IEC 61803:1999-02/AMD2:2016-05(en-fr)

IEC IEC 61803

®
®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 1.0 2016-05

AMENDMENT 2
AMENDEMENT 2

Determination of pdweh 19sses,inHigh-¥oltage direct/currént (HVDC) converter
stations with line commutttsefiacicl)a\ﬁe{.ta'ss iteh ai)

Détermination des pertes en B!{! ‘7/&% Iéﬁ postes de conversion en
-1 999, 2016
courant °°“ti“'-!n‘$§?/§ﬁiﬁr3§ﬁ}§5 M&@Z@_@ﬁ%@!ﬁ@%@ws commutés par

le réseau 20b806b0dcS/ec-61803-1999-amd2-2016




IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on'|EC, International\ Standards)
Technical Specifications, Technical™ Reports” “and" “other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications;by-a
variety of criteria (reference . number; text, .technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical® terms, ‘containing'20/000 terms and definitions in
English™and “French, ‘with' equivalent terms in 15 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65), 000 electrotechnical terminology entries in English and
French extracted from the, Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected“fromearlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques  sur les  Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'IEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub
La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient 20 000 termes et définitions en anglais
et en frangais, ainsi que les termes équivalents dans 15
langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

65 000 entrées terminologiques électrotechniques, en anglais
et en frangais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'IEC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.



IEC 61803

Edition 1.0 2016-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

AMENDMENT 2
AMENDEMENT 2

Determination of powerilossesiinthigh-voltage direct current (HVDC) converter
stations with line commutated converters

Détermination des pertes en puissance dans les postes de conversion en
courant continu;a haute tension (CCHT) munis: de:convertisseurs commutés par
le réseau '

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 29.200 ISBN 978-2-8322-3358-0

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 61803:1999/AMD2:2016
© IEC 2016

FOREWORD

This amendment has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic
systems and equipment.

The text of this amendment is based on the following documents:

CDhV Report on voting
22F/374/CDV 22F/393A/RVC

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

The committee has decided that the contents of this amendment and the base publication will
remain unchanged until the stability date indicated on the IEC website under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised-edition; or

e amended.

CONTENTS
5.9 Series filter losse
Replace the entry as follows (to correct the misprint):

59 Series filter losses

3.1.1
auxiliary losses

Replace the existing definition by the following new definition and new note:

electric power required to feed the converter station auxiliary loads

NOTE 1 to entry: The auxiliary losses depend on the number of converter units used and whether the station is in
no-load operation or carrying load, in which case the auxiliary losses depend on the load level.

3.1.2
no-load operation losses
Replace the term and its definition as follows:
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3.1.2

equipment no-load operation losses

losses produced in an item of equipment with the converter station energised but with the
converters blocked and all station service loads and auxiliary equipment connected as
required for immediate pick-up of load to specified minimum power

3.1.4
operating losses
Replace the existing term by the following new term:

3.1.4
equipment operating losses

3.1.5
rated load
Replace the existing definition by the following new definition and note:

load related to operation at nominal values of d.c. current, d.c. voltage, a.c. voltage and
converter firing angle

Note 1 to entry: The a.c. system shall-bej,assumed,to be at-nominal frequency and its 3-phase voltages are
nominal and balanced. The position of\the tap-changer of the converter transformer and the number of a.c. filters
and shunt reactive elements connected shall be consistent with operation at rated load, coincident with nominal
conditions.

3.1.6
total station losses
Replace the existing term and its definition by the following new term, definition and notes:

3.1.6

total station operating losses

sum of all equipment operating losses (3.1.4) and corresponding auxiliary losses (3.1.1) at a
particular load level

Note 1 to entry: It is recognised that some purchasers evaluate “total station no-load operation losses” (definition
3.1.8) and total station load losses individually instead of the evaluating “total station operating losses” (definition
3.1.6).

