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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-13: Limits —
Assessment of emission limits for the connection of
unbalanced installations to MV, HV and EHV power systems

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization“compr
Il national electrotechnical committees (IEC National Committees). The object of IEC. is to pro
imternational co-operation on all questions concerning standardization in the electrical andrelectronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafters.referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC Natiofral Committee interg
im the subject dealt with may participate in this preparatory work. International,“governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance”with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical{committee has representation fro
terested IEC National Committees.

— o

IEC Publications have the form of recommendations for international use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts are¢made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible’ for the way in which they are used or for
misinterpretation by any end user.

|
tfansparently to the maximum extent possible inCtheir national and regional publications. Any diverg
between any IEC Publication and the corresponding national or regional publication shall be clearly indicat
the latter.

FC itself does not provide any attestation'«of conformity. Independent certification bodies provide confo
ssessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
services carried out by independent ceftification bodies.

Q

Il users should ensure that they hiave the latest edition of this publication.

A
No liability shall attach to IEG-ortits directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property dama
gther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
gxpenses arising out_0f-the publication, use of, or reliance upon, this IEC Publication or any other
Hublications.

A
i

ttention is drawn te’the Normative references cited in this publication. Use of the referenced publicatio
dispensable_forthe correct application of this publication.

Attention isTdrawn to the possibility that some of the elements of this IEC Publication may be the subje
patent rights< IEC shall not be held responsible for identifying any or all such patent rights.

ising
mote
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h order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publications
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 61000-3-13, which is a technical report, has been prepared by subcommittee 77A:
Low frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It has the status of a basic EMC publication in accordance with IEC Guide 107 [12]1.

This first edition of this technical report has been harmonised with IEC/TR 61000-3-6 [10] and
IEC/TR 61000-3-7 [11].

1

Figures in square brackets refer to the bibliography.
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The

text of this technical report is based on the following documents:

Enquiry draft Report on voting
77A/577/DTR 77A/I616/RVC

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

A list of all parts of the IEC 61000 series, under the general title Electromagnetic compatibility

(E
Thig

The|
the
the

A bi

The

CJ, can be found on the TEC websIie.
publication has been drafted in accordance with the ISO/IEC Directives, Part 2

committee has decided that the contents of this publication will remain~unchanged
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch
data related to the specific publication. At this date, the publication will ‘be

reconfirmed,

vithdrawn,

feplaced by a revised edition, or
bmended.

lingual version of this publication may be issued at,a later date.

contents of the corrigendum of April 2010 have been included in this copy.

intil
n in
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INTRODUCTION

61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Par

E

Par

Par

Par

Par

Eac

as §
nun

Description of the environment
Classification of the environment

Compatibility levels
3: Limits
mission limits

mmunity limits
n so far as they do not fall under the responsibility of producticommittees)

4: Testing and measurement techniques

Measurement techniques

esting techniques
5: Installation and mitigation guidelines

nstallation guidelines
Mitigation methods and devices

6: Generic standards

9: Miscellaneous

ber identifying‘\the subdivision (example: IEC 61000-6-1).

h part is further subdivided into several parts published either as International Standjrds
or as technical specifieations or technical reports, some of which have already been publighed
ections. Others.‘will be published with the part number followed by a dash and a sedond
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;mmmmmw 3] inpu viston, 1 icu i
associated indices. Addition survey data was also collected by the Joint Working Group in

els


https://iecnorm.com/api/?name=6a693bec24ebe0cd877e4950601ae593

-8- TR 61000-3-13 © IEC:2008(E)

ELECTROMAGNETIC COMPATIBILITY (EMC) -
Part 3-13: Limits —

Assessment of emission limits for the connection of
unbalanced installations to MV, HV and EHV power systems

_Snnnn
A4 S A

Thig part of IEC 61000 provides guidance on principles which can be used as the‘\basig for
determining the requirements for the connection of unbalanced installations (i.e ~thrée-pHase

inst
inst
unb

hllations causing voltage unbalance) to MV, HV and EHV public powerssystems [(LV
bllations are covered in other IEC documents). For the purposes of *this report| an
hlanced installation means a three-phase installation (which may be a_load or a genergtor)

that| produces voltage unbalance on the system. The connection of single-phase installat|ons

is n

bt specifically addressed, as the connection of such installations is_ under the control off the

sysfem operator or owner. The general principles however may be-adapted when considelring

the

connection of single-phase installations. The primary objective is to provide guidancg to

sysfem operators or owners on engineering practices, whichrwill facilitate the provision of

ade
doc

uate service quality for all connected customers. 4n,addressing installations, [this
iment is not intended to replace equipment standards for'emission limits.

Thel| report addresses the allocation of the capacity{of ‘the system to absorb disturbancep. It

doe

sysfem can be increased.

5 not address how to mitigate disturbances, nefr does it address how the capacity of| the

Singe the guidelines outlined in this report are necessarily based on certain simplifying

ass

Iimptions, there is no guarantee that this approach will always provide the optimum

soldtion for all unbalanced load situations. The recommended approach should be used with

flex
ass

bility and judgment as far as-engineering is concerned, when applying the g|ven
bssment procedures in full or in-part.

The| system operator or owner'is responsible for specifying requirements for the connection of

instpllations which may_cause unbalance on the system. The disturbing installation is tg be
undprstood as the complete customer’s installation (i.e. including balanced and unbalanced
parts).

Pro

blems relatedto unbalance fall into two basic categories.

Unbalanced installations that draw negative-sequence currents which produce negafive-
bequence voltages on the supply system. Examples of such installations include|arc
urnaces and traction loads (typically connected to the public network at HV), and three
mﬂmmm_ava
and LV). Negative-sequence voltage superimposed onto the terminal voltage of rotating
machines can produce additional heat losses. Negative-sequence voltage can also cause

non-characteristic harmonics (typically positive-sequence 3 harmonic) to be produced by
power converters.

Unbalanced installations connected line-to-neutral can also draw zero-sequence currents
which can be transferred or not into the supply system depending on the type of
connection of the coupling transformer. The flow of zero-sequence currents in a grounded
neutral system causes zero-sequence unbalance affecting line-to-neutral voltages. This is
not normally controlled by setting emission limits, but rather by system design and
maintenance. Ungrounded-neutral systems and phase-to-phase connected installations
are not, however, affected by this kind of voltage unbalance.
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This report gives guidance only for the coordination of the negative-sequence type of voltage
unbalance between different voltage levels in order to meet the compatibility levels at the
point of utilisation. No compatibility levels are defined for zero-sequence type of voltage
unbalance as this is often considered as being less relevant to the coordination of unbalance
levels compared to the first type of voltage unbalance. However, for situations where a non-
zero impedance exists between neutral and earth with the system still being effectively
grounded (i.e., where the ratio between zero-sequence, Xy, and positive sequence reactance
Xy is 0 < Xo/X4 < 3), this type of voltage unbalance can be of concern especially when the type
of connection of the coupling transformer allows zero-sequence path to flow from MV to LV
and vice-versa.

NOTE The boundaries between the various voltage levels may be different for different countries_ |(see
IEV 601 01-28) [9]. This report uses the following terms for system voltage:

- low voltage (LV) refers to Un < 1 kV;

- medium voltage (MV) refers to 1 kV < Un < 35 kV;
- high voltage (HV) refers to 35 kV < Un <230 kV;
- extra high voltage (EHV) refers to 230 kV < Un.

In the context of this report, the function of the system is more important than jts¢nominal voltage. For examgle, a

HV qystem used for distribution may be given a "planning level" which is situated between those of MV ang HV
systems.

2 |Normative references

The| following referenced documents are indispensable for the application of this document.
For|dated references, only the edition cited applies."For undated references, the latest edition
of the referenced document (including any améndments) applies.

