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European standardization:

Embedded into a network of worldwide partners CENELEC I

Powerful resources ... ... connected to national
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How to specify the relevant aspects

and pave the way for HVDC Grids? BENELEC I

Addressing functional requirements...

...rather than specifying equipment

" Development of HVDC Grids is open and dependent on = Standardisation will focus on "state-of-the-art" devices
(future) transmission tasks = However, specific technical requirements for equipment,

" Transmission task determines overall system systems and solutions have to be derived from system
performance performance

" Identification of functions needed to operate the = Otherwise: equipment performance may be falling short if

integrated grid in a safe and reliable way
= Common Language to describe these functionalities
comprehensively

not designed in context of overall system
- bottom-up problem

/oy
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The way to functional specifications:
Approach as demonstrated by CLC TC 8X/WG 06 CENELEG

Define functions needed in HVDC Grids *)

; ; ; * Note: Functions needed for HVDC
= Derive common understanding of relevant physical phenomena Grids (and multi-terminal systems)

= (Categorize technical principles can also be relevant for Point-to-
= Define functions for stable operation of whole system (e.g. "How to organise controls?") Point links

Define parameters describing the functions

TECHNICAL SPECIFICATION CLC/TS 50654-1

= Focus: Required behavior at the interface points e i

TECHNISCHE SPEZIFIKATION March 2018

= Describe and list all relevant parameters (e.g. voltage/power characteristics) S —

SPECIFICATION TECHNIQUE DKE 261-06_2018-0004

TECHNISCHE SPEZIFIKATION March 2018

= Ensure neutrality with respect to technology (not excluding future developments) »
= Actual parameter values dependent on application scenarios
- not in scope of WGO06, yet to be established by existing systems

Technical Standard (TS) document structure:

Easpuss Cocamitonfor sl Snmcin
T

=  Two corresponding documents: ‘ CENELEC L

e e
Fepscios omaeefr ikromchncas Remmnng

o Part 1: Guidelines / Background information eal SRR —
o Part 2: Parameter Lists & Tables (compact) ;
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"HVDC Grid Systems and connected Converter Stations:
Guidelines & Parameter Lists for Functional Specifications"

CLC/TS 50654-1 and -2 (2018 E)

= AC system integration & coordination with HVDC Grids

System-wide aspects of design and operation

o HVDC Grid characteristics (circuit topology, operating states etc.)
o HVDC Grid control

o HVDC Grid protection

= AC/DC Converter Stations

=  HVDC Grid System Installations (e.g. DC Switching Stations)

= Models & Validation

=  Testing

Technical Standard (TS) document structure:

= Two corresponding documents: —— -
o Part 1: Guidelines / Background information ‘ oo -
o Part 2: Parameter Lists & Tables (compact)
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CENELEC TC 8X/WG 06 BENELEC

= Membership (over time): =  Work of WG 06 is completed, documents released in

o TSOs (19) late 2019
o Manufacturers (16) = Voting completed in March 2020

o Academia (12) -> achieved 100 % acceptance by NCs

o Other organisations (4) = Documents CLC/TS 50654-1 and -2 (2018 E)
= Regular meetings with relevant stakeholders available via National Committees
= Extensive discussions on proper terminology & =  Mirror groups in many NCs (to cover future updates)
definitions
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Promoting Functional Specifications for HVDC Grids

to an international level... CENELEC I

IECTC 115/WG 15

=  Working group formed in April 2020

= Membership ~ 18 experts (subgroups organised)
= Based on CENELEC documents...
o ..addition of new contents (e.g. Transmission Lines) ‘
o ...and revision of some chapters
= Tight timeline:
o Committee Draft (CD) by June 2021
o Draft Tech. Standard (DTS) by mid 2022
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CLC/TS 50654 (Examples):
Types of AC/DC Converter stations

Definition acc. to Uy / I, plane
= Disregarding existing technology... ; e ———— E
= .although mapping could be thought of as: : : : '
o Type 1~ diode bridge /i/r | ; :
o Type 2 ~ Thyristor-based ACIDC 78 ' :
. Type3 I < “,\ '
o Type 3 ~ half-bridge ' 2" | 1 "
. . ' Quadrant | Quadrant I . AC/DC
o Type 4~ hybrid / mixed arm E/d | [ ' Type 1
o Type 5~ full-bridge - | : e
- fncﬁ_ ............ I ]_ | : + Inc
| '
acnc/”: ! S
Typed 3rd [ 4n I v
' Quadrant | Quadrant : '
: | '
: ! Lo
: ; | :
: Lo -{\-' ;
AC/DC Type 5 - Uncy AC/DC Type 2
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CLC/TS 50654 (Examples):

DC Fault Separation Concepts CENELEC I

How to enable combinations of various

technological approaches?