Note 2 to entry: "Operating losses” minus “no-load operation losses” may be considered as being quantitatively
equivalent to “load losses” as in conventional a.c. substation practice.

Note 3 to entry:  An illustrative example to derive “load losses”, “equivalent load losses” and corresponding “loss
evaluation” is given in Annex D.

3.1.7
station essential auxiliary load
Delete, in the definition added by Amendment 1, the Note.
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Insert, between 3.1.5 and 3.1.6 the following new entry 3.1.8:

3.1.8

total station no-load operation losses

sum of all equipment no-load operation losses (3.1.2) and corresponding auxiliary losses
(3.1.1)

3.2 Letter symbols
Replace the definition of letter symbol o modified by Amendment 1, as follows:

a (trigger/firing) delay angle, in radians (rad)

4.1 Introduction

Delete, in the third sentence of the second paragraph, the additional blank spaces (misprint).

4.3 Operating parameters

Replace the second paragraph as follows:

The losses of HVDC converter stations are classified into two categories, referred to as
operating losses (3.1.4 and 3.1.6) and no:loadoperation) losses (3.1.2 and 3.1.8).

Add, to the last sentence of’thé)(subclause)‘the! phrase’"(without waiting for tap changer
movement) to specified minimum power" as follows:

Station service loads and auxiliary equipment (e.g. cooling water pumps) shall be assumed to
be connected as required for immediate pick-up of load for the converter station (without
waiting for tap changer movement) to specified minimum power.

5.1.7 Turn-off losses per valve

Replace the first sentence of the subclause as follows:

These are additional losses due to reverse current flow in the thyristors at turn-off (see Figure
8).

Renumber the Note as Note 1 and add the following Note 2 at the end of the subclause:

NOTE 2 The most part of the thyristor turn-off losses resulting from this mechanism are dissipated within the
thyristor itself, although part of the losses may be dissipated in other components such as the damping resistor and
valve reactor.
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5.2.2 No-load operation losses

Add, after the paragraph, the following new paragraph:

The transformer tap-changer position shall be as defined in 4.3.

Annex B — Typical station losses

Replace, in the table, the first line starting with "Thyristor valves" as follows:

Item Typical losses at nominal operating conditions

%

Thyristor valves | 20 - 40

Replace the sentence under the table as follows:

The total station no-load operation losses range from 10 % to 20 % of the total station
operating losses at rated power under nominal operating conditions.

Add, between Annex B and'Annex C, the following new Annex D:
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Annex D
(informative)

HVDC converter station loss evaluation — An illustration

This annex is included to provide an illustration only to describe the basic concept behind the
loss evaluation of HVDC converter stations and is to be considered by readers as a guide
only.

One of the purposes of HVDC converter station loss determination is to evaluate expected life
time cost of associated electrical losses reasonably well; not the maximum losses at any time.
This is also a mechanism to arrive at an optimum compromise between initial capital
investment cost and life time operating cost associated with electrical losses. Actions which
take very little time (like few seconds when moving a tap changer) are basically irrelevant in
this aspect of evaluating losses as this is to cover a very long period (like 25 years). Similarly,
events which last for a short duration should be disregarded for purpose of loss evaluation
(e.g. maximum ambient temperature, instead of use of yearly average ambient temperature to
be considered). Further, considering operating loss at full load only may not represent the
losses corresponding to actual load curve of most of HVDC systems. Hence a realistic method
is recommended to be considered by adopting suitable weighting factors to a few sets of load
as per expected loading patterns of the particular HVYDC transmission link over a long period.

Cost of losses is associated between average price per hour of electricity, the interest rate
applicable and design:life of the HVDCrproject. iTheyfollowing formulagis an example:

IS(1RRY
L=CExT{———~’—

where
CE is the cost of 1 kWh of electric energy at the present value ($);

T is the number of hours in a year that the HVDC equipment is expected to be in
operation (hours);

R is the interest rate applicable to the investment in HVDC project (% / 100);
L is the life expectancy of the HVDC project (years).