IEC|60050(161), International Electrotechnical Vocabulary — Chapter 161: Electromagnetic
compatibility

3 |Terms and definitions

For|the purpose of this part of IEC 61000, the following definitions apply as well as|the
defipitions in IEC 60050(161).

3.1
agreed power
valye of the @pparent power of the disturbing installation on which the customer and|the
sysfem operator or owner agree. In the case of several points of connection, a different value
may be defined for each connection point

3.2
customer

a person, company or organisation that operates an installation connected to, or entitled to be
connected to, a supply system by a system operator or owner

3.3

(electromagnetic) disturbance

any electromagnetic phenomenon which, by being present in the electromagnetic
environment, can cause electrical equipment to depart from its intended performance

3.4

disturbance level

the amount or magnitude of an electromagnetic disturbance measured and evaluated in a
specified way
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3.5

electromagnetic compatibility (EMC)

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

NOTE 1 Electromagnetic compatibility is a condition of the electromagnetic environment such that, for every
phenomenon, the disturbance emission level is sufficiently low and immunity levels are sufficiently high so that all
devices, equipment and systems operate as intended.

NOTE 2 Electromagnetic compatibility is achieved only if emission and immunity levels are controlled such that
the immunity levels of the devices, equipment and systems at any location are not exceeded by the disturbance
level at that location resulting from the cumulative emissions of all sources and other factors such as circuit
impegdances. Convenfionally, compalibility is said to exist if the probability of the departure from intehded
perfgrmance is sufficiently low. See Clause 4 of IEC 61000-2-1 [7].

NOTE 3 Where the context requires it, compatibility may be understood to refer to a single disturbance or claps of
disturbances.

NOTE 4 Electromagnetic compatibility is a term used also to describe the field of stGdy of the adyerse
elecfromagnetic effects which devices, equipment and systems undergo from each other grffom electromagpetic
pherjomena.

3.6

(eleictromagnetic) compatibility level
spegified electromagnetic disturbance level used as a reference level in a specified
envlronment for co-ordination in the setting of emission and_immunity limits

NOTE By convention, the compatibility level is chosen so that there‘is only a small probability (for example |5 %)
that |t will be exceeded by the actual disturbance level.

3.7
emisssion
phephomenon by which electromagnetic energy emanates from a source of electromagnetic
disthrbance

[IEV 161-01-08 modified]

NOTE For the purpose of this report, emission refers to phenomena or conducted electromagnetic disturbances
that fan cause voltage unbalance due-to-unequal currents on the three phases.

3.8
emission level
IeveF of a given electromagnetic disturbance emitted from a particular device, equipmient,
sysfem or disturhing/installation as a whole, assessed and measured in a specified mannef

3.9
emission<limit
maXimum) emission level specified for a particular device, equipment, system or disturbing
installation as a whole

3.10

generating plant

any equipment that produces electricity together with any directly connected or associated
equipment such as a unit transformer or converter

3.1

immunity (to a disturbance)

the ability of a device, equipment or system to perform without degradation in the presence of
an electromagnetic disturbance
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3.12

immunity level

the maximum level of a given electromagnetic disturbance on a particular device, equipment
or system for which it remains capable of operating with a declared degree of performance

3.13

normal operating conditions

operating conditions of the system or of the disturbing installation typically including all
generation variations, load variations and reactive compensation or filter states (e.g. shunt
capacitor states) planned outages and arrangements durlng malntenance and constructlon

unavVfoidable circumstances (for example: force majeure, exceptional weather conditions and other ngtural
disagters, acts by public authorities, industrial actions), cases where system users significantly exceed [their
emission limits or do not comply with the connection requirements, and temporary('géneration or suypply
arrapgements adopted to maintain supply to customers during maintenance or constructionywork, where otheiwise

plapning level
levgl of a particular disturbance in a particular environment, adopted as a reference valug for
the [limits to be set for the emissions from the installations«ird,a particular system, in order to
co-grdinate those limits with all the limits adopted for equipment and installations intended to
be gonnected to the power supply system

NOTE Planning levels are considered internal quality objectives to be specified at a local level by those
resppnsible for planning and operating the power supply systém in the relevant area.

3.14
point of common coupling (PCC)
point in the public supply system, which.s electrically closest to the installation concerned, at
whi¢h other installations are, or could\be, connected. The PCC is a point located upstream of
the considered installation

NOTE A supply system is considered/as being public in relation to its use and not its ownership.

3.1¢II

point of connection (ROC)
point on a public power supply system where the installation under consideration is, or cap be
conpected

NOTE A supplysystem is considered as being public in relation to its use and not its ownership.

t of evaluatlon (POE)

be assessed agamst the emission Ilmlts This point can be the point of common coupling
(PCC) or the point of connection (POC) or any other point specified by the system operator or
owner or agreed upon

NOTE A supply system is considered as being public in relation to its use and not its ownership.

3.18

short circuit power

a theoretical value expressed in MVA of the initial symmetrical three-phase short-circuit power
at a point on the supply system. It is defined as the product of the initial symmetrical short-
circuit current, the nominal system voltage and the factor Y3 with the aperiodic component
(DC) being neglected
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3.19
spur
feeder branch off a main feeder (typically applied on MV and LV feeders)

3.20

supply system

all the lines, switchgear and transformers operating at various voltages which make up the
transmission systems and distribution systems to which customers’ installations are
connected

3.2
sysfem operator or owner
the |entity responsible for making technical connection agreements with customersCwho|are
seeking connection of load or generation to a distribution or transmission system

3.27
transfer coefficient (influence coefficient)
the relative level of disturbance that can be transferred between two busbars or two parts pf a
power system for various operating conditions

3.23
transposition
a change of the relative positions of the phase conductors of'the line

3.24
unbalanced installation
a clistomer’s installation as a whole (i.e. including“balanced and unbalanced parts) which is
chafacterized according to its operation by unequal line currents, either magnitude and/or
phapge angle, which can give rise to voltage unbalance on the supply system. For the purgose
of this report, all references to unbalantced installations do not only include loads, | but
gengrating plants as well

NOT For the purpose of this report, all references to unbalanced installations not only include loads, but|also

voltage unbalance (imbalance)
in g polyphase system$.a‘condition in which the magnitudes of the phase voltages or|the
phape angles betwgen" consecutive phases are not all equal (fundamental compongent)

NOT] In three phase systems, the degree of inequality is usually expressed as the ratio of the negative and|zero
sequence components to the positive sequence component. In this technical report, voltage unbalange is

the definitions below that relate to unbalance are based on the analysis of system voltages or
currents by Fortescue’s transformation matrix and the Discrete Fourier Transform method
(DFT) for the purpose of extracting the fundamental frequency components for the calculation
of the unbalance factor. (The DFT is the practical application of the Fourier transform as
defined in IEV 101-13-09 [8]).

