning, especially for PQMS stryicture
selection, data storage strategy selection and configuration( of different kinds of fupction
sefrvices, although it can be updated and upgraded in the future step by step.

Generally, the anticipation should not only focus on the(development of the supply system
topological structure, but also on the trend of power station digitalization and the conngction
scple of power-electronic interfaced renewable energy.

5.2 [Selection of monitoring sites
The sklection of monitoring sites is strongly related to the power grid architecture and 3

Iso to

the regulation that the compliance verification is based on. In most cases, the compliance
vefification only requires(voltage measurements, and the monitoring sites should |be at
urrent

ch the

area,

hieve

Site characterization

For the background PQ characterization of the site that a new customer may connect to, the
monitoring sites should be as close as possible to the customer's future connection point,
such as the nearest substation busbar or any other close customer where PQ is already
monitored. For performance verification of existing customers, the monitoring sites should
be at customer's POC or PCC.

Troubleshooting

The monitoring sites should be as close as possible to the location where the PQ problem
or customer complaints is reported, such as the terminal of the connected equipment that
failed, the PCC of the customer who made the complaints or the outgoing feeder in the
substation. Additionally, disturbance propagation analysis may be needed, and relevant
sites accordingly may be selected.
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5.3

Advanced applications and studies

PQ monitoring sites should be set up according to the specific tasks of advanced
applications and studies. For example, for signature analysis of specific equipment, the
monitoring sites should be as close as possible to the concerned equipment, such as a
transformer branch or capacitor branch.

Selection of monitoring parameters

The selection of monitoring parameters mainly depends on the monitoring purpose. The
following factors need to be considered to determine the monitoring parameters:

Power quality indicators to be monitored: such as frequency, root-mean-square (RMS)
j interh j sients

voHage a) ae ala a¥a¥a a ae-—hn mon a) ae ) maon a) ala)

bed to
measure current should be determined according to the monitoring purpose aferement|oned.

e interval and data processing method: time interval and aggregation method different
frgm that defined in IEC 61000-4-30 may be needed for monitoring)plUrposes such as
trqubleshooting and site characterization. Time interval less than 10 minutes for aggregation
may be selected. If it is needed, the maximum/minimum/average" RMS value mpy be
regcorded in the selected aggregation time duration.

Vqltage dip and swell are characterised by retained voltage’and time duration according to
IEC 61000-4-30. As an advanced option, it is recommendéed to record voltage and clurrent
wgveforms during voltage dip and swell. A pre-windows and a post window during the|event
may be included according to the performance of PQ analysis requirement.

The details of the selection of monitoring parameters for different monitoring purposes are|given

below

Cagmpliance verification

ThHe parameters to be monitored depend on the standard, the contract or the regylation
which is to be applied. The most common parameters required are frequency, RMS vdltage,
voltage unbalance, voltage harmoni¢s and voltage dips and swells.

M¢st standards or recommendations only call for compliance with respect to vpltage
digturbances, e.g. IEC TR 640000-3-6, IEC TR 61000-3-7 and IEC TR 61000-3-13. [Some
ndtional regulations and grid codes require measurement of current parameters as well as
vo|tages.

Adcording to IEC T862749, the aggregated values (3 second values, 10 minute valugs and
2 phour values) are,required for continuous PQ phenomena assessment. Residual vpltage
and duration combined with the RMS voltage variation shape are required for single|event
asjsessment;

Pgrformanee analysis

Fdr performance analysis of a system with a large number of sites, it is generally required
to|maonitor only voltage disturbances. Generally, 10 minute values are sufficient to obthin an
accurate picture of the performance across a grid. Weighting rules may be used applying
both to statistical indices and events in order to obtain results that are universally
comparable. Refer to IEC TS 62749:2020, Annex B for detailed information on weighting
rules.

Site characterization

For characterization of a particular site that a new customer may connect to, the parameters
to be monitored depend on the standard used and the nature of the customer's load. For
non-linear and fluctuating loads such as electrified railways, arc furnaces, rolling mills,
parameters such as voltage unbalance, voltage harmonics and flicker should be monitored.
For electric vehicle charging facilities, variable speed drives or renewable energy
generations with power electronics as interface, parameters such as voltage harmonics up
to 40th (60 Hz system) or 50th (50 Hz system) and corresponding interharmonics should be
monitored. When it is needed, frequencies up to 150 kHz may be measured. For voltage
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sensitive loads such as automatic production lines, parameters such as supply voltage
variations, voltage dips and voltage swells should be monitored.