= Actual separation devices: Fault separation concepts Definition of the concept

o DC switches / disconnectors Continued operation The exchange of active and reactive power remains
o HVDC circuit breakers controllable all time during the fault and the fault separation.

C Temporary stop P The exchange of active power can be temporarily interrupted
o onverters while reactive power remains controllable all time during the
n Necessity to define framework that incorporates all fault and fault separation. The mterfup_tlon of active power is
i short enough to prevent the transmission system from entering
of these (and even future) solutions into alert, emergency or blackout state.
= Classification acc. to the interruption of active (and Temporary stop PQ The exchange of active and reactive power can be temporarily
. L. interrupted during the fault and fault separation. The
reactive) power provision interruption is short enough to prevent the transmission system

from entering into alert, emergency or blackout state.

Permanent stop P The exchange of active power can be interrupted due to the
fault. The transmission system can enter into alert, emergency
or blackout state.

Permanent stop PQ The exchange of active and reactive power can be interrupted
due to the fault. The transmission system can enter into alert,
emergency or blackout state.

‘ Concepts apply to individual PoC (point-of-connection)
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CLC/TS 50654 (Examples):

Protection Zones CENELEC I

HVDC Grid system aspect PoC-AC1 PoC-DC1

= "The HVDC Grid protection zones are defined
differently from AC protection zones as the
selectivity is mainly not time or impedance

PoC-DC2

dependent but depending on the fault separation
concepts."

’Mc

PoC-AC3 PoC-AC4
Q Protective zone
AC/DC fault separating converter station Fault separation device — DC Breaker
C2. DC/DC fault separating converter station
C3, C4: AC/DC converter station of any type ac Fault separation device — AC Breaker
— Cable Fault separation device — (Fast) Disconnect Switch

— Overhead line
Fault separating converter station (including isolation device)
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CLC/TS 50654 (Examples):

Protection Zone Matrix

ceNeLee [

Classification of HVDC Grid protection PoC-AC1 PoC-DC1
= System behaviour in case of DC faults...
o ..depends on type / location of fault
o ..depends on capability of adjacent HVDC PoC-DC2
Grid installations (e.g. converters, breakers)
= Description by protection zone matrix *
* only primary protection considered here ’— AC AC ~{
Faults in: | PoC-AC1 | PoC-AC3 | PoC-AC4 | PoC-DC1 | PoC-DC2 PoC-AC3 PoC-AC4
Zone 1 PS-P co co PS-P PS-P
Zone 2 Tsp co co TSP — | TSP Fault separation device — DC Breaker
Zone 3 TS-P CO CO PS-P T5-P ac  Fault separation device — AC Breaker
Zone 4 cO PS-PQ P5-PQ CO PS-P
Fault separation device — (Fast) Disconnect Switch
I
Fault separation on AC side
Fault separating converter station (including isolation device)
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Temporary stop P for DC overhead line,
may change to Permanent stop for severe faults
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CLC/TS 50654 (Examples):

Post DC Fault Recovery

Functional Requirements for Controls

=  Parameters relevant for DC side (PoC-DC)

= Different behavior & parameters for DC cables
or overhead lines

= No details on implementation of ramps
—> principal behavior specified

© CENELEC 2020

ceNeLee [

Symbol Parameter Characteristic Value Unit
tdeion time chosen to duration after which the air s
account for de- surrounding the faulty element
ionization (e.g. arc) is expected to be
deionised such that a certain
withstand voltage can be achieved
tU DCYo time of DC time after which the DC voltage s
- voltage recovery | has recovered to 90 % of its target
value
tp DCY9O time of active time after which the active power s
- power restoration | flow has been restored to 90 % of
its target value (at all affected
converters).
Nmax maximum number of attempts to perform a integer
number of recovery. If the number of
recovery unsuccessful trials in restoration of
attempts power transmission reaches this

number, the recovery sequence
will be stopped.
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Summary

ceneLec I

CENELEC TC 8X/WG 06 has completed and laid a solid foundation for
international standardization activities on "HVDC Grids"

Documents CLC/TS 50654-1 and -2 provide common language for
Functional Specifications *

Follow-up group IEC TC 115/WG 15 was formed in April 2020

IEC work will cover some missing aspects and refine parts of existing
CENELEC content (technical standard expected for mid 2022)

* Note: Available via CENELEC and/or its National Committees
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ceneLec I
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