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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-6: Limits —
Assessment of emission limits for the connection of distorting
installations to MV, HV and EHV power systems
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiop’comp
national electrotechnical committees (IEC National Committees). The object of IEC{is to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fielg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificq
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér\referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intef
the subject dealt with may participate in this preparatory work. International,> governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates c
th the International Organization for Standardization (ISO) in accordance<with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical\committee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N4
mmittees in that sense. While all reasonable efforts are.made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible/for the way in which they are used or fol
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in.\their national and regional publications. Any diver
e |atter.

C provides no marking procedure to indicate its approval and cannot be rendered responsible fo
uipment declared to be in conformity with*an IEC Publication.

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

rising
mote
s. To
tions,
“IEC
ested
non-
osely
bd by

tional
m all

tional
f IEC
r any

htions
jence

tween any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in

r any

embers of its technical committees and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IEC shall not be held responsible for identifying any or all such patent rights.

main_task of IEC technical committees is to prepare International Standards. Howev

liability shall attach to IEC afits directors, employees, servants or agents including individual exper%s and
)

ge or
and
r IEC

ns is

pct of

er, a

nical’ committee may propose the publication of a technical report when it has collg

cted

data of a different kind from that which is normally published as an Internafional Standard, for
example "state of the art".

IEC/TR 61000-3-6, which is a technical report, has been prepared by subcommittee 77A: Low
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This Technical Report forms Part 3-6 of IEC 61000. It has the status of a basic EMC
publication in accordance with IEC Guide 107 [29]1.

This second edition cancels and replaces the first edition published in 1996 and constitutes a
technical revision.

1

Fi

gures in square brackets refer to the Bibliography.
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This edition is significantly more streamlined than first edition, and it reflects the experiences
gained in the application of the first edition. As part of this streamlining process, this second
edition of IEC/TR 61000-3-6 does not address communications circuit interference. Clause 9
on this (section 10) was removed, as this did not suitably address emission limits for
telephone interference. The scope has been adjusted to point out that IEC/TR 61000-3-6 does
not address communications circuit interference. This edition has also been harmonised with
IEC/TR 61000-3-7 [30] and IEC/TR 61000-3-13 [31].

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

Full
repo

A lis
(EM

This

The

the aintenance result date indicated on the IEC wely site under "http://webstore.iec.c

the d
e r
e W
e T

* 3amended.

A bil

Enquiry drart Report on voting

7T7A/575/DTR 7T7TA/637/RVC

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

of all parts of the IEC 61000 series, under the general title Electromagnetic compati
), can be found on the IEC website.

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

ata related to the specific publication. At this date, the publication will be

bconfirmed,
ithdrawn,
bplaced by a revised edition, or

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

the

bility

until
h" in
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INTRODUCTION

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

Part

G
D

1: General

eneral considerations (introduction, fundamental principles)
efinitions, terminology

Part 2: Environment

O
C

Qo

Part

Emission limits

Immunity limits
(ip so far as they do not fall under the responsibility of product’committees)

Part

1

Part

Part

Part

Each
or as

as sections. Others~will be published with the part number followed by a dash and a se
number identifying the subdivision (example: IEC 61000-6-1).

Measurement techniques

nstallation guidelines
Mitigation methods and devices

escription of the environment
lassification of the environment

ompatibility levels

3: Limits

4: Testing and measurement techniques

esting techniques

5: Installation and mitigation guidelines

6: Generic standards
9: Miscellaneous

part is further subdivided into several parts published either as International Stand
technical specifications or technical reports, some of which have already been publi

ards
shed
cond
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This| Technical Report, which is informative in its nature, provides guidance on (princ
which can be used as the basis for determining the requirements for the connectig
distdgrting installations to MV, HV and EHV public power systems (LV installations-are cov
in other IEC documents). For the purposes of this report, a distorting installation mean
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ELECTROMAGNETIC COMPATIBILITY (EMC) -
Part 3-6: Limits —

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

cope

ples
n of
ered
s an

instgllation (which may be a load or a generator) that producescharmonics and/or

interharmonics. The primary objective is to provide guidance to system\operators or ow
on engineering practices, which will facilitate the provision of adequate service quality f
conrjected customers. In addressing installations, this document 4s_not intended to req
equipment standards for emission limits.

The [report addresses the allocation of the capacity of the system to absorb disturbanc
doeq not address how to mitigate disturbances, nor does™ it address how the capacity o
systém can be increased.

Sincg the guidelines outlined in this report are\necessarily based on certain simpli
assumptions, there is no guarantee that thistapproach will always provide the opti
solufion for all harmonic situations. The _récommended approach should be used
flexibility and judgment as far as engineering is concerned, when applying the ¢
assgssment procedures in full or in part.

The pystem operator or owner is reSponsible for specifying requirements for the connecti
distgrting installations to the system. The distorting installation is to be understood as
custpmer’s complete installation/(i.e. including distorting and non-distorting parts).

Problems related to harmoniics fall into two basic categories.

3

Harmonic currents that are injected into the supply system by converters and harn
sources, giving-rise to harmonic voltages in the system. Both harmonic currents
bsulting vgltages can be considered as conducted phenomena.

—

ners
br all
lace

s. It
the

fying
mum
with
iven

bn of
the

onic
and

Harmonic~ currents that induce interference into communication systems.

ghenomenon is more pronounced at higher order harmonic frequencies becaus1|e of

This

the

iclrcreased coupling between the circuits and because of the higher sensitivity o

H FH H HY H 4l alilal
UTTimmmurmoeativilm CIirouito 11T U1 dUUIivic |allyc.

This report gives guidance for the co-ordination of the harmonic voltages between different
voltage levels in order to meet the compatibility levels at the point of utilisation. The
recommendations in this report do not address harmonic interference phenomena in
communication circuits (i.e. only the first of the above categories is addressed). These
disturbances need to be addressed in terms of international directives concerning the
Protection of Telecommunication Lines against Harmful Effects from Electric Power and
Electrified Railway Lines, International Telecommunication Union, ITU-T Directives [1]2 or in
terms of locally applicable standards such as [2], [3] or [4].

2 Figures in square brackets refer to the bibliography.
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NOTE The boundaries between the various voltage levels may be different for different countries (see
IEV 601-01-28 [32]). This report uses the following terms for system voltages:

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 its nominal voltage. For example, a

HV system used for distribution may be given a "planning level" which is situated between those of MV and HV
systems

2 Normative references

The [following referenced documents are indispensable for the application ofithis document.
For ¢lated references, only the edition cited applies. For undated references; \the latest edition
of the referenced document (including any amendments) applies.

IEC B0050(161), International Electrotechnical Vocabulary — Chapter 161: Electromaghetic
compatibility

3 Terms and definitions

For {he purposes of this document, the following definitions apply as well as the definitiops in
IEC p0050(161).

31
agreled power
valu¢ of the apparent power of the disturbing installation on which the customer anq the
systeém operator or owner agree. In theltase of several points of connection, a different Value
may |be defined for each connection_point

3.2
customer
perspn, company or organisation that operates an installation connected to, or entitled o be
conrjected to, a supplyssystem by a system operator or owner

3.3
(elegtromagnetic) disturbance
any | electromagnetic phenomenon which, by being present in the electromagpetic
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

3.5

distorting installation

an electrical installation as a whole (i.e. including distorting and non-distorting parts) which
can cause distortion of the voltage or current into the supply system to which it is connected

NOTE For the purpose of this report, all references to distorting installations not only include linear and non-linear
loads, but generating plants, and any source of non-sinusoidal current emissions such as regenerative braking
systems,
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3.6

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
i A FrrpetHaHHty— } exist— obabity Fe e A—Atended

NOTH 3 Where the context requires it, compatibility may be understood to refer to a single disturbance.or class of
disturpances.

NOTH 4 Electromagnetic compatibility is a term used also to describe the field of study) of the adverse
electrpmagnetic effects which devices, equipment and systems undergo from each other of from electromagnetic
phengdmena.

3.7
(ele¢tromagnetic) compatibility level
spedified electromagnetic disturbance level used as a reference level in a spegified
envifonment for co-ordination in the setting of emission and immunity limits

NOTH By convention, the compatibility level is chosen so that there is)only a small probability (for examplgd 5 %)
that if will be exceeded by the actual disturbance level.

3.8
emigsion
pherlomenon by which electromagnetic energy~emanates from a source of electromagpetic
distyrbance

[IEV(161-01-08 modified]

NOTH For the purpose of this report, emission refers to phenomena or conducted electromagnetic disturbgnces
that cjan distort the supply voltage waveform.

3.9
emigsion level
level of a given electfomagnetic disturbance emitted from a particular device, equipment,
system or disturbing-installation as a whole, assessed and measured in a specified manngr

3.10
emigsion limit
maximum.semission level specified for a particular device, equipment, system or disturbing
instgllatien’ as a whole

3.1

generating plant

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

3.12

immunity (to a disturbance)

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

3.13

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
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3.14

non-linear load or equipment (see also distorting installation)

any load or equipment that draws a non-sinusoidal current when energised by a sinusoidal
voltage

3.15

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 during maintenance and construction
work, non-ideal operating conditions and normal contingencies under which the considered
systém or the disturbing installation have been designed to operate

NOTH Normal system operating conditions typically exclude: conditions arising as a result offa-fault| or a
comb|nation of faults beyond that planned for under the system security standard, exceptional_situation$ and
unavqgidable circumstances (for example: force majeure, exceptional weather conditions ~and” other nptural
disasfers, acts by public authorities, industrial actions), cases where system users significantly exceed| their
emisdion limits or do not comply with the connection requirements, and temporary-'generation or dupply
arrangements adopted to maintain supply to customers during maintenance or constructjon.work, where othgrwise
supply would be interrupted.

3.16
planhing level
level of a particular disturbance in a particular environment,@dopted as a reference valuge for
the ljmits to be set for the emissions from the installations:in a particular system, in order to
co-ofdinate those limits with all the limits adopted for equipment and installations intendéd to
be cpnnected to the power supply system

NOTH Planning levels are considered internal quality, objectives to be specified at a local level by [those
respopsible for planning and operating the power supply system in the relevant area.

3.17
point of common coupling (PCC)
poin{ in the public supply system, which-is electrically closest to the installation concerned, at
which other installations are, or could be, connected. The PCC is a point located upstregm of
the qonsidered installation

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

3.18
point of connection{(POC)
poinf on a public power supply system where the installation under consideration is, or cgn be
conrjected

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

3.19
point-ef-evaluation(ROE)
point on a public power supply system where the emission levels of a given installation are to
be assessed against the emission limits. 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.

