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1. Introduction

This document lists ENTSE6 s assessment of ¢ o mme-bases copsultatonod e d |
the draft iNet work Code on Hi cghd DE€mhnécted RoweD Parke c t
Mo d u | MG HVDQ) in the period of 7 Novembe20131 7 Jamary 2014. Rather than providing
responses per individual comment received, an assessment of all input is done on a clustered basis, e.g. pe
topic or paragraph, in order to give a coherent view on ENESDs approach towards t
Minor items, suh as editorials or restructuring of clauses have been assessed in the review but are mostly
not mentioned in this document. The clustering of comments and summary of the initial issue is based on
ENTSOEGs judgment , i rr esp e cidingtheconmfent hohtee nember af imegia t i ¢
was provided.

The Article numbering in this document refers to the Article numbering of the draft code published on 7
November2013. Where reference is made to the final NC HVDC, in case of updated numbering, this is
explicitly indicated.

In order to provide a clear oversight of comments and responses, the issues mentioned in this document
may have been summarized with respecth® original comments provided. For a full overview of all
comments provided in the wddased consultation, in their original formulation, please refeonsultation
platform', or the NC HVDC web page

This document is not legally binding. It only aimusclarifying the content of the final NC HVYDC, based on
feedback provided during the formal consultation period. This document is not supplementing the final
network code, nor can it be used as a subsfibuie

2. Respondents
3.1 Detailed comments

Name Organization |
Marcelo Ferraz Alstom Grid

Michael Wunnerlich BDEW

Lorcan Murray BritNed Development Limited

Gunnar Kaestle Clausthal University of Technology

Torsten Haase DONG Energy

Nina Scholz E.ON AG

ThomasWilson ECOS

JasminaPierre EdF

GuyNicholson Element Power

Markus Hemmer EnBW

Niina Honkasalo Eurelectric org

Ivan Pineda EWEA

Suckow Jan Forum Netztechnik/Netzbetrieb im VDE (FNN)
Ana Aguado Friends of the Supergrid

Pedro Cendoya Alvarez Mainstream Renewable Power

Christopher Smith National Grid International Limited

lan Gilbert National Grid International Limited
NorthConnect KS NorthConnect KS

Wojciech Kozubinski PTPIREE

! https://www.entsoe.eu/consultations/
2 https://www.entsoe.eu/maj@rojects/networkcodedevelopment/higivoltagedirectcurrent/
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Zoltan Zavody RenewableUK

Kim Weyrich REpower Systems SE
Julius Bosch SBB

Gavin Greene Scottish Power

Trevor Plummer Seagreen Wind Energy limited
John Bech Siemens AG

Frank Schettler Siemens AG

Garth Graham SSE Generation Ltd

Fabio Spinato Statkraft AS

Kamran Sharifabadi Statoil ASA

Franziska Huber Swisselectric

Chuan Zhang The Crown Estate
IstvanErlich University of DuisburgEssen
Jesper Runge Kristoffersen Vattenfall AB

Ying He Vattenfall AB

VGB PowerTech e.V. VGB PowerTech e.V.
Mario Genovesi Worldenergy Sa

3.2 General cover letters

In addition todetailed and motivated suggestions for changdbe text ENTSOE received general cover
lettersin response to the NC HVDC public consultation during the period of &iber2013 to 7 Jamary
2014 from the following organizations:

EdF Group

BDEW

Vattenfall R&D

EWEA

Eurelectric / VGB Powertech
Statkraft

Element Power

Iberdrola

Renewable UK

Seagreen

This document does not provide an explicit response to these letters as such-ENTSO vi ew i s t
elements raised and suggestions provided #redalressed via other (detailed) contributions in the
consultation.
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3. Assessment of consultation feedback

CHAPTER 1 - GENERAL PROVISIONS

Article 1

0.02
0.03

1.1-1

1.1-10

1.1-11

‘_—M

ENTSO-EasstA Avenue de

Subject matter
Comment Change
Correctthetable of contents Accepted

The requirements of the NC HVDC shouli Partially accepted
be classified into the four different

categories: mandatory / ngnandatory and

exhaustive / nomxhaustive. Is this

classification of the NC HVDC in line with

the NC RfG?

This document is too specific particularly Rejected
the area of defininthe dynamic

characteristics of the HVDC connection a

it is not in line with the approach of the

Framework Guideline to set up minimum
requirements.

Due to the pooquality of the draft version Rejected
as published for consultation, a serious
consultation is impossible. After

completion and correction of the actual

draft, a new version must be published fo

second Public Consultation.

The provisions of the NC HVDC must be Partially accepted
line with the provisions of the other

Network Codes on Grid Connection (RfG

and DCC), as well as with the Network

Codes concerning Systenpération.

Cortenbergh 100 A 1000

Brussels

Motivation
Table updated

The mandatory character or exhaustiveness
certain NC provisioriollows from the

provision itself.Same principles are used as it
NC RfG. The specific character of a
requirement is clarified in the supporting
document s [ Rebhu@emEnsD C
Outline® )The mandatory/exhaustive nature ¢
all NC HVDC requirementss alignedwith the
related requirements of the Rf@®less
technical specificities or system negaistify
otherwise.

To ensure system security within the
interconnected transmission system and to
provide an adequatsecurity level, a common
understanding of these requirementaltgrid
users (generation, demand, f8@nnections)s
essential. Since the NC covers cross border
network issuessxtending beyondational
regulatory jurisdictions, harmonized
frameworkfor requirements and procedures
with further national specifications are
therefore included in the NC HVDChese
principles follow the ACER framework
guidelineson Electrical Grid Connectionand
earlier NCs on grid connection

The process for thestablishment of network
codes as defined by Article 6 of Regulation
(EC) 714/20089 is followed.

The a&sessment of all commerard guiding
discussions in public workshops and user grc
meetings demonstrated that the code
requirements are well understoaahd resulted
in clear suggestions made in the written
consultation. In addition to a formal written
consultation, subsequent user group meeting
and bilateral discussions have given the optic
to all interested parties toave further iterative
discussion towards finalization of the text anc
prior to submission to ACER.

This point is addressed in general in the NC
HVDC supporting documents, and in detail in
further comment assessments.
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1.1-12

1.1-14

1.1-15

1.1-16

1.1-17

1.1-18

ENTSO-EasstA Avenue de

A target on grid quality for the grid
operators is missed in the draft. (paramet
for harmonics, symmetry of the three
phases, delivery of short circuit power,
etc.).

Also a maximum frequency of occurrence
of deviations is not properly described in
anyNetwork Code

As other network users are affected by th
network code as well (compare article 27
a corresponding statement [as in Wherea
3] should be included in the recital to avoi
misunderstandings.

