ICS 29.240.01

PREDBEZNA SLOVENSKA TECHNICKA NORMA

Oktober 2020

STN
P

Siet'ové systémy na prenos energie
jednosmernym pradom vysokého napétia (HVDC)
a pripojené meni ¢€ove stanice
Navod a zoznam parametrov pre funk ¢éné
Specifikacie
Cast’ 1: Navod

STNP
CLC/TS 50654-1

33 0130

HVDC Grid Systems and connected Converter Stations - Guideline and Parameter Lists for Functional Specifications - Part 1: Guidelines

Tato norma obsahuje anglicka verziu eurépskej normy.
This standard includes the English version of the European Standard.

Tato norma bola ozndmena vo Vestniku UNMS SR &. 09/20

Obsahuje: CLC/TS 50654-1:2020

Oznamenim tejto normy sa rusi
STN P CLC/TS 50654-1 (33 0130) zo septembra 2018

131642

Urad pre normalizaciu, metrolégiu a skasobnictvo Slovenskej republiky, 2020
Slovenska technicka norma a technicka normaliza¢na informécia je chranena zakonom ¢&. 60/2018 Z. z. o technickej normalizacii.



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky

TECHNICAL SPECIFICATION CLC/TS 506541
SPECIFICATION TECHNIQUE
TECHNISCHE SPEZIFIKATION June 2020

ICS 29.240.01 Supersedes CLC/TS 50654-1:2018

English Version

HVDC Grid Systems and connected Converter Stations -
Guideline and Parameter Lists for Functional Specifications -
Part 1: Guidelines

Réseaux CCHT et stations de conversion connectées - Hochspannungsgleichstrom-Netzsysteme - Leitfaden und
Lignes directrices et listes de paramétres pour les Parameter-Listen fur funktionale Spezifikationen - Teil 1:
spécifications fonctionnelles - Partie 1: Lignes directrices Leitfaden

This Technical Specification was approved by CENELEC on 2020-04-13.

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,
Turkey and the United Kingdom.

CENELEC

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

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

© 2020 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

Ref. No. CLC/TS 50654-1:2020 E



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky
CLC/TS 50654-1:2020 (E)

Contents Page
T8 o] oT=T=T g T (0] =310 o SRR 6
Lo (o7 0131 o] o IR PP PP PPPPR 7
1 RS TeT o] o = SR 8
1.1 LT o1 SRR 8
1.2 AbOoULt the PresSent REIEASE ...ttt e e e e e e e e e e e e e nnes 8
2 NOrMALIVE FEFEIENCES ...ttt e e e e ettt e e e e e e e e e e e e e e e e e e e annneneeeaaeeas 9
3 Terms, definitions and abbreviations ... s 10
3.1 Terms and defiNitioNS. ... et e e e e e e e e e e e e e e e e e nne 10
3.2 F Y o] o] £V F= 1T ] I S PP PPP PSPPI 12
4 Coordination of HVDC Grid System and AC SYStemS .........cooiiiiiiiiiiiic e 13
4.1 LCT=T o1 PP USTPRR 13
4.2 Purpose of the HVDC Grid System and Power Network Diagram ...........ccccccveeiiiiiiiiieiee e, 13
4.3 AC/DC Power FIOW OptimiSation .......cooiiieeiiiiie et e e e e e e e e e e e e nneeeeeaaeeas 14
4.4 Converter Operational FUNCHONS ..........coiiiiiiiiec e e a e e e e naee s 15
441 L= =T o= | SRR 15
442 Basic Operation Functions — Converter Normal Operation State............ccccccoeeiiviiiiieeie e, 15
443 Basic Operation Functions — Converter Abnormal Operation State..........cccccoiiiiiiie i, 16
444 ANCITAIY SEIVICES....coiiiiiiei ettt e et e e e s b b e e e abee e e e aanes 18
5 HVDC Grid System CharaCteriStiCS .........ccuuiiiiiii i a e 23
5.1 HVDC CirCUit TOPOIOGIES .....eeiiiiiie ettt e et e e e st e e e e ab e e e e nbe e e e enees 23
5.1.1 Availability and Reli@bility ..........occueiiiiii e 23
51.2 Basic Characteristics and NOMENCIAtUIe...........o e 23
51.3 Attributes of HVDC Grid Systems or HVDC Grid Sub-Systems.........cccviiiiiiiiiiiii e 27
51.4 ArIbULES OF @ STALION ..o e 28
5.2 107 0] o] 0 T=Tex (o] TN 1Y/ [ To [ J0 S 29
5.3 Grid Operating STAES .......uvviiiii i a e e e s e e e e e e s nrraeees 29
5.31 L= =T o= | SRR 29
5.3.2 N ol 4 F= TS =1 (YRS 29
5.3.3 [T ] - (= USRS 29
534 EMErgENCY SEAte .....cooiiiiiiii e 29
5.3.5 =Tt o UL ] ¢ | (-SSR 29
5.3.6 L] (] = 1) o SRR 30
54 D TO Y o] c= o =T 3 RSP 30
541 L= =T o= | SRR 30
54.2 Nominal DC System VOIRAGE ......ooouiiiiiiiiee e 30
543 Steady-State DC VORAQGE...........uiiiiiiie e e e e e e e e s ae e e e e e e s e snnreaeeaaeeas 30
54.4 Temporary DC VOIRAGE ........eoiiiiiieee ettt ettt e e e anneee s 31
545 NEULFal BUS VOIAGES .....uuuiiiiiiiiiii ettt sttt e s ts s s s s tststntntstssnsnsnsnsnsnnnnns 32
55 TaTST0] =Y i{oT g @7 o] o |1 =14 o] o [ USSR 33
5.6 Short-CirCUit CharaCteriStICS ........uuiieiiiiie ettt et e e e sbe e e e sbe e e e e enteeeessnteeeeens 33
5.6.1 Calculation of Short-Circuit Currents in HVDC Grid SysStems .........ccoovviiiiiiiieeiiiciieeee e, 33
5.6.2 Short-Circuit Current Design RequIremMeENts .........coouiiiiiiiiii e 34