Generally, 10-minute values are sufficient. However shorter intervals (e.g. 3 seconds,
1 minute) may be used for more details depending on the nature of the customer's loads.

Troubleshooting

In order to troubleshoot specific problems, e.g. equipment malfunction or the abnormal
interruption of the customer production process, the parameters to be monitored depend on
the problem being investigated (e.g. flicker at an arc furnace or rolling mill) and can include
transients. It is recommended to use shorter interval values, such as 3 second values or
1 minute values. Particularly in the case of transients, raw unaggregated measurement data,

A e eform i ted to

e.g—wave+o cata e - a © cata ggetreao

thé problems and even continuous recording of waveforms may be required.

In|this case, both voltage and current are required to be monitored, since combined vpltage

Fdr the purpose of advanced applications and studies, the parameéters to be monitored
pend on the specific application. For example, in the case of studying propagation [of PQ
phenomena, the parameter of interest (e.g. flicker, unbalance-and harmonics) needs|to be
monitored in a consistent and comparable manner on each”/system. Many applicptions
refuire the measurement of currents as well as voltages'*(e.g. fault location, sigpature
analysis).

Voltage Transformer (VT)/Current Transformer(CT) characteristics analysis

The flequency response of instrument transformers have a significant impact on the qverall
accuracy of the PQ measurements, especially for.hiarmonics. Therefore, attention shall bg paid

to

the accuracy and frequency bandwidth,of instrument transformers. The acquracy

requirements of instrument transformers should be determined according to the monitoring
purpoges. For example, a higher accuracy +nay be necessary for compliance verification father
than for performance analysis. Refer-i1@) Annex A for detailed characteristics of each kind

instrument transformers.

NOTE | The impact on the accuracy of insfrument transformers in case of multiple intelligent electronic devicgs (IED)

connecting to a single VT/CT cannot be'negligible.

5.5

Data sources

The dfta sources mainly.include: fixed instruments, portable instruments, data files and|other

devic
monitpring purposes‘and cost constraints.

s or systems with PQM functions. The selection of monitoring data sources deperlds on

Fixed instruments

Fixed instruments are used for long-term, continuous PQM, which helps to obta|n PQ
pdrameter variations within a year or a week and get information on relatively rare vpltage
evients” such as voltage dips and swells. Fixed instruments can be used for various
monitoring purposes, especially where it is necessary to monitor voltage dips and swells.

Portable instruments

Portable instruments are used for temporary and short-term PQM. The monitoring using
portable instruments shall be over a time period sufficient to determine the normal
characteristic operating cycles at the site. In general, one or two full business cycles may
be sufficient for this purpose. The business cycle is one week in the case of most commercial
or residential loads, but it can be as short as a few hours for an industrial installation.

Portable instruments can be used for performance analysis with a rotating approach, where
a monitor stays at a site for a specific period of time to capture a sample of measurements
and then is moved to another site.
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e Others
Other data sources include:

a)

b)

c)

purpo
comp
Class
monit
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PQl c
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The rthuirements of monitoring instruments should be determined according to the-monitoring

Other devices that can provide monitoring data, such as smart meters, relays,
controllers, remote terminal units (RTU), phasor measurement units (PMU). Especially
for performance analysis, these devices can provide useful information due to their wide
applications in future power grids.

PQ data files, such as power quality data interchange format (PQDIF) files and
COMTRADE files.

Other systems that can provide monitoring data, such as supervisory control and data
acquisition (SCADA) system, wide area measurement system (WAMS) and the main
station system for the access of smart meters, RTUs and other devices.

e. For example, IEC 61000-4-30 Class A compliant instruments should‘be” used for
iance verification according to standards or regulatory specifications. IEC'61000-4-30
A or S compliant instruments can be used for performance analysis. The performapce of
bring instruments should comply with IEC 62586-1 and IEC 62586-2

Q monitoring system structure and functions

General

nctions of the PQMS generally include data collection, communication, data storagq, data
5sing and analysis, system maintenance, which can be presented as function mofules.
1 shows the various modules of the system and their main functions.

ove-mentioned functions can reside in various<hardware or software components |of the
. Note that these functions do not necessarily always match up with separate dejices,
eral functions can be performed by a single-device. As an example, a high-performance
an collect the monitoring data, store it temporarily, analyse it and transmit it through the
rk, which can be called a simple PQ monitoring system.