Cost of losses may vary for example from 1 000 $/kW to 5 000 $/kW depending upon country,
utility, project or other considerations. Different loss evaluation rates ($/kW) are also used
many times for no-load/standby losses and load/operating losses depending upon the
evaluation (e.g. cost of lost opportunity of transmitting equivalent energy) perceived by the
owner/utility. This means that the owner/utility profits from this evaluation in addition to the
cost of lost energy. It may be noted that in case a higher rate of loss evaluation rate is
specified, it will lead to a higher initial capital investment cost which may not be optimum
considering project utilisation.

The loss evaluation (also called loss capitalisation) figures should be adapted to the
application of particular project considering necessary weighting factors depending upon the
utilisation of the scheme/project and its expected cost of losses to the owner/utility. For a
HVDC transmission scheme, the average time can be divided into:

e energised and in standby (no-load);

e transmitting on average different powers for different time;

e not energised.
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In some case it is necessary to keep the system energised in standby mode even when not
transmitting power, so that power can be transmitted without any delay and thus a concept of
no-load and load loss is considered for loss evaluation (see Cases C and D below).

In some other cases it is not necessary to keep the system energised in standby mode when
not transmitting power, in such a case, the concept of operating loss is to be considered for
loss evaluation (see Case A, Case B and Case C below).

Some typical scenarios are considered below:
Case A A 3000 MW HVDC project is expected to be transmitting basically 100 % rated
power 100% of time.

Case B A 3000 MW HVDC project is expected to be transmitting basically 100 % rated
power for 9 months while not in operation for 3 months at all in a year.

CaseC A 3000 MW HVDC project is expected to be transmitting basically 100 % rated
power for 9 months on average while in remaining 3 months it has to be kept in
standby mode so that power transmission can be started immediately whenever
required.

Case D A 3000 MW HVDC project is expected to be basically energised all the time and
transmitting following powers for following periods

0 % (0 MW) power but in standby — 10 % of time
10 % (300 MW) power — 10 % of time

50 % (1 500:MW) power —/60% of time

100 % ( 3 000 MW) power — 20,% of time

It may be noted that above is just to-illustrate method of loss evaluation while the number of
loading points to be selected will vary as per specific project requirement.
Loss evaluation under various cases

A typical loss evaluation rate of 3 000 $/kW for total station no-load operation losses and
2 000 $/kW for total station operating losses is considered in below examples.

Case A:

In such a case, concept of operating loss is recommended to be adopted. If total station
operating losses of whole station loss at rated power (3 000 MW) load are "d" kW, then loss
evaluation would be d x 2 000 $.

Case B:

In such a case, concept of operating loss is recommended to be adopted. If total station
operating losses of whole station loss at rated power (3 000 MW) load are "d" kW, then loss
evaluation would be d x 2 000 x (9/12) $.

Case C:

In such a case, concepts of standby and operating loss are recommended to be adopted. If
total station operating losses of whole station loss at rated power (3 000 MW) load are "d" kW
and total station no-load operation losses are "a" kW, then loss evaluation would be
d x 2000 x (9/12) + a x 3 000 (3/12) $.

Case D:
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In such a case, concepts of no-load and load losses is recommended to be adopted. It is
assumed that standby losses (which are considered the same as total station no-load
operation losses) is "a" kW, whereas total station operating losses 10 %, 50 % and 100 %
load are "b" kW, "c¢c" kW and "d" kW respectively. It may be noted that losses "a" are
calculated at different conditions, for example at a tap position which may be different, than
conditions for which losses "b", "c" and "d" are calculated.

Loss in such case would be evaluated according to conditions shown in Table D.1:

Table D.1 — Conditions for calculation of losses in Case D

Total station operating Time factor
losses
10 % load b 0,10
50 % load c 0,60
100 % load d 0,20

Loss evaluation would be a x 3 000 + (b x 0,10 + ¢ x 0,60 + d x 0,20) x 2 000 $.
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