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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STANDARDISING THE CHARACTERISTICS OF ELECTRICITY

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

this end_and in addition to aother activities |EC nuhh:hpc International Standards Technical anm ications,
Techpical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides (hereaftr referred to.fas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Naii ol al Committee-interested
in tHe subject dealt with may participate in this preparatory work. Internatiogfal, governmen al gnd non-
govefrnmental organizations liaising with the IEC also participate in this prepayafi 5 closely
with |the International Organization for Standardization (ISO) in accordancé giined by
agregément between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express,@s nea intefnational
conspnsus of opinion on the relevant subjects since each technica i i from all
intergsted IEC National Committees.

3) IEC Publications have the form of recommendations for inteprfationa z National
Comnittees in that sense. While all reasonable efforts are t of IEC
Publications is accurate, IEC cannot be held responsibl for any
misirjterpretation by any end user.

4) In ogder to promote international uniformj lications
trangparently to the maximum extent possi iyergence
betwgen any IEC Publication and the corresps icated in
the latter.

5) IEC [provides no marking procedure to indicate~i roI and cannot be rendered responsible| for any
equipment declared to be in capformity with &

6) All ugers should ensure that\they & ithe is“publication.

7) No lipbility shall attach Qr i ires s servants or agents including individual experts and
mempers of its technic itte \ ommittees for any personal injury, property dgmage or
othel damage of aqy na a hether\direct or indirect, or for costs (including legal f¢es) and
expephses arisi -@, icati 3f,/or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attertion is drawn t i neés cited in this publication. Use of the referenced publicptions is
indis

9) Atterjtion i s gssibitity that some of the elements of this IEC Publication may be the spbject of
pate ) esponsible for identifying any or all such patent rights

The m K ical committees is to prepare International Standards. Howgver, a

technigal it ¢ icati [ i llected

data of| a diffe i ich i i i brd, for
example "state of

IEC 62 ttee 8:

Systems aspects for electrical energy supply

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

Enquiry draft Report on voting
8/1226/DTR 8/1248/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.

@C@
&
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INTRODUCTION

While standards exist in various countries for some of the characteristics of electricity supplied
from public networks, IEC 61000-2-1, 1990, EN 50160 and IEEE 1159 are attempts to cover all
of the characteristics more or less comprehensively. EN 50160 was a response to a formal
declaration that electricity is a product — according to European Directive 85/374/EEC
concerning liability for defective products.

The network operators have the responsibility of designing and operating the network with the
required level of quality which may be defined by national laws, national or international
standards.

The fo
and EN

supply
Quality of supply

Of all t one of
the mo W\ are significant.

. vitable
unduly

frequent;
J e between user demand and the
energy

sources.
b) Thaq utilisation of elecfkicit qui g h order
thaj the supply as S ch it is

utilised. It is very i - intain t apply within reasonable range of the s§andard
vaIIN
c) No al quite
sho nat can
hin ons or
on
NOTE supply,
complicd ion, etc.
For exarn

spect to
network

how well
operation);

he varlpus services are delivered (The services concerned are not confined to

— |centinuity of supply: concerning the extent to which customers find that their electricity qupply is
illtvlluptvu' fUI VdI;Uub IedsuUIlS = 5T d) dIUUVv,

— voltage quality: concerning the technical characteristics of the supply with respect to the voltage
delivered to customers, i.e. its magnitude and frequency, as in b) above, together with the potentially
disturbing aspects referred to in c) above.
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STANDARDISING THE CHARACTERISTICS OF ELECTRICITY

1 Scope

This technical report outlines the way in which electricity is now described as a product.
Particularly, in Europe and several other areas, for example Brazil and Argentina, as well as in
some states in the United States of America.

It is, hgwever, rather a unique product because of its intangible and transignt na .Strictly, it
is a product that exists only for an instant at a given point of delivery, ce¢ ence at

the samne instant at which it is being used and is replaced immediately ct with
rather |different characteristics. Its characteristics are different a oint of
delivery. Moreover, it is a product whose quality depends not on)y go into

its production, but also in the way in which it is being used at § Q eguipment of
multiple¢ users.

Therefpre, the quality control that is possible for mope tangibte re is not
s S \ ditions
ibutedd and, thdose under which it is uped. In

under which it is produced, transmltted and dis
ge o@xe quality of electricity, including

particular, the capacity of utilisation eq
that dejivered to other equipment, mus

Electrig i incre \ in terms of the functions it fullils and
the waj in which it interacts with other elegtri ) ent. Frequently, that interaction takes
place through the medium gkthe electrisity yhieh is the common energy source for all

the eqliipment. It arises becalise ed to be a common energy sourde, also
providgs a conducting A i i

In effect, the el S
are superimpose
product that is deliyé

atmosq
system

ising from the behaviour of utilisation equipment
istics of the electricity supply, and become part of the
er. They are joined also by phenomena arising from
and from the intrinsic response of a large elgctricity

2 TH phenomena

ObserV ized network impedance characteristics, such as proposed in IEQ 60725
for 16 |[A and,\75 A-supplies, is essential so that electricity suppliers, distributors and system
users dansshare the power quality responsibility.