Logically, several services undertaking~the same function may be needed for large|scale

monit

PQMS
powef

bring system.

can be based on common_communication infrastructure, required for other systens like
management system (PMS) or energy management system (EMS).

‘ PQls ‘ PQ data files ‘ Other devices

Data collection

‘ Communication mode ‘Communication inten‘ace‘ Protocol

Communication

‘ Centralised architecture ‘ Distributed architecture ‘ Hybrid architecture

Data storage

‘ Data management‘ Data stting ’ ‘ PQ assessment ‘ Advanced data analysis

Data processing and analysis
IEC

Figure 1 — Function modules of power quality monitoring system
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The structure and function of the PQMS are closely related to the monitoring purpose. For
example, for the purpose of compliance verification at individual sites, a PQ monitoring system
consisting of only a few PQls is sufficient. For the purpose of performance analysis at multiple
sites in a grid, a complicated PQ monitoring system containing multiple servers and software
may be required. Figure 2 shows the structure of a typical PQ monitoring system for the purpose
of performance analysis.

Database server  Application server Acquisition server 1 Acquisition server 2

T f ¢ 7

]
[
(ﬂ Firewall E

Web server Workstation
Fibfe optic communication 4G wireless\éommunication
EC 61850 protocol private communication protocol
...... e [ eee r [F] cssces _:.I r;
B @ Smeesn ][] 5 8 & &
RTUs Smart meters PQDIF COMTRADE
PQls Other devices PQ data files Other systen}s

PQM data sources
IEC

Figure 2 — Structure of a typical.power quality monitoring system

Routime maintenance work should be performed to ensure the system availability, incjuding
monitpring site management, accessi\\management, system configuration, communigation
management, data backup, etc.

6.2 Function modules
6.2.1 Data collection

The principles of data callection from data sources (e.g. PQIls, smart meters) to PQ monitoring
systein rely on the relevant purposes. For general PQ assessment or benchmarking, data fecord
of PQ parameters defined in IEC TS 62749 should be transferred. For troubleshooting or
advarlced data «application, thresholds triggered waveform, 150/180 cycle record, or
aggrepation duration less than 10 min record may be collected.

If the [PQI is\Used for long term PQ assessment, in order to reduce the massive data, only the
resultgnt evaluation conclusion can be transferred.

6.2.2 Communication

In order to ensure the reliable transmission of monitoring data between the monitoring data
source and the monitoring system, the communication module should be designed according to
the monitoring purpose and considering sufficient flexibility, and the communication mode,
communication interface and protocol should be selected reasonably. Details of communication
and protocol are given in Clause 7.
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6.2.3 Data storage

The function of data storage module is to store the monitoring data in a suitable way so that it
can be accessed at any time when needed. There are three different data storage strategies:
centralized, distributed and hybrid. Different data storage strategies should be adopted based
on monitoring purposes. For example, when the monitoring purpose is performance analysis,
there is no need to upload all PQ monitoring data to the central database for a monitoring
system with hundreds of monitoring sites since it will be rarely used. In this case, it is
recommended to adopt the hybrid storage strategy, that is, only the most useful data (e.g.
statistical data) are uploaded to the central database, and the detailed data (e.g. waveforms,
harmonics, interharmonics) can be stored in the distributed database. See 6.3.3 for details of
data storage.

6.2.4 Data processing and analysis

The fynction of data processing and analysis module is to process and analyse a large aount
of mohitoring data collected according to monitoring purposes and present the analysis results
to sygtem users in an easy-to-understand manner, including power quality” assesgment,
graphjcs or table display, data statistics, etc. This module should also have data management
functipns, such as data backup, data quality management, missing datachecking, etc. Qetails
of datp processing and analysis are given in Clause 8.

6.3 |System structure
6.3.1 General

System structure is an important aspect that need to be considered in the design of a HQMS.
There| are many types of PQMS structures, and classifications of the system structufe are
needdgd. Two commonly used software architectures. ¢client/server and browser/servér are
discugsed in 6.3.2. According to the location of data.starage, the monitoring system architgcture
can he classified into three types: centralized, distributed and hybrid. These types of
architectures are discussed in detail in 6.3.3.