3.26.1

fundamental frequency

frequency in the spectrum obtained from a Fourier transform of a time function, to which all
the frequencies of the spectrum are referred. For the purpose of this technical report, the
fundamental frequency is the same as the power supply frequency

NOTE In the case of a periodic function, the fundamental frequency is generally equal to the frequency of the
function itself.
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3.26.2
fundamental component
component whose frequency is the fundamental frequency

3.26.3

pos

defined as the symmetrical

itive-sequence component of 3-phase voltages (or currents)

vector system derived by application of the Fortescue’s

transformation matrix, and that rotates in the same direction as the power frequency voltage
(or current). This is given mathematically by:

1 1 [2
U, 3 § (Ug+a-Up +a>U,) where a=14120°:—§'+j% and U,, Uy, U. are line to neditral
volthges (fundamental component)
NOTE Phase-to-phase voltages may also be used.
3.26.4
negative-sequence component of 3-phase voltages (or currents)
defined as the symmetrical vector system derived by application. of the Fortescpe’s
tranjsformation matrix, and that rotates in the opposite direction to the power frequgncy
voltage (or current). This is given mathematically by:
11 2 1 .3 .
U> 7 3 (U, +a”-U, +a-U,) where a =14120°:_E+J7 and U,, U,, U, are line to neltral
volthges (fundamental component)
NOTE Phase-to-phase voltages may also be used.
3.26.5
zerp-sequence component of 3-phase voltages (or currents)
defined as the in-phase symmetrical vegtor system derived by application of the Fortescle’s
tranjsformation matrix. This is given mathematically by:
Ug 3 %(Qa + Up + U) where U,y Uy, U, are line to neutral voltages (fundamental component).
NOTE Phase-to-phase voltages cannot be used as the zero-sequence component in this case will be zero.
3.26.6
volfage unbalance-factor (u)
defined as thevratio of the modulus of the negative-sequence to the positive-sequgnce
conjponentsafithe voltage at fundamental frequency, expressed as a percentage
‘UZ‘ ua+azub+auc
u, =—.100 = — —.100 %
=4 O +a0c+4a Oc
NOTE Phase-to-phase voltages may also be used instead of line to neutral voltages
NOTE For simplicity in this document u has been used to denote the voltage unbalance factor instead of us.

An equivalent formulation is given by [3]:

_ l—m . _ U +‘gbc‘ +U,
u, —1+W.100%w1th,8 (‘gab‘2+‘gbc‘2+g zjz
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3.26.7

current unbalance factor (IUF)

defined as the ratio of modulus of the negative-sequence to the positive-sequence
components of the current at fundamental frequency

la + azlb + alc

i2:|l|—2|.100: 100 %
11

la + alb + azlc

4 [Basic EMC concepts related to voltage unbalance

The| development of emission limits for individual equipment or a customer’s total finstalldtion
shopld be based on the effect that these emissions will have on the quality of the voltage.
Some basic concepts are used to evaluate voltage quality. In order for thesg concepts t¢ be
usefl for evaluation at specific locations, they are defined in terms of.-where they apply
(locptions), how they are measured (measurement duration, samplé\-times, averaging
durations, statistics), and how they are calculated. These concepts are)described hereafter
and|illustrated in Figures 1 and 2. Definitions may be found in IEV 60050(161).

4.1| Compatibility levels

Thelse are reference values (see Table 1) for co-ordinating”the emission and immunity of
equjpment which is part of, or supplied by, a supply system in order to ensure the EMC in| the
whdle system (including system and connected equipmént). Compatibility levels are genefally
basgd on the 95 % probability levels of entire systems, using statistical distributions which
repesent both time and space variations of disturbances. There is allowance for the fact jthat
the [system operator or owner cannot controlcall'points of a system at all times. Therefpre,
evaluation with respect to compatibility levels>should be made on a system-wide basis and no
assessment method is provided for evaluation at a specific location.

The| compatibility levels for voltageunbalance in LV and MV systems are reproduced in
Tabje 1 from references IEC 61000-2-2 [1] and IEC 61000-2-12 [2].

Table 1 — Compatibility levels for voltage unbalance in low and medium
voltage systems reproduced from references IEC 61000-2-2 and IEC 61000-2-12

Voltage unbalance factor
CuvandC (%)

2 %*

*Up to 3 % may occur in some
areas where predominantly single-
phase loads are connected.

NOTE 1 It is also worthwhile noting that the above compatibility levels refer to steady state heating effects of
voltage unbalance. Higher values may be recorded over a short period of time (100 % of voltage unbalance during
a short-circuit, for example), but these short-duration high unbalance levels do not necessarily produce a
significant heating effect on equipment.

NOTE 2 The specification of unbalance protection requirements within installations should take the compatibility
level and the instantaneous unbalance effects into consideration.

NOTE 3 The level of 3 % may occur typically on LV networks and MV networks which supply smaller installations
by connecting these at single-phase (or between phases).

Compatibility levels are not defined by IEC for HV and EHV systems.
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4.2 Planning levels
4.21 Indicative values of planning levels

These are voltage unbalance levels that can be used for the purpose of determining emission
limits, taking into consideration all unbalanced installations. Planning levels are specified by
the system operator or owner for all system voltage levels and can be considered as internal
quality objectives of the system operator or owner and may be made available to individual
customers on request. Planning levels for voltage unbalance are equal to or lower than
compatibility levels and they should allow coordination of voltage unbalances between
different voltage levels. Only indicative values may be given because planning levels will
diffgrfromrcaseto tase, depending o systenT structureandcircurmstances, imdicative vajues
of planning levels for voltage unbalance are shown in Table 2.

Table 2 — Indicative values of planning levels for voltage unbalance
(negative-sequence component) in MV, HV and EHV power systems

Planning level
Voltage level
Luz (%)
MV 1,8
HV 1,4
EHV 0,8

NOTE 1 The above indicative values allow that a contribution from LV customers and unbalanced installafions
can |be accommodated for a compatibility level of 2 % .at LV (see Table 1). For MV systems where a|3 %
compatibility level applies (i.e.1,5 times the 2 % compatibility*level), the value of the planning level can be selgcted
as 15 times the planning level indicated in Table 2 (i.e. a value of 2,7).

NOTE 2 The above indicative values are based on‘transfer coefficients of 0,9 from MV to LV and of 0,95 from HV
to M)/, and a summation law exponent of 1,4. The-allocation is based on an equal share of unbalance contribjution
at eqch of the voltage levels. A discussion is pfovided in Annex A on how more appropriate planning levels cgn be
defined for a specific system. In some countries, the allocation may not be equal between voltage levels.

NOTE 3 The planning levels in Table 2¥are not intended to control unbalance arising from uncontrollable or
excelptional events such as equipment malfunctions, short-circuits, switching operations, etc.

NOTE 4 In some countries, planning levels are defined in national standards or guidelines.

NOTE 5 Voltage characteristics exist in some countries for MV, HV and EHV systems that are quasi-guarar|teed
levels (e.g. 2 % for HV.'apd MV systems and 1,5 % for EHV systems). These should be coordinated with the
planning levels. In considering these, the nature of the system should be taken into consideration (e.g. HY AC
tractlon supplies).

NOTE 6 For the purpose of rating equipment or apparatus in a customer’s installation, the declared supply voltage
chargcteristiesshave to be considered.

ere natlonal cwcumstances make |t appropnate dependlng on system characteristi

between HV and EHV values as well due to the possibly wide range of voltage levels mcluded
in those.

The remainder of this report outlines procedures for using these planning levels to establish
the emission limits for individual customers unbalanced installations.

4.2.2 Assessment procedure for evaluation against planning levels

The measurement method to be used for voltage unbalance measurements is the class A
method specified in IEC 61000-4-30 [3]. The data flagged in accordance with this standard
should be removed from the assessment. For clarity, where data is flagged the percentile
used in calculating the indices defined below is calculated using only the valid (unflagged)
data.
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The minimum measurement period is one week with normal business activity. The monitoring
period should include some part of the period of expected maximum voltage unbalance levels.

One or more of the following indices may be used to compare the actual unbalance levels with
the planning levels. More than one index may be needed for planning levels in order to
assess the impact of higher emission levels allowed for short periods of time such as during
bursts or start-up conditions.

- The 95 % weekly value of uyg, (voltage unbalance factor at fundamental frequency over

"short" 10 min periods) should not exceed the planning level.
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multiplying factor (for example: 1,25 to 2 times) to be specified by the system operata
pwner, depending on the characteristics of the system and the very-short term |capak
pf the equipment along with their protection devices.