Because HVDC Systems connected to
networks are also owned and operated b
DSOs the"Relevant TSO" should be
replaced by: the "Relevant Network
Operator".

Wind Turbine Generator technologies
should be taken in to the account, since
someare limited to with regards to voltage
and frequency. Not just wind turbines, bt
all DC-connected AC components like
motors, transformers and cables could be
dimensioned smaller if the frequency rang
is kept small. Limiting frequency range to
the minimum required for secure system
operation and alloing the same active
power reduction during low and high
frequencies as in the RfG NC, is
recommended.

The term "HV" is nodefined. Any
definition in the Expanatory Note should
be included in the NC itself. The use of th
term "maximum output" is misleading and
needs further explanation. Suggested is t
use the term 'rated power'. Missing
definitions in this NC among others:
"Synthetic Inertia", "Embedded System”,
"FCR", "FRR", "Imbalance Netting Power
Where is O6Network ¢
Agreementsd definec
There is a general need focansistency
check of definitions used in the NC RfG,
NC DCC and all other codes.

General commesthat the document
mostly ignores what must be provided (ar
when) by TSO's, or coordination between
TSO's when the HVDC System Owner is
third Party. See specific examples in
comments to Articles 29) and 30(1)(c),
and also 52 to 54.

Cortenbergh

Rejected

Acceped

Accepted

Rejected

100

A

1000

Brussels

Such indicators are given in the scope of
operational codes (see NC OS and NC LFCF
and are often complemented by national grid
codes.

This principle has been included in the recital

Revised where appropriateroughout the
document. Broadly speaking specific termd a
conditions for connection are defined by
a. The Relevant TSO; or
b. The Relevant Network Operator in
coordination with the Relevant TSO
or
c. The Relevant Network Operator.
Technologyneutrality is a key principle for the
NC HVDC, as for other connection codes
(notablyNC RfG in this context).

Further national implementation allows
coveringspecific technologies and specific
local system conditions.

See also the NC RfGImplementation
Guidelines for further information on this topi

Covered inother comment§Article 2 & 3)

Covered in other comments

\_A
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1.1-20

1.1-21

1.1-23

1.1-24

1.1-3

1.1-4

‘__ﬂ
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The draft HYDC NC imposes additional
requirements and burdens on generators
beyond those ithe RfG NC. The technical
conditions are easier to satisfy with VSC
based converters, so may exclude the op
to use a cheaper basic CSC system and
reduction ofoverallcost of energy.

The NC addresses the interface
requirements of HYDC and HV AC syster
only. It does not address interface
requirements on the DC side of a HVDC
Converter Station. It is recommended to
address the scope at a prominent place ir
article 1 or even modify thtitle of the NC
accordingly. A dedicated document could
be elaborated later addressing the NC of
DC side system.

The HVDC System Owner is not
necessarily the TSO. TS@wned HVDC
equipment, without Connection Agreent
have to comply with all the requirements
set in this Network Code. Additional
requirements should be agreed by all
Relevant Network Operators and Grid
Users and be considered as ancillary
services.

DC-connected PPM are already included
NC RfG.This Codeshould only focus on
the HVDC Connection.

In case of two TSO's connected by an
HVDC system, both are relevant.

It appears that the NC allows TSOs in
certain Member States to act without
reference to anexternal body, such as the
NRA. It is suggested that the current TSC
decision making powers should be chang
as a result of this Network Code (and the
governance principles is Atrticle 4 (3)
applied).

Definition for 'significant grid user' should
be added to Article 2 Definitions. There is
no provision within this Network Code to
define 'significant'.

Article 72 (1) has a meaningless referenc:
to fideemed si gn withi ¢
the procedure set forth in Article 60 and
Article 617 but neither of these Articles
has a reference to
numerous reference:c
U s e rother Network Codes.

Furtherversions of future NC drafts shoult
be given a line numbering, so reference ¢
be made easier.

Cortenbergh

Accepted

Partially accepted

Rejected

Partially Accepted

Rejected

100

A

1000

Brussels

See specific comments on technology
neutrality per requirement.

The recitals and the scope Article emphasize
this point again. It is commonly agreed that tt
NC HVDC is a first step in &urther evolving
HVDC grid code with the option and
expectation that D@ide requirements can be
covered at a later stage when technology
matures.

Connections between two TSOs and links
embedded in one TSO's control area have to
comply with the technicakequirements of
Chapter 2, 3 and 4 of this NC. It is agreed the
the specific process for operational notificatic
and compliance are only sensible when two
different parties are involved in a connection
new assets. D€onnected PPMs are indeed ir
scopeof the ENTSGE NC RfG of July 2012.
ENTSOE suggests that these are eventually
covered by the NC HVDC, allowing for
synergies with HVDC System requirements.

All the specifications magby TSOs regarding
parties connected to the transmission systernr
under the scope of the NC, including the
powers to elaborate details of minimum
requirements of this NC, should be in line wit
this Code and are in line with powers grantec
NRAs and MembeStates as prescribed in
Directive 2009/72. Article 4 is applicable in
this respect.

The FWGL on Electrical Grid Connections
give already a general definition of the
Significant Grid Users by defining them as

fi p-exésting grid users and new grid users
which are deemed significant on the basis of
thdr impact on the cross border system
performance via infl
security of supply, including provision of
ancillary serviceso.
The notion of significance has been removed
throughout the code, rather referring to the
scope of applica&in as outlined in Article 3.
The basic format for European legislation is
followedin all NCs which provides for
numbering of articleand paragraphs.

A Bel gium A Teitsoeteu 32
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1.1-8

1.1:9

1.31

Article 2

2-1

2-10
2-11

2-12

There should be no requirement on DC
connected PPMs or Remetéad HVDC
Converter Stations. The relevant RfG
requirements should apply to the HVDC
Converter Station where it connected to tl
TSO network.

The code focusses only on the AC
behaviour of the convertor in the D@AC
mode. Attention must also be paid to the
effects on the AC grid in case of ADC
mode operation. Here the requirements o
the NC DCC should be applied.

Because of the effects on the AC grid, the
requirements of the NC DCC should be
applied in case of AC mode operation.

Rejected

Suggestions for rewording of Article 1(3) Rejected

Definitions
Comment Change
Article 2 does not make it clear that the fit
list superseded that of other NCs. To be
revised anyway.
Grid User- new definition needed Accepted
Connection Point split in Onshore Rejected

Connection Point and Offshore Connectic
Point

DC-Connected PPMmeans a Power Park Rejected
Module that is norsynchronously

connected to one or, at the request of the
DC-connected PPM Owner, more

Synchronous Area(s) via HYDC System(s

Unless otherwise stated, Power Park

Module referred to in this network code

means a D&onnected Power Park

Module;

Partially accepted

See specific comnmés on Chapter 4, but
especially also the NC HVDC supporting
documents which emphasize the need for a
forwardl ooki ng European
integrated connections.

