ICS 29.200, 29.240.01 PREDBEZNA SLOVENSKA TECHNICKA NORMA December 2025
Siet'ové systémy na prenos energie STN P
jednosmernym pradom vysokého napitia CLC IEC/TS
ST N (HVDC) a pripojené menicové stanice 63291-2
Navod a zoznam parametrov pre funkéné
P Specifikacie
Cast’ 2: Zoznam parametrov
330130

High voltage direct current (HVDC) grid systems and connected converter stations - Guideline and parameter lists for functional
specifications - Part 2: Parameter lists

Tato norma obsahuje anglicki verziu eurdépskej normy.
This standard includes the English version of the European Standard.

Tato norma bola oznamena vo Vestniku UNMS SR ¢ 11/25

Obsahuje: CLC IEC/TS 63291-2:2025, [EC TS 63291-2:2023

Oznamenim tejto normy sa rusi
STN P CLC/TS 50654-2 (33 0130) z oktdbra 2020

141465

obsahuje
farebné
strany

Urad pre normalizaciu, metrolégiu a skiobnictvo Slovenskej republiky, 2025
Slovenska technickd norma a technicka normaliza¢nd informécia je chrdnena zdkonom ¢. 60/2018 Z. z. o technickej normalizacii
v znen{ neskorsich predpisov.



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metroldgiu a skisobnictvo Slovenskej republiky



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

TECHNICAL SPECIFICATION CLC IEC/TS 63291-2
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION September 2025

ICS 29.240.01; 29.200 Supersedes CLC/TS 50654-2:2020

English Version

High voltage direct current (HVDC) grid systems and connected
converter stations - Guideline and parameter lists for functional
specifications - Part 2: Parameter lists
(IEC/TS 63291-2:2023)

Réseaux en courant continu a haute tension (CCHT) et Hochspannungsgleichstrom-Netzsysteme und
postes de conversion connectés - Lignes directrices et angeschlossene Stromrichterstationen - Leitfaden und
listes de paramétres pour les spécifications fonctionnelles - Parameter-Listen fir funktionale Spezifikationen - Teil 2:
Partie 2: Listes de parameétres Parameter-Listen
(IEC/TS 63291-2:2023) (IEC/TS 63291-2:2023)

This Technical Specification was approved by CENELEC on 2025-08-26.

CENELEC members are required to announce the existence of this TS in the same way as for an EN and to make the TS available promptly
at national level in an appropriate form. It is permissible to keep conflicting national standards in force.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the

Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkiye and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2025 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. CLC IEC/TS 63291-2:2025 E



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

CLC IEC/TS 63291-2:2025 (E)

European foreword

This document (CLC IEC/TS 63291-2:2025) consists of the text of document IEC/TS 63291-2:2023,
prepared by IEC/TC 115 "High Voltage Direct Current (HVDC) transmission for DC voltages above
100 kV".

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

This document is read in conjunction with CLC IEC/TS 63291-1:2025.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Technical Specification IEC/TS 63291-2:2023 was approved by CENELEC
as a European Technical Specification without any modification.

In the official version, for Bibliography, the following notes have to be added for the standard indicated:

IEC 60633:2019 NOTE Approved as EN IEC 60633:2019 (not modified)
IEC 61660-1:1997 NOTE Approved as EN 61660-1:1997 (not modified)
IEC 61000-4-7 NOTE Approved as EN 61000-4-7

IEC 61975:2010 NOTE Approved as EN 61975:2010 (not modified)

IEC 61975:2010/A1:2016 NOTE Approved as EN 61975:2010/A1:2017 (not modified)

IEC 60909 (series) NOTE Approved as EN 60909 (series)
IEC 62271-100 NOTE Approved as EN IEC 62271-100
IEC 62271-102 NOTE Approved as EN IEC 62271-102



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

CLC IEC/TS 63291-2:2025 (E)

Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cencenelec.eu.