F 1 For voltage unbalance measurements, the accuracy of the whole measurement chain needs t
dered. On MV, HV and EHV systems, potential transformers are often used forymetering and prote
bses. It is thus important to stress that due to measurement inaccuracies of poténtial transformers or d
lanced secondary load-burden, and inaccuracies in other parts of the measurement chain, the o
Facy of the measurement system may be limited especially in the case of voltage unbalance because o
impact on results even from small errors.

F 2 It is also important to note that in accordance with IEC 61000-4-30, only the fundamental frequ

ive and negative-sequence components should be used when assessing the voltage unbalance f
honics should be extracted as some negative-sequence harmonics-gan alter the measurement results).
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A Compatibility level
Immunity
Planning | test
levels levels
Probability /\ /\
density
Equipment
System immunity
disturbance level
level
Disturbance level -
IEC 091/08
Figure 1 — lllustration of basic voltage quality concepts with time/

Compatibility level
Planning
level

Assessed l
level

location statistics covering the whole system

Probability ¥
density
Site Locgl
disturbance equipment
level immunity
level
Disturbance level
IEC 092/08
Figure 2 — lllustration of basic-voltage quality concepts with time statistics

relevant to-one site within the whole system.

As Figure 2 illustrates, the probability distributions of disturbance and immunity levels at|any
one| site are normally narrower than those in the whole power system, so that at most
locgtions there is little. or no overlap of disturbance and immunity level distributipns.
Intefference is therefore not generally a major concern, and equipment is anticipated to
fungtion satisfactorily="Electromagnetic compatibility is therefore more probable than Figufe 1
appgars to suggest:

4.4| Emission levels
The| co-erdination approach recommended in this report relies on individual emission leyels
being\derived from the planning levels. For this reason, the same indices are applied both
when evaluating actual measurements against the emission limits and against the planning
levels.

One or more of the following indices can be used to compare the actual emission level with
the customer’s emission limit. More than one index may be needed in order to assess the
impact of higher emission levels allowed for short periods of time such as during bursts or
start-up conditions.

e The 95% weekly value of uyg, (or i), voltage (or current) unbalance factor at
fundamental frequency over "short" 10 min periods, should not exceed the emission limit.

e The greatest 99 % probability daily value of upyg (Or inoyg), voltage (or current) unbalance
factor at fundamental frequency over "very short" 3 s periods, should not exceed the
emission limit times a multiplying factor (for example: 1,25 - 2 times) to be specified by the
system operator or owner, depending on the characteristics of the system and the very-
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short term capability of the equipment along with their protection devices. (Use of the
very-short time index for assessing emissions is only needed for installations having a
significant impact on the system, so use of this index could be dependant on the ratio
between the agreed power of the installation and the short-circuit capacity of the system
i.e. §;/Sq.).

In order to compare the level of voltage unbalance emission from a customer’s installation
with the emission limit, the minimum measurement period should be one week. However,
shorter measurement periods might be needed for assessing emissions under specific
conditions. Such shorter periods should represent the expected operation over the longer
assessment period (i.e. a week). In any case, the measurement period must be of sufficient
durdtion To capture the highest level of unbalance emission which is expected to occur, N the
unbplance emission level is dominated by one large item of equipment, the period should be
suffjcient to capture at least two complete operating cycles of this equipment. If the unbalgdnce
emigsion level is caused by the summation of several items of equipment, the peried shopuld
be at least one operating shift.

Where significant, the following factors should also be taken into account-when assessing| the
emigsion level (see also 6.2).

e [The variation of unbalance from an installation as a function.of the single-phase load
characteristics (e.g., variations of the load, type of connection).

e [The balancing effect of 3-phase rotating machines operating simultaneously with|the
inbalanced load or equipment.

e [Connection of single-phase and two-phase spurs en MV feeders (i.e. single-phase or|two
bhase connections coming off the main 3-phase MV feeder — typically used when
supplying smaller installations).

e MUnbalance emission levels that vary randamly with time (as is the case for arc furnages)
Versus stable unbalance due to the connegtion of single-phase loads.

e Unbalance originating in the system,due to factors such as untransposed transmission
ines, (where the line length is longror the power levels are high); parallel three phase
ines operating over long distances in the same right-of-way; single-phase volf{age
regulators, and other unbalanced installations present in the system.

Thel measurement method .16Ube used is the Class A measurement method defineg in
IEC|61000-4-30 [3] for voltage unbalance. The data flagged in accordance with this standard
shopld be removed from'the assessment. For clarity, where data is flagged, the perceptile
usefl in assessing thevindices defined in this report is calculated using only the yalid
(unflagged) data.

NOTE 1 If the flagging concept is not built in the measurement device, a reference voltage should be psed
instdad of the~fundamental voltage in order to avoid inflating the percentage of voltage unbalance dpring
abndrmally low-+oltage conditions. High values of unbalance due to switching should also be removed [from
measgured-values.

NOTE2V1t is also important to note that the fundamental frequency positive and negative-sequence comporjents
should be used In order to assess the voltage unbalance factor (narmonics should be exiracied as some negative-
sequence harmonics can alter the measurement results).

The emission level from an unbalanced installation is the voltage unbalance (or current
unbalance causing voltage unbalance) assessed according to the subclauses of Clause 6.

5 General principles

The proposed approach for setting emission limits for unbalanced installations depends on
the agreed power of the customer, the power of the unbalanced installation, and the system
characteristics. An important aspect to consider in the case of voltage unbalance is the fact
that the power system itself can also contribute to voltage asymmetries (e.g. untransposed,
non-perfectly transposed lines, and lines in parallel rights of way), so the share of emissions
should allow for an equitable share of emissions for the power system as a source of possible
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emissions too (see Clause 8). The objective is to limit the injection from the total of all
individual customer installations and the system’s inherent sources of unbalance to levels that
will not result in voltage unbalance levels that exceed the planning levels. Three stages of
evaluation are defined which may be used in sequence or independently.

5.1 Stage 1: simplified evaluation of disturbance emission

It is generally acceptable for a customer to install a small installation or small appliances that
produce unbalance within an installation without specific evaluation of unbalance emission by
the supply company.

It i possible to define conservative criteria for quasi-automatic acceptance of smallpize
unbplanced installations on MV and HV systems. If the total unbalanced installation;-or| the
cusfomer’s agreed power, is small relative to the short circuit power at the point of 'eyvaluafion,
it sHould not be necessary to carry on detailed evaluation of the unbalance emission leveld.

In 8{1 and 9.1, specific criteria are recommended for applying stage 1 evaluation.

5.2| Stage 2: emission limits relative to actual system characteristics

If ap installation does not meet stage 1 criteria, the specific characteristics of the unbalarced
load within the customer’s installation should be evaluated together with the absorption
cappcity of the system. The absorption capacity of the systém is derived from the planping
levgls taking into account the inherent system sources offasymmetries, and is apportioned to
indiyidual unbalanced installations according to their demand with respect to the total system
capfcity. The disturbance level transferred from upstream voltage levels of the system to
lower voltage levels should also be considered <when apportioning the planning levels to
indiyidual customers.

Thel| principle of this approach is that, if thexsystem is fully utilised to its designed capacity [and
all ¢ustomers are injecting up to their individual limits, the total disturbance levels wil| be
equpl to the planning levels taking into,account system inherent unbalance sources, transfer
factprs between different voltage levels and the summation effect of various unbalariced
installations. A procedure for apportioning the planning levels to individual customerp is
outlined in 8.2 and 9.2 for MV and HV systems respectively.

NOTE |If the capacity of the system increases in the future, the emission levels of individual customers should
becgme lower. It is importantitherefore, where possible, to consider future expansions of the system.