Thecode applies regardles$the direction of
the power injectionThe NC text has been
clarified at several instances to avoid
ambiguity.

Various commentlave been received on
Article 1(3). This clause is envisaged to be
included across all NCs to emphasize severa
key principles and remove ambiguity.
Eventually this clause may still evolve during
comitology. All comments are well noted for
future consideron.

Motivation

With all three connection codes now in an
advanced and stable state, an aligned set of
definitions has been prepared for the purpose
all NCs. In other words, RfG/DCC terms that
are reused in NC HVDC have been amendec
to be fit for purpose in this NC. As such, no
terms in NC HVDC are superseding earlier N
terms anymore.

Term is introduced

Part of the suggestion is covered by the notic
of Connection Point and (the newly introduce
term) Interface Point. The wording in Chapter
has been reviewed as to make sure that a sir
correct interpretation only is possible.

The notion of 6at th
connected PP Mle@ntmasesuch
decision may follow from general loftgrm
grid development plans.

Note that the notion of various Synchronous
Areas has been removed, as the key point is
that the user is connected via a DC link.

‘_—M
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2-13

2-14

2-15

2-16

2-17

2-18

2-19

2-2

2-20

2-21

\__H
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HVDC Convert Station HVDC Converter
Station means part of an HVDC System
which consists of one or more HVDC
Converter Units installed in a single
location together with buildings, reactors,
filters, reactive power devices, control,
monitoring, protective, measuring and
auxiliary eqiipment;

HVDC System

- should allow for connection of more thar
2 Synchronous Areas (as implied in
definition of DC Connected PPM).

- Should also use capitalized terms where
needed

- all converter stations insad of the pair of
converter stations

New HVDC System update to reflect
future changes dhresholdgas in RfG)

DC-Connected PPMconfusion with PPM
in RfG that could be read as including an
HVDC System

use Operator instead of Owner

Network- split in AC Network and DC
Network

New HVDC System allow for a four year
period after entry into force when final
contractscan be made to fall in the existin
user category

Not clear to many readers that the terms
other NCs apply ithe NC HVDC as well.

HVDC Converter Station
- Is a transformer part of the station?
- What if there is no building or filtering?

HVDC System

- introduce Connection Points in first
sentence to make it clear that these are t
boundary otheHVDC System

- define or set theshold for 'high voltage'
(100kV DC given as an example)

- 'comprises of at least two HVDC
converter stations*> ‘comprises of at least
two HVDC converter stations or units' (to
also include backo-back schemes> has
only one converter station)

- the wse of 'multiterminal' makes no sens:

Cortenbergh

Accepted

Accepted

Partially accepted

Partially accepted

Rejected

Rejected

Rejected

Partially accepted

Partially accepted

Partially accepted

100 A 1000

Brussels

Editorial, wording revised.

Wording revised

NC HVDC does not ustaresholdsasin RfG

for HVDC Systems. It does use the RfG
classification for DGconnected PPMi the
term for New DCGconnected PPM has been
updated.

The definition of HYDC System is considerec
to be clear to avoid this circular interpretation

The kegal obligation of compliance for a
connection codées withthe owner. The owne
may delegate tasks to anettoperator, but not
the responsibility for compliance.

This split definitiondoes not add value

The framework guidelinesllow for athree
yeartransition phase maximurA. similar
approach is taken in other connection codes.

This is stated in Art 2(1).

The transformer is covered in the definition o
the HVDC Converter Unit. If there is no
building, than this does not mean there is no
HVDC Converter Station.

Definition is revised addressing some of the
suggestions.

No specificthreshold for HV is introdued in
this NC, as the argument would still hold that
all transmission connected DC links are in
scope, while distribution connected links nee:
to be assessed at national level anyway for
crossborder impact.

A Bel gium A Teitsoeteu 32
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2-22 Remote end HVDC Converter Station Rejected Wording has been slightly revised.
definition not clear enough
2-24 New HVDC System defineMain Plant Rejected Consistent approach as for RfG/DCC. Note tl
(does it cover also the cable contracts?) the NRA can be involved in assessing the
contract.
2-25 Existing HVDC System add definition Accepted Term included
2-26 Embedded needs to beefined Accepted Term included
2-27 Backto-back- needs to be defined Rejected This is clarified in the definition of HVDC
System.
2-29 Significance- needs to be defined Rejected The scope clauses are considered to be

sufficiently clearand unambiguous as to
applicability of code to grid users

2-6 Connection Point make fit for purpose in  Accepted These terms araign across all NGsand will
NC HVDC be inserted in NC RfG.

2-30 Define what is meant by 'the consent of tt Rejected This is not a definitionSimilar terms are
HVDC System Owner shall not be existing practice without further definition in
unreasonably withheld' other European regulations.

2-4 Definedterms are not always consistently Accepted Text revised where needed

used with capitals.

2-5 NC is notselfexplanatory Explanations Rejected The o6whaté is given
from supporting documents should be supporting document¥he code as European
included in the NC itself. regulation should only a@r enforceable and

clear requirements.

2-7 Relevant TSQO Relevant TSO means the Rejected The code useRelevant TSQr Relevant
TSO(s) in whose Control Area(s) the TSO(s) whereppropriateinstead of changing
HVDC System or the DC Connected Pow the definition itself

Park Module is or will be connected to the
Network at any voltage level.

2-8 Connection Point / Connection Agreemer Rejected Thedefinition of Connection Point considerec
clarify that requirements also cover AC si appopriate for this.
equipment.

2-9 Relevant Network Operateruse this term  Accepted Changes made throughout the text where
in NC HVDC to cover distribution appropriate

connected DC links, and to use in case of
DC-Connected PPMs

Article 3 Scope

Comment Change Motivation

‘_—ﬂ
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3.1-1 DSO connected links either out of scope 1 Accepted DSO-connected links are in scope of the cod¢
the code, or appropriate references incluc if, based on longerm network development
throughout the code to Relevant Network plans, a crosborder impact can be
Operator demonstrated and approved by the NRA.

Specifications of requirements in the code ha
been reviewed with the appropriate reference
to Relevant Nevork Operator specifications
(be it in some cases with involvement of the
Relevant TSO still, in a similar logic as with
NC RfG).

3.1:2 Missing grid quality targets Rejected Such indicators are given in the scope of
operational codes (see NC OS and NC LFCF
and are often complemented by national grid

codes.
3.1-3 Excluderailway connections from scope o Accepted In the initial wording an embedded Bk
the code could be understood to cover such demand.

introduced definition of Embedded HVDC
System explicitly excludes connections for th
purpose of a single DemanddHay.