6.3.2 Brower/Server (B/S) and Client/Server (C/S) architecture

Clientfserver architecture is composed.«a¥ clients initiating requests for services and servers
providing that function or service. The client relies on sending a request to another progfam in
order [to access a service made available by a server. The server runs one or more programs
that share resources with and distribute the work among clients. By reasonably allocating|tasks
to thefclient and the server, the :advantages of the hardware resources at both ends can bg fully
utilizeld and the communication consumption of the system is reduced. Therefore, the PQMS
adopt|ng client/server architecture has fast response speed and strong data procegssing
capalbility, which is more" suitable for power quality professionals to carry out complex data
procegsing and apnalysis tasks, such as fault location and signature analysis basg¢d on
monitpring data.

Browder/server architecture adopts a three-tier structure, and an intermediate layer, namely a
web server-layer, is added on the basis of client/server architecture. There is no need to jnstall

special application software such as the client, and only a computer with a browser is ngeded
for rjonitoting, which reduces the requirements for the client. The PQMS adopting

browser/server architecture is flexible, easy to integrate and expand and easy to maintain. It
only needs to change the webpage to realize the simultaneous update of all users. Therefore,
it can be used in most monitoring applications, such as compliance verification and performance
analysis.

6.3.3 Centralized and distributed architecture

The location of the overall database makes the difference between a centralised and a
distributed architecture: for a centralised approach, any information recorded by the PQls is
uploaded to a central database for further storage and analysis; on a distributed architecture
each PQI holds its own database. When the PQMS initiates a query, it can be executed by just
a database engine (i.e. centric approach), while on the distributed architecture it is forwarded
to the corresponding PQl.
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The distributed approach was established mainly because for most of the time (e.g. 99,9 %),
very detailed power quality data is rarely used. Indeed, waveforms and even the value of any
single harmonic is not important when dealing with a system as a whole, but just for detailed
fault analysis. By using the distributed concept, there are huge storage savings on commercial
clouds and there is a better use of the communication links. Moreover, parallel requests can be
forwarded to every single PQI at the same time, behaving as a very powerful and fast distributed
database.

Indeed, centralised databases made of many servers running in parallel are becoming very
popular (e.g. NoSQL databases), which although similar to distributed architecture, have
inferior optimisation (since data is not close to where it is generated).

Figurd 3 and Figure 4 are very synthefic examples of both architeciures:

o,
ié:‘ﬁa

e f
e
e f
e

IEC

Figure 3 — Centralised architecture

DATABASE
\
\
IEC

<@

Figure 4 — Distributed architecture

In the[real-werld, a hybrid architecture seems the optimal choice, holding a central databgse for
averapeland statistical data, while waveforms, specific harmonics and interharmonics dan be
kept inthe distributed database Another possibility is to hold a single database instance in
every substation, thus freeing up every PQI of running a database. A detailed example of a
hybrid architecture is depicted in CIRED paper "Enel global solution for power quality monitoring
and analysis".

7 Communication and protocol

7.1 General

There are different requirements for the reliability, bandwidth and latency of the communication
network for different monitoring purposes. For example, for the purpose of troubleshooting or
advanced applications, a large amount of data may be transmitted, so it is recommended to use
a wide bandwidth communication network such as a fibre optic communication network or a 4G
cellular network. For the purpose of performance analysis, the communication should have high
reliability, otherwise it may cause the missing monitoring data at multiple monitoring sites, and
it will take a lot of resources and time to recollect the missing data. On the other hand, there
are many protocols that can be used for the transmission of monitoring data, such as
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IEC TR 61850-90-17, COMTRADE and PQDIF. The choice of the protocol mainly depends on
the specific monitoring requirements. Therefore, sufficient flexibility should be considered
based on different purposes when designing the communication function module of the PQ
monitoring system.

7.2 Communication
7.21 Communication mode

Long-range wireless communications are usually provided by cellular networks. There are also
other long-range wireless links (e.g. LoraWAN), although they are mostly intended for loT
networks, thus with very reduced bandwidth. Bear in mind that PQls are able to record hundreds
or thousands of variables plus waveforms, thus this latter connectivity is not appropriate.
Howefer cellular networks do nowadays provide good bandwidth and even low latency,-sp they
have become appropriate for many power quality applications.