5.3| Stage 3: aceeptance of higher emission levels on a conditional basis

Under some cifcumstances, a customer may require acceptance to emit levels of unbalgnce
beypnd the bdsic limits allowed in stage 2. In such a situation, the customer and the system
operator .Or~owner may agree on special conditions that facilitate connection of [the
unbplanced installation. A careful study of the actual and future system characteristics|will
neef\tg,be carried out in order to determine these special conditions.

5.4 Responsibilities

In the context of this report from the EMC point of view, the following responsibilities are
defined.

e The customer is responsible for maintaining the emission level at the specified point of
evaluation below the limit specified by the system operator or owner.

e The system operator or owner is responsible for the overall control of disturbance levels
under normal operating conditions in accordance with national requirements. For
evaluation purposes, the system operator or owner should, when required, provide
relevant system data such as the system short-circuit power or impedance and existing
levels of unbalance. The evaluation procedure is designed in such a way that the
emissions of voltage unbalance from the customers and the system inherent unbalance
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should not cause the overall system voltage unbalance levels to exceed the planning

and

compatibility levels. However, given specific local conditions and the assumptions that are
necessary in this evaluation procedure, there is no guarantee that the recommended

approach will always avoid exceeding the levels.

Finally, the system operator or owner and customers should co-operate when necessary in
the identification of the optimum method to reduce emissions. The design and choice of
method for such reduction are the responsibility of the customer where these are related
to the unbalance contribution of the installation and the responsibility of the system

operator or owner where these are related to the unbalance contribution of the system.

NOTE__This report is mainly concerned with emissions. However, absorption of negative-sequence currents

also

may

be a problem if equipment is connected without due consideration for its rating given the unbalance o

nornjally present in the power system. The problem of negative-sequence current absorption (i.e. the impa

equipment) is also part of the customer’s responsibility.

6 |[General guidelines for the assessment of emission levels

6.1| Point of evaluation

The| point of evaluation (POE) is the point where the emission levels of a given custom
instpllation are assessed for compliance with the emission limit. This'is also a point within
congidered power system at which the planning level is defined.Jhis point could be the p

of cpnnection (POC) or the point of common coupling (PCC) of the unbalanced installatio

any

other point specified by the system operator or owner{ or’agreed upon. More than

point of evaluation may also be specified for a given custemer’s installation depending on
sysfem structure and characteristics of the installation; in_this case, the evaluation shoulg
made considering the system characteristics and agtéed powers applicable to the diffe
points of evaluation.

NOT

F 1 It should be noted, however, that for the determination of the emission limit and for the evaluation g

emisjsion levels it is often necessary to take account of system characteristics beyond the point of evaluation.

NOT

F 2 Depending on the location of the point of eommon coupling compared to the point of connection o

unbglanced installation, voltage unbalance level.might be higher at the latter.

NOT

F 3 It should be remembered that, as voltage characteristics or contracted limits generally apply at the

of cdnnection, these should be taken intocconsideration in discussions between the parties.

6.2

The
the
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unb

Definition of unbalance emission level

voltage (or current) unbalance vector (i.e. |Ux/U,|), which the considered installation g
to at the point.of evaluation. This is illustrated in Figure 3 by the emission vector U;
its contribution (together with the unbalance caused by other sources of unbalance W

hlancerat the point of evaluation, once the installation has been connected.
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Figure 3 — lllustration of the emission vector U,;/U, and its contribution to the measured

unbalance at the point of evaluation
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Where this unbalance vector component results in increased levels of unbalance on the
network, the emission level as defined above (i.e. |Ux/U,|) is required to be less than the
emission limit assessed according to the relevant clauses in this document.

NOTE 1 The interaction between the supply system and installation may result in a reduction of the voltage
unbalance (i.e. due to the balancing effect of rotating machines, or where the phase connection of the installation
gives rise to reduced levels of voltage unbalance on the system). In this case, the current unbalance may be
significant, but the actual impact on the voltage needs to be taken into consideration in the assessment of the
emission levels.

NOTE 2 Unbalance produced by different installations might not be in phase. This is addressed in Clause 7.

NOTE-3—Comnmectiom of am mstafttation to the supply SyStenT Mgt T SOme cases Tesutt I ncreased unpatpnce
levels at the point of evaluation, where the plant itself is a balanced load (i.e. due to the effect of untransppsed
lines|). As this document addresses the EMC co-ordination requirements, the contribution of balanced loading tp the
levell of unbalance at the point of evaluation is considered as the unbalance emission level of the power sygtem,
and pot as the emission of the unbalanced installation.

6.3 Assessment of emission levels from unbalanced installations

Thig subclause is intended to provide general guidance on the assessment of volfage
unbplance caused by unbalanced installations, taking account of various~operating conditipns.
Furiher guidance may be found in [4].

The| pre-connection assessment of the unbalance emission fevel for an installation can be
dete¢rmined using basic assumptions about the charactéristics of the system and |the
cusfomer’s installation. However, this calculated value is likely to be different from the adtual
emigsion level that will be observed when the installation-is connected to the system, i.e.[the
actdal emission level could be higher or lower than the\calculated value. Therefore, it may be
necgssary to assess the level of emissions thaf/)will be present when the installation is
conhected to the system.

The| assessment of emission levels from an~unbalanced installation should consider the wlorst
nor:FaI operating conditions including asymmetries and contingencies for which the system or

the customer’s installation is designed¢*operate and that may last for a specified percenfage
of the time, for example more than 5% of time, based on a statistical average (an example is
the | prolonged outage of a single phase induction furnace in an otherwise three-phase
instpllation or the prolonged ‘qutage of one circuit on a double-circuit line supplying an
instpllation). Additionally, forjarge installations compared to the system size (e.g. S¢./S;
notg that the ratio of 30\.can be adjusted to meet specific conditions), it may also be
necessary to assess emission levels for occasional operating conditions lasting less than |5 %
of time. However, higher emission limits may be allowed under such occasional conditionfs or
during start-up or gnbalanced burst conditions (for example 1,25-2 times) depending on|the
chafacteristics of\the system and the very-short term capability of the equipment along with
theif protection.devices.

A
e

7 |General summation law

The co-ordination of conducted disturbances requires the adoption of hypotheses relevant to
the summation of the disturbances produced by various installations. In the case of voltage
unbalance due to randomly connected unbalanced installations, or due to unbalance levels
that change randomly with time, the actual voltage unbalance (or current) at any point on a
system is the result of the vector sum of the individual components of each unbalanced
installation.

On the basis of experience, a general summation law can be adopted for both voltage and
current unbalance, where a large number of unbalanced installations (e.g. a number greater
than 10 is considered), or where the unbalance changes randomly with time. The law for
resulting voltage unbalance factor is:

u =¢>ur (1)
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where
u is the magnitude of the resulting voltage unbalance factor, for the considered aggregation
of sources (probabilistic value),

u:

i is the magnitude of the various individual emission levels to be combined,

a is an exponent depending mainly upon 3 factors:

- the chosen value of the probability for the actual value not to exceed the calculated
value;

- the degree to which individual voltage unbalances vary randomly in terms of

oottt ol P .
IIIGBIIILUUU artu yridov,

- the number of random variations considered (either the number of summated Soufces
or the variation in time).

Takjng into account that

- unbalance emission co-ordination mainly refers to 95 % non-exCeeding probability
values,

- load unbalance contributing to voltage unbalance is mostly duge,to MV/LV single pHase
distribution loads and major HV-EHV unbalanced loads such as induction furnages,
arc furnaces, etc. However, most of these load unbalanees are unlikely to produce
simultaneous or in-phase imbalance.