3.20

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 VY3 with the aperiodic component
(DC) being neglected
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spur
a feeder branch off a main feeder (typically applied on MV and LV feeders)

3.22

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

conn

3.23

ected

system operator or owner

the

seekling connection of load or generation to a distribution or transmission system

3.24

trangfer coefficient (influence coefficient)

the
pow

3.25

voltage unbalance (imbalance)

in a
phas
[IEV

NOTH
zero
consi

3.26

phenmomena related definitions

the g

ntity responsible for making technical connection agreements with customers.whq are

lative level of disturbance that can be transferred between two bushars or two parts| of a
r system for various operating conditions

polyphase system, a condition in which the magnitudes” of the phase voltages of the
e angles between consecutive phases are not all*equal (fundamental componfent)
161-08-09 modified]

In three phase systems, the degree of the inequality)is usually expressed as the ratio of the negative and
Eequence components to the positive sequence camponent. In this technical report, voltage unbalanpce is
Hered in relation to three-phase systems and negative‘sequence only.

efinitions below that relate to harmonics are based on the analysis of system voltages or

currgnts by the Discrete Fourier Transform method (DFT). This is the practical application of

the H

NOTH
frequ
functi
perio

NOTEH
shoul
IEC 6|
meas

3.26

ourier transform as defined.in TEV 101-13-09 [28]

1 The Fourier Transform“of a function of time, whether periodic or non-periodic, is a function in the
ency domain and is referred.to as the frequency spectrum of the time function, or simply spectrum. If th¢ time
bn is periodic the speetrum is constituted of discrete lines (or components). If the time function |s not
ic, the spectrum is_a continuous function, indicating components at all frequencies.

2 For simplicity, the definitions given in this report refer only to (inter)harmonic components, however, [these
I not be interpreted as a restriction on the use of other definitions given in other IEC documents, for exgmple,
1000-4-7 A{41] where the reference to (inter)harmonic groups or subgroups are more appropriafe for
Liring rapidly’ varying signals.

1

fun

amental 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
corresponding to the period of the function itself.

3.26

.2

fundamental component
component whose frequency is the fundamental frequency
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3.26.3

harmonic frequency

frequency which is an integer multiple of the fundamental frequency. The ratio of the harmonic
frequency to the fundamental frequency is the harmonic order (recommended notation: “h”)

3.26.4

harmonic component

any of the components having a harmonic frequency. For brevity, such a component may be
referred to simply as a harmonic

3.26,5
interharmonic frequency
any frequency which is not an integer multiple of the fundamental frequency

NOTH 1 By extension from harmonic order, the interharmonic order is the ratio of an interharmohic frequefcy to
the fundamental frequency. This ratio is not an integer. (Recommended notation “m”).

NOTH 2 In the case where m < 1 the term subharmonic frequency may be used.

3.26/6

intertharmonic component
component having an interharmonic frequency. For brevity( such a component may be
refenred to simply as an “interharmonic”

3.26(7

total harmonic distortion — THD
ratio|of the r.m.s. value of the sum of all the harmonic components up to a specified order (H)
to the r.m.s. value of the fundamental component

whele

D represents either cuprent or voltage,
p, is the r.m.s. value of the fundamental component,

¢

¢

R is the harmonjcyorder,

Q,, is the r.m.s."value of the harmonic component of order h,
H

is genefally 40 or 50 depending on the application.

4 Basic EMC concepts related to harmonic distortion

The aevelopment o emissIion 1mits (vOollage or current) 10r nailvidual equipmernt r a
customer’s installation should be based on the effect that these emission limits will have on
the quality of the voltage. Some basic concepts are used to evaluate voltage quality. In order
for these concepts to be used for evaluation at specific locations, they are defined in terms of
where they apply (locations), how they are measured (measurement duration, sample 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 IEC 60050(161).

4.1 Compatibility levels

These are reference values (see Table 1) for co-ordinating the emission and immunity of
equipment which is part of, or supplied by, a supply system in order to ensure the EMC in the
whole system (including system and connected equipment). Compatibility levels are generally
based on the 95 % probability levels of entire systems, using statistical distributions which
represent both time and space variations of disturbances. There is allowance for the fact that
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the system operator or owner cannot control all points of a system at all times. Therefore,
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 harmonic voltages in LV and MV systems are reproduced below
from references IEC 61000-2-2 [5] and IEC 61000-2-12 [6]. These compatibility levels shall be
understood to relate to quasi-stationary or steady-state harmonics, and are given as reference
values for both long-term effects and very-short-term effects.

— The long-term effects relate mainly to thermal effects on cables, transformers, motors,
capacitors, etc. They arise from harmonic levels that are sustained for 10 min or more.

— \ery short-term effects relate mainly to disturbing effects on electronic devices that(may
be susceptible to harmonic levels sustained for 3 s or less. Transients are not included.

With| reference to long-term effects, the compatibility levels for individdal-" harmonic
components of the voltage are given in Table 1. The compatibility level for thé-fotal harmonic
distgrtion is THD = 8 %.

Tlable 1 — Compatibility levels for individual harmonic voltages’in‘low and medium
voltage networks (percent of fundamental component)seproduced from
IEC 61000-2-2 [5] and IEC 61000-2-126]

Odd harmonics Odd harmonics .
. X Even harmonics
non-multiple of 3 multiple of 3
Harmonic Harmonic Harmonic Harmonic Harmonic Harmonic
order voltage order voltage order voltage
h % h Y% h %
5 6 3 5 2 2
7 5 9 1,5 4 1
11 3,5 15 0,4 6 0,5
13 3 24 0,3 8 0,5
17 10 |
171< h €49 Z'ZTT_O’H 2y<’h < 45 0,2 10<h <50 0,25»?+0,23
NQTE The compatibility level forthe total harmonic distortion is THD = 8 %.

With| reference to(the very-short term effects (3 s or less), the compatibility levels for
individual harmanic-components of the voltage are the values given in Table 1 multiplied|by a
factgr ky,,s, Where ks is calculated as follows:

0,7

Khvs =13+ -——(h-5
hvs 45 ( ) (1)

The compatibility level for the total harmonic distortion for very short-term effects is THD =
11 %.

Compatibility levels are not defined in IEC for HV and EHV systems.

4.2 Planning levels
4.2.1 Indicative values of planning levels

These are harmonic voltage levels that can be used for the purpose of determining emission
limits, taking into consideration all distorting 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
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customers on request. Planning levels for harmonics are equal to or lower than compatibility
levels and they should allow co-ordination of harmonic voltages between different voltage
levels. Only indicative values may be given because planning levels will differ from case to
case, depending on system structure and circumstances. Indicative values of planning levels

for h

armonic voltages are shown in Table 2.

Table 2 - Indicative planning levels for harmonic voltages (in percent of the
fundamental voltage) in MV, HV and EHV power systems

Odd harmonics Odd harmonics .
. . Even harmonics
non-multiple of 3 multiple of 3
'l . Harmonic .
Harmonic Harmonloc voltage Harmonic voltage Harmonic Harmonloc voltage
ordef % order % order %
h h h
Mv HV-EHV Mv HV-EHV MV HY-EHV
5 5 2 3 4 2 2 1,8 1,4
7 4 2 9 1,2 1 4 1 0,8
11 3 1,5 15 0,3 0,3 6 0,5 0,4
13 2,5 1,5 21 0,2 0,2 8 0,5 0,4
17
17< h <l49 1,9~T—0,2 1,2‘% 21<h <45 0,2 0,2 10,£'h < 50 0,25-%+O,22 0,19-%+0,16
The jndicative planning levels for the total harmonic distortion are
THDpy = 6,5% and THDHy_.EHY =3 %
NOTH 1 For some higher order harmonics, care should“be exercised when specifying very low values such as
0,2 %| because of practical limitations of measurement/accuracy mainly at HV-EHV. Furthermore, dependipg on
systefn characteristics a margin should exist between MV, HV and EHV planning levels in order to |allow
coordjnating emission of disturbances between different voltage levels (measurement results can be used| as a
basis|to determine appropriate margin).
NOTH 2 The planning levels in Table 2 are~not intended to control harmonics arising from exceptional eventq such
as gepmagnetic storms, etc.
NOTH 3 In some countries, planning\levels are defined in national standards or guidelines.
NOTH 4 Voltage characteristics that are quasi-guaranteed levels exist in some countries for MV and HV sygtems.
They fre generally selected<e\be higher than the planning levels [7].
With| reference to ‘véry short term effects of harmonics (3 s or less), planning level$ for
individual harmonics should be multiplied by a factor ks as given by Equation (1).

Whe|
inter
due

re national circumstances make it appropriate depending on system characterig
mediate values of planning levels may be needed between the MV, HV and EHV v§
o.the possibly wide range of voltage levels included in HV-EHV (>35 kV). Additionall

tics,
lues
y, an

appo

ount

of the impact on HV systems of disturbing installations connected at EHV. In this case,
planning levels at EHV should be set at lower values than those given in the above table.

More guidance for adapting MV planning levels to specific system characteristics can be
found in Annex B. An example of the method for sharing planning levels between different
parts of an HV-EHV system is also given in Annex D.

The remainder of this report outlines procedures for using these planning levels to establish
the emission limits for individual customer distorting installations.
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4.2.2 Assessment procedure for evaluation against planning levels

The measurement method to be used for harmonic and inter-harmonic measurements is the
class A method specified in IEC 61000-4-30 [12] and related IEC 61000-4-7 [11] The data
flagged in accordance with IEC 61000-4-30 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.

The minimum measurement period is one week of normal business activity. The monitoring
period should include some part of the period of expected maximum harmonic levels.

One|or more of the following indices may be used to compare the actual harmonic levels|with
the planning levels. More than one index may be needed for planning levels in.‘order to
assegss the impact of higher emission levels allowed for shorter periods of time such'as during
bursfs or start-up conditions.

he 95 % weekly value of Uy, (r.m.s. value of individual harmonics ovetr "short" 10 min
eriods) should not exceed the planning level.

he greatest 99 % probability daily value of Uy, (r.m.s. valuegof individual harmonic
omponents over "very short" 3 s periods) should not exceed the_planning level times$ the
hultiplying factor ks given in Equation (1) with reference to the'compatibility levels given
br very short time effects of harmonics.

|
23 0 - T -

NOTH 1 Harmonics are generally measured up to the 40th or 50th, depending on the application. In most gases,
this i§ adequate for evaluating the distorting effects of power disturbances. However, higher order harmonics|up to
the 100th order can be an important concern in some cases. Examples include:

- large converters with voltage notching;
- large installations with converters of high pulse numbgrs,(e.g. aluminium plants);

- power electronic equipment with PWM converters interfacing with the power system.

Such| cases can result in induced noise interference in neighbouring sensitive appliances (e.g. sensors,
comnjunication systems, etc.). It is generally found*that higher order harmonics vary more with location ang with
time fhan lower order harmonics. In many c¢asés, high order harmonics are produced by a single distyirbing
installation, often in combination with power system resonance. There may be a need for more extgnsive
evaluptions when higher order harmonicssare a concern.

NOTH 2 For harmonic measurement, sthe accuracy of the whole measurement chain needs to be considered.
Apart| from the monitor itself, transducers should be suitable for harmonic measurements (avoid clipping and
distorfion for the magnitude and frequency range to be measured). The existing current and voltage transfoymers
for metering and protection®\purposes on MV and HV-EHV systems are not always suitable for harmonic
measprements (especially,whéen frequency is above 1 kHz).

4.3 | lllustration ofEMC concepts

The [basic cencepts of planning and compatibility levels are illustrated in Figure 1|and
Figure 2. They are intended to emphasize the most important relationships between the basic
varigbles.