Using|wireless or wired communication is usually a trade-off between cost and, petfornmance.
Cellulpr connections have become inexpensive, although still unreliable, and-its\atency|tends
to be higher than a comparable copper or fibre connection. On the other hand,'due to thelmass
adopt|on of fibre optics, wired connections are increasingly reliable andythey do have & very
good pandwidth and latency, however they are usually more expensive!

In general, a non-wireless communication method might be needed for those applications that
require a permanent, reliable and low-latency connection,\_such as distributed/hybrid
architecture or online management of power quality. In contrast, a cellular link could pe an
acceptable choice for centralised architectures without any online management of power quality.
For portable equipment it would be also the right choice 4nless manual downloading of qata is
preferfred.

7.2.2 Communication interface

Serialllinks were the most widely adopted in the,past when PQIs were very expensive dgvices
with very few hardware resources and communication infrastructures were scarce and|slow.
Conngctivity is essential and deployment.of large-scale sets of PQls are very common.|Thus,
PQIs embedding just serial connectivity.is‘a serious drawback. However serial links are sfill the
most common choice within substations' for SCADA interfacing, allowing a PQI to behavg also
as a digital multimeter or even an energy revenue meter (thus lowering the overall invedtment
in every substation).

NOTE | However, this is no longer the case and PQIls are far more powerful, incorporating embedded computers
which gre more advanced compared with desktop PCs used in older PQls.

On the other hand, IP connectivity is offered almost for free. This can be provided by common
Ethernet interfaces according to IEEE 802.3x standards, wireless computer network according
to any of IEEE 802.11 set of standards or even inbuilt cellular modems or routers. In any case
the kdy issue ishe capability of single-addressing of any PQI and simultaneous communifation
through the same hardware layer, which could be difficult using a standard serial link.

It is wprth'noting that in order to address every single PQI, IPv6 is a far better choice than IPv4.
Althoughit is not widely used yet, it is recommended that PQIs do have dual IPv4/IPv6|stack
so they can be ready for future upgrades of telecommunication networks (bear in mind that
PQls may last decades as any other utility infrastructure).

USB interfaces are mostly employed as a local interface for configuration or as an expansion,
allowing easier hardware upgrades (e.g. serial ports, modems, etc.).

7.3  Protocol
Each data protocol is intended for different applications. In [IEC TR 61850-90-17, three main
use cases are addressed:

e Use case #1: online request of power quality measurements. The main goal is a
SCADA/real-time control of the most common PQ quantities (e.g. harmonics, flicker,
unbalance, etc.).
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e Use case #2: sending of power quality events and limit violations. It is intended for almost
instantaneously receiving information or detailed parameters of voltage dips, swells,
interruptions or even sustained overvoltages and undervoltages.

e Use case #3: retrieval of power quality records, most commonly for compliance and fault
analysis.

Use cases #1 and #2 are properly solved by IEC TR 61850-90-17 by using specific logical nodes
(see IEC TR 61850-90-17:2017, 6.4 and 6.5): type M for online requests and type Q for sending
events and violations. IEC 61850 series strongly relies on IP communication. For both cases, a
reliable connection is mandatory, although latency is not critical. However, as already stated in
7.2.1, this can only be accomplished by a wired link, either copper- or fibre-based.

Use cphse #3 is also managed by IEC TR 61850-90-17, although its methodology can bg, greatly
improyed by using alternative protocols and architectures. Indeed, this document defiheq a set
of log|cal nodes (type-Q) which are able to build and store power quality statistics;so they can
be dirfectly queried by central systems in order to perform a compliance analysis. Moneover
type-R nodes (e.g. RDRE) indicate that new fault records are available for downloading. These
fault records are stored in COMTRADE format, but in any case, they need t@ be downloaded by
usinglany either MMS, FTP or even SFTP protocol.

COMTRADE is defined in IEEE/IEC C37.111-2013 is widely used by.eleéctronic protective felays
and it|]is de-facto standard for fault recording. End users are familiar with COMTRADE and there
are mpny software viewers available. IEC TR 61850-90-17 addresses the COMTRADE format
for mpnaging waveform recordings, which are mostly used¥when dealing with customer
complaints and fault analysis.