NOTE Normalized network impedances are not always applicable in many countries, because the particular
network configuration makes the power quality management easier and more reasonable by using other methods
rather than normalized network impedances.

The degree of economic development has a great influence on the importance attached to the
different elements of supply quality. At an earlier stage of development, the primary concerns
are likely to be that electricity is actually available and, when available, that the voltage and
frequency are within reasonable range of their nominal values for most of the time. When these
are the primary concerns, such matters as voltage dips, transients, etc. are seen as having
minor relevance. With more advanced economic development, however, continuity, voltage and
frequency, while remaining important, begin to be taken for granted, and the emphasis shifts to
the set of phenomena encompassed by the modern term, “power quality”. These phenomena
are briefly described below.
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Harmonics, interharmonics and frequencies in the range of 2 kHz to 9 kHz: these arise
mainly from system users’ equipment that draws a current not linearly related to the voltage,
thereby injecting currents at unwanted frequencies into the supply network.

Flicker, as a main effect of voltage fluctuations, which are caused by system users’
equipment drawing current of fluctuating magnitude, resulting in corresponding fluctuation of
the voltage on the network.

Short duration RMS variation (instantaneous, momentary, and temporarily): these are
caused by the sudden occurrence and termination of short circuits, motor starts or other
current increase on the supply system or installations connected to it.

TranS|Lnt overvoltages (Impulsive and oscillatory): several pheno ena, i ing the
operati S ¥ to the
supply in the
installations connected to them

Tempo RMS
variati bltages
betwe nductor
interruel fault in
the pu fault is
cleared.

Harmonics: these frequencies are integ

Interh‘:l|| ,|further
freque ear as

discrete S .\ bey arise from the operation of non-linear
loads 4 : ifi

Unbalance: un

.@. e-pb i i inability to
keep the currents\drawn i BS.

The al roduct,
electr|c' g public
utility. m in a
proper is one

to be undertaken joiaty by electricity generators, network operators and manufacturers.

These phenomena have the potential of hindering or limiting the operation of electrical
equipment, either on the public network itself or, more often, within the installations of system
users. They are therefore referred to as disturbances, and end user’s equipment that is
causing disturbances, is referred to as a disturbing load.

4 Connection of loads and generators

Throughout the century-old history of public electricity supply, network operators have always
sought to control the connection of loads to the network in order to maintain a certain stability
of frequency and voltage and a low level of disturbances on the network. It is usually a
condition of supply to all system users that they avoid disturbing the operation of the network or
the supply to other network users. When the load is part of a large installation, the relevant
details are declared to the network operator before the connection is provided. This gives the
network operator the opportunity to design a suitable method of supply and agree an
acceptable operating regime with the network user, in conjunction with his equipment provider
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and other expert advisors. In that way, the level of the disturbance can be maintained at an
acceptable level.

For instance, in the case of harmonics, distortion was kept to quite low levels on almost all
networks — lower than the values specified in the IEC compatibility levels and EN 50160.

In more recent decades, disturbances are being generated to an increasing extent by small-
load devices that network users purchase on the retail market and install without reference to
the network operator. They include IT and other electronic devices, such as television
receivers, personal computers, etc. These devices are small users of electricity and the level of
the disturbance is correspondingly small in absolute terms. They are installed in very great

numbeﬁs. however, and there is frequently a high level of simultaneity in their operation.
Consequently, the cumulative level of the disturbance generated by them cam\be quite high.

Since fhey are installed without reference to the network operator, gy avois the |control
system| that has existed since the start of public electricity supply, as g . Indeed,
the disfurbing devices are far too numerous to be considered indivi gnition

of the greater difficulty of control, coupled with the realisation the ) S wanted
freque:l:cies were already rising due to television receivers<and jic devices,
includimg PCs, that the comparatively high compatibility leve I also in
EN 50160.

In the {uture, distributed generation will have a great/impact inN{efms ili oltage,
fundamental frequency and disturbances. For the units,availatle on the retail market,
they will be installed without referengce to the , i n each
differemt country, they will also avoid the\co $ ad exi i start of

public electricity supply, as described s far too

numergus to be considered individually.