Within~an entire power sysiem it is inevitable that some level of interference will occur on
some occasions, hence there is a risk of overlapping between the distributions of disturbance
levels and immunity levels (see Figure 1). Planning levels for harmonics are generally equal
to or lower than the compatibility level. They are specified by the system operator or owner.
Immunity test levels are specified by relevant standards or agreed upon between
manufacturers and customers.
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[ 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 Local

disturbance §QU|pment

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 Higure 2 illustratesythe probability distributions of disturbance and immunity levels a{ any
one |[site are normally’ narrower than those in the whole power system, so that at most
locafions there is .little or no overlap of disturbance and immunity level distributjons.
Interference is)therefore not generally a major concern, and equipment is anticipatgd to
function satisfactorily. Electromagnetic compatibility is therefore more probable than Figdire 1
appqgars tossuggest.

4.4 [ Emission levels

The co-ordination approach recommended in this report relies on individual emission levels
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 Upg, (or lig), the r.m.s. value of individual harmonics over
"short" 10 min periods, should not exceed the emission limit.
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e The greatest 99 % probability daily value of Uy, (or l,), the r.m.s. value of individual
harmonic components over "very short" 3 s periods, should not exceed the emission limit
multiplied by the factor k¢ given in Equation 1. With reference to very short time effects
of harmonics, 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
power of the system (i.e. S;/Sg.).

In order to compare the level of harmonic emissions from a customer’s installation with the
emission limits, the minimum measurement period should be one week. However, shorter
measurement periods might be needed for assessing emissions under specific conditions.
SUC OhUItUI pCI;UdO ohuu:d ICPICOUIIt thc Cl\}JU\ath UpGIGt;UII UVTI thc :unycl dooCToo ent
periqd (i.e. a week). In any case, the measurement period shall be of sufficient duratign to
captpre the highest level of harmonic emissions which is expected to occur. If theCharmonic
level is dominated by one large item of equipment, the period should be sufficient to capture
at lepst two complete operating cycles of this equipment. If the harmonic levelis caused by
the summation of several items of equipment, the period should be at least-one opergating
shift

Where significant, the following factors should also be taken into account (see also 6.2 ], 6.3
and pubclauses).

e Distorting equipment with normally expected non-ideal characteristics (normally ppwer
glectronic) due to defects in manufacturing, operation and.eontrol.
e Harmonic filter detuning.

o (apacitor banks within the installation and their eontribution to harmonic resonances.

. nteractions between different equipment withinsthe installation.
The [measurement method to be used is.the class A measurement method defingd in
IEC p1000-4-30 [12] and associated IEC 61000-4-7 [11] for harmonics and inter-harmopics.
The | data flagged in accordance with* IEC 61000-4-30 should be removed from| the
assgssment. For clarity, where data is‘flagged the percentile used in calculating the indices
defined above is calculated using~only the valid (unflagged) data. When the signal tp be
analysed is rapidly varying (e.g. the current drawn by an arc furnace) the measurement of
(intef) harmonic groups and subgroups should be used as described in IEC 61000-4-7, rather
than|the harmonic components.

At epch (inter)harmonic*frequency, the emission level from a distorting installation ig the
(intef)harmonic voltage’(or current) assessed according to Clause 6.

5 Generalprinciples

The [proposed approach for setting emission limits of distorting installations depends on the
agregd.power of the customer, the power of the harmonic-generating equipment, and the
system characteristics. The objective is to limit the harmonic injection from the total of all
distorting installations to levels that will not result in voltage distortion 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 small appliances without specific evaluation
of harmonic emission by the system operator or owner. Manufacturers of such appliances are
generally responsible for limiting the emissions. For instance, IEC 61000-3-2 [8] and
IEC 61000-3-12 [9] are product family standards that define harmonic emission limits for
equipment connected to LV systems. There are currently no emission standards for MV
equipment for the following reasons:

e medium voltage varies between 1 kV and 35 kV; and
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e no reference impedance has been internationally defined for medium voltage systems.

Even without a reference impedance, it is possible to define conservative criteria for quasi-
automatic acceptance of small size distorting installations on MV systems (and HV systems
too). Indeed, if the total distorting installation, or the customer’s agreed power, is small
relative to the short circuit power at the point of evaluation, it should not be necessary to carry
out detailed evaluation of the harmonic emission levels. A more refined approach is to

calculate a "weighted distorting power" (see 8.1.2) as a criterion to determine the accepta
at stage 1 of the total distorting equipment connected within the customer’s facility.

In 8.1 and 9.1, specific criteria are developed for applying stage 1 evaluation.

bility

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

If an| installation does not meet stage 1 criteria, the specific characteristics of the/harm
gengrating equipment within the customer’s installation should be evaluated together wit

onic
n the

absdrption capacity of the system. The absorption capacity of the system is_derived from the

planhing levels, and is apportioned to individual customers according to~their demand
respect to the total system capacity. The disturbance level transferred from upstream vo
levels of the supply system to lower voltage levels should als@ybe considered
appqgrtioning the planning levels to individual customers.

The principle of this approach is that, if the system is fully utilised to its designed capacity

with
tage
vhen

and

all customers are injecting up to their individual limits, the\total disturbance levels will be

equgl to the planning levels taking into account transfer)factors between different vo
levels and the summation of various harmonic producing installations. A procedure
appgqrtioning the planning levels to individual customers is outlined in Clause 8 and Claus

tage
b for
b 9.

NOTH If the capacity of the system increases in the future, the emission levels of individual customers ghould

become lower. It is important therefore, where possible,to consider future expansions of the system.

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

Undér some circumstances, a custemer may require acceptance to emit disturbances be
the basic limits allowed in stage 2:~In such a situation, the customer and the system ope
or dwner may agree on spécial conditions that facilitate connection of the distg
instgllation. A careful study of the actual and future system characteristics will need t
carripd 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
defined.

yond
rator
rting
o be

are

Tlhe, customer is responsible for maintaining his emissions at the specified point of
gvaluation below the limits specified by the system operator or owner.

The system operator or owner is responsible for the overall co-ordination of disturbance
levels under normal operating conditions in accordance with national requirements. For
evaluation purposes the system operator or owner should, where required, provide
relevant system data such as harmonic impedance or the necessary data to calculate this
(see 6.4), short-circuit levels, and existing levels of distortion. The evaluation procedure is
designed in such a way that the harmonic emissions from all distorting installations do not
cause the overall system harmonic voltage 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 this reduction are the responsibility of the customer.
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NOTE This report is mainly concerned with emissions. However, harmonic absorption may also be a problem if
filters or capacitor banks are connected without due consideration for their interaction with the harmonics normally
present in the power system. The problem of harmonic absorption 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 customer’s
installation are assessed for compliance with the emission limits. This is also a point within
the considered power system at which the planning levels are defined. This point could be the
poin i f i f g tion
y other point specified by the system operator or owner or agreed upon. More thanf one
poin{ of evaluation may also be specified for a given customer’s installation depending’on the
systém structure and characteristics of the installation. In this case, the evaluationishould be
madge considering the system characteristics and agreed powers applicable to'the différent
evalyation points.

NOTH 1 It should be noted, however, that for the determination of the emission limits and-for the evaluation pf the
emisdion levels it is often necessary to take account of system characteristics (such asythe impact of resonance at
remofe points in the system) beyond the point of evaluation.

NOTH 2 Depending on the location of the point of common coupling compared to the point of connection pf the
distorting installation, harmonic voltage might be higher at the latter.

NOTH 3 It should be remembered that, as voltage characteristics ,or contracted limits apply at the pajint of
conngction, these should be taken into consideration in discussions between the parties.

6.2 Definition of harmonic emission level

The [harmonic emission level from an installationrinto the power system is the magnitude of
the Jarmonic voltage (or current) vector at eagh harmonic frequency, which is caused by the
conglidered installation at the point of evaluation. This is illustrated in Figure 3 by the vector
Uni and its contribution (together with the harmonic vector caused by all other sourcgs of
harmonics when the installation under<onsideration is not connected to the system) t¢ the
meagured harmonic vector at the point of evaluation, once the installation has peen

connected.

Uh(post-connection)

Uh(pre—connection)

IEC 093/08

Fid

p=4i]]
harmonic vector at the point of evaluation

Where the harmonic emission vector results in increased levels of harmonic distortion on the
network, the emission level as defined above (i.e. |Uy|) is required to be less than the
emission limits assessed according to the relevant clauses in this document.

NOTE 1 The interaction between the supply system and customer’s installation may in some cases result in
amplification or in reduction of the voltage distortion levels at a given harmonic order (i.e. due to the creation of a
parallel or a series resonance condition). This is possible even where the plant itself does not generate harmonics
of this order. As this document addresses the EMC co-ordination requirements, such resonance situations need to
be taken into consideration in the assessment of actual emission levels.

NOTE 2 Harmonic voltages or currents produced by different installations might not be in phase. This is
addressed in Clause 7 and 8.3.
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NOTE 3 If the installation exceeds the harmonic voltage emission limits it may be because

1) the system impedance is high due to the presence of harmonic resonance conditions,

2) the installation is resonating with the supply system, or

3) the harmonic currents generated by the installation are too high.

NOTE 4 For the pre-connection assessment of emission levels, the customer plant is considered only as a source
of harmonic current. Harmonic current and/or voltage limits are also defined based on this assumption. During a

post-connection assessment, the plant characteristics include those of its internal sources of harmonic current, as
well as its impedance (giving rise to the possibility of resonance with the system).

6.3 Assessment of harmonic emission levels

This| subclause is intended to provide general guidance on the assessment of hatnonic
emigsions from distorting installations, taking account of various operating and(non-|deal
conditions that may exist on power systems and customer installations. More details on the
assgssment of the emission levels are given in references [13] and [14].

The |pre-connection assessment of the harmonic emission level for anlinstallation cap be
detefmined using basic assumptions about the characteristics of nthé system and| the
custpmer’s installations. However, this calculated value is likely to be 'different from the aftual
emigsion level that will be observed when the installation is conngtted to the system, i.e/, the
actugl emission level could be higher or lower than the calculated value. Therefore, it mgy be
necgssary to assess the level of emissions that will be present when the installatign is
conrjected to the system.

6.3.1 Operating conditions

The jassessment of harmonic emission levels from. distorting installations should considef the
worgt normal operating conditions including asymmetries and contingencies for which the
systeém or the customer’s installation is desighed to operate and that may last for a spegified
percentage of the time, for example more than 5 % of time based on a statistical averag¢ (an
example is the prolonged outage of onev6-pulse rectifier unit in a large multiphase redtifier
planf). Additionally, for large installations compared to the system size (e.g., Ssc/S; <30. Note
that the ratio of 30 can be adjusted.to meet specific conditions), it may also be necessary to
assgss emission levels for occasional operating conditions lasting less than 5 % of time.
Howgver, higher emission limits;may be allowed under such occasional conditions or diiring
starttup or burst conditions (e,g., 1,5 to 2 times).

For gimple cases, the-fiarmonic injection from a given distorting customer’s installation cgn be
assgssed by using the/maximum current at each harmonic and interharmonic frequency| that
can pe produced.over the possible range of operation of each piece of equipment. For large
instgllations, thistapproach may lead to excessively conservative results. Alternatively, a set
of harmoniccand interharmonic currents consistent with the most onerous and simultangous
operpting moedes of all pieces of equipment that may realistically occur simultaneously cgn be
conslidered for assessing the maximum harmonic injection.