3.14 delete DClinks within a control area from Rejected All transmissionconnected Déinks are
the scope no crossborder impact consideredo have a larger system impact, e.(
in case of faults. See also supporting
documents
3.1-6 defineEmbedded Link Accepted Embedded HVDC System is defined and use

in the scope for clearer classification of the N
HVDC applicability
3.1.7 clarify if DC connections between grids ai Accepted This comment refer® connections with

different frequency are in scope of the cor railway grids (operating at lower frequencies)
These are not in scope of the code
Note that a similar argument could be made 1
offshore grids, where the applicability in case
of other (noR50Hz) frequencies has been

clarified.
3.1-8 Clarify that multiterminal and meshed DC Partially accepted DC-side requirements are not in scope of the
grids are not in scope of the code. code; in other words no dedicated meshed D
grid requirements are presaetbby the NC
HVDC.

Nevertheless, al\C connection point
requirements would apply to all HVDC Systel
configurations. The latter point has been
clarified in the scope.

3.1.9 The code should only cover DC systems, Rejected DC-Connected PPMs are covered in this cod
not the DGconnected PPMs. to allow for synergies with HYDC System
Discrimination between generators shoul requirements. NC RfG requirements are take
be avoided. as reference still.

3.1:10  Allow for DC-connected PPMs in an AC  Acceptal Clarified in Chapter 3
collection grid at other frequencies then
50Hz

3.1-11 Clarify the PPMs connected viaDCtoa Accepted Wording modified.
distribution grid

3.31 deleted provisions for existing demand ar Rejected This requirement refers to the contribution of
generation data/models in context of interaction studies

new DC connections. For the sake of clarity
andtransparencyhe role of existing users in
this regard is given in the scope.

3.32 This clause should refén existing HYDC  Accepted Wording modified.
systems as well.

3.41 The concept of 'significant' needs to be  Partially accepted The classification indicates which users are
defined. significant in context of this code.

11
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351 TSO owned links are exempteawin the Rejected All transmissiorconnected DC links have to

code. fulfil the technical requirements of the code.
The majority of DGlinks involve several
TSOs, in which case also all procedures of
compliance, operational notification and
derogation wouldpply. For the small number
of DC-links within asingleTSO's control area,
these procedures cannot be appéedhere are
no two parties involvedor which reasorthe
code refers to present application of e.g.
planning standards &nsure complianceith
thetechnicalrequirementsnd their
specifications.

3.61 The code cannot apply to all existing user Accepted Chapter 5 on operational notification for
only when a CBA demonstrates this and i existing users covers the full processhis
accepted. regard.

3.62 Delete 'deemed' Accepted Wording modified

3.63 Include a threshold, e.g. 100MVA, for Rejected Since a detailed caspecific CBA is needed
existing DC links that can be covered by and will be scrutinized, there is littlded
this code. value in having a specific threshold to preven

any action.

3.71 Suggestion to clarify the wording Rejected Wording is considexd clear, and is in line with

similar provisions in NC RfG and DCC.

3.7-2 This should be addressed to all Relevant Accepted Wording modified.

TSO(s)

3.7-3 Clarity is needed for cases of refurbishme Accepted Clause on modernization is shifted to the sco

article for the sake of clarity

3.82 Proper definition needed of Existing BC  Rejected No clear poposal is given. The definition of
Connected PPMs New Dcconnected PPM is considered clear.

Note that it is in line with similar provisions in
NC RfG and DCC.
Article 4 Regulatory aspects

Generally all comments have been discussed in context of NC RfG and DCC alveadyer to the

ENTSOE

arguments given i

EC in comitology for more information on this topic.
The NC HVDC wordingn this article is aligned with RfG/DCC or reflects the staterajoing work on all

codes.

Article 5

Recovery of costs

t dndoth codesand ® ¢ gngoingwork BYE R 6 s

Generally all comments have been discussed in context of NC RfG and DCC already. We refer to the
ENTSOE arguments given in that context, to ACEROs
ECin comitology for more information on this topic.

The NC HVDC wording in this article is aligned with RfG/DCC or reflects the state of ongoing work on all
codes.

‘_—M
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Article 6 Confidentiality obligations
Generally all comments have been discussed in cooft®kC RfG and DCC already. We refer to the
ENTSOE arguments given in that context, to ACEROSs

EC in comitology for more information on this topic.

The NC HVDC wording in this article is aligned with RfG/B@r reflects the state of ongoing work on all
codes.
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CHAPTER 2 - GENERAL REQUIREMENTS FOR HVDC CONNECTIONS
SECTION 1 REQUIREMENTS FOR ACTIVE POWER CONTROL AND FREQUENCY SUPPORT

Article 7 Frequency ranges
Comment Change Motivation
7.1-1 Acceptance ofeduced FQ capability in Accepted Admissible power reduction can be specified

case of frequency is inside frequencyga
with limited time period for operation

7.1-10 possibility to use 16,7Hz Accepted Changes included in article 39
7.1-2 more severeequirements frequency range Rejected NC HVDC ranges ensure thansmission
and time period for operation than in RfG assets armore resilient to disturbances than
any grid useis equipment
7.1-3 deletion of the second phrase of 7.1(b) Rejected Theagreement could be blocked of by the

HVDC system owner without technical o
economicarguments. Fair treatment of HYDC
system avner is guaranteed by article 4(3).

7.1-4 reduction of the permanent frequency Rejected NC HVDC ranges ensutbattransnission
ranges assets armore resilient to disturbances than
any grid useis equipment
7.15 Is the article applicable to PPM? Rejected No, thearticle is not applicable to PPM
refers explicitly to HYDC Systems.
7.1-6 harmonisation of frequegaanges of Partially acepted Note thatonshore and offshore converter
article 7 and 39 stations have the same frequency withstand
capabilities. Article 39 only altesses offshore
PPMs.

In the improved wording, Art 7 makes it
explicit that the ranges for converters need tc
account for relevant generation/demand

specifications.

7.1-7 The phrasing 'connected to the Network' i Rejected All convertes have to comply with tis
ambiguous in case of a HVDC System requirementt any connection point
connecting two Networks

7.1-8 definition of "HVDC connection owner"  Accepted Wording modified

7.1-9 possibility to reduce the requirements for Rejected This can be overed bya motivated drogation
frequency ranges on a national basis request.

Article 8 Rateof-changeof-Frequency withstand capability
Comment Change Motivation

8.0-1 clarification of the "rolling measurement” Accepted Wording modified

8.0-2 Alignment with RfG. Mercharnlinks are Rejected Merchant links follow the same requirement ¢
discriminated against generators. all otherHVDC Systemsensuring non

discriminatory treatment

Without prejudice to the eventual setting for
generator ROCOF setting, the NC HVDC
requiremenis expected to ensure that the
network is more resilient to disturbances thar
generators.