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky
CLC/TS 50654-1:2020 (E)

5.7 Steady-State Voltage and Current DiStOrtionS ...........oooiiiiiiiiii e 34
571 Voltage and Current Distortion LIMItS ............ooiiiiiiiiiie e a e 34
5.7.2 Frequency Dependent DC System IMpedance ... 36
5.8 DC System ReSIOratioN .........coo i 37
5.8.1 LC T o= SRRSO 37
5.8.2 POSt DC FAUIE RECOVETY ..ottt ettt s e e e s b e e e 37
5.8.3 Restoration from BlackoUt............ooiiiiiii e 37
6 HVDC Grid SYStemM CONIOL......oueiiiiiiiiee ettt e e e e enre e e e 37
6.1 Closed-Loop Control FUNCLONS ...........uuiiiiieiiiccieee et e e e e e e e e e e e e ae e e e e e e e e ennnrees 37
6.1.1 LT o= SRR UPPSRTRRI 37
6.1.2 (070 ] (= @70 11 o] I =T s Tex 1o o <SS 38
6.1.3 Coordinating Control FUNCHIONS.........oiiiiiiiiieeee e e e e e e e e e e e s s reeeaeas 38
6.2 070 ] a1 o] (=T gl o 11T = o | PO PPPUPPUPPRPN 38
6.2.1 LC T o= SRRSO 38
6.2.2 Internal Converter CONIOL........ ... ettt e e e e e e e e e e e e e e e e e e ennnneeeeaeas 39
6.2.3 DC Node Voltage CONTrOl..........coiiiiiiieiiiiie e e 40
6.2.4 Coordinated HVDC Grid System CONtrol.........cooiiiiiiiiiiiiie e e e 41
6.2.5 F @7/ G2 €15 To I 7] | /o) F SRR 43
6.3 Propagation of INfOrMatioN .............uiiiiiiie e e e e e s e e e e e e e re e as 44
6.4 (0] o<1 Tl o] o 0 o] o1 (o] -3 SO 45
6.4.1 Coordination of Connection Modes between Stations and their POC-DCs...........ccccceiiiiiieeennnennn. 45
6.4.2 Operating Sequences for HVDC Grid System Installations ............cccceeeeeiiiiiiiieiie e 45
6.4.3 POSt DC FAUIE RECOVETY ..ottt ettt et e e e e et e e e 46
7 HVDC Grid System ProteCHON ..........eiiiiiiiiiiee e e e e e e e e e e e e ssarnaeeeae s 47
71 L T= T =T - | SRR 47
7.2 DO o= 10| S T=T o= 1 =1 (o] o PRSP 47
7.3 Protection System Related Installations and EQUIPMENt ..........ccccviiiiiii i 48
7.3.1 AC/DC CoNVErter STatiON ... ...t e e e et e e e e e e e e e e e e e e e e e e e enneeeeeaaaeeaans 48
7.3.2 HVDC Grid System Topology and EQUIPMENT ............ooiiiiiiiiiiiiiee e 48
7.4 HVDC Grid System ProteCtion ZONES ..........ooiiiiiiiiiiiie e 49
7.4.1 LC T o= SRRSO 49
742 e g 0= T =Y o ] (0] o I S 51
743 Permanent STOP PQ ...t e e e e e e e e e e nnnaeeeaaan 53
7.4.4 LT aa] o1 = VRS (o] o TN PR OPPPPPRPPPS 54
745 TempPorary STOP PQ ..ottt e e e e e e e e e e e e e e e e e e e e e e e rnnaeeeaaaeeaanns 56
7.4.6 (070] 111010 1=To @ o 1T =1 i o] o H SRRSO 56
747 Example of a Protection Zone MatriX ..........cooiii i a e 58
7.5 [ O o o] (Yo (1] o ISR 59
7.5.1 LT o= PSPPSRI 59
752 DC Converter ProteCiONS ... ...t e e e et e e e e e e e et e e e e e e e e e e ennnneeeeaaas 60
7.5.3 HVDC Grid System ProteCHONS .......ccoiiiiiiiiie et e e e e e e e st nraeeaaaeeaas 60
754 DC Grid Protection CommuUuNICAtION ...........oiiiiiiiii e e e e e e eeaee e 61
8 AC/DC CONVEIET SEALIONS ...eeiiiiiiieiiiiie ettt e e e et e e s et e e e s et e e s anteeeeanseeeeeanteeesannteeeeannee 62
8.1 [ a1 10T [0 o] o I PSP PPT PO 62
8.2 AC/DC Converter StatioN TYPES ....oo.uuiiieiiiiie ittt ettt e sab e e s e nbe e e s anbeeeeaanee 62
8.3 OVErall REQUITEMENES .....ciiii ittt e e e e et e e e e e st eeeeeeesasssbaeeeeaeeesasnnnreeeeaaneeanns 63
8.3.1 Robustness of AC/DC Converter Stations .........ooo i a e 63
8.3.2 Availability and Reli@ability ...........cooueiiiiiie e 63