6.3.2 Asymmetries and non-ideal conditions

In practical situations, it is inevitable that some degree of asymmetry will be present in the
supply system and in the customer’s equipment, which will result in the generation of non-
characteristic harmonics. These non-characteristic harmonics may be small relative to the
characteristic harmonics, but for certain types of installations such as constantly varying
loads, and large rectifier plants using high pulse number rectifiers, they can dominate and be
amplified due to resonance with the filters. Hence, these non-characteristic harmonics need to
be included in the assessment of emission levels.

The following non-ideal conditions should be considered as minimum conditions for assessing
the performance of a distorting installation with respect to harmonic emissions (note that for
the rating of an equipment and/or apparatus such as transformers, capacitors, reactors, filters
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etc., the criteria may be different from those given below which relate to performance instead
of rating).

6.4

Frequent or prolonged reduction of the pulse number in an installation due to the outage
or the unbalanced operation of some of the converters forming a higher pulse number
installation, thus increasing low order harmonics such as 5, 7, 11, 13, etc.

Supply voltage unbalance: the presence of a negative sequence component of
fundamental frequency on a three-phase supply voltage will usually produce odd-triple
harmonics of positive and/or negative sequence. Generally a voltage unbalance factor
(1 % to 2 % depending on the voltage level) should be considered for the non-ideal steady
state operation of the power system. In some MV networks with single-phase spurs, an
unbalance factor of up to 3 % may be considered, where indicated by the system operator
r owner.

onverter transformers and commutating impedance unbalance: manufacturing tolerahces
n the turns ratio (turns ratio not exactly equal to V3) and on the reactancebetweer| two
ansformers of a 12-pulse converter produces non-characteristic harmonics’ normally|only
ssociated with a 6-pulse converter. Asymmetry of the commutating impedance between
hases produces non-characteristic harmonics that also depend\on the transformer
inding connections.

iring angles asymmetries: the variations of the valve firing<instants can give rise|to a
ide spectrum of harmonics. The deviation in firing angles between valves depends on the
articular design of the firing circuits.

ilter detuning: when harmonic filters are required in order to comply with emission limits,
ne assessment of harmonic disturbances should also consider detuning effects, namely
ue to

Q- T T < T <T Q0 AN O

the variation of the power frequency that may‘occur in steady state operation,

the initial mistuning due to manufacturing“tolerances and changes in filter compdnent
values due to ambient temperature varidations,

- ageing of filter components,
- planned switching operations_of the filters and capacitor banks with the variatign of
load.

System harmonic impedance

Information on the system-harmonic impedance is a prerequisite both for the system opefator
or oywner for assessing.emission limits and for the customer in order to assess the emigsion
levels of the consideted installation. With reference to how the harmonic impedance is fo be

used, it is possible to’identify three different kinds.

6.4.1 Impedance for converting emission limits from voltage to current

For
the

\ L
systenrcharacteristics:

convernting emission limits from voltage into current limits, there are two ways to aslsess
armonic system impedance depending on the size of the distorting installation and the

For general application, a declared or generic system harmonic impedance covering
different types of systems, different voltage levels, etc. may be used by the system
operator or owner in order to define generic sets of emission limits based on typical
system characteristics. Correction factors may be introduced when needed to compensate
for other than generic system characteristics (e.g. an amplification factor based on typical
resonance conditions for such networks). This application is generally better at lower
system voltages, where damping of resonant conditions tends to be better than at HV and
particularly at EHV.

For large installations compared to system size especially at HV-EHV, the best estimate of
the maximum harmonic impedance of the system over the worst operating conditions at
the point of evaluation can also be used. It may also include an assessment of the impact
on remote points in the network.
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In any case, exceptionally low values of harmonic impedance should be disregarded as they
often relate to series resonance for which the harmonic voltage may exceed planning levels in
other parts of the system. In this case, the impedance value should be disregarded and be
replaced by a default value (for example Z; * h, where h is the harmonic order and Z, the
system impedance at the fundamental frequency).

6.4.2 Impedance for pre-connection assessment of emission levels

For enabling a pre-connection assessment of the harmonic emission levels for large
disturbing installations in particular, the system harmonic impedances at the point of
evaluation can be obtained by simulation for various system operating conditions (including
futurg—conditions). In _some cases this impedance may be based on the shori-cjrcuit
impgdance and in other cases (e.g. in the case of large installations) the locus\of the
harmonic impedance, or the data to calculate this, should be provided. Particularly. for large
instgllations (or small S4./S; ratio), it is important to properly assess the possibilify of
resopance so that filters/capacitors can be designed as to avoid problems @r-damage|(not
only|system resonance, but also resonance between the considered filters-or capacitors and
the qupply system) . It is necessary to consider the range of variation of Harmonic impedpnce
not gnly the maximum impedance values in order to identify possible resonance. The range of
varidtion of the phase angle of the harmonic impedance characterizesthe resistive part of the
impgdance and defines the damping in case of resonance.

6.4.3 Impedance for assessing actual emission levels

For @assessing the actual emission levels from a given djstorting installation, the actual sygtem
harmonic impedance can be measured or calculated for use in combination with ¢ther
meagured parameters in order to assess the actual.emission levels.

6.4.4 General guidelines for assessing the system harmonic impedance

Mos{ distorting installations behave as sources of harmonic currents. Knowledge of the
harmonic impedance of the system, asiseen from the point of evaluation, is necessaly to
predjct the harmonic voltages that will\appear at that point when the installation is conneg¢ted.
The [following indications relate to the cases described in 6.4.2 and 6.4.3 above, wher¢ the
systém harmonic impedance is needed to assess the emission levels from a large distarting
instgllation.

The [assessment of the_harmonic impedance can be a very complex problem. Seyeral
meagurement and caletlation methods are available, see [15], [16], [17] and [18], but nope is
entirply satisfactory.~Furthermore, the harmonic impedance of the system may |vary
significantly with tinte. So when important changes are expected between the present ang the
future system configuration, a different set of harmonic impedance data should be provided in
ordef for the customer to assess his emission levels for both situations and to achieve an
optimal design of his equipment.

For ¢na
system needs to be determlned usually obtained by simulation. As for the assessment of
emission levels, the determination of the system harmonic impedance should consider the
different normal operating conditions including system abnormal operating conditions where
these situations may last for a specified portion of the time, for example more than 5 % of
time annually based on a statistical average. Known or foreseeable future system changes
should be included.

In particular, the various reactive compensation or filter states (e.g. shunt capacitor states)
have to be considered (in the latter case, these states should correspond with the system
loading normally associated with these states, for example a lightly loaded system may give
rise to significant harmonic amplification).

The variations of the system harmonic impedance due to the tolerance on the electrical
parameters of the network components and inaccuracies in the modelling should be
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accounted for by assessing the impedance over an equivalent frequency range of deviation
for each harmonic (the tolerance on the inductive and capacitive components of the apparatus
can be converted in terms of equivalent frequency deviations). For high harmonic orders, this
should also allow considering possible resonance between some harmonic frequencies.

Where required (e.g. for large installations) the system harmonic impedance data should be
given in the form of a locus or a table giving the minimum and maximum expected magnitude
and phase angle variations of impedance over the harmonic range of interest, or the network
data needed to calculate this impedance data provided. The disturbing installation under
consideration is generally not well known at the early stage of a pre-connection assessment.
Hence it is customary to provide the system harmonic impedance without including the effect
of thE disturbing installation to be assessed. Once the customer has achieved his prelim|nary

design, he can combine the harmonic impedance of his own installation with that\'ef the
systém in order to evaluate his emission levels, taking into account the possible~resonpnce
that his installation might create with the supply system.

In aqdition to the above considerations, the following factors may also affect.the impedange:

e The short circuit equivalent at the substation tends to be the domjnating inductance when
galculating resonance frequencies on MV systems.

e Without shunt capacitor banks, resonances are determined_by.the capacitance of cables
jnd overhead lines. Without significant cable lengths, these) resonances will typically be
bove the 13th harmonic.

e §Jhunt capacitor banks on the system create resonances at lower order harmonic
fequencies. It is not uncommon for the most jnfportant resonance to be at the] fifth
harmonic or below.

e NIV systems that supply a mix of residential,scommercial, and industrial loads typically
axhibit damping characteristics that prevent-high magnification (in excess of 2-3) at the
Ipw order resonance frequencies.

[ ]
[ds)

ome MV systems that supply primarily industrial load may have less damping|and
bsonances can cause higher magnification levels.

-

Othgr customers' facilities also, affect the system harmonic impedance. Special atteption
shodld be paid to their capacitor banks, which can modify resonances or create addit|onal
oneq. This is particularly important when the capacitor banks are connected within the
custpmer installation. The "System operator or owner generally will not have complete
information about existing customers' facilities, so they can only provide approxipnate
information.

7 General summation law

The [co-ardination of conducted disturbances requires the adoption of hypotheses relevant to
the Jummation of the disturbances produced by various installations. In the case of harmonic
dlSt IballbUD, thU autua: hallllull;b vu:tayc (\JI \Jullcllt) at ally pu;llt vl d DyDtUIII ;D thc ICo It Of

the vector sum of the individual components of each source.

On the basis of experience, a general summation law can be adopted for both harmonic
voltage and current. The law for resulting harmonic voltage of order h is:

Un =¢> 0% (2)

NOTE The same equation can be used for the summation of harmonic current.

where
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U, is the magnitude of the resulting harmonic voltage (order h), for the considered
aggregation of sources (probabilistic value);

U, is the magnitude of the various individual emission levels (order h) to be combined,;
a is an exponent depending mainly upon 2 factors:

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

— the degree to which individual harmonic voltages vary randomly in terms of
magnitude and phase.

Takiqg into account:

- Harmonic emission co-ordination mainly refers to 95 % non-exceeding probapility
values.

- Sources which combine in emission correspond to

— those of major installations connected to MV/LV distribution systems,

— disturbances transferred from one voltage level of the system toyanother,
— the aggregated global emission of many LV installation.

- Low order odd harmonics have

— magnitudes that are significant almost everywhere-in the systems and remain
generally stable for long periods,

— phase angles with a relatively narrow variation range (limited variations af the
sources; limited variations due to the propagation in the system if no low-frequency
resonance occurs).

High order harmonics vary widely in magnitude and phase angle.

On {he basis of the information availableto” date, the following set of exponents caph be
adopted in the absence of further specific information:

Table 3 — Summation exponents for harmonics (indicative values)

Harmopnic order o
h<5 1
5<h<10 1,4
h>10 2

NOTH 1 Whepritis known that the harmonics are likely to be in phase (i.e. phase angle differences less than 90°),
then @n exponent’a = 1 should be used for order 5 and above.

NOTH 2/ Conversely, some low order non-characteristic harmonics (e.g. 3™) may have different causes that are
unlikgly\to’produce in-phase harmonics, therefore an exponent higher than 1 could be used for these cases (g.g. o
=1,2).

NOTE 3 Higher summation exponents can be used for even harmonics that are less likely to be in phase (for
h < 10).