Publication Year Title EN/HD Year
IEC 62747 2014 Terminology for voltage-sourced converters EN 62747 2014
(VSC) for high-voltage direct current (HVDC)
systems
+ A1 2019 + A1 2019

IEC/TS 63291-1 2023 High voltage direct current (HVDC) grid CLC IEC/TS 63291-1 2025
systems and connected converter stations -
Guideline and parameter lists for functional
specifications - Part 1: Guideline


https://www.cencenelec.eu/

IEC TS 63291-2:2023-09(en)

STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizéciu, metrolégiu a ski$obnictvo Slovenskej republiky

IEC TS 63291-2

Edition 1.0 2023-09

TECHNICAL
SPECIFICATION

High voltage direct current (HVDC) grid systems and connected converter
stations — Guideline and parameter lists for functional specifications —
Part 2: Parameter lists




STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2023 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.

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Tel.: +41 22 919 02 11
info@iec.ch
www.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 corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
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 once
a month by email.

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: sales@iec.ch.

IEC Products & Services Portal - products.iec.ch
Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always have
access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 300 terminological entries in English
and French, with equivalent terms in 19 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/

STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skiSobnictvo Slovenskej republiky

IEC TS 63291-2

Edition 1.0 2023-09

TECHNICAL
SPECIFICATION

High voltage direct current (HVDC) grid systems and connected converter
stations — Guideline and parameter lists for functional specifications —
Part 2: Parameter lists

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.200; 29.240.01 ISBN 978-2-8322-7572-6

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

-2- IEC TS 63291-2:2023 © IEC 2023

CONTENTS
O T T 1 I PP 9
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns 11
1 1o o 1= S P 12
2 NOrmMative referENCES ... e 12
3  Terms, definitions and abbreviated terms ... 13
3.1 Terms and definifioNS .. ..o 13
3.2 AbDbreviated termMS ... 17
4 Coordination of HVDC grid and AC SYStEMS .......ciuiiiiiiiiii e 18
4.1 ADOUL HVDC gl ..ottt et e et eaes 18
4.2 HVDC grid StrUCTUNE ....ceiei e e e s 18
4.3 Purpose of the HVDC grid and power network diagram ................coooiiiiiiiiininenn... 18
4.4 AC/DC power flow optimisation ... ... 19
4.5 Converter operational fuUNCLIONS .........ooviiiiiii e 21
451 Basic operation functions — Converter normal operation state........................ 21
452 Basic operation functions — Converter abnormal operation state.................... 22
453 F N o711 =Y V=T =Y YA o == P 24
5  HVDC grid charaCteriStiCs . ... e 28
5.1 HVDC CirCUit tOPOIOGIES ..t 28
5.1.1 Availability and reliability .........oooiii 28
5.1.2 Basic characteristics and nomenclature ..............coooiiiiiiiii 28
5.1.3 Attributes of HVDC grids or HVDC grid subsystems...........ccocooviiiiiiiniiineneenn. 29
5.1.4 Attributes of an HVDC station .........oooiiiiii e 29
5.2 (70T o] o T=Tox 4o o T 1 4 Lo Yo 1= 30
5.3 Grid operating States ......oiuiiii 30
5.3.1 LY o= = | P 30
5.3.2 NOrmMal State ..o 30
5.3.3 ALl SEatE e 30
5.3.4 EMergency State. . ..o 30
5.3.5 BlaCKoUt State......c.iei 30
5.3.6 RESTOratioN e 30
54 DC VO AGES ettt 31
5.4.1 GBNEIAL L. s 31
5.4.2 Nominal DC system VOItage ... ..o 32
5.4.3 Steady-state DC pole VOItage .....coeiiiii e 32
5.4.4 Temporary DC pole VOItage ......couniiiiiii e 32
5.4.5 DC neutral bus VOITAGE . ...oveieii e 33
5.5 Insulation CoOrdination ... ... 35
5.6 Short-circuit characteristiCs ... ..o 35
5.6.1 Calculation of short-circuit currents in HVDC grids...........coooviiiiiiiiiiieieen, 35
5.6.2 Short-circuit current design requirements ..........ccooiiiiiiii 37
5.7 Steady-state voltage and current distortions .............ccooiiiiiiiiii 37
5.7.1 Emissions and impacts ..o 37
5.7.2 Rights and obligations of a connectee ... 39
5.7.3 Similarities between HVDC grids and AC networks .........ccoovvviiiiiiiiiiineenennne, 39
5.7.4 Voltage and current distortion limits..........cooiiiii i, 39