8.0-3 Method how to measure frequency. First Rejected The rollingmeasurement method is clarified,
order filter should be used rather than a and isbased on detailed studies from various
moving average. TSOs on this topic already.

8.04 Align ROCOF capability for HVDC links  Rejected This capability ensures thansmission assets
with NC RfG and DGconnected PPMs aremore resilient to disturbances thamy grid

useis equipment
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8.05 ROCOF requirement is misunderstandab Accepted Wording modified

8.0-6 Remove the whole article. Rejected No motivation given for the proposal.

Article 9 Active power controllability; control range and ramping rate
Comment Change Motivation

9.1:10  Thedefinition of the procedure of article  Rejected These procedure and pdefined regulation
1.a.iii and predefined regulation sequence sequences a@peratonal issues whichave to
of article 9.1(b) to be subject of article 4(E be ageed between the relevant TSO(s) and tl

HVDC system owner but daot need the
approval of NRANote also that the NC HVDC
in itself does not request the specification of
these sequences but refers to it.

9.1-:11  Clarify the definition oftriggering signal Accepted Wording modified from "triggering signal” to
"triggering signal sent by the Relevant TSO(s

9.1-12 Clarify definition of article 9.1(b) Accepted change "In case of Disturbance in one" to "In
case of Disturbance in one imore"

9.1:13  Clarify the meaning of the 10ms in article Accepted Wording clarified that it refers to the initial
7.1(b) delay.

9.1:14  Test description is not consistent with the Accepted Compliance Test updated (Article 67.7)
requirement.

9.1-15 Editorial changes in article 9.1c) Accepted Wording modified

9.1-16 Consistency of ramping rates in article 9  Partially accepted Included clarification in article 9.2
and 11

9.1-17 Fast active power reversal needs to be  Partially accepted Operational agreement has to be concluded
coordinatedetween all relevant TSO(S) between the relevant TSO(s), but it is not

within the scope of a connection code.
Coordination on all connection capabilities is
required as per Article 4(6)

9.1-18 Existing HVDC Systems should only be  Rejected NC HVDC applies to new users, not by defatr
required to provide FCR and FRR when t to existing links.
technology is installed.

9.1-19 HVDC System cannot provide FCR, FRR Accepted Wording modifiedreferringto exchange and
and RR services, only exchange it. sharing of services.

9.1-2 Fast power reversal: Not possible for LCC Rejected The capability is normandatory.

technology and some type of cables due "
dielectric stress if not designed for this
purpose. The 2 second threshold has to k
justified asbeneficial

9.1-3 no definition for FCR and FRR Rejected Defined in NC LFC&R

9.14 What is meant by minimum power Accepted Wording modified
resolution?

9.1:5 Existing LCC type links cannot meet thes Rejected See Atrticle 3(6) for the specific (exceptional)
requirements and should be exempted. conditions under which an existing link would

have to be compliant with the N€chnical
requirements
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9.1-6 Power reversal makes no sense forDC  Rejected Power reversal is sometimes needed even fa
connected PPMs. the connection of D@€onnected PPMs. In any

case the requirement is namandatory, and to
be specified respecting the provisions of artic

4(3).
9.1-7 Change maximum output and use Accepted Wording modified toVlaximum HVDC Active
maximum capacity Power Transmission Capaclt{also indicated
in Figure 1)throughout the document.
9.1-8 Remove whole Article 9, and ensure that Rejected Article 9 does not oglapply to frequency
frequency control is covered in Article 14 control but also to load flow management
9.1.9 Different minimum active power Accepted Wording modifiedas to allow for different
transmission capability for each direction. values in each direction.

9.21 Capability of adjustinghe ramping rate Partially accepted Wording modified
after instruction is limited by inherent
technical constraints.

9.2:2 Instructions for setting ramping rate can  Rejected The Relevant TSO shall have the right to
only be done at the time of design. modify the ramping rate during operatiorut
within the technicbcapability of the HVYDC
system
9.32 Definition of FSM, LFSMO, LFSMU and Rejected These terms are defined in NC RfG and appl
Frequency Control needed also in NC HVDC.

Article 10 Synthetic inertia

Comment Change Motivation

10.1-1 Replace "synthetic inertia" by "secondary Rejected Terminology onsistentvith NC RfG is used.
frequency response" or "fast frequency
response”

10.1-:10 Cancel article 10.1c) Accepted The clause has beeemoved as not to limit

possible implementations of synthetic inertia.

10.1-11 Change "where a need is demonstrated" Clause deleted
"after having demonstrated the need"

10.1-2 include "of the present network code" Rejected This goes without saying. The present nature
the text does not need to be emphasized eac
time.

10.1-3 Question of costs of additional losses Partiallyaccepted Impact of possible additional losses caused
caused bygyntheticinertia and interaction synthetic inertia are to be addressed when
between frequency control and synthetic requesting and further specifying this
inertia capability. Synthetic inertia will only be

activated in case of low and/or high frequenc
regimes, meaning in case thiz8M or LFSMis
expectechotto able to stabilise the frequency.

10.1:4 Add the need for CBA. Rejected The implementation process as rederto in
Article 4(3) needs to be followed. The exact
process is not specified in this NC but follows
from the objectives of Directive 2009/72. It is
expected that in many Member States this
national process will require a CBA

justification.
10.1:5 No need for synthetic inertia by a DC link Rejected Requirement is nemandatory and will be
embedded in the system required where a need is demonstrated, and

when the HVDC control means of delivery is
justified to be realistic/feasible.
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10.1:6 This requiremenshould only apply to new Partially accepted In case of synthetic inertia, the system needs
HVDC Systems without discrimination in i even within a synchronous area can be locall
Synchronous Area. different. The NC focuses on new connection

retrofit of existing connections needs to be in
line with the process of Article 61
(consultation, CBA and NRA approval).

10.1-7 Need for further definition or description Rejected As it is an emerging technology the intention
of synthetic inertia the code is talescribe the systems needs and
keep flexibility in for the implementation
specifications. Note that the requirement is
non-mandatory but covered in connections
codes for generation, demand and HVDC
Systems.

10.1-8 What is NC OS? NC OS refers to thhletwork Code on
Operational Security

10.1-9 Use of LFSMO instead of synthetic inertic Rejected Synthetic inertia is only required during a ver
short period of time as opposed to LFSM whi
is activated as long as there is a frequency

deviation.

Article 11 Frequency Sensitive Mode (FSM)

Comment Change Motivation

11.2-1 Clarify 'Figure 1', interactions with articles See supporting documents and RG
12 and 13 (threshold to be defined) concepts.

11.2-:10 Use the term "rated power" instead of Rejected In this NC the ternMaximum HVDC Active
"maximumactive power transmission Power Transmission Capacit/used which
capability" refers to connection agreement specifications

This can be different than the rated power.