8 Emission limits for distorting installations connected to MV systems

8.1 Stage 1: simplified evaluation of disturbance emission

In stage 1, the connection of small installation or installations with only a limited amount of
distorting equipment can be accepted without detailed evaluation of the emission
characteristics or the supply system response.
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Two possible criteria are given in this subclause for Stage 1 evaluation. If the assumptions
related to 8.1.1 or 8.1.2 are in doubt then it will be necessary to conduct an assessment

acco

rding to Stage 2 criteria given in 8.2.

8.1.1 Agreed power as a criterion

If the following condition is fulfilled:

S;

<0,2%
Ssc

(3)

NOTEH
MV s

The

This
amo
weig

The

whel

If th
can

Accq
weig

= agreed power of customer i and Sy = short circuit power at the point of evaluation),

Jistorting installation may be connected to the supply system without further examina

Ssc may be calculated (or measured) for the specific point of evaluation, or may be estimated for t
stem with similar characteristics to that under consideration.

figure of 0,2 % is based on a number of assumptions.

The system is currently operating with a level of distortionOsufficiently below
planning level that the connection of the new installationwill- not cause the plan
level to be exceeded.

There is no risk of interference with other customers / system equipment cause
connection of the new installation.

Weighted distorting power as a criterion

approach involves calculating a "weighted distorting power", Sp,,;, to characterizg
int of distorting equipment within theectstomer’s facility. This can be done using
hting factors Wj in Table 4 for common types of harmonic producing equipment.

weighted distorting power is calculated as follows:
Spwi = Spj* W,
j

e Sp;is the power:of each distorting equipment (j) in the facility (i).

e characteristics of the harmonic producing equipment are unknown, a weighting o
be assumed.

ptance. of a customer’s installation under stage 1 may be determined by comparing

conslervative criterion can be used foracceptance understage 4. |

The amplification as a result of resonance is not expeéted to exceed a factor of tw@.

then
ion.

ypical

the
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d by

the
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(4)

f 2,5
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hted distorting power with the short-circuit power at the point of evaluation. The follo
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(5)
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Table 4 — Weighting factors Wj for different types of harmonic producing equipments

Typical equipment Typical Typical Weighting
connected to LV, MV or HV current waveform current THD Factor (W)
_ N
Single phase ‘ / ‘ 80 % 2,5
power supply 1 F (high 3rd)
|
(rectifier and ’ v v
smoothing capacitor)
) A
Semi-converter ( \ ( \ [ High 2nd,3rd, 2,5
w } W ] 4th at partial
i N w‘u loads
6-pulse converter, AA ! i ‘ A

capacitive smoothing, | U ‘ / 80 % 2,0

no series inductance |

/—/ A ( v 40 % 1,0
A

i
i
<
i

6-pulse converter,

=

capacitive smoothing

with series inductance > 3%, v
or d.c. drive
i NN N .
6. pulse co.nverter j \ ! } \ ! } 28 % 0.8
with large inductor —\ / —\ | /
for current smoothing == T
N

AC voltage Varies with 0,7
regulator 1 -
‘ ‘ firing angle

12-pulse’ converter _/ML‘\ \\ ! / 15 % 0,5
H

N \’ﬂ

-

8.2 Stage 2: emission limits relative to actual system characteristics

Considering the actual absorption capacity of the system, due to the phase differences of the
harmonic currents as well as the system impedance and future load, higher emissions than
those according to stage 1 criteria may be granted.

In this stage, the allowable global contribution to the overall level of disturbance is
apportioned to each individual installation in accordance with its share of the total capacity of
the supply system (S;) to which this installation is connected. This ensures that the
disturbance level due to the emissions of all customers connected to the system will not
exceed the planning level.

Two approaches are presented hereafter. The first (simplified) approach is based on the
allowed harmonic current as a function of the fundamental current. The second is based on
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the general summation law, allowing a more general method for setting emission limits for
larger distorting installations.

8.2.1 Relative harmonic currents as emission limits

The permissible share of the total voltage distortion will generally not be exceeded when
appropriate limits are set on the “relative harmonic currents”. Table 5 gives an example of
these limits. It applies to customers with an agreed power S; < 1 MVA and with §;/ S;. <1 %,
provided that the pre-existing harmonic level allows it and if the customer does not use power
factor correction capacitors and/or filters.

Table 5 - Indicative values for some odd order harmonic current emission
limits relative to the size of a customer installation

Harmonic order h 5 7 11 13 > 13
Harmonic current emission 500
limit Eypy; = Inifli (%) 5 5 3 3 I

whele

Eni | is the harmonic current emission limit of order h for the customer |,
I is the harmonic current of order h caused by the distorting.installation of customer |
l; is the r.m.s. current corresponding to his agreed power (fundamental frequency).

8.2.2 General approach based on the summation law
8.2.2.1 Global emission to be shared between‘customers

Congider a typical MV system as illustrated in Figure 4. The aim is to set emission limits at

HV or MV (Lhus)
upstream hus
system
ThUM
S
MV : (Lhmv)

Ghmv+Lv ﬁ

of W
s.

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

LV

IEC 094/08

Firstly an application of the general summation law (Equation 2) is necessary to determine the
global contribution of all harmonic sources present in a particular MV system. Indeed, for
each harmonic order, the actual harmonic voltage in a MV system results from the vector
summation of the harmonic voltage 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 of the harmonic voltage resulting from all distorting installations connected to
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the considered MV and LV system. This total harmonic voltage should not exceed the
planning level of the MV system, given by:

I‘hMV = ({/GEMV +LV + (ThUM ) I‘hUS )a (6)

and thus the global harmonic voltage contribution that can be allocated to the total of MV and
LV installations supplied from the considered MV system is given by:

G.“‘.M" A= Q:/L%M\/ — (Thl I th 1S, )OC (7)

whele

Gpmv+Lys IS the maximum global contribution of the total of MV and LV installations tha{ can
be supplied from the MV busbar to the hth harmonic voltage in'the MV syptem
(expressed in percent of the fundamental voltage),

L is the planning level of the hth harmonic in the MV system,

Lhus is the planning level of the hth harmonic in the upstream system (for reapons
explained before, different planning levels may be needed for intermediate voltage
levels between MV and HV-EHV; this is why the general term of upstream sygtem
planning level is used),

Thuw is the transfer coefficient of harmonic voltage distortion from the upstream sygtem
to the MV system under consideration <at harmonic order h. Ty, can be
determined by simulation or measurements. For an initial simplified evaludtion,
the transfer coefficients T, from the Gpstream system on a MV system can be
taken as equal to 1. In practice howeyer, it may be less than 1 (e.g. 2/3), ddie to
the presence of downstream system ‘elements, or higher than 1 (typically betyween
1 and 3), due to resonance. It is{the responsibility of the system operator or owner
to determine the relevant valugs depending on the system characteristics,

o is the summation law exponent (see Table 3 and the discussion in Clause 7).

An example illustrating the use of the above equation is shown in Annex C.

Wheh the planning levels for MV systems are equal to those for the upstream systems ag it is
in Table 2 for h = 15 and_21 and higher order triplen harmonics, the application of Equation 7
would result in a zereicontribution for the MV and LV customers (see Annex C). In these
casegs, an equitableshare of emissions between the different system voltage levels should be
allogated instead:

8.2.2.2 Individual emission limits

For pach-customer only a fraction of the global emission limits G+ y Will be allowed.
A reasonable approach is to take the ratio between the agreed power S; and the total sypply
capability S, of the MV system. Such a criterion is related to the fact that the agreed power of
a customer is often linked with his share in the investment costs of the power system.

fSi
Eyy = GhMV+LV”‘ E (8)

where

Euni is the harmonic voltage emission limit of order h for the installation (i)
directly supplied at MV (%),

Ghmv+Ly is the maximum global contribution of the total of MV and LV installations

that can be supplied from the considered MV system to the hth harmonic
voltage in the MV system, as given by Equation (7),
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i = P, /cos; is the agreed power of customer installation i, or the MVA rating of the
considered distorting installation (either load or generation),

S; is the total supply capacity of the considered system including provision for
future load growth (in principle, S; is the sum of the capacity allocations of
all installations including that of downstream installations that are or can be
connected to the considered system, taking diversity into consideration). S;
might also include the contribution from dispersed generation, however
more detailed consideration will be required to determine its firm
contribution to S; and its effective contribution to the short-circuit power as
well,

] il 1 — Tl a0
o IS T SUTTITIatiort 1dvw CTAPUTITTIL (SCC 1T dUIT o).

NOTH In some cases, dispersed generation may actually be a source of harmonics and should be aceountged for
accorfdingly.

It may happen at some locations that the pre-existing level of harmonics ischigher than the
normal share for the existing installations. In this case the emission (imit for any|new
instgllations can be reduced, a reconsideration of the allocation of~the planning levels
between the different voltage levels could be considered, or the system harmonic cufrent
absdrption capacity could be increased.

For ¢gustomers having a low agreed power, Equation 8 may vyield,impractically low limitatjons.
If the voltage emission limit at some harmonic orders becomes,smaller than 0,1 %, it shgll be
set gqual to 0,1 % (except if there is a risk of telephone interference, or if it corresponds|to a
remqte control frequency for which a more severe restriction may be justified).

It may be preferred to specify harmonic current limits to the distorting installation, even if the
aim |s to limit the harmonic voltages in the system:. It will be the responsibility of the sygtem
operptor or owner to provide data concerning:the frequency-dependent impedance of the
systeém, in order to enable expressing thesedimits in terms of harmonic currents:

E .
Ejpj =— (9)

wen
|

Eini | is the corresponding harmonic current emission limit of customer “i” at harmonic ¢rder

hv

Zyi | is the harmonic_impedance of the system at the point of evaluation for customer “i”
assessed considering the actual purpose of converting voltage to current emission ljmits
(see 6.4.1)%

8.2.2.3 Case of long MV feeders

The [rules” proposed above for establishing the individual emission limits do not acqount
expl itly for variation of the short-circuit power fhmugh MV networks When installations are
connected to a virtual common busbar, the short-circuit power does not vary significantly, and
the methods for sharing emission limits presented so far are adequate. Such is the case for
distribution systems with cables less than 10 km in length / overhead lines less than 5 km in
length. These conditions are typical of networks supplying rather heavy loads (particular
industrial loads, etc.).

NOTE When a series reactor is present between the busbar and the feeder for the purpose of reducing the short
circuit power, the word “busbar” is to be understood as the feeder side point of the reactor.

For distribution systems with long cables and overhead lines, where customer installations are
distributed along the length of the feeders, the above approach may result in specifying too
strict harmonic current limits, thus penalizing customers connected at some distance down the
line where the short-circuit power may be significantly lower than at the sending end of the
feeder. An approach for sharing the acceptable global emission G,y among the individual MV
installations in order to compensate for this effect is given in Annex B.
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The method proposed and illustrated in annex B is suitable for specific cases as well as for
developing general purpose emission rules. Therefore, that method can be used by a system
operator or owner for establishing its own harmonic current emission limits tailored to the
peculiarities of a reference distribution system. The method is based on a mathematical
model in which it is assumed that each feeder has its MV installations distributed uniformly
and continuously along it. Each feeder is assumed to have constant impedance per unit
length, but individual feeders can vary from each other. In such a system, the highest value of
harmonic voltage will appear at the end of the feeder having the worst voltage regulation. The
method aims to estimate this voltage and limit it to the planning level.