57.5 Allocation of limits to individual conNectees ..........cuvviiiiiiie e 39



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

IEC TS 63291-2:2023 © IEC 2023 -3-

5.7.6 Frequency-dependent DC system impedance .............cocoveeiiiiiiiiiiiieiieeeee, 39
5.8 DC system restoration. .. ..o 39
5.8.1 LY o= = | P 39
5.8.2 POSt-DC faUIt FECOVEIY .. vttt 40
5.8.3 Restoration from blackout ... 40
6 HVDC grid CONTIOL. ... e e e e e ees 40
6.1 Closed-loop control fUNCLIONS ... 40
6.1.1 GBNEIAL . 40
6.1.2 Core control fUNCHIONS ... .. e 40
6.1.3 Coordinating control fUNCLIONS ........oiviiiii e 40
6.2 Controller NIErarCRY ... e 40
6.2.1 LT o= = | P 40
6.2.2 Internal converter CONTrOl ... ... 40
6.2.3 DC node voltage CONIol . ... e 40
6.2.4 Coordinated HVDC grid CONtrol..........oouiiiiiiiii e 41
6.2.5 AC/DC grid CONTIOL. ... 44
6.3 Propagation of information ... 44
6.4 (O] oT=10 (o Yo o I o1 a1 1 o] £ TR0 P 48

6.4.1 Coordination of connection modes between HVDC stations and their
PO D it 48
6.4.2 Operating sequences for HVDC grid installations.............c.ccooiiiiiiiiinnenn. 48
6.4.3 POSt-DC fault rE€COVEIY ... 49
7 HVDC grid Prot@CtioN ... e e 49
7.1 LT =Y o= ¥ S 49
7.2 DC fault SEParation .......couiiiiii e 49
7.3 Protection system related installations and equipment ... 50
7.3.1 AC/DC converter station .......c.oiiiiiii e 50
7.3.2 HVDC grid topology and equipment ..........ccciiiiiiiiiii e, 50
7.4 HVDC grid proteCtion ZONES .........iiiiiiiiiie e 50
7.4.1 GBNEIAL .. 50
7.4.2 Permanent Stop P ... 53
7.4.3 Permanent stop PQ ... 54
7.4.4 T emMPOraAry S0P P oo e 54
7.4.5 Temporary stOp PQ .o 54
7.4.6 Continued OPEratioN ..o 54
7.4.7 Example of a protection zone matrixX ... 54
7.5 [ L@ o] o) {=T o1 1o o PPN 55
7.5.1 LT o= = | P 55
7.5.2 DC converter proteCtionS .......oo i 55
7.5.3 HVDC grid proteCtioNS .. ...iveiiie e 55
7.5.4 HVDC grid protection communication.............cocoiiiiiiiiiii e 55
8  AC/DC converter StatiONS ... i 55
8.1 P U DO . e e 55
8.2 AC/DC converter station types . ....iiii i 55
8.3 Overall reqQUIrEMENTS. ... . e 55
8.3.1 Robustness of AC/DC converter stations ..........coooiiiiiiiiiiiii e, 55
8.3.2 Availability and reliability ..o 56

8.3.3 ACLIVE POWET FEVEISAl c.veiiii e 56



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skiSobnictvo Slovenskej republiky