11.1:11 Rename FSM to Secondaryel§uency Rejected Terminology onsistenwith NC RfG is used.
Response

11.2:12 Small droops / large gains lead to Partially accepted The eventual specification by the Relevant
instability. This setting should not be TSO(s) will indeed need to be based on
allowed although it's technically feasible. appropriate system studies, taking into accot
Set a larger value for minimum droop. stability issues.

11.1-:13 Restrict droopo 0.1- 12% to avoid Rejected As the TSO can request low Active Power
discrimination with generation. range available for FSM, a high value of droc

(in %) has to be possible. tomparisorto
generation (NC RfG) there is no lower limit fo
the active power range of an HVDC System.

11.1-14  Insensitivity must béimited. Define Delta  Rejected Limits for Delta f/fn and Delta P/Pmax values
f/fn and Delta P/Pmax values in the NC. will depend on the Active Power range
available for FSM and the Droop requested b
the relevant TSO according to article 11.1(d).
They will change according to operation
conditions and it is not possible to specify val
in the code.

11.2:15 definition of Droop s Accepted The definition ofDroopis modified (in context
of NC RfG), to ensure unambiguous
interpretation.
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11.1:16 For HVDC Systems connecting PPM, Rejected Capabilities of HYDC systensonnecting
change max. active power to max. availal PPM have to be prepared for further network
power developmentsActual FSM operation takes int

account operational constraints.

11.1-17 Clarification needed: curtailment of the Rejected Curtailment to allow for active power
PPM in order to comply with FSM. headroom is an operational issue and is
therefore out of the scope of a connection co
11.1:18 Article 11.1.(e) is unclear Accepted Wording modified
11.1-:19 Change terminology of initial delay and fu Rejected Terminology is considered clear and is
activation time consistent with NC RfG
11.1:2 Add a reference to provisions of article 4( Rejected The specification is an operational one for
- There needs to be an NRA approval on which a formal approval is not appropriate.
parameters specified by the TSO NRA involvement is ensured by means of

notification as prescribed in national
agreements, codw® law. The requirement is
consstent with that for generators in NC RfG.

11.1-20 0.5s initial delay is not consistent to the z Rejected The 2s reference was justified in context of N
in RfG RfG because of constraints in certain
generation technologies and their primary
drivers, e.gthermal plants. For HYDC
converter units, as with PPMs, a faster reacti
is inherently possible. Longer reaction times
could still be allowed, but need to be justified

11.1-21 add "ata HVDC Station" in the code Rejected Confusing : response to FSihs to be
provided by the whole HVYDC system and not
only by a converter station

11.1-22  Articles 9 and 11 appear to be partly Rejected FSM and fast active power reversal are two
contradicting different control modes. Each one has a spec
response time.
11.1-24 Requirements in Table 2 and 3 are too Rejected The requirements are considered to be
specific. Functional requirements are functional specifications to support the syster
recommended. and giving a clear frame for all users within tf

European paer systemNote that the
requirement is aligned with similar rules for
generators (NC RfG).

11.1-3 change "Frequency Response Deadband Partially accepted Wording is clarified. "Frequency Response
500mHz" to "Frequency Response Deadband 0500mHz" is replaced to
Deadband +/250mHz" "Frequency Response Deadband+@-

500mHz"

11.1-4 Remove article 11, this should be coverec Rejected FSM capabilities are key requirents where a
by article 14 (Frequency Control) with common European frame would be of benefit
further details to be specified nationally. The requirement on Frequency Control allow

indeed in addition for more specific
capabilities. The requirements are aligned wi
those for generators (NC RfG).

11.1-5 sentence missing Accepted Wording modified.

11.1-6 If the HVDC system is connecting differer Partially accepted Each HVDC Converter Station has to comply
countries, which parameters are to be with the parameters specified at its Connectic
complied with? Point (in the relevant Maber State, by the

Relevant TSO, respecting Article 4(3)).
Coordination where needed should be ensur:
(Article 4(6))
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11.1-7 The top part of the image in Figure shoulc Partially accepted The Figure 1 gives asxample with a positive
be mirrored (for reverse power direction) Active Power setpoint. This has been specifie
more clearly in the text of article 11. The sam
requirement indeed applies in the other powe

direction.
11.1-8 The symbol for the droop shall be a small Accepted S changed to throughout theode.
's',
11.1-9 FSM makes only sense if the HVDC syste Rejected FSM is also beneficial HYDC Systems within
connects two different synchronous areas Synchronous Area, e.g. in case of system sp

See supporting documents foore info
(Requirement Outlines).

Article 12 Limited Frequency Sensitive Mode Overfrequency (LFSM

Comment Change Motivation
12.3-1 Change frequency threshold from 50.2 to Rejected Argumentation not clear. The requirement
50.4 Hz. allows for aconsistent frame as with generato
(NC RfG)
12.1:10 Frequency threshold and droop setting ne Rejected The specification is an operational one for
to follow Article 4(3) provisions and be which a formal approval is nappropriate.
published on TSO website. NRA involvement is ensured by means of

notification as prescribed in national
agreements, codw law. The requirement is
consistent with that for generators in NC RfG

12.1-11 Article 12(a) Requirements too specific.  Rejected The requirements are considered to be
Functional requirementre recommended. functional specifications to support the syster
Note that the requirement is aligned with
similar rules for generators (NC RfG).

12.1:12 Thecapabilities of an HYDC System to Rejected An operational agreement will be needed to
fulfil the requirements of articles 12 and 1 address poweransferithis is out of the scope
dependn thepossibilitiesto balance of a connection code.
power with the connected AC systems.

12.1-:13 Change "to th AC Network(s)" to " to a Rejected LFSM-O mode shall be available at each AC
connected AC Network™ Network to which the HVDC system is

connected.

12.1-2 Change shaving to setting Partially accepted Wording modified.

12.1-3 Redraw figure 3 to cover alsxport Partially accepted Wording clarified.
scenarios

12.1:5 Reword Article 14 to cover all frequency Rejected Wording is consistent with that of NC RfG.
control

12.1-6 Pref' is better called 'Pmax’ as Pmax Accepted In figure 3 'Pref' has been changedPmax’

12.1:-7 How do the different Frequency Sensitive Partially accepted LFSM-O is also beneficial HYDC Systems
Modes shall behave for an HVDC system within a Synchronous Area, e.g. in case of
an embedded system? system split. See supporting docuntsefor

more info (Requirement Outlines).
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12.1-8

12.1:9

Article 13

13.1-1

13.1-10

13.1:11

13.1:-2

13.1-3

13.1:4

13.1:5

13.1:6

‘_M
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Justification of requiring a very low Drooj Rejected

An additional line for ZERO power should Partially accepted
be included for reference. It is not clear,

why there is plus and minus sign for

deltaf/fN, but only plus sign of deltaP/Pm:

and Pref. The definition of plus and minus

sign should be clearly state

Comment

Article 12(a) Requirements too specific.
Functional requirements are recommende

Change

Rejected

Frequency threshold and droop setting ne Rejected
to follow Article 4(3) provisions athbe
published on TSO website.