In the case where the system response is dominated by resonance caused by cables or shunt
capdcitors, the method in annex B is not appropriate for the harmonic frequency at which the
resopance occurs.

8.3 | Stage 3: acceptance of higher emission levels on a conditional basis

Under some circumstances, the system operator or owner may accept a distorting installation
to emit disturbances beyond the basic limits allowed in stage 2. This is\especially the case
when stage 2 limits are generic limits derived using typical but“conservative system
charpcteristics. The following factors may leave a margin on the system for allowing higher
emigsion limits, for example:

. ome installations do not produce significant harmonics~because they do not have
istorting equipment of significant magnitude. Therefore”some of the available sypply
apacity of the system may not be utilized for a period‘of time.

. he general summation law may be too conservative in some instances: some distgrting
installations can produce harmonics with opposSite phase; or phase shifting within the
system may lead to partial cancellation of harmonics.

I{ may happen that some distorting installations never operate simultaneously, dde to
system or load constraints.

e |If the stage 2 limits were set using*a generic harmonic impedance or considering an
gmplification factor due to resonance, the actual impedance may be less [than
hypothesized.

e Ip some cases, higher planning levels may be defined after reallocation of the planning
Ievels between MV andHV-EHV systems, to take account of local phenomena such as
pecial attenuation effector absence of disturbing installations at a certain voltage leVel or
resonance effects.

e Iph some cases, @ disturbing installation may comply to its emission limits in normal sygtem
nfigurationsy, While exceeding the stage 2 emission limits only occasionally under
egraded configurations (e.g. when a nearby generation plant is out of service).

gher

out,

the

P g than

normal emission limits may be given to customers only on a condltlonal basis and limitations
may be specified by the system operator or owner, for instance:

e Temporary stage 3 limits 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
emissions limits,

— the time needed for a new installation, in order to implement additional corrective
measures whenever needed.

e Reduced or non-operation of the distorting installations for some supply system or
customer configurations.
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Figure 5 gives an overview of the evaluation procedure presented so far in this report.

SYSTEM OPERATOR OR OWNER

Determine the planning levels
L,y and L, and define the
system characteristics
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Agreed Power S;
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Take additional corrective
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levels
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Conduct detailed system studies to

y

Apply for stage 3 assessment
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v

Assess emission level and take
additional measures to reduce
emissions as neded

A
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IEC 095/08

Figure 5 — Diagram of evaluation procedure at MV
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9 Emission limits for distorting installations connected to HV-EHV systems

9.1 Stage 1: simplified evaluation of disturbance emission

The same criteria for connection at stage 1 as given in 8.1.1 and 8.1.2 can be used at HV-
EHV.

9.2 Stage 2: emission limits relative to actual system characteristics

9.2.1 Assessment of total available power of a substation

Assgssing S; is much more difficult in HV and EHV networks than for the MV case. As,q first
apprpach when considering the case of an industrial customer connected at a givenyHV or
EHV| substation, the basic information is the forecasts of power flows taking account of the
systém evolution in the future.

Sout Soin
Sin_ _QDshunt
1
Sin— — Sout
Sout Sout

IEC 096/08

Figure 6 — Determination of Spfor a simple HV or EHV system

A simplified assessment is:

St =L SDin + X Sout + X QDshunt (10)
whete
S; (im MVA) is an. approximation of the total power of all installations for which
emission limits are to be allocated to in the foreseeable future,
Sout [(in MVA) is/power flowing out of the considered HV-EHV busbar (inclyding
provision for future load growth),
Spinl(in MVA) is the power of any HVDC stations or non-linear generating plants,

Qpsunt (iIMVAR) is the dynamic rating of any thyristor-controlled reactor (TCR) off any
Static Var Compensators connected at the busbar under consideration.

Thls Aapnnravieanti~an ~Af Qt 1o Tt AN AAA A rArN AN AN AR At A
approxatHeR-eStHSsHtehraeetoFemath-conRservative-
NOTE This first approximation may not be conservative if shunt capacitors are located at nearby busbars.

9.2.2 Method for sharing planning levels between busbars at HV and EHV

Before allocating emission limits to distorting installations in a given HV-EHV system, it is first
required to share the common HV-EHV planning levels (Lyy-env See Table 2) between the
different substations or busbars in a given system.
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Figure 7 — Allocation of planning level to a substation in,HV-EHV system

Figufe 7 illustrates a synthesized HV-EHV system. The first réquirement is to determing the
global contributions (G4, Ghgo.---Ghgp) Of all distorting installations connected to different
substations or busbars B, B,,...B,,.

As before, the basic philosophy is that when all distdrting installations i are injecting levgls of
harmonic distortion equal to their emission limits, tHe total disturbance level anywhere ip the
system should not exceed the planning level. The\general condition to be satisfied is:

iat B1 iat B2 iat Bn

a[ ZEUhia]J"( ZEUhiu}+...+[ ZEUhiGJ <LhHV_ERV (11)

whefe ZEUhiu <Gy

i atBj

and

LhrviERy is the planning level,

Euni is the emission level for each installation i connected at substation or busbar j,
Ghp is_the maximum global contribution to the ht" harmonic voltage of all the

distorting installations that can be supplied from a given substation or busbar
B; in the HV-EHV system under consideration.

Let us consider the m™ busbar or substation in the system under consideration. A simple
approach to set the global contribution (Gg.) is to apportion planning levels between busbars
or substations proportionally to their share of the total supply capacity of the system (ZSy).

Stm L

< a 12
Cnbm = \/(st1>+(st2>+~-+(sm> (12)

hHV —EHV

Meshed EHV or HV systems often need a more general or advanced approach in order to
take into account the magnitude of the influence coefficients K, ,, between the considered
node m and each of the n-1 other substations or busbars. The influence coefficient K, is
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the harmonic voltage of order h which is caused at node m when a 1 p.u. harmonic voltage of
order h is applied at node j; the calculation of K, usually requires the use of a computer
program. The influence coefficients are related to the elements of the node impedance matrix
of the system for the harmonic order of interest. Taking influence coefficients into account,
Equations 11 and 12 then become:

1

a
[Kh1—ma{ ZEUhiq}“‘KhZ—mq{ ZEUhiGJ“‘""“Khn—mG[ ZEUhiGD < LhHV —EHV (13)

i at B1 iat B2 iatBn

Basgd on the same apportioning method as before, the acceptable global contribution|Gngm
from| all the distorting installations that can be connected to the considered busbar By-should
meef the following condition:

a Stm 'LhHV EHYV (14)
(Kﬁ1_m -St1)+(Kﬁ2_m -St2)+...+(Stm)+ ~-~+(Kﬁn_m 'Stn)

Gth <

addihg (K, _,*-S,) terms as long as they remain significant as compared to Sy,.

Calling m the considered node and j any one of the other n<1'nodes located in the vicinity, the
valugs of S, and S;; can be calculated according to 9:2.4' and Equation (10), while ignoring
all ppwer flow S, ; between any two of these nodes.

It is |also worthwhile mentioning that conditions _defined by equations (13) and (14) must be
satigfied not only at the node m of interest, but\also at the n-1 other nodes or substatiops in
the gystem considered.

Morg details on the method including afdexample of application considering resonance effects
are given in Annex D of this report.

9.2.3 Individual emission limits

At each harmonic order h,; each distorting installation i will be allowed a contribution (E,;) to
the global contribution«ofssubstation or busbar B, (G,g,) in the considered HV-EHV sygtem
accaording to the ratio between its power (S;) and the total available power (S;,) of substation

m.
Euni = GhBm¢] 5 (15)
Stm

where

Euni is the emission limit of non-linear installation i (HV or EHV) at harmonic
order h,

Ghem is the maximum global contribution to the h" harmonic voltage of all the
distorting installations that can be connected to a given substation B, in the
HV-EHV system under consideration (obtained according to the indications
given in 9.2.2 and Annex D),

S; = P, /cosg; is the agreed power of customer installation i, or the MVA rating of the
considered distorting installation (either load or generation),

Stm is the total supply capacity of substation m in the system under

consideration and assessed according to 9.2.1 and 9.2.2,

o is the summation law exponent (see Table 3)
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It may happen at some locations that the pre-existing level of harmonics is higher than the
normal share for the existing installations. In this case the emission limit for any new
installations can be reduced, a reconsideration of the allocation of the planning levels
between the different voltage levels could be considered, or the system harmonic current
absorption capacity could be increased.

For customers having a low agreed power, Equation (15) may yield impractically low
limitations. If the voltage emission limit at some harmonic orders becomes smaller than 0,1 %,
it shall be set equal to 0,1 % (except if there is a risk of telephone interference, or if it
corresponds to a remote control frequency for which a more severe restriction may be
justified).

It may be preferred to specify harmonic current limits to the distorting installation, even ilf the
aim |s to limit the harmonic voltages in the system. It will be the responsibility of(the sygtem
operptor or owner to provide data concerning the frequency-dependent impedance of the
system, in order to enable expressing these limits in terms of harmonic currents;

_Eu
lhi Zh-

E (16)

whele

Eini | is the corresponding harmonic current emission limit of\Gustomer i at harmonic ordef h,

Zy; | is the harmonic impedance of the system at the point of evaluation for installatjon i
assessed considering the actual purpose of convetting voltage to current emission ljmits
(see 6.4.1).

9.3 | Stage 3: acceptance of higher emission levels on a conditional basis

The fonsiderations presented in 8.3 apply equally to stage 3 at HV-EHV.

10 Interharmonics

In standard IEC 61000-2-12, [6]),” compatibility levels are given only for the case of an
interharmonic voltage occurring at a frequency close to the fundamental frequency (50 Hz or
60 Hz), resulting in amplitude modulation of the supply voltage which causes flicker.[ The
compatibility level for a.single interharmonic voltage in this case is based on a flicker leViel of
Py F 1 (see Figure)2 in [6]). However, for other cases of interharmonic voltgges,
IEC p1000-2-12 does also provide indicative values for the level of interharmonics that might
cause other effects.” This clause provides general guidance on the effect of interharmonidgs on

some known susceptible items of equipment.

Someg of(the reasons for needing to restrict the level of interharmonic voltages U, (where[m is
not gnlinteger of the fundamental frequency) are listed below.

NOTE All % values quoted in this list relate to the fundamental voltage.

e Below twice the fundamental frequency, interharmonics should be limited to 0,2 % to avoid
flicker problems with incandescent and fluorescent (thin tubes) lamps [19], [20].

e Ripple control receivers may be disturbed if the minimal functional voltage (0,3 %) is
exceeded [21].

e In the frequency range up to 2,5 kHz, the interharmonic voltages should not exceed 0,5 %
if problems of interference with the following items of equipment are to be avoided:
television sets, induction rotating machines (audible noise and vibrations) and frequency
relays [22].

e In the range from 2,5 kHz up to 5 kHz, 0,3 % should not be exceeded in order to avoid
audible noise, for example in radio receivers and other audio equipment.
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In the presence of non-linear installations, an interharmonic at frequency f, is
accompanied by side-band components at frequencies [f,, £ 2-n (fundamental frequency)],
with n = 1, 2, 3,...; the magnitude of the [f,, £ 2-n (fundamental frequency)] components
may be quite near the magnitude of the considered interharmonic [23]. The frequencies
that could interfere with ripple control systems are the ones which differ by twice the

fundamental from the ripple control frequency.