-4 - IEC TS 63291-2:2023 © IEC 2023
8.4 = T g T oA T o2 U o == Lo | o I 56
8.4.1 General characteristics . ... 56
8.4.2 DT O T PP 57
8.4.3 O o S 62
8.5 HVDC grid control and protection interface ...............coooiiiii 62
8.6 1070 01 1o ] 1= PP 63
8.6.1 LT o= = | P 63
8.6.2 Automated vs manual operation...........cooiiiiiiii 63
8.6.3 Control modes and support of coordination.............c..ooooiiiiiiiii 63
8.6.4 Limitation Strategies ... 64
8.6.5 Operating sequences for AC/DC converter station .............cooooiiiiiiiiinnenne. 65
8.6.6 DynamiC DeRaVIOUr ..... ..o 65
8.7 PO B Ot ON o 66
8.7.1 GBNEIAL .. 66
8.7.2 Configuration reqUIremMents ... ..o 66
8.7.3 Function requIremMents . ... 66
8.7.4 Fault separation strategy for faults inside the AC/DC converter station........... 66
8.7.5 Coordination of the DC protection with the HVDC grid ............ccooiiiiiiinnni. 66
8.7.6 Example for coordination of the DC protection with the HVDC grid ................ 66
9 HVDC grid installations ... ... 66
9.1 LT =Y o =T - ¥ S 66
9.2 DC switching Station ........oooiiii e 66
9.2.1 P U DO .. 66
9.2.2 Overall reqQUIremMENtS .. o e 67
9.2.3 Main CIrCUIL AESIgN . e ea e 67
9.2.4 HVDC grid control and protection interface ..............ccooooiiiiiii 74
9.2.5 1070 01 1o L= PP 75
9.2.6 PO e O 0N . 78
9.3 HVDC transSmiSSiON lINES. ... e e 79
9.3.1 U oo 1= S 79
9.3.2 Overall reqQUIremMENtS .. . e 79
9.3.3 Main CIrCUIL ESIgN . e i e 80
9.3.4 HVDC grid control and protection interface ..............ccooooiiiiii 82
9.3.5 070 01 1o L= PP 83
9.3.6 PO e O ION e 83
9.4 DC/DC converter stations ..o 83
10 Studies and associated MOAEIS ......couiiiiiiii i 84
O T 7= o =1 = 1 PPN 84
10.2  DescCription Of STUAIES ..oeuiiniiii e 84
10.2.1 LT o= = | P 84
10.2.2 HVDC grid planning StUdies .......couiiiiiiiiii e 84
10.2.3 HVDC grid design StUIES ... .cuuiiiiii e 84
10.2.4 HVDC grid extension StUdi€s ..........coouiiiiiiiiiii e, 84
10.2.5 Studies for HVDC grid installation refurbishments and other
MOAITICATIONS L.t 84
10.3  Models and iNterfaCes .. ..oou i 84
10.3.1 GBNEIAL L. s 84
10.3.2 Model interfaces and integration compatibility..............ccoooo 85

10.3.3 Model Capability.....cc.oei e 85



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skiSobnictvo Slovenskej republiky

IEC TS 63291-2:2023 © IEC 2023 -5-
10.3.4 Model FOrmMat ..o 85
10.3.5 Model maintenance and portability............coooiiiiii 86
10.3.6 Model aggregation .. ... . 86
10.3.7 Model testing and validation ... 86
B T 1= 4 oV PSPPI 87
T T 7= o =Y =Y S 87
T1.2  Off-Site 1S iNG .ot 88
11.2.1 GBNEIAL ..t 88
11.2.2 Factory system testS ... 88
T1.3  ON-SIte 1ES NG et e 88
(27 o] [ To | £=T o] 0 2 PPN 89

Figure 1 — Definition of the point of connection-AC and the point of connection-DC at
an AC/DC converter Station ... 14

Figure 2 — Rigid bipolar HVDC SYStem . ... 16

Figure 3 — Generic AC over- and undervoltage ride through profile of an AC/DC
converter station: Different values can be specified for symmetrical and asymmetrical

L= 10 1€ PP 24
Figure 4 — Temporary DC pole to earth voltage profiles at a PoC-DC.............cooiiiiiiiiiiinnnnns 31
Figure 5 — Generic neutral bus voltage profile at a POC-DC .......ccooiiiiiiiii 34
Figure 6 — Standard approximation function ... 37
Figure 7 — Typical DC node voltage control modes (illustration in DC voltage/power

X =Y =) PP 41
Figure 8 — Generation of final converter schedules including converter control modes

AN 1S PaArAM OIS - e 45
Figure 9 — Propagation of switching commands to individual HVDC stations ......................... 46
Figure 10 — Operating sequences as transitions between operating states............................ 48
Figure 11 — Example voltage and current traces in the event of "permanent stop"................. 51
Figure 12 — Example voltage and current traces in the event of "temporary stop P" .............. 52
Figure 13 — Example voltage and current traces in the event of "continued operation" .......... 53
Table 1 — Nomenclature of HVDC circuit topologies .......cceoiuniiiiiiie e 19
Table 2 — Active and reactive power characteristics for a given AC system voltage

operating range of an AC/DC converter station ..o 19
Table 3 — Parameters of an HVDC transmission liNe .........coooiiiiiiiiiiii e 21
Table 4 — Parameter list for AC system frequency following a frequency / power droop
operation of an AC/DC converter station ........c.cooiiiiiiii i 21
Table 5 — Parameter list for DC voltage / DC power droop operation of an AC/DC