IEC TR 61850-90-17 also addresses the binary fermat PQDIF, which is described in
IEEE [1159.3-2019, as the target format for transferring power quality data to central locgtions.
Although this format is well defined and is able tocpack into a single file a complete set of power
quality data (even waveforms), it does not coves the distributed architecture already desg¢ribed
within|6.3.3. Indeed, it is usually very differentto the internal format within a single PQIq, thus
it usuglly involves a strong encoding effort\by a single PQI (which needs further decoding by
the cqgntral system in order to make it usable).

On thge other hand, there is a major‘tendency across PQI manufacturers to use web sefvices
(suchlas HTTP REST) which relieVes the PQIl of unnecessary encoding tasks. Moreover | there
is no need to upload the complete’'set of power quality records to a central location, but jyst the
most felevant data, keeping less important data in the PQI for unlikely future analysis. Apother
important advantage is the straightforward integration with common IT networks, whigh are
incregsingly reliant onqweb services. Last but not least, these features are suitable for both a
hybrid and a centraliSed architecture.

Severpl utilitiesshave started to standardise the semantics and contents of these web services,
thus dllowing fullinteroperability and lower IT integration costs. Refer to ENEL Global Standard
GSTQ002:2046.

In shgrtyitvis highly recommended that any PQMS always provide web services for downlgading
power quality records. On a secondary layer, IT power quality is part ol the SCADA architecture,
then it should also be integrated into the most important logical nodes and functionalities
described within IEC TR 61850-90-17.

8 Data storage and management

8.1 Data storage

Data can be kept either internally or externally to the PQI. In the first case it can remain as
binary files requiring further uploading to a central site for later processing, or as internal
database information that can be accessed at any time.

In order to make complex analysis, data should be managed by automatic tools and/or
databases. Data management by hand by the end user is not scalable and prone to failures.
Thus, data should be kept on live databases or populated through interfaces that behave as
such. For instance, data might be made of flat text files within a cloud, but automatic tools and
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interfaces for querying such data should be mandatory. Moreover, a distributed or hybrid
architecture should be transparent to the end-user, who has no requirement to know the location
of the data, only what can be done with it. The most common file formats such as Microsoft
Excel's worksheet format (XLS) or Comma Separated Values (CSV), should be the output of
those automatic query tools, not the core itself.

Data storage capacity mainly depends on the number of monitoring sites, the storage period
and the time interval of aggregated values (such as 3 seconds, 1 minute or 10 minutes).
Especially for a monitoring system with a large number of sites that adopts the centralised
architecture, the data storage capacity will be huge. The storage period for PQ aggregated data
in the central database relies on the purpose for what they will be used.

8.2 [Data management
8.21 Data backup

If the|PQMS solution is centralised, then off-the-shelf backup IT solutions can lbe uded. If
distriguted or hybrid solutions are used, then it makes no sense for a full backup-of every gingle
node gince it would mean that we are behaving as a pure centralised architecture. In quch a
case it makes more sense to keep sensitive data (such as key statisticsrand events list$) in a
centrgl location, with less important data is kept (such as specific harmonic or interharmonic
trendg and waveforms) in every node.

8.2.2 Data quality management

Some|PQ data quality issues are simple/trivial, yet surprisingly’common. Sometimes thege can
effect|vely ruin the entire measurement campaign or necgessitate a re-visit by engineers [to the
installiation site. For common set-ups, particularly in multiple sites an installation procedufe and
check]list, are recommended to avoid some of thesesimple but high-impact errors.

A conmjmon PQ data quality issue is incorrect timecstamping. This occurs when the clock qource
used [n the PQ analyser runs slow or fast, leading to difficulties in associating PQ events with
other PQ and system data.

Installation errors such as incorrect phdse connection can cause confusion in analysig. It is
important that proper installation test procedures are put in place to ensure these errofs are
avoided.

Missing data can occur due to-'the PQ analyser, suffering a power energization fault, resetting,
or temporarily stopping data cellection. Where data is recorded with a time stamp and/or fecord
sequgnce number, this can _be detected and flagged.