On the basis of the information available to date, in the absence of further specific informgtion
(seg notes 1 and 2 below) the exponent a shown in Table 3 can be adopted for addling
numerous randomly varying sources of unbalance.

Table 3 - Indicative.value of exponent
for the summation of general unbalanced installations

a=1,4

NOTE 1 The summation law is only intended to be used to assess the overall impact on the system of numgrous
randpm or uncontrolled sources of unbatance, including the impact of numerous randomly connected single-phase
installations that more or less randomly fluctuate with time. When it is known that unbalances are likely to be in
phase and coincident in time, a sumimation exponent a closer to 1 should be used instead.

the
the

been
nd a
Ance
hses

tions

such as arc furnaces.

8 Emission limits for unbalanced installations in MV systems

8.1 Stage 1: simplified evaluation of disturbance emission

In stage 1, the connection of small installations can be accepted without detailed evaluation of
the emission characteristics or the supply system response.

If the following criterion is fulfilled the installation may be connected to the system without
further examination:
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Sul-

<0,2% (2)

sc

NOTE This formula is also valid for line-to-neutral connected installations.

where

S,i = single phase power equivalent of the unbalanced installation i (line-to-neutral
equivalent),

S.. = three-phase short-circuit power at the point of evaluation (see IEC 60909 [13]).

SC

If it s not fulfilled, connection should be considered under the following stage 2 approach:

NOTE S , may be calculated (or measured) for the specific point of evaluation, or may be estimated for typical
MV dystems with similar characteristics to that under consideration.

8.2| Stage 2: emission limits relative to actual system characteristics

Considering the actual absorption capacity of the system, due to the transfer factor and phase
diffgrences of the unbalanced currents as well as the system ifmpedance and future lpad,
higher emission limits than those according to stage 1 may be granted.

In this stage, the allowable global contribution to the“overall level of disturbancg is
appprtioned to each individual installation in accordance With its share of the total capacify of
the | supply system (S;) to which this installation-is connected. This ensures that |the
distprbance level due to the emissions of all customers connected to the system will not rgsult
in voltage unbalance level that exceeds the planning level. The approach is based on|the
gengeral summation law.

8.2 Global emission to be shared between the sources of unbalance

Consider a typical MV system as illustrated in Figure 4, which can supply a total load |(
made up of both local MV loads (Syy) and LV loads (S /). The aim is to set emission limifs
MV.

HV or MV (Luus)
upstream

system
TuUM
St

MV (Lumv)
Covw <=
i
|_| Smv = S-Spv
LV

=

SLV

IEC 094/08

Figure 4 — Example of a system for sharing global contribution at MV

Firstly an application of the summation law (equation 1) is necessary to determine the
acceptable global contribution of all unbalance sources present in a particular MV system.
Indeed, the actual voltage unbalance in a MV system results from the vector summation of the
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voltage unbalance coming from the upstream system (note that upstream system may be a
HV or another MV system for which intermediate planning levels have been set before) and
due to unbalanced installations connected to the considered system at MV and LV. This total
voltage unbalance should not exceed the planning level of the MV system given by

LuMV = %/GgMV v T (TuUM 'Luus )q (3)

And by algebraic manipulation, equation (3’) gives the global contribution to voltage
unbalance that can be allocated to the MV system inherent asymmetries, as well as to the
tota] of MV and LV unbalanced installations that can be supplied from the considered|MV
buspar:

GuMV+LV = G\/L(LX.IMV - (TuUM 'Luus )G (3")

where

e G,uv+Ly is the maximum global contribution to the voltage unbalance at MV of the|MV
system inherent asymmetries and of the total of MV and LV unbkalanced installations that|can
be supplied from the considered MV busbar (expressed ingterms of the voltage unbalgnce
actor uy),

e L,y is the planning level for voltage unbalance in the-MV system (see Table 2),

e | ,us is the planning level for voltage unbalapeg in the upstream system (note [hat
ipstream system may be a HV or another MV ‘system for which intermediate planhing
evels have been set before),

e [T ,um is the transfer coefficient of voltage unbalance from the upstream system to the|MV
system under consideration. T, can.sedetermined by simulation or measurements.|For
bn initial simplified evaluation, the transfer coefficient T,y from the upstream system on
B MV system can be taken as equal,to 1. In practice, however, it can often be less than 1
Hue to the balancing effect of three-phase rotating machines connected to the downstrgam
system. It is the responsibility‘of the system operator or owner to determine the releyant
balues depending on the system characteristics (Guidelines for determining T, u|are
provided in Annex A).

e [ is the summation law exponent (see Table 3 and the discussion in Clause 7).
8.2.p Individual emission limits

For|each customer only a fraction of the global emission limit G+ can be allowed. A
reagonable approach is to take the ratio between the agreed power S; and the total supply
cappcity Sylof’the MV system. Such a criterion is related to the fact that the agreed power of a
cusfomer ‘installation is often linked with the customer’s share of the contribution to|the
invgstment costs of the power system.

Additionally, it is important to consider that a fraction of the global contribution to voltage
unbalance should also be allocated for system-caused imbalance (e.g. line impedance
asymmetries) by reducing accordingly the amount of emissions that will be allowed to
unbalanced installations. A factor kg is introduced in the following equation, representing the
fraction of global unbalance emission contribution that can actually be allocated to
unbalanced installations for the MV and LV distribution system. It will be up to the system
operator or owner to determine the fraction (k,g) that can be allowed to unbalanced
installations depending on the system characteristics, line length and configuration, etc.
Annex A discusses a method for estimating a kg factor. In any case the fraction k g should
allow an equitable share of the global contribution to voltage unbalance between the
unbalanced installations and the system inherent sources of imbalance present in the
considered power system.
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S,
Eu=%Kie " Gumviy | @ R (4)
t

NOTE In the above equation, the global emission level is proportionally allocated according to the relative size of
the installations. Depending on the system characteristics, a reallocation of the global emission level may be
considered between MV and LV installations (e.g. where the LV system is more likely to contribute to unbalance at
the MV busbar, a greater proportion of the global emission level may be allocated to LV).

where

e FE, is the voltage unbalance emission limit of the installation (i) directly supplied at|MV
%),

e Kk,e represents the fraction of the global contribution to voltage unbalance that can be
bllocated for emissions from unbalanced installations in the MV and+LV distribdtion
systems being considered (conversely (1-k,g) represents the fraction~that accounts for
system inherent voltage unbalance). A single value for kg cannot bg.given and should be
Hetermined by the system operator or owner. It can be different at different voltage leyels,
hnd will in most cases be less than 1. Annex A discusses a method for estimating a(k g
actor,

e G uv+Ly is the maximum global contribution to the voltage) unbalance at MV of the|MV
system inherent asymmetries and of the total of MV and<lV unbalanced installations [that
can be supplied from the considered MV busbar (é€xpressed in terms of the vol{age
inbalance factor uy),

e 5, =P, /cosg; is the agreed apparent power of gustomer installation i, or the MVA ratinjg of
he considered unbalanced installation (eitherload or generation),

e [S; is the total supply capacity of the considered system including provision for future load
prowth (in principle, S; is the sum of thecapacity allocations of all installations inclugling
hat of downstream installations that.aré or can be connected to the considered sysfem,
aking diversity into consideration)-S; might also include the contribution from dispefsed
jeneration, however, more detailed consideration will be required to determine its ffirm
contribution to S; and its effective contribution to the short-circuit level as well,

e [ is the summation law exponent (see Table 3).

It may happen at some locations that the pre-existing level of unbalance is higher than|the
noral share for the_‘existing installations. In this case the emission limit for any hew
installations can be reduced, a reconsideration of the allocation of the planning lepels
between the different voltage levels could be considered, or the system current unbalgnce
absprption capacity could be increased.