Yet, it femains the obligation of the netwo 3 [ gers, to
avoid @generating excessive di 5€) i Ifil this
obligation is by having jerates
the generation of distu

5 The contri

The dgsi ent that fulfils both those needs is the goal of the EMC

proces . Electromagnetic compatibility is defined as the ahility of
equipm gotorily in its electromagnetic environment without intrqducing
intolers ; ic disturbances to anything in that environment. Thereforq, EMC
seeks i for the utilisation of electricity by users’ appliances, namely, that the

generati C ance must be limited and equipment must be capable of tolerating a
reasonpble~level™~af disturbance. Of course, EMC extends also to equipment that|is not
connedted.te’the electricity network and to electromagnetic phenomena that are not relgvant to
those networks.

The EMC family of documents in the IEC 61000 series includes standards establishing limits
for both, the emission of and immunity from disturbance, as well as numerous other supporting
standards, reports, etc. describing the electromagnetic environment and phenomena found in
it, methods of measurement and test, mitigation, etc. Among them are standards for
compatibility levels, which are reference values established to enable emission and immunity
limits to be co-ordinated with each other and with the actual disturbance levels to be expected
or regarded as acceptable in the various environments.

That relation between compatibility levels and the levels of disturbance in the actual
environment, in the case of low frequency conducted phenomena, is the reason for the close
correspondence between the compatibility levels and the levels specified in EN 50160. Equally,
if the measured disturbance levels are found to exceed or be very close to those levels that are
a cause for concern about whether the emission limits are sufficiently low or are being applied
sufficiently strictly. Moreover, if electricity users’ equipment is actually being disturbed by one
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or other of the phenomenon, that raises the question of whether the immunity limits are
adequate or are being applied properly.

Therefore, the quality of the electricity supply is very dependent on the EMC process, and
requires suitable limits properly applied. If the EMC process is effective, then disturbances
emitted by equipment connected to the networks are controlled so that supply quality is not
unduly affected, and the equipment is capable of continuing to function as intended despite the
disturbances arriving via the network. While EMC is not concerned directly with the safety of
equipment, securing the intended operation of equipment automatically avoids its being
damaged.

6 Cgordimatiomofthe partiesinvotved

In relafjon to supply quality, three different relations are to be consider,

— |network operator — electricity consumer,
— |electricity consumer — equipment supplier
— |network operator — equipment supplier.

6.1 Network operator — final customer

The qyality of the supply involves two parties i e final

customer.

a) For|the electricity delivered at the stpplyNem it'hs to take
all [practical steps to ensure that ts i as are
spgcified and to inform, if require normal
opdgrating condition (thescustomer 5 occur
ocgasionally). To fulfid th S i bhe network operator is also oblfged to
majntain reasonabl i all customers use the electricity,[and to
projide each customs i mation as may be necessary to enable him
to Jse the supp i i

b) The respons e the electricity in a way that avoids disturfjing the
ope€ ihe. Supply to other users and, insofar as such disturbance
aris steps™to reduce it to an acceptable level. That responsipility of
the ding” the network operator with all information reagonably

req ipment that is or will be installed and the way in which it will be
ope€ er has to comply with such conditions for its operation ps may
be i Athe network operator to prevent the emission of disturbance at an exg¢essive
lev

NOTE For ‘pra easons, this responsibility is fulfilled in this way only for relatively large logads and
installations:, Tn relatioh to other equipment, the quality of the supply, avoidance of disturbance anfd proper
fundtioning/of the networks and users’ equipment are dependent on the proper implementation of {he EMC
prodess.

6.2 Final customer — equipment supplier

Under normal conditions, the final customer uses electricity by means of electrical equipment.
The supplier of that equipment is indirectly involved in the relationship between customer and
network operator.

a) The equipment supplier ensures that the equipment can perform the intended function,
including avoidance of disturbance, and is suitable for the electromagnetic environment in
which it is intended to operate, including the conditions that can arise in public electricity
supplies.

b) The equipment supplier is further responsible to provide the consumer with such
information about the characteristics of the equipment as may be required for transmission
to the network operator or the instruction of the customer.

NOTE Safety considerations in case of normal and abnormal conditions of the network are not dealt with in
this technical report.
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6.3 Network operator — equipment supplier

Finally, at representative level, both network operators and equipment manufacturers are jointly
involved in the EMC process, in order to ensure that

a) emission limits are such as to prevent disturbance levels on electricity networks rising to
values that would hinder or limit the proper functioning of electricity users’ equipment or the
proper operation of the electricity networks;

b) electricity users’ equipment is provided with adequate immunity from the disturbances that
can be transmitted via the supply terminals at the levels that can be found in practice.

NOTE While the concern of EMC is to secure the intended operation of equipment, it is clear that the
consumer also requires that his equipment should not be damaged. If operation as intended is secured, that

nor
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