Clarification needed: curtailment of the
PPM in order to comply with LFSNU.

Rejected

Delete "In the LFSMU mode the HVDC
System shall be capable of adjusting a
power increase up to its Maximum
Transmission Capacity." (HVDC assets n
treated in an identical way to AC
infrastructure).

Rejected

Redraw figure 4 to cover also export
scenarios

Partially accepted

Reword Article 14 to cover all frequency
control

Rejected

How do the different Frequency Sensitive Rejected
Modes work for an HVDC system in an
embedded system?

Justification of requiring a very low Droojy Rejected

Cortenbergh 100 A 1000

Brussels

HVDC technology is considered to have mort
inherent capability. No specific cost
information has been provided to date to argt
against the 0.1%roposal.

Figure has been updated for clarity.

Limited Frequency Sensitive Mode Underfrequency (LFSM

Motivation

The requirements are considered to be
functional specifications to support the syster
Note that the requirement is aligned with
similar rules for generators (NC RfG).

The specification is an operational one for
which a formal approval is not appropriate.
NRA involvement is ensured by means of
notification as prescribed in national
agreements, codw® law. The requirement is
consigent with that for generators in NC RfG.

Curtailment to allow for active power
headroom is an operational issue and is
therefore out of the scope of a connectiode.

This capabilityhas to be impleented on the
HVDC system control. To be operated, an
operational agreement will be needed to prec
how the power is generated at the other side
the HVDC system. Note that this operational
arrangement is out of the scope of a connect
code.

Figure not updated, but wording in the text is
clarified that LFSMU applies in both import
and export situations.

Consistenwith NC RfG

LFSM-U is needed also for embedded HVDC
systems, in case of a possible system split. S
also supporting documents.

HVDC equipment has inherently faster
response than generation (rotating mass and
primary drivers). No clear arguments have be
received that indicate unreasonable cost imp
for a 0.1% droop.
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13.1-7 Change Droopo a minimum value Rejected In contrastto RfG, there is no need for an uppt

between 0.1 % and 12 %. limit value for the droop. Only the lowest
value of droop (fast reaction) is more
demanding for an HVDC system.

13.1-8 Thecapabilities ofan HVDC System to Accepted An operational agreement will be needed to
fulfil the requirements of articles 13 deper precise how the power is generated, but this
on thepossibilitiesof the generators to out of he scope of a connection code.
balance power in the connected AC syste

13.1-9 In Figure 4, s not defined. In Figure 3 & £ Accepted Figure has been updated for clarity.
the axis deltaP/Pref and deltaP/Pmax shc
consider plus and minus signs. An
additional line for ZERO power should be
included for reference. It is not clear, why
thereis plus and minus sign for deltaf/fN,
but only plus sign of deltaP/Pmax and Pr¢
The definition of plus and minus sign
should be clearly stated.

Article 14 Frequency control
Comment Change Motivation

14.1-1 The requirement is not clear. No technic: Rejected Variousneeds for frequency contrekist, e.g.
and financial benefits are demonstrated. to provide synthetic frequency in a passive
This should be offered as ancillary servict islanded network ith few or no synchronous

generators (sesupportingdocumers). It is not
self-evidentwhether FSM and LFSM are
enough to covesuch situations This
requirement allows for other alternative
frequency conmbl modes whejustified (on a
nonmandatory bas). Flexibility is given at
this stage for defining performance paramete
and activation criteria.

14.1-2 Add "(c) the frequency control requiremer Partiallyaccepted An operational agreement will indeed be
shall be agreed, in a TSO/TSO agreemer needed to precise how the power is transferr
betweerthe two relevant TSO's and HVD( but this is out of the scope of a connection
system owner." code.

14.1-3 Add "(d) The relevant TSO's, subject to 1. Partially accepted This may be covered in the national
c), shall have a proven cost benefit implementation process as referred to by
analysis" Article 4(3)

14.1-4 Operating principles are in the Rejected Definition of principles and performances of
responsibility of the HVDC System Owne such a capability is a TS@sponsibility
and should therefore be defined in Provisions ofArticle 4(3) ensure that a due
agreement with him. consultation of all concerned parties will be

performed

14.125  Reword Article 14 to cover also FSM and Rejected FSM, LFSM and Frequency Control
LFSM in a generamanner. requirements are consistent with NC R&ad

provide additional clarity on functional
capabilities for frequency stability to be
covered by all DC systems in Europe.

Article 15 Maximum loss of active power

\__,”
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Comment Change Motivation

15.1-1 The Relevant TSO cannot define the Rejected The intention of the requirement is not to
maximum size of a converter station. Del¢ constrain the total transmission capability of
Article. HVDC System projectyutrather to ensure tha

an internal fault does not result in a trip of the
entire HYDC System (modular scheme or
appropriateedundancy).

15.1:2 The definition of LFC Blocks is missing Rejected Definition is given in NC LFC&R, and applies
in this NC aswell.

15.1-3 Removal of the reference to LFC Block. Rejected Reference to LFC Block is important as the
maximum loss of active power can result fron
a problem of dimensioning the FRR and not
only the FCR (i.e. case of continental Europe

15.1:4 Addition of "the Relevant TSO should be Partially accepted Article 4(6) prescribes the coordination

informed as to the nature of the remote between all Relevant TSO(s)
HVDC end, as this wilaffectthe loss of A secondclause has been added to emphasiz
active power during a fault. " the need of coordination in this specific case.

15.15 Also in the event of loss of both links in th Not understood
case of a PPM you do not require set
information on the PPM.