Overlpads and saturations in the data can cause confusion. For example, if the time dpmain
data gaturates because it is over ranging near the peaks of the waveform, this will cause an
apparent flat top.(and bottom) to the waveform where the peaks are "clipped" by the|over-
ranging ADC.(f'a DFT is applied to this clipped waveform data, a rich set of incorrect harmonics
will repult causing confusion to the instrument operator, especially if the time domain wavieform
data i$ not.available or not viewed. It is important that correct ranging for VT/CTs is appligd and
this is| verified during installation.

VT and particularly CT ratios also cause confusion. The installation should verify signal levels
and check the PQ indicator reports the expected levels when the CT/VT ratio factors are applied.

8.2.3 Missing data checking

When dealing with power quality records, it is very likely to find data gaps, most of the time for
10-minute periodic records. In such a case, batch processes should run periodically for
detecting such gaps and querying the device for its retrieval. This is more frequent on
centralised architectures. Nevertheless, it also may happen on distributed topologies, for
instance due to power supply failures. In any case, it should be clearly addressed by central
batch processes (if not, statistics could be seriously affected).
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In this sense, PQl's configuration is a key issue. For example, if voltage is always close to the
+10 % or the —-10 % setting, then swells or dips may be continuously triggering. Thus, it is
important to run automatic batch processes for detecting excessive triggering and alerting for
changing nominal values.

8.2.4 Data security

The PQMS should follow ISO/IEC information security related standards (such as IEC 62443
series) and the information security management requirements of the region or country.
Technical measures such as data encryption, data backup, and anti-virus should be adopted to
ensure the data security. It should have an access control function to allow only users with
correct identity verification to access authorized resources and prevent unauthorized access to

any resed-ces-

8.3 [Data setting
8.3.1 General

Some| issues such as time aggregation method, harmonic and interharmohi¢ measurgment
methdd are closely related to the monitoring purposes and may need to be @adjusted. Thenefore,
these|should be settable and should be customized by the system Usef according {o the
monitpring purpose.

8.3.2 Time aggregation setting

As mgntioned earlier, for the purpose of performance analysis,‘generally 10 minute valu¢s are
sufficient to obtain an accurate picture of the performance across a system. For the purppse of
site chharacterization, it is recommended to use a shorter interval in order to obtain more dgtailed
information depending on the nature of the customer's{connection. Therefore, the aggregation
time ghould be set according to different monitoring pdrposes.

8.3.3 Grouping and sub-grouping setting

According to IEC 61000-4-7, the grouping method should be adopted if only harmonig¢s are
evaluated. And the subgrouping method should be adopted if harmonics and interharnjonics
are g¢valuated separately (e.g. for :the assessment of equipment prone to prpduce
interharmonics). Moreover, for the purpose of troubleshooting or advanced applications and
studigs, raw unaggregated measurément data are most useful.

8.3.4 Flagged data pre-processing setting

As specified in IEC 61000-+4-30, the flagged data should be excluded in the calculatjon of
perceptile values unlesswotherwise indicated. For example, for supply voltage deviation, data
flaggdd by voltage dips_and swells should be included in the calculation of percentile values.
Therefore, the method/to evaluate flagged data should be decided by the system user.

8.3.5 Sites.attribution setting
The fgllowing~attributes of monitoring sites should be defined by the user:

e Bgsig.information, such as the name of the monitoring site, the location, voltage level|rated
frequency, the ratio of VT or CT, the model, manuiacturer, class ol PQl, etc.

e Communication related parameters, such as communication mode, protocol, MAC address,
IP address, etc.

e Data store related parameters, such as PQI storage capacity, aggregation time, etc.
e PQ parameter thresholds, such as voltage dip or swell threshold, harmonic limit, etc.
8.3.6 Time setting

Time accuracy is very important for PQM. The requirement of time-clock uncertainty accuracy
specified by IEC 61000-4-30 can be achieved through a synchronization procedure applied
periodically during a measurement campaign, through a GPS receiver, or through reception of
transmitted radio timing signals or by using network timing signals. The time setting should be
customized by the user according to the actual time synchronization method.
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8.3.7 Accessing setting

System users should be managed hierarchically. All operators who log in to the system shall
be authorized to perform identity and authority authentication, and use the specified system
functions and operating ranges according to the authorized authority.