LoTo] 0V Z=T o (= =3 €= 14 o o 1P 22
Table 6 — Parameters describing the operation conditions of the AC network at an

AC/DC converter station prior to and after afault..............ccoooiiiii 22
Table 7 — Time requirements for power restoration in the event of temporary faults .............. 23
Table 8 — AC undervoltage ride through requirements for an AC/DC converter station .......... 23
Table 9 — AC overvoltage ride through requirements for an AC/DC converter station ............ 24
Table 10 — Coordination of power associated with primary frequency control ........................ 25

Table 11 — FCR parameters for an AC/DC converter station, parameters for active
power frequency responSse iN FSM ... e 26



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

-6- IEC TS 63291-2:2023 © IEC 2023
Table 12 — Voltage range capability parameters for an AC/DC converter station ................... 27
Table 13 — Reactive power capability parameters for an AC/DC converter station................. 27
Table 14 — Parameters describing electromechanical oscillations ...l 27
Table 15 — Parameters describing post-fault active power recovery at an AC/DC
CONV I BT S AtION L. et 28
Table 16 — Characteristics of the HVDC grid ........ccoiiiiiii e 28
Table 17 — DC circuit earthing parameters ... ..o 29
Table 18 — Parameters for each return path ..., 30
Table 19 — Nominal DC system voltage at a POC-DC .........cooiiiiiiiiii e 32
Table 20 — DC pole voltage range parameters at a PoC-DC of an HVDC station —
S EAAY-S AT oot e 32
Table 21 — DC pole voltage range parameters at a PoC-DC of an HVDC station —
Temporary UNAEIVOITAGES ...ttt 32
Table 22 — DC pole voltage range parameters at a PoC-DC of an HVDC station —
T EMPOrary OVEIVOI AGES . vt ettt e e e e et e et e e et e e et e et e e e aaenen 33
Table 23 — DC neutral bus voltage range parameters..........ocovveiiiiiiiiiin e 34
Table 24 — Insulation levels at @ POC-DC ... ..o 35
Table 25 — Maximum converter current of an HVDC station into the HVDC grid .................... 35
Table 26 — Component data — Earthing branch ... 36
Table 27 — Component data — Standalone DC capacitors and DC filters of an HVDC
£S5 2= 14 [0 o RSN 36
Table 28 — Component data — DC line reactors of an HVDC station ....................ooon. 36
Table 29 — Component data — DC lines (OHL, cable including electrode lines)@.................... 36
Table 30 — Short-circuit current parameters at a PoC-DC..........ooiii 37
Table 31 — Equivalent impedances for calculating voltage and current distortions at a
o T2 I LR 38
Table 32 — Pre-existing DC voltage and current distortions at a PoC-DC...............cccoveninnne. 38
Table 33 — Planning levels and permissible DC voltage and current distortions at a
o T2 I L PP 38
Table 34 — Coupling factors for calculating voltage distortions at a remote bus caused
by emissions @t @ POC-DC ... .. 39
Table 35 — Specification of DC system impedancCe............ooeiiiiiiiiiii e 39
Table 36 — DC node voltage control parameters. ... ..o 41
Table 37 — System state variables and equipment status signals (interface list).................... 42
Table 38 — General interface (signal list) for autonomous adaption control rules ................... 42
Table 39 — General interface (signal list) for defining an observation ....................cooein. 43
Table 40 — General interface (signal list) for defining countermeasures of rules.................... 43
Table 41 — Interface parameters required from the HVDC grid control layer.................c...... 44
Table 42 — General interface (signal list) for orders from TSOS ........ccocoviiiiiiiiiiieee, 44
Table 43 — General interface (signal list) defining a "converter schedule" ............................. 45
Table 44 — General interface (signal list) defining "switching commands"............................. 46
Table 45 — General signal interface (physical quantities) of the "station information" ............ 47
Table 46 — General signal interface (control parameters) of the "station information” ............ 48
Table 47 — Unified description of operating SEqQUENCES ........cceviiniiiiiiiii e 49