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky
CLC/TS 50654-1:2020 (E)

8.3.3 ACLIVE POWEI REVEISAL.......ceeeieee ettt e e e e e e e e e s e e e e e e e e e annes 64
8.4 =T O o1 011 1Y o | o USSP 64
8.4.1 LC1=T o= = T I O F= =T (=T 15 Ao SR 64
8.4.2 TS T [ SRS SR 65
8.4.3 O 1 o - SRR 74
8.5 (070011 (o] E- T T S U PRSP PSP PP PP PPPPPPPP 75
8.5.1 LT o1 USRS 75
8.5.2 Automated vs. Manual OPeration ... e e e e e e e e e e e eaes 75
8.5.3 Control Modes & Support of Coordination ............cccuuiiiiiie i e 75
8.5.4 Limitation SErat@gieS ....oiiii i e e e e e a e e e e e e raaaaaean 75
8.5.5 Operating Sequences for AC/DC Converter Station ............occeeiiiiiiioiii e 75
8.5.6 DYNAMIC BENAVIOU ...ttt s st s s ts s ts s s st s st st ntnsssssssnsnsnsnsnnnnnn 78
8.6 PrOtECHION ... 79
8.6.1 LT o1t SRR 79
8.6.2 Configuration REQUIFEMENTS .......cooiiuiiiii e e e e e 79
8.6.3 FUNCHON REQUINEMIENES ...ttt e e e e e e e e e e e et e e e e e e e e e ennneeneeaaeeas 79
8.6.4 DT OR € 1y To I 101 =Y =TSSR 81
8.6.5 Fault Separation Strategy for Faults inside the AC/DC Converter Station...........ccccccoveeiiiiiieen.. 81
8.6.6 Coordination of the DC Protection with the HVDC Grid System ..........cccceeieiiiiiiiiee e, 82
8.6.7 Example for Coordination of the DC Protection with the HVDC Grid System ...........ccocccceivienennnn 82
9 HVDC Grid System INStallations ..........ccoiiuiiiiiiie e ere e e 84
9.1 LCTCT o1 SRS RSTPR 84
9.2 DC SWItChING StAtION ..o e e abe e e 87
9.21 OVErall REQUIFEMIENES ....ciiiiiiiieeeee ettt e et e e e e e s et e e e e e e e st s seeeaeeesennsnraneeaaeeas 87
9.2.2 MaIN CIFCUIT DESIGN ...ttt ettt e e bt e e e a et e e e bt e e e e enre e e e annes 88
9.2.3 L070] 0 o) [ USRS 98
9.24 L 0] (=To1 1] o HS OO PP RO TTPPPRP 99
9.3 Transmission Lines and Transition Stations ...........ccooo e 102
9.4 DC/DC CONVEIET SEATIONS .....cittiieeiiiiie ettt ee ettt e ettt e e sttt e e e s bt e e e sbeeeessntaeeeesnteeeeeanbeeeeeanreeaeaans 102
9.5 DC Line Power FIOW CONrOlIErS.......oooi it e e e e e e e e e e e 102
10 Models and Validation...........oooiiiii e e e 102
O TS AR [ 10T [U o310 o KRS OO PU PP PPPPPPPPPPRS 102
10.2  HVDC Grid SYStem STUAIES .......eeiiiiiiiiee ettt e et e e s aabeeeeens 102
KO B 1Y/ o T Yo IR (8 o =T PRSPPI 102
0127 oo (538 g To I8 1V 1= g o T <P 104
10.3  Model General SPECIfICALIONS .......ciiiiiiiiiiiiiee e e e e e e e s e e e e e e e e aanbaareaaeeas 104
10.3.1T  INTOAUCTONY NOLE ...ttt e et e e e ra bt e e e aab et e e e aabeeeesanreeeeaan 104
(L0 B Y/ FoTe [ B @F=To =1 o 11 VSRS 104
10.3.3  Model Format and Dat@ TYPE .......uuuuuuuuiiiiiiiiiiiiiiiiiieiiietieieeeeebeberaeabebebebeeetetebseseersssssenrssssssnsnensnsnnns 105
(LR S Y/ foTe =] I fo | =To F- 11 (o] [OOSR PTPPP 105
10.4 Model Specific ReECOMMENAtIONS ..........ovviiiiiiei e e e e e eaae s 105
0 Y I Y= To B (o T Y/ T Yo 1= PR 105
10.4.2  ShOrt-CirCUIT IMOEIS ........eiiiiiiiiie ettt e e ettt e e e ente e e e e snbeeeessnteeeesanreeeeanns 106
10.4.3  Protection SYStEM MOEIS .......cooiiiiiiiiiieiie e e e e e e e e e e e e e s e snnbaaeaaaeeas 106
10.4.4  Insulation Coordination Related MOEIlS ... 106
10.4.5 Electromechanical Transient MOEIS.........cooooiiiiiiiii e 107
10.4.6  Electromagnetic Transient MOAEIS ...........oooiiiiiiiiiiii e 107
10.4.7  Power QUAlItY MOEIS .......ccooiuiiiii ittt e e ettt e e e sttt e e e snbeeeessnbeeeeeanreeeeaans 108