For|customers having a low agreed power, equation 4 may yield impractically low limitatipns.
If tHe voltage unbalance emission limit becomes smaller than 0,2 %, it shall be set equal to
0,2 %i{this is considered from the practical measurement point of view).

It may be preferred to specify negative-sequence current limits to the unbalanced installation,
even if the aim is to limit the voltage unbalance in the system. It will be the responsibility of
the system operator or owner to provide data concerning the negative-sequence fundamental
frequency impedance of the system, in order to enable expressing these limits in terms of
negative-sequence currents:

Iy

E.
E ==% 5
Z, ()

where

E is the acceptable negative-sequence voltage emission level of the installation,

ui
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E\»i is the acceptable negative-sequence current emission level of the installation,

Z, is the negative-sequence fundamental frequency impedance of the system at the point
of evaluation assessed for converting voltage to current unbalance emission limits.
(Methods of calculating this impedance can be found in IEC 60909).

NOTE Where no large rotating machines are connected nearby and where the system impedance is dominated by
transformer and line impedances, then the negative-sequence impedance may be approximated by the positive-
sequence system impedance.

8.3

Under some circumstances, the system operator or owner may accept an unbalanced
installation to emit levels of unbalance beyond the basic limits allowed in stage' 2.” This is
espgcially the case when stage 2 limits are generic limits derived using _typical | but
congervative system characteristics. The following factors may leave a margin.on the sygtem
for allowing higher emission limits, for example:

e pome customers do not produce significant levels of unbalancejbecause they operate
balanced 3-phase installations of significant magnitude. Therefare some of this unysed
inbalance capacity of the system may be available for utilization-en a temporary basis;

e he general summation law may be too conservative in some instances. In some cages,
he (known or estimated) angle between the different sgurces of unbalance can be tdken
nto consideration by the system operator or owner to allow higher unbalance emisgion
evels from a specific customer on a conditional basis;

e |t may happen that some unbalanced installations never operate simultaneously, dug to
5ystem or load constraints;

e the actual transfer coefficient may be less thanh that hypothesized,;

e |n some cases, higher global contributionmay be defined after reallocation of the planning
evels between MV and HV-EHV systems, to take account of local phenomena such as
special attenuation effects or abs@nce of unbalanced installations at a certain volfage
evel;

e |Jn some cases, an unbalanced installation may comply to its emission limit in nofmal
5ystem configurations, while*exceeding the stage 2 emission limit only occasionally under
Hegraded configurations (€.g. when a nearby generation plant is out of service);

e he pre-existing unbalance level on the system might be used to allow more emiss|ons
when the phase angle of the voltage unbalance caused by an installation can be contrglled
such as to oppose the background level of voltage unbalance pre-existing on the sygtem
this can apply-for part of the background unbalance level which is not randomly varying
bnd for inStallations where the connection of a given single-phase installation makle it
bossiblg 10 'choose to which phase to connect the unbalanced installation so as to capcel
part ofithe background level).

In giNthe cases, when appropriate, the system operator or owner may decide to allo¢ate
higher emission limits under stage 3. A careful study of the connection should always be
carried out, taking account of the pre-existing levels of unbalance and of the expected
contribution from the considered installation for different possible operating conditions.
Acceptance of higher than normal emission limits may be given to customers only on a
conditional basis and limitations may be specified by the system operator or owner, for
instance:

e temporary stage 3 limits may apply for

— as long as spare supply capacity remains available in the system for allowing more
emissions,

— as long as most other customers do not make full use of their normal stage 2 emission
limits,
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— the time needed for a new installation, in order to implement additional corrective
measures whenever needed.

e Reduced or non-operation of the unbalanced installations for some supply system or
customer configurations.

In some cases, where other unbalanced installations are connected to the system, it is
important for the system operator or owner to specify which phases the unbalanced
installation is to be connected to.

8.4 Summary diagram of the evaluation procedure

Figdre 5 below gives an overview of the evaluation procedure presented so far in this report.
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Figure 5 — Diagram of evaluation procedure
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9

9.1
The

9.2
9.2.
Cal

Emission limits for unbalanced installations in HV or EHV systems

Stage 1: simplified evaluation of disturbance emission

same criterion for connection at stage 1 as given in 8.1 can be used at HV-EHV.

Stage 2: emission limits relative to actual system characteristics
1 Assessment of the total available power

ing S the agreed apparent power or the MVA rating of installation i and S the

otal

ava
is
prog

9.2.

Ass
sug
at a
acc

essing S; is much more difficult in HV and EHV systems than fof the MV case.
jested approach is the following: when considering the case of an.installation conne

given HV or EHV substation, the basic information is the forecast of power flows ta
bunt of the system evolution in the future.
Sout Sin
Sin [, Sin

Sin — Sout
Sout SOUt

IEC 096/08

Figure 6 — Determination of S; for a simple HV or EHV system

Thelassessment is simply:

St=Z Sout

where

5, in\this case is an approximation of the total power of all installations for which emis
imits are to be allocated to in the foreseeable future. In this case it is estimated as

fatio

lable power of the system at the point of evaluation (total supply capacity), the S/St

he basic quantity for the determination of the emission limit following the~stage 2
edure.

1.1 First approximation

The
cted
King

(6)

sion
the

sum of the power flows (in MVA) leaving the considered HV-EHV busbar (including

provision for future load growth).

This first approximation of S; is intended to remain conservative. The more detailed second
approximation is recommended where such conservative assumptions lead to unrealistic

emi

ssion limits.

NOTE This first approximation assumes that unbalance emissions caused by installations connected at other
connected busbars directly impact the considered busbar (i.e. the influence factors used in the se

appr

oximation is unity).

cond
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9.2.1.2 Second approximation

The simple approach may not be correct if important unbalanced installations are present or
are likely to be in the vicinity of the considered substation. In case of doubt, it is
recommended to proceed as follows:

IEC 106/08

Figure 7 — Determination of S; for a meshed HV or EHV system

Calling 1 the considered node and 2, 3... the other nodes located in the(vicinity of the [first
one} the values of Sy4, S;,, Si3... will be calculated according to equation~(6), while ignoring all
power flows S,,; between two of these nodes.

The| influence coefficients K54, K,3.1... wWill be calculated (the‘influence coefficient K|, is
the [voltage unbalance which is caused at node m when a 1 p{u, (per unit) negative-sequgnce
voltage unbalance source is applied at node n; the calculation of K, _,, usually requires|the
use|of a computer program).

Equation (6) will be replaced by:

St = Sy * (Kuz-1) @ S (Kyzoq) @ Sz +-.. (7)
addjng (Ky,.m) ¢ Sy, terms as long as they remain significant as compared to Sy;.

9.2 Individual emission limits

Thel acceptable global contribution_of the considered system inherent asymmetries and of all
the [unbalanced installations that-.can be supplied from a given substation at HV including| the
unbplanced installations supplied from downstream voltage levels is given by

GuHV+DV = 0(\/l-cfij - (TUH 'LuEHV )G (8)

where

e G, qvepy s the maximum global contribution to the voltage unbalance at HV of the| HV
system inherent asymmetries and of all downstream voltage levels (DV) unbalariced
nstallations that can be supplied from the considered HV system (expressed in termis of
he voltage unbalance facior uy),

e T,un is the transfer coefficient of voltage unbalance from the upstream system to the HV
system under consideration (it could be determined by simulation or measurements),

e L.,eyy and Lyuy are the planning levels for voltage unbalance in the EHV or HV system
(see Table 2),

e ais the summation law exponent (see Table 3).