With respect to these effects, a conservative planning level for interharmonics can be s
0,2 %.

NOTE MV equipment may be less affected.

et to

Interharmonic voltages can be added arithmetically only if frequencies and phases areie
Thede conditions are met infrequently and for short periods of time. For that_feaso
practice, not more than double the value of the highest interharmonic voltage can. arise.

If the interharmonic voltage from an installation is below 0,1 %, no disturbance wi
conslidered.

If higher values are permitted, the interharmonic frequencies should not exceed the fl
critefia and should not exist in an area where ripple control frequencies (and their side-
frequencies with a distance of twice the fundamental) are used. Under certain circumstar
ripple control frequencies of adjacent system operators or‘ewners should also have t
takep into account.

In offder to avoid problems of mechanical resonancg, )it is necessary to take particular
when interharmonics, mainly sub-harmonics, are present near rotating machines, espe
steapn turbine generators. Because these  orsional interactions involve sub-harn
currgnts, it may be necessary that the sub-harmonic currents flowing in any generatg
limit¢d to very small values. Consultations with the generator manufacturer are necessa
estaplish the specific limits at specific frequencies; sub-harmonic current levels of 0,1

nual.
n, in

cker
band
ces,
b be

care
cially
onic
r be
ry to
Vo Or

less |have been sufficient to create problems in the past. In some cases involving mechahical

resopance, therefore, the recommended 0,2 % interharmonic voltage limit may be reduce
alterpatively, the generator manufacturer may be consulted to determine if control sy
charjges are possible to avoid petential mechanical resonance problems.

d or,
s5tem
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Annex A
(informative)

Envelope of the maximum expected impedance

Based on several site measurements, "worst case impedance curves" have been defined in
some countries [24]. If calculations using those empirical curves indicate that an installation
can be connected (i.e. still meet the voltage emission limits at the point of evaluation), this
may be done with minimum risk. However, if these calculations give results that indicate that
the installation’s emission levels will exceed the voltage emission limits, a more refined
apprpach shoutd be used:.

At Igw voltage, the maximum impedance curve is derived from the short circuit power apd is
takep as varying directly with the harmonic number in a straight line relationship:

At 11 kV, the maximum impedance curve is shown in Figure A.1 for a typical_urban substation
without large capacitors or filters. It is derived from the short circuit pwer and is taken as
risin} from its value at 50 Hz on a line directly related to twice the fundamental impedande by
the harmonic number up to 400 Hz. Thereafter it drops to the line selated to the fundamegntal
impgdance by the harmonic number.

Impedance (Q)

\ \ \ \ \ \ \ \ \ \
0 2 4 6 8 10 12 14 16 18 20

Harmonic number
IEC 098/08

Figune A.1 — Example of maximum impedance curve for a 11 kV system

Uptoh=28:2Z,=2h X,
Above h =8: Z,, = h X

At 33 kV, the maximum impedance values are taken as 1,25 times those that would be
derived directly from the short circuit power up to 800 Hz. Specific measurements might be
required according to circumstances when considering frequencies above that level.

Above 33 kV such generalization is not possible.
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Annex B
(informative)

Guidance for allocating planning levels and emission levels at MV

Clause B.1 of this annex provides guidance on how to determine planning levels for an MV
distribution system with several MV voltage levels (for example both 33 kV and 11 kV). The
approach has been devised to give an adequate harmonic allocation at each voltage level.
Subclause B.2.1 then gives a method for allocating emission levels in MV distribution systems
where their feeders display a significant variation in short circuit power from sending to far
end.[The method 15 based on the attocatton of harmonic VOIt-amps (VA) rather than nar onic
voltdge as this gives more usable allocation for customers connected far from the.fgeder
supgdly end. This method is difficult to calculate in general, but some useful.\simpl|ified
apprpximations can be made in the case where the MV installations are roughly/unifgrmly
distrlbuted along the feeders (see B.2.2). An example showing the application of'the mdthod
is giyen in B.2.3.

In the case where the system response is dominated by resonance caused by cables or ghunt
capdcitors, the method provided in this annex is not appropriate for the-harmonic frequengy at
which the resonance occurs.

B.1| Guidance for adapting planning levels at MV

Somg distribution systems have several MV voltage levels in series. In this case there ngeds
to bg a variation in planning level across the MV)voltage levels to allow an allocatign of
harmonic emission limits to MV installations. Thexprofiling of the planning levels will affegt the
relatjve allocation of harmonic emission levelsito installations at different MV levels apd it
shodld be chosen to give the desired effect..Aidetailed discussion of how this has been fone
for MV distribution systems in one country is*given in Section 2 of reference [27] his apprpach
is suymmarised below.

Profiling of the planning levels between different MV voltage levels cascaded in series ngeds
information on the following:

typical system topology and impedance values,

hoice of harmonic/voltage objectives for the downstream LV system and planning levels

3
b) g4 typical distribution_of customer installations across the different voltage levels,
o
for the upstream-system,

d) 4n allocation>policy for how harmonic current should be distributed across the diff¢rent
Itage levels.

Datq for\(a) and (b) will depend on the planning and construction practices of partigular
utilitfes;vRegarding (c), downstream or LV harmonic voltages need to be equal or slightly|less
than the LV compatibility levels in Table 1 depending on the margin needed. Upstream
planning levels can be based on HV-EHV values in Table 2 or based on their interpolation for
intermediate voltage levels.

One allocation principle for meeting (d) is to give all MV installations the same percentage
current distortion. A possible approach is to take advantage of diversity as expressed by the
summation law giving:

Ihi = An - 4/S; (B.1)

where

h is the harmonic order,
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a is the general summation law exponent (Table 3),
S.

i is the agreed power of customer’s installation "i",

I; is the harmonic current emission level of customer’s installation "i",

A, is an allocation constant to be determined (see below).

The representation of LV installations is more difficult to generalize as high load density areas
can be very different from low load density areas. For the latter, the representation is simpler

if LV installations can be considered as having a second order effect on harmonic voltage
profiles and the choice of MV planning levels.

The power system needs to be modelled so that harmonic voltage profiles can be detern)ined
as g function of A,. A relatively simple computer analysis can be developed, for.example
using a spreadsheet, by assuming that all feeders/distributors at each voltage)‘level are
idenfical and that the installations at each level are uniformly distributed(~Fhis allows
consliderable consolidation of installations and circuits into a few components. Expresgions
need to be determined for the largest harmonic voltage in the system, at the\end of a stydied
LV cjrcuit, as a function of the following voltage contributions:

- the upstream system voltage taken as the chosen planning level;

- the contributions of all upstream MV loads determined”from their current and the
common impedance with the studied LV circuit:

- the contributions of all upstream LV installations determined from their current and the
common impedance with the studied LV circuit;

- the contributions of the LV installations on the“studied circuit, determined by lun]ping
all such installations at the mid-point of the circuit.

Thede voltage contributions need to be combifnéd accounting for diversity by the summation
law |(see Clause 7). The value of A, then(heeds to be adjusted so that the largest LV
harmonic voltage just reaches the chosen>objective. This value represents the maximum
harmonic loading which can be appliedfo the representative distribution system undef the
given allocation scheme.

The [resulting harmonic voltageprofile can be used as an objective to be applied to all of the
distr|lbution system operator eariewner's sub-systems, in which case the harmonic voltage$ are
suitgble as planning levels\This procedure can be applied independently at each harmpnic.
Alternatively, especiallys when high frequency models are not reliable, it is possible to
detefmine planning levels for higher order harmonics by decreasing levels versus frequlency
similarly to compatibility levels while still taking into consideration the exponent of the
summation law aecounts for more diversity for high order harmonics. Reference [25] givgs an
example on how planning levels at all harmonic orders can be obtained from detailed anglysis
of only a few harmonic values.

B.2

General case of MV installations spread along the feeders: sharing of
fon

B.2.1 Theory

Some long MV feeders can have short circuit powers and impedances which vary by 10:1 or
more from the supply to the far end. An allocation policy needs to be developed which gives a
useful emission allocation to each installation and makes effective use of the harmonic
absorption capacity of the distribution system. If installations of similar agreed power are
allocated equal harmonic voltage, installations at the far ends of feeders will receive a much
lower allocation of harmonic current than those at the supply end. Alternatively, if they are
allocated equal harmonic current, installations connected to strong points will be given
allocations no greater than that given for weak connection points and the power systems
harmonic absorption capacity is underutilised. The use of harmonic VA gives a good
compromise between these two allocation policies and is the approach adopted here. This is
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equivalent to allocating a harmonic current which reduces in inverse proportion to the square
root of the impedance at point of evaluation of the installation under consideration.

When allocating emission based on harmonic VA, the harmonic current not only varies with
the agreed power, but also reduces in inverse proportion to the square root of the impedance
at the point of evaluation of the installation under consideration. Hence, where the supply
harmonic reactance is x,, the allocated emission current is taken as:

(1/a)
_ AhMVSi

By =—"—— (B-2)
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is the agreed power of the installation,

is the MV network harmonic reactance at the point of evaluation of custor
installation "i",

is an allocation constant (defined below).

allocation constant Ay, needs to be calculated for a specific MV subsystem using
ition that the highest harmonic voltage in the subsystem“is not to exceed the plarn
. One method for determining A, for a specific subsystem is to assume an initial |
nity, determine the allocated current for each MV installation, and then combine
ge contribution and compare it with the global alloeation for MV installations. The rat

to this combined voltage gives the required./value for Apyy. If, for example,
bined voltage is a value of half G, then A,y can be taken as two. The approa
ral, and can be applied to mesh systems.and systems with spur lines, but it req
es of the agreed power and impedance at-the POE of every significant MV installatig
lified approach which can be used in most practical situations is given in B.2.2.

ibution of LV installations to MV harmonic voltages. It is assumed that an LV install
an agreed power S| ; gives @ harmonic current:

Ihevi = Any - Swvi

varies with harmonic order and may differ from country to country (or even from re
gion) depending on the penetration of electronic equipment and their usage patte
be estimatedfrom the measurement of the harmonic current for a representative fe
lying a kgown installation. Where there is a large difference in the short circuit p
een LVAand MV systems (for example where the LV feeders are overhead lines
red( or more meters in length), and the voltage in the LV system is known t

accaptable, the MV voltage caused by LV installations is a fraction of that in LV systems.
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B.2.2 Particular case of LV and MV installations spread out uniformly along feeders
in a radial system
Bus 2
1

Bus 1 2

|-ao- ’
4
5
|9 TEC 099/06

Figure B.1 — Example of an MV distribution system showing
the MV transformer and feeders 1-6

Congider an MV subsystem such as that shown in Figure B.1 consisting)of a number of
feedprs with uniform reactance/km and with LV and MV installations approximately unifqrmly
distrlbuted along them. It is not necessary to assume that the installations are distributed|with
the $ame density on each feeder. The highest harmonic voltagesis assumed to be af the
remagte end of the feeder which has the worst voltage regulation._In the absence of prgcise
data| this feeder can be taken as the one for which the product(of supply capability and lgngth
is the largest [26].