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky
CLC/TS 50654-1:2020 (E)

{02 1Y/ [ To [=T IV = o = 4o o SRR 109
10.6  ComplianCe SIMUIALION........oiiiii e e e e e e e e e e e et a e e e aeessesnnbaaeeeaeesaeannnnees 111
T O 0o T (= (Y= U] SRR 111
0 B /T To 1= I 0 - | - SR 111
10.7.2  Model DOCUMENTALION ......coiiiiiiiiiti et e e e s e e e e e e e e e e e aeneeee 111
T T /T Yo [ =g ¥ o = SRR 112
10.7.4 Model Compliance DOCUMENTALION ..........c.uuiiiiiieii e e e e eas 112
10.7.5 Model Validation Documentation — Model Final Version .............cccooiiiiiiiii e 112
LA S T /oo L= I U= =g Y= YRR 112
11 HVDC Grid System Integration TeSES........cccuuiiiiiii e e e 112
11.1  Off-Site Testing of the HYDC Control and Protection System ..., 113
11.2  Dynamic Performance Study/Tests (DPS) Performed with Offline Models ...........ccccvveeeieeiiiinnnneen. 114
11.2.1  DPS Simulations in a Multi-Vendor Environment...............oooii e 114
11.2.2  DPS Simulations SCENAIIOS .......veiiiiiiiiiieeiiiiee et ie et ee e st e e s st e e st e e s aaseeeesaseeeeesassaeeeanseeeesnseeas 115
R T = Ted (o] VA =T £ T PRSPPSO PPP 115
P T 1= 1Y - SRR 115
11.3.2  FacCtOry TESE SCENAIIOS ....ccviiiiiiiiiiieie ettt e e e e e e e e e e e st e e e e e e s s e snnbaaeeeeeeeaeansneees 115
11.3.3  Factory Tests when Existing System C&P Replicas are Available.............ccccoiiiiniiiiiie e, 116
11.3.4  Factory Tests when Existing System C&P Replicas are not Available..............ccccccoveeeiiiiiiiinnnnn. 119
L O 1 IS (= =T 1 T PSSO P PP 121
1 0] oo =1 o 0 225 123



STN P CLC/TS 50654-1: 2020 Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky
CLC/TS 50654-1:2020 (E)

European foreword

This document (CLC/TS 50654-1:2020) has been prepared by CLC/TC 8X “System aspects of electrical energy
supply’”.