Each unbalanced installation i will be allowed a contribution (E;) to global contribution of
voltage level HV (G, yy+py) or of the planning level at EHV (L, gyy) in the considered system
according to the ratio between its power (S;) and the corrected total available power (S;) of
the system.


https://iecnorm.com/api/?name=6a693bec24ebe0cd877e4950601ae593

TR 61000-3-13 © IEC:2008(E) -31-

Additionally, it is important to consider that a fraction of the global contribution to voltage
unbalance should also be allocated for system-caused imbalance (e.g. line impedance
asymmetries) by reducing accordingly the amount of emissions that will be allowed to
unbalanced installations. A factor kg is introduced in the following equation and it represents
the fraction of global unbalance emission contribution that can actually be allocated to
unbalanced installations for the HV or EHV system. It will be up to the system operator or
owner to determine that fraction (k,g) that can be allowed to unbalanced installations
depending on the system characteristics, line length and configuration, etc. Annex A
discusses a method for estimating a kg factor. In any case the fraction k g should allow an
equitable share of the global contribution to voltage unbalance between the unbalanced
installations and the various other sources of imbalance present in the considered power
sysiem.

Euinv =K. - Gurviov % 9)
or for EHV:

Euierv =$Keue -Lueny - \E 10)
whdre

e FE,is the emission limit of the unbalanced installation i (HV or EHV),

e k. represents the fraction of the global’contribution to voltage unbalance that can be
bllocated for emissions from unbalaneed installations supplied by the HV system beging
considered (conversely (1-k g) repreésents the fraction that accounts for system inheyent
bsymmetries also contributing to voltage unbalance). It is worth noting that k g may Have
Hifferent values depending on, the voltage level. Annex A discusses a method| for
pstimating a kg factor,

e G, qv+py is the maximum\global contribution to the voltage unbalance at HV of the| HV
system inherent asymmetries and of all downstream unbalanced installations that can be
supplied from the censidered HV system (expressed in terms of the voltage unbaldgnce
actor u) (see equation 8 above),

e L eny is the planning level for voltage unbalance in the EHV system (see Table 2),
e [, is the agreed apparent power or the MVA rating of the considered installation,

e [, is the-corrected total available power of the system at the point of evaluation, |[see
bquations 6 or 7,

e phissthe summation law exponent (see Table 3).

It may happen at some locations that the pre-existing level of unbalance is higher than the
normal share for the existing installations. In this case the emission limit for any new
installation can be reduced, a reconsideration of the allocation of the planning levels between
the different voltage levels could be considered, or the system current unbalance absorption
capacity could be increased.

For customers having a low agreed power, equations 9 or 10 may yield impractically low
limitations. If the voltage unbalance emission limit becomes smaller than 0,2 %, it shall be set
equal to 0,2 %.

It may be preferred to specify a negative-sequence current limit to the unbalanced installation,
even if the aim is to limit the voltage unbalance in the system. Equation 5 and the associated
considerations at the end of 8.2.2 may be applied to determine current emission limits.
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9.3 Stage 3: acceptance of higher emission levels on a conditional basis

The considerations presented in 8.3 apply equally to stage 3 at HV-EHV.
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Annex A
(informative)

Guidance for setting planning levels and emission limits

Planning levels are internal objectives that can be used for evaluating the impact on the
supply system of all sources of voltage unbalance. Additionally, planning levels should allow
coordination of voltage unbalance emissions between different voltage levels so that the
compatibility level of 2 % is not exceeded at LV. Only indicative values may be given because
planning levels will differ from case to case, depending on the system structure and
circbmstances.

A.1l Sources of unbalance

It mpy be worthwhile first reviewing some of the characteristics of the sources of unbalanc

W

e At MV, unbalance is partly caused by the numerous single-phase installations supplied at
V. Despite the application of good practices for equally distributing single-pHase
nstallations between all phases, the installations randomly fluCtuate thus a residual lgvel
bf unbalance is inevitable. Larger unbalanced installations\ at MV such as indudtion
urnaces can also contribute to voltage unbalance. Thése sources of unbalance |are
considered as being random. In some countries, single¥phase or dual-phase MV feeder
5purs may also be applied — resulting in an additional complexity in ensuring [that
nstallations are balanced across the three phasesdnto'the future.

e |n addition to unbalanced installations, the (system inherent asymmetries (e.g. non-
ransposed lines) at different voltage levels «will also contribute to voltage unbalance|[6].
However, line unbalance at different voltage levels or parts of the system is |not
necessarily independent owing to the design and construction practices. Note that long
ransmission lines are normally transposed, but where additional substations are added
vith time, transposition may not .be fully corrected, leaving some level of resigual
inbalance at EHV.
NOTE Unbalance can be produced(by short lines. As an example of the effect of line unbalance, l¢t us
consider a 20 km, 100 kV-line which carries a current of 825 A£-15° at peak load. Assuming the |sub-
ransmission line is untrangpeSed and has a horizontal conductors arrangement for Which
V1, = 0,035 Q/km«£30°, and ignering the load unbalance, the contribution of the line itself can be obtaingdd as
ollows.

V, « N2, 0., 0,035 £30°x20 x825 £ -15

Vi ) (1x10%)/+/3 57736 V
f the line is partially transposed at half-length, the voltage unbalance will reduce by half and phase angl¢ will

Ehift by £602+ For a line of that length (20 km), full transposition requires at least two transpositions, which
nay often bedmpractical.

-100 % =1% £15°

|y

n the case” of an untransposed 20 kV distribution line having the same arrangement and value of mptual
mpedance Zi,, the voltage unbalance would be in the same order as above if the MV line carries a mean
Curfent”of about 165 A over that same distance. Except for dedicated feeders, line transposition as sugh is
engrally not common practice on distribution lines because the frequent changes in geometry due to cofners
and junctions often make the additional effect of transposition irrelevant.

A.2 Share of unbalance between system and unbalanced installations

In view of the above considerations, it is reasonable to consider some level of system
inherent unbalance, in particular for sub-transmission and distribution systems. In 8.2.2 and
9.2.2, coefficient kg was introduced to define the contribution to voltage unbalance that can
be allocated to unbalanced installations. Conversely (1-k,g) represents the fraction that
account for system inherent asymmetries.

A single value for k g (or (1-k,g)) cannot be given and it should be determined by the System
operator or owner depending on the system characteristics, line length and configuration, etc.
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It can be different at different voltage levels, and will in most cases be less than 1. Table A.1
below gives indications of possible values.

Table A.1 — Portion of unbalance for accounting for the system inherent asymmetries

Indicative values of the
System characteristics fraction {1-k .} accounting
for system asymmetries

e Highly meshed system with generation locally connected
near load centres.

e Transmission lines fully transposed, otherwise lines are very 01-02
short (few km). ’ ’

e Distribution systems supplying high density load area with
short lines or cables and meshed systems.

e Mix of meshed system with some radial lines either fully or
partly transposed. Mix of local and remote generation with
some long lines. 0.2'-%0 4

o Distribution systems supplying a mix of high density and
suburban area with relatively short lines (<10 km)

e Long transmission lines generally transposed, generation
mostly remote.

e Generally radial subtransmission lines partly transposed or,

untransposed.

0,4-052

e Distribution systems supplying a mix of medium and low
density load area with relatively long lines (>20 kmy:

e 3¢ motors account for only a small part of the peak load
(e.g. 10 %).

a Coefficient kye or {1-k,e} should allow an,equitable share of emissions between the
unbalanced installations and the varioustsystem inherent sources of imbalance present in the
considered power system.

A.3] Summation of sources of unbalance

Unhalance due to a large humber of varying loads is generally random and independent. Line
unbplance depends @on the construction practices adopted for a particular system. It is|not
random although it also varies with the load.

Tabje A.2 provides indications on the summation of different sources for assessing their
imppct on the/system.
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