Table 48 — Parameters for recovery sequences after DC line faults ..., 49



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

IEC TS 63291-2:2023 © IEC 2023 -7-

Table 49 — Example of an HVDC grid protection zone matrix ...........c.ccooiiiiiiiiiiieceeee, 50
Table 50 — DC protection parameter list...... .o e 50
Table 51 — DC converter protection parameter list ..., 55
Table 52 — Converter station t0POIOgY ....cvuiiii e 56
Table 53 — Energy dissipation/absorption capability at a PoC .............cocoiiiiiiiiii, 57
Table 54 — DC connection modes of the AC/DC converter station ... 58
Table 55 — DC circuit re-configuration time requirements ..o 58
Table 56 — Repetition of DC fault events and recovery attempts ...........cooooiiiiiiiiiiinnen, 59
Table 57 — DC Circuit €nergisation ...........oiiiiiii i 60
Table 58 — Connecting the AC/DC converter station ............coooiiiiiiiiin e 60
Table 59 — Disconnecting the AC/DC converter station ...........ccoooiiiiiiii e 60
Table 60 — DC circuit de-energisation .........cc.oiiiiiiii e 61
Table 61 — Parameters for the automatic control interface of the AC/DC converter

station according to standard protoCOIS ... ..o 63
Table 62 — Parameters for the automatic control interface of the AC/DC converter

station according to proprietary protoCOIS. ... .o 63
Table 63 — Parameters for the available control modes of the AC/DC converter station......... 64
Table 64 — Limitation Strategies ... 65
Table 65 — Operating states and transitions for the AC/DC converter station ........................ 65
Table 66 — Protection coordination of the AC/DC converter station and the HVDC grid

(for main and backup concept including the separation concept and the FSD) ...................... 66
Table 67 — DC switching station topology.....c..oiniiiiiii e 67
Table 68 — Temporary energy dissipation/absorption capability of the DC switching

£S5 2= 140 o RS 68
Table 69 — Power flow controlling capability of @ DC SU ... 68
Table 70 — DC connection modes of @ DC SU for POC-DCX .......ovuuiiiiiiiiiiiiieineeee e 69
Table 71 — DC circuit re-configuration time requirements ..............c.coooiiiiiiiici i, 69
Table 72 — Repetition of DC fault events and recovery attempts ..., 71
Table 73 — DC Circuit @nergisSation ..o 72
Table 75 — Disconnecting the DC switching station ..., 72
Table 76 — DC circuit de-energisation ..........c.oiiiiiiiii e 73
Table 77 — Parameters for the automatic control interface of the DC switching station
according to standard ProtOCOIS . ... ceu. i 75
Table 78 — Parameters for the automatic control interface of the DC switching station
according to proprietary ProtOCOIS ... .. i 75
Table 79 — Parameters for the available control modes of the DC switching station .............. 76
Table 80 — Limitation Strategies ... ... 77
Table 81 — Operating states and transitions for a SU of the DC switching station.................. 78
Table 82 — Protection coordination of the DC switching station and the HVDC grid (for

main and backup concept including the separation concept and the FSD)..................cooeeiii. 79
Table 83 — DC line power transmission parameters for the transmission line including

all different HVDC transmission line sections, if any..........c.cooiiiiiiii e 80
Table 84 — Frequency range for specification of DC system impedance ................c..coooii. 82

Table 85 — Parameters defining the model generalities ... 84



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

-8- IEC TS 63291-2:2023 © IEC 2023
Table 86 — Parameters to characterize the model capability..............coooiiii 85
Table 87 — Parameters to define the model format ..., 85
Table 88 — Parameters defining the model aggregation............ccooiiiiii i 86
Table 89 — Parameters defining the model validation ................coooiiiiiii i, 86
Table 90 — Parameters for teStiNg ....o.oiui i 87

Table 91 — Minimum set of parameters to be defined for all test scenarios............................ 87