8.4 Power quality assessment

As mentioned in IEC TS 62749, generally, power quality assessments are made for network
operator performance evaluation, troubleshooting and system planning. Methods for power
quality assessment on the site and system aspects are defined in IEC TS 62749.

8.5 Advanced data analysis

The npture of the advanced data analysis is very much related to the aims of the measurgment
campaign or installation. The purpose of the analysis is to identify the behaviour of a'parjicular
set of|PQ parameters as correlated to some other event(s). For example, what is he’ effect on
a subsgtation voltage level supplying a PV installation when the solar radiation changes.

Such pnalysis shall present results such that they can be readily interpreted [and visualigzed by
a variety of users. Whilst time-series graphs are useful, other plots can often reveal aspdcts of
the data that are not obvious. For example, a plot of harmonic distortion’level against tie for
a soldr plant can be useful if the solar radiation is also plotted agairnst-time. However, a plot of
distorfion against PV power output can display any correlations more explicitly.

Presentation of results for many months of data can be a,vefy difficult task and the|effort
required to analyse and visualize the data should not be underestimated. Having decided|on an
analygis approach, custom software, dedicated software provided by the PQ monijtoring
equipment manufacturer or third-party software can sometimes help automate the task.

It can|also be useful to consider varying levels ofitime granularity when presenting resultg over
long periods. This might be in the form of high-level summary plots to show the trepds in
paranjeters to help the user identify specific‘periods of interest, which can be examinefd in a
higher level of detail as appropriate. For example, a high-level scoring system for extent of solar
radiatjon coincident with the measuremént can help the user identify period in the data to
examine the effects of PV generation,

Eventfexception reporting is commenly used in installations, such that the operator can ignore
all thg data until a pre-set threshold is exceeded and a warning is issued, although opefators
shouldl guard against missing-a trend showing the gradual build-up of a given PQ pargmeter
and fgiling to plan mitigation ‘until the acceptable threshold is exceeded.

Traditjonal statistical'methods such as correlation are useful to quantify the link betwegn PQ
events and powertsystem changes. For large data sets, data analytic techniques such as
machine learning.and data mining methods are also useful for detecting correlations befween
PQ eyent/exceptions and various power system interventions and changes. In some g¢ases,
techniques.such as tipping point analysis can be used to anticipate and warn of a build-up of a
particlilarly.undesirable event such that operators can be pre-warned.

Interpretafion of the results, drawing conclusions and making recommendations will also be
required. This may include comparison to a baseline, for example how has a parameter changed
due to some intervention in the network. Such comparisons would generally require a before
and after study and would need to be identified at the planning stage.

The implications of the results for the network being studied will interest the network operator.
Such interpretation will require information and possibly modelling and will need to be carried-
out in collaboration with the network operator. In some cases, the results of the PQ study may
be used to refine network models which may be in error due to a lack of historical information
about the wiring configurations.
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Characteristics of instrument transformers

Inductive instrument transformers

Inductive voltage transformers

2023

Due to the resonance of the inductance of the winding and the stray capacitance between the
winding layers, there are significant errors in the measurement of the amplitude and significant
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IEC TR 61869-103 gives the frequency response of a typical 420 kV inductive
in Figure A.1.
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Figure A.1 — Frequency response’of a typical 420 kV inductive VT
ing to IEC TR 61869-103, the frequency range of inductive VT is as follows:

voltage transformers

quency range.
voltage transformers

bnly amplitude accuracy is required, MV voltage transformers are generally suitablg
Hz; if also phase_angle accuracy is required, MV voltage transformers are suitablg
0 Hz.
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voltage-transformers are generally suitable only up to 500 Hz. Voltage transfo
ving rated primary voltage above 275 kV are not suitable for harmonic measure
ove 250 Hz.
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A.1.2

Inductive current transformers

Inductive CTs usually have a better behaviour with frequency than inductive VTs due to the

lower

capacitive error. The frequency range of inductive CT is as follows:

e LV current transformers

Generally, LV current transformers are suitable for the harmonic up to 40th or 50t frequency
range.

e MYV current transformers

All MV current transformers are suitable for measurements of amplitude in the harmonic
range; in the case of phase angle measurements, the range is limited to about 1,5 kHz.

e HV current transformers

The accuracy of HV current transformers is suitable for the measurement of 25th and below
harmonics.
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