This document supersedes CLC/TS 50654-1:2018.

CLC/TS 50654-1:2020 includes the following significant technical changes with respect to CLC/TS 50654-
1:2018:

— new content concerning AC/DC converter stations;
— new content concerning HVDC Grid System installations, including DC switching stations;
— new content concerning HVDC Grid System integration tests.

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.
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Introduction

HVDC Grid Systems are a new field of technology. There are very few systems with a small number of converter
stations in operation; some more are in execution or in detailed planning.

The Guidelines and Parameter Lists to Functional Specifications are presented featuring planning, specification
and execution of multi-vendor HVDC Grid Systems in Europe. Being elaborated by a team of experts from
leading vendors of HVDC technology, Transmission System Operators (TSO's), Academia and Institutions in
Europe, the present document provides a commonly agreed basis for an open market of compatible equipment
and solutions for HYDC Grid Systems. Executing such systems and gaining operational experience is seen an
important prerequisite for developing corresponding technical standards in the future.

By elaborating 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. The physical phenomena are categorized in order to show the mutual
dependence of the individual parameters and ensure completeness of the physical aspects to be considered.
Based on a clearly defined common language describing the functionalities requested, existing technologies
can be applied, or new dedicated technical solutions can be developed.

Reflecting the early stage of technology, these Guidelines and Parameter Lists to Functional Specifications need
comprehensive explanations and background information for the technical parameters. This dual character of
the content will be represented by two corresponding parts:

e Part | “Guidelines” containing the explanations and the background information in context with the
Parameter Lists.

e Part Il “Parameter Lists” containing the essential lists of parameters and values describing properties of
the AC respectively DC system (operating conditions) and parameters describing the performance of
the newly installed component (performance requirements).
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1 Scope
1.1 General

These Guidelines and Parameter Lists to Functional Specifications describe specific functional requirements for
HVDC Grid Systems. The terminology “HVDC Grid Systems” is used here describing HVDC systems for power
transmission having more than two converter stations connected to a common DC circuit.

While this document focuses on requirements, that are specific for HYDC Grid Systems, some requirements are
considered applicable to all HVDC systems in general, i.e. including point-to-point HYDC systems. Existing IEC,
Cigreé or other documents relevant 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. 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 case of converters or switchgear.

Both parts have the same outline and headlines to aid the reader.

1.2 About the Present Release

The present release of the Guidelines and Parameter Lists for Functional Specifications describes technical
guidelines and specifications for HVYDC Grid Systems which are characterized by having exactly one single
connection between two converter stations, often referred to as radial systems. When developing the
requirements for radial systems, care is taken not to build up potential showstoppers for meshed systems.
Meshed HVDC Grid Systems can be included into this specification at a later point in time.

The Guidelines and Parameter List to the Functional Specification of HVDC Grid Systems cover technical
aspects of:

e coordination of HVYDC grid and AC systems

HVDC Grid System characteristics

HVDC Grid System control

HVDC Grid System protection

AC/DC converter stations

HVDC Grid System installations, including DC switching stations

models and validation

e HVDC Grid System integration tests

Beyond the present scope, the following content is proposed for future work:

e transmission lines and transition stations
e DC/DC converter stations

e DC line power flow controllers
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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.

EN 60909 (series), Short-circuit currents in three-phase AC systems

EN 61660-1:1997, Short-circuit currents in DC auxiliary installations in power plants and substations — Part 1:
Calculation of short-circuit currents

IEC 60050, International Electrotechnical Vocabulary

IEC/TR 60919-1:2010", Performance of high-voltage direct current (HVDC) systems with line-commutated
converters — Part 1: Steady-state conditions

IEC 62271-100, High-voltage switchgear and controlgear - Part 100: Alternating-current circuit-breakers

IEC 62271-102, High-voltage switchgear and controlgear - Part 102: Alternating current disconnectors and
earthing switches

IEC 62747:20142, Terminology for voltage-sourced converters (VSC) for high-voltage direct current (HVDC)
systems

IEV 351-45-27, International electrotechnical vocabulary, control technology

koniecnahladu - textdalej pokracujevplatenejverzii STN

' As impacted by IEC/TR 60919-1:2010/A1:2013, IEC/TR 60919-1:2010/A2:2017.
2 As impacted by IEC 62747:2014/A1:2019.
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