A mathematical treatment of the case of feeders with auniform distribution of installationg has
beer| developed in [26] which simplifies the task of calculating the allocation coefficient A\
in Equation (B.2). Steps in the allocation procedure ‘are:

i) for each feeder in the subsystem (e.g. those shown 1-6 in Figure B.1) determing the
quantity F, defined as the ratio of sending-end to remote end short circuit power;

ii) define F,, as the value of F for the weakest feeder. Determine F,, the average F fof the

remaining feeders. If there is a widée range in the values of F for these feeders, a Value
hould be obtained weighted according to the load capability of each feeder. Similarly we
efine S,yw as the LV load coennected to the weakest feeder and S ,,, as the LV |load
gonnected to the n remaining feeders;

iii) gstimate the harmonic voltage caused by LV installations at the MV level from:

q 0.7
UnLv = AhLV Xh \/SLVWFW "9 +S1vn B.4)

where x,, is the*harmonic reactance at the supply busbar (Bus 2 in Figure B.1).

iv) Qetermineythe harmonic voltage allowance available to all MV installations in| the
subsystem

Gy = Q/th\n\/d — T us® —Up @ B.5)

v) Determine the allocation constant for all MV installations in the subsystem, noting carefully
that the denominator of next equation contains a square root as well as a root.

Ghmv (B.6)
a _
VX h \/SMVW Fw 23 @ + Spyyn Fa 03¢

Apmv =
where Syyw is the MV load connected to the weakest feeder and Sy, is the LV load
connected to the n remaining feeders.

Having found the constant Ay for a particular sub-system, one can determine the harmonic
current allocation for a particular MV installation using Equation (B.2) above. Note that this
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equation applies to all MV installations in the subsystem, not just those connected to the
weakest feeder.

B.2.3 Example of application of the approach presented in B.2.2

A 132 kV/11 kV substation with an 11 kV short circuit power of 150 MVA supplies five feeders
with characteristics as given in Table B.1 below. The aim is to determine the 5™ harmonic
current allocation for a 500 kVA installation connected half-way along feeder No 4 where the
short circuit power is 47 MVA. The 132 kV and 11 kV 5™ harmonic planning levels are 2 %
and 5 % respectively. In this example, it is assumed that harmonic emissions from LV
installations can be ignored.

Table B.1 — Feeder characteristics for the system under consideration

Feeder ID Feederk::ngth € F:ﬁgf?d?uarde fgla\{i?) pos\I:l%E\tan)iu::ld
1 5 4 47
2 5 4 47
3 7 5 37
4 10 6 28
5 15 5 20

Determine the values of F and S for the weakest feeder and the rest of the feeders: the main
part jof this calculation is shown in Table B.2 below*and can easily be accomplished by means
of a ppreadsheet.

Table B.2 — Determination‘of F and Sx{ values for the feeders

Short
Feeder length
Feederip | g e Feeder load S (MVA) circuit sxt ,
(incl. future load) power at far X
km end (MVA)
! 5 4 47 20 3,19
2 \ 4 47 20 3.19
3 ! 5 37 35 4,05

Colummn 515 the product of fengthtimes foad—Cotummn 6 15 the quotient of the suppty short
circuit power of 150 MVA and Column 4. Column 5 shows that feeder No 5 is the weakest and
Swvw = SMVA, F,, =7,50. For feeders 1-4, we find Sy;,, = 19MVA and F, = 3,95 (from the
sum of Column 3 entries and the average of Column 6 entries respectively).

For the 5" harmonic, o = 1,4 , Lyyy = 5 %, Lnyg = 2%.

Determine the global voltage available from Equation. (B.5) with the assumption that Ty, is
equal to 1 and that U, ,, can be neglected here.

Gy = Lav® —Lus® = "4/0,05™ —002* =004 pu (B.7)
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Determine the MV subsystem allocation constant. From supply short circuit power of 150 MVA
and using a 1 MVA base,

Usin

5
Xp=5 = —— = 0,033 pu (B.8)
h=5" 150 P
From Equation (B.6)
Ahmy = Snmy
—— a 033 a _03q
VXh ~VOMvw fw ~ TOMvn fa
- — 0.04 ~0,0229 B.9)
J0.033 - "4[5x7,50033x1:4 | 19, 305-0.3x14
Detgrmine the installation allocation current: The installation has an agreed-power S; = 0, pu.
g the short circuit power of 47 MVA at the point of evaluation gives
5
L =—>_-0,106 B.10
X5i a7 pu ( )
From Equation.(B.2)
1
(ta) S M
Epy = 2nmv St - _ 0022905 - 0,043 pu (B.11)

Xhi 70,106

In tegrms of the installation’s fundamentalicurrent, this corresponds to 8,5 % of 5™ harn

distag

rtion.

onic
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Example of calculation of global MV+LV contribution
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Annex C
(informative)

For illustration purposes, Equation (7) has been applied in the particular case of a MV system,
assuming that the transfer coefficient from the upstream HV system is equal to 1 at all
harmonic frequencies and assuming that the planning levels in the HV and MV systems are
those of Table 2. The results are given in Table C.1.

Tabje C.1 — Acceptable global contribution G, yy..v of the MV and LV installations_to
harmonic voltages if the transfer coefficient from the HV-EHV system is considered

MV

In o
show
the §

" harmonic:

to

be unity

Odd harmonics
non multiple of 3

Odd harmonics
multiple of 3

Even harmonics

Order Harmonic Order Harmonic Order Harmonic
voltage voltage voltage
h h h
% % %

5 4 3 2 2 0,4
7 2,8 9 0,4 4 0,2
11 2,6 15 0 6 0,2
13 2 21 0 8 0,2
17 1,2 10 0,2
19 1,0

23 0,8

25 0,7

r5UM =2 ) GSMV“‘LV = [51’4 - (2X2)1’4]1/1’4 =2 %
r5UM =3 , G5MV+LV = [51’4 - (3X2)1’4]1/1’4 =0%

the

der to illustrate a case.ofsresonance in the vicinity of the 5™ harmonic, the following
s the application of Equation (7) with three different values of the transfer coefficig

nt at

From the-above results it is clear that the approach should be used with care when the

trang

also

be remembered that the iransfer coefficients not only depend on harmonic order

fer,coefficient from the upstream system to the MV system is greater than 1. It should

and

location but may also vary with time (for example due to various capacitor bank states).
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Annex D
(informative)

Method for sharing planning levels and allocating emission limits in

D.1

meshed HV — EHV systems

General method for sharing planning levels in HV-EHV systems

Let us recall and extend the method introduced in 9.2.2 for sharing planning levels between

diffe

Ref
sub

whet

NOTH
condi
at the

fent busbars or substations In a given AV-ERV system.

rring to Figure 7, the general conditions given by Equation (13) are to be satisfied a
tation m of the n substations forming the system under consideration:

A
[Kh1—mu( Z EUhia] + Kh2—mu[ Z EUhiaJ"' et Khn—ma( Z EUhiaJJ < Lth —EHV
iat B1 iat B2 i at Bn

o o
e ZEUhi <Gy

i atBj

Equation (D.1) represents the summation of the transferreddisturbances across the system, hence g
ions should also be satisfied at all substations or busbars,forming the considered HV-EHV system, no
station of interest.

At

influence coefficient Ky,;_,, is the harmonic voltage of order h which is caused at node m
a 1 |p.u. harmonic voltage of order h is applied at node j; the calculation of K _, us

requ
of th

Bass
glob
stati
as th

ach harmonic order h, the influence coefficients K., need to be determined

res the use of a computer program.The influence coefficients are related to the elem
e node impedance matrix of the system for the harmonic order of interest.

d on the same apportioningimethod as before, according to Equation (14) the accep
bl contribution from all thé.distorting installations that can be supplied by the consid
bn B, (Gpgm) should beva fraction of the common HV-EHV planning level (Lypv-gnv) t
e ratio of the powenr\S;y, to the total supply capacity of the system.

Sim
\/(KELm 'St1)+(K22—m 'St2)+"'+(stm)+' ' '+(K;1]n—m 'Stn

Gth <

) 'LhHV4EHV

any

D.1)

imilar
t only

the
vhen
ually
ents

able
ered
aken

D.2)

addi

Ng (K”j “ ~Su.) terms as long as they remain significant as compared to S,...

Calling m the considered node and j any one of the other n-1 nodes located in the vicinity, the
values of S, and S;; can be calculated according to 9.2.1 and Equation (10), while ignoring
all power flow S, ; between any two of these nodes.

Additionally, in order to meet Equation (D.1) at node m, the contribution Gg; at each of the n-
1 other busbars also needs to satisfy the following condition:

| St

LhHvERY (
v (Kﬁpj 'St1J+(Kﬁ2_j 'StZ)+---+(Stj)+"'+(Kﬁn_j Stn) i

Ghpj<

D.2))
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For instance, let us consider the acceptable global contribution of all the distorting
installations that can be connected at station B1 (G, g4). The following equations which result
from the application of equations (D.2) and (D.3) at busbar B1 level have to be satisfied:

St

For B1, it gives: Gg, < L (D.4)
hHV-EHV
Sy + (Kt(wa 'St2)+ (Kﬁ371 'St3)Jr et (KﬁrH 'Stn)
For B2, it gives: G, Si/ _ Se ; Liwew (0D
Sy+ (Kh2—1 Sy )+ (Kh3—1 Sy )+ et (Khn—1 S )
and po on, for B3, B4 and B5.
Similar conditions have also to be satisfied at the level of other busbars. Fotbexample at
busfar B2 level, we have:
For B1, it gives:
St1
Ghp1 < 4 “Lhnv —env D-6)
[Kﬁ,l_z . St'])"" St + [Kﬁ3_2 'St3j + 4 (Kﬁn_2 “Stn j
For B2, it gives:
St D.7
Gh2 <4 “Lhhv —EHv )
a a a
(Kh1—2 'St1)+ Si + (Kh3—2 'St3j ¥+ (Khn—Z -Stn J
and po on, for B3, B4 and B5.
In the end, we obtain n conditions for each busbar. For example for busbar 1:
Condiition 1:  Gpg < St L D.8)
: = hHV-EHV :
St +(Kﬁ2—1 ‘StZ)Jr (Kﬁ3—1 'St3)+ "'+(Kﬁn—1 ‘Stn)
Conglition 2: St1 D.9)
Ghe1 = “Lhhv —EHv
ci[(Kﬁ‘]—Z ‘St1j+st2 +(Kﬁ3_2 ‘St3j+ ~~~+(Kﬁn_2 'Stnj
dliti : St1 0.1
Condlition a:"G, g, < g - Ly _EHY (Ip.10)
(Km_n -St1)+[Kh2_n .st2j+ 4 (Sn)

This method can then be applied for sharing the planning level in order to obtain the global
contribution Gg; for all the other sub-stations or busbars B2, B3, etc... forming the
considered HV-EHV system. However, in the case of resonance, G,g; may be very difficult to
assess and the mere application of equations D.1, D.2 and D.3 could result in a near-zero
contribution for some substations. In these cases, an equitable share of emissions between
the different parts of the system should be allocated instead. An example of this case is
discussed further in the following subclauses.

Finally, it should be kept in mind that despite the most accurate determination of the actual
acceptable global contributions at each busbar, future system changes can also have a
significant impact on the transfer coefficient and the share of the disturbance levels between
different busbars in the system.
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