STN P CLC IEC/TS 63291-2: 2025 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

IEC TS 63291-2:2023 © |EC 2023 -9-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH VOLTAGE DIRECT CURRENT (HVDC) GRID SYSTEMS AND
CONNECTED CONVERTER STATIONS — GUIDELINE AND PARAMETER
LISTS FOR FUNCTIONAL SPECIFICATIONS -

Part 2: Parameter lists

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 other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

IEC TS 63291-2 has been prepared by IEC technical committee TC 115: High Voltage Direct
Current (HVDC) transmission for DC voltages above 100 kV. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

115/320/DTS 115/329/RVDTS

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

The language used for the development of this Technical Specification is English.

This Technical Specification is to be used in conjunction with IEC TS 63291-1:2023.
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A list of all parts in the IEC 63291 series, published under the general title High voltage direct
current (HVDC) grid systems and connected converter stations — Guideline and parameter lists
for functional specifications, can be found on the IEC website.

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
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INTRODUCTION

In the preparation of this document, special care has been taken to as far as possible describe
the requirements in a technologically independent way. In order to achieve that, a function of
interest is described by a comprehensive set of parameters. The parameters are selected based
on a systematic analysis of physical phenomena relevant to achieve the requested functionality.

Reflecting the early stage of technology, the technical parameters need comprehensive
explanations and background information. This need is reflected in the dual character of the
content, which is presented in the two corresponding parts:

e |EC TS 63291-1, Guideline containing the explanations and the background information in
context with the parameter lists;

e |EC TS 63291-2, Parameter lists containing the essential lists of parameters and values
describing properties of the AC as well as the DC system (operating conditions) and
parameters describing the performance of the newly installed component (performance
requirements).

IEC TS 63291-1 and IEC TS 63291-2 have the same structure to aid the reader.

At the time of writing there is no real-life multi-national, multi-vendor HVDC grid project to which
the guideline and parameter lists can be applied. Practical experiences in the near future are
expected to provide input for developing these guideline and parameter lists further.
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HIGH VOLTAGE DIRECT CURRENT (HVDC) GRID SYSTEMS AND
CONNECTED CONVERTER STATIONS — GUIDELINE AND PARAMETER
LISTS FOR FUNCTIONAL SPECIFICATIONS -

Part 2: Parameter lists

1 Scope

This document defines aspects on planning, specification, and execution of multi-vendor HVDC
grid systems also referred to as HVDC grids. The terms "HVDC grid systems" or "HVDC grids"
are used in this document to describe HVDC systems for power transmission having more than
two HVDC stations connected to a common DC circuit. The DC circuit can be of radial or meshed
topology or a combination thereof. In this document, the term "HVDC grids" is used.

While this document focuses on requirements specific for HYDC grids, some requirements are
considered applicable to all HVDC systems in general, i.e., including point-to-point HVDC
systems. Existing IEC (e.g., IEC TR 63363-1 [1]), Cigre or other relevant documents have been
used for reference as far as possible.

Corresponding to electric power transmission applications, this document is applicable to high
voltage systems, i.e., those having typically nominal DC voltages higher than 50 kV with respect
to earth are considered in this document.

NOTE While the physical principles of DC networks are basically voltage independent, the technical options for
designing equipment get much wider with lower DC voltage levels, e.g. in the case of converters or switchgear.

This document covers technical aspects of:

e coordination of HVDC grid and AC systems,

e HVDC grid characteristics,

e HVDC grid control,

e HVDC grid protection,

e AC/DC converter stations,

e HVDC grid installations, including DC switching stations and HVDC transmission lines,
o studies and associated models,

o testing.
Beyond the scope of this document, the following content is proposed for future work:

e DC/DC converter stations.
2 Normative references

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

IEC 62747:2014, Terminology for voltage-sourced converters (VSC) for high-voltage direct
current (HVDC) systems
IEC 62747:2014/AMD1:2019
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IEC TS 63291-1:2023, High voltage direct current (HVDC) grid systems and connected
converter stations — Guideline and parameter lists for functional specifications — Part 1:

Guideline

koniecnahladu - textdalej pokracuje v platenejverzii STN


https://www.electropedia.org/
https://www.iso.org/obp
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