SECTION 2 REQUIREMENTS FOR REACTIVEPOWER CONTROL AND VOLTAGE SUPPORT

Article 16 Voltage ranges
Comment Change Motivation
16.1-1 Voltage ranges (overvoltage) should be  Rejected Text is in line withNC RfG ranges and time
aligned with NC RfG and IEC testing duration. Sesupporting docs for further
procedures. explanation Note that in context of NC RfG
preparations for comitology the wording may
be adapted to accommodate exceptional
situations.
16.1-10 Clarity onmaximum output across the Accepted Notion  dHVDCASystem Maximum Curreat
entire set of/oltage ranges introduced which links the requirement to
reactive power capability specifications and
specific ratings as specified in the Connectiol
Agreement
16.1-2 Clause that allows for wider voltage range Rejected Wider rangesanonly be required under
should be removed. agreement of HYDC Owner and Relevant TS
Note also that the code focuses on new
connections. (Similar approach as in NC RfG
16.1-3 Voltage withstand capability should not g« Rejected This requirement ensures that the transmissir
beyond that in NC RfG and neetb be in assets are the ones tikahwithstand more
line with international standards. extreme conditions and that in emergency
operation cases, generators and loads
disconnect first. See suppagi docs for
further explanation.
16.1-4 The reference to 'maximum output' shoulc Partially accepted Rated power is not a perfectly clear term. Ne
be changed to ‘rated power; definition added in theodefor HVDC System
Maximum Current
16.1:5 Changenominal value by nominal system Accepted Wording modified.
value
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16.1-6

16.1-7

16.1-8

16.1-9

Article 17

17

Article 18

18.1-1

18.1-10

18.1-11

18.1-12

18.1-13

\__,M
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Specify that this requirement appliesta
connectiorpoint, not the internal collector
grid of a wind farm.

Coordination among TSOs: There needs Rejected
be a dispute resolution procedure to deal

with disagreements otherwise the proces:

can be blocked.

Accepted

The application of wider voltage ranges
should require a proper justification of
benefits for the whole system.

Partially accepted

Remove paragraph ¢) on automatic
disconnection settings.

Rejected

Comment

- Article 17 is not mandatory.

- Appliance ofArt17 only in onshore
HVDC side

- Involvement of the NRA irdefinition
of Short circuit contribution

- wording change required that goes
against RfG alignment

- Inconsistency between FRT Article ar
short circuit contribution

- coordination among TSOs

- relevant TSO to publish requirements
instead of "shall have the right

Change

Partially accepted

Reactive power capability

Comment

The shape of the fixed outer envelope
should be more realistic.

Change

Rejected

Reactive power and steady state voltage Rejected
ranges are unreasonably high for an

offshore collector grid, with cable network

and no consumption.

Refer to Relevant Network Operator inste Accepted
of Relevant TSO.

lead/lag and consumption/production
clarificationneeded in Figure 5

Rejected

Wording not clear. Accepted

Cortenbergh 100 A 1000

Brussels

Requirement refers already explicitly to the
Connection Point.

Disputeresolutionsand impact of non
compliance are not settled in this NC itself. S
FAQ documaet on dispute resolutions for
further info.

No changes in the wording. The text refers to
technical ane&conomidcbenefits, and an
agreement to be settled under Atrticle 4(3).

List (a) establishes voltage ranges that the
HVDC system should be capable of withstan
however automatic disconnectieattings
should be within the ranges defined in (a).

Short circuit contribution during faults requirements

Motivation

Following review of the NC RfG, the
specifications for short circuit contributions fo
PPMs have been clarified in collaboration wit
the impacted industry. The NC HVDC has be
aligned with these principles, which provide
flexibility for technical solutions but still
emphasize the need for a fast current
component.

The requirement is still nemandatory, also for
HVDC Systems, which avoids technology
discrimination. Specifications are considered
be coordinated with those for FRT.

Motivation

The fixed outer envelope does not represent
default reactive power capability requested
from HVDC ConvertefStations. See also the
supporting documents of NC HVDC and NC
RfG for further info.

This commentefers to DCconnected PPMs
and associated HVDC Converter Stations. S¢
review of Chapter 3 comments.

Wording modified.

Wording is considered clear. Requirement
frame is in line with the reactive power
requirement in NC RfG.

The sentence "at minimum or maximum
voltage point the reactive range is zero" is
deleted.
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18.1:14 Reactive power capability should only Rejected The NC HVDC does not prescribe market
serve system preservation to set target based services, nor when reactive power shc
voltages, but should not be a barrier for a be delivered.
reactive power market

18.1-15 The reactive power capability is excessive Rejected The fixed outer envelope does not represent
and technology discriminating (LCC), default reactive power capability requested
especially the corners of the diagram. from HVDC Converter Stations. See also the

supporting documents of NC HVDC and NC
RfG for further info. The requirement allows
the Relevant TSO to require a O rarfgsy. a
stepwise curvewhich wouldbe aligned with
LCC capabilities. As indicated also for
generatos in the NC RfG Implementation
Guidelines, the cost impact of capabilities in
the lowerleft and upperight corner should be
taken into account when specifications are

made.
18.1-2 Make clear that the requirement applies it Rejected Wording is considered clear that the capabilit
both AGDC and DGAC mode. applies for both active power directions.
18.1-5  wording: maximum active power capacity Partiallyaccepted terminologymodified
VS maximum capacitypinimumactive
power capacity vainimumactive power
transmission capability
18.1-7 Remove table 6. LCC is not able to delive Rejected The inner envelope defined in Table 6 and
freely adjustable reactive power to the gri Figure 5 are the maxium ranges that could be
to the stepwise switching of capacitor bar required. Nevertheless, the requiremaiaws
and filters. the TSO to require a 0 range, which wobéd
in line with LCC capabilities.
18.1-9 use of comma, as defined in technical Rejected Convention of European legislationfaslowed.
standards
Article 19 Reactive power exchanged with the Network
Comment Change Motivation
19.01 Inconsistency between reactive power Rejected Both articles have a different objectiviehe
exchange and capability Articles aim of Article 19 is to limit the net steady stat

reactive power consumption production

This is mainly relevant for LCC technology, s
aiming at the design of filters, reactors and
condensers. Article 18 prescribes the reactive
power capabilityfor deliveryalong the voltage
range and for the whole range of operation o
active power.

Art 18 can be seen as equivalent to the
generator capability in RfG, while Art 19
covers the equivalent for passive
demand/distribution in DCC.

Article 20 Reactivepower control mode

Comment Change Motivation

\__”
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20.01 The priority in respect to P/Q control for ~ Not understood If thecomment refesto P/Q capabilities for
extended voltage vatian should be extended voltage range, it is defined accordir
mutually agreed. Article 18. If it refesto priority of P and Q

contribution, then it will be done as specified
Article 21. Ifit refersto the priority of the
reactivepower control modes and tiseange
among them in operation, the issue is out of 1
scope of the NC HVDC, which only defines

capabilities.
20.1-1 LCC not compliant with three control Partially accepted LCC is compliant with the voltage control
modes mode and powefiactorcontrolmode as in 3

and 5 it is statedé' utilizing its capabilities,
while respecting the provisions of Article 18
and 19...". These same words are added to tl
Reactive Power control Mode stated in Article

20.4
20.1-2 Make clear if just one or all three modwe Partially accepted Initial wording asked for all three modes to be
mandatory. possible. In the updated draft (based on othe

suggestionsnade at least two out of the three
modes are required.

20.21 Request for other control modes can only Rejected As with all nonmandatory requirements, the
be basedn commercial offers. Relevant TSO should justify the reason why
another control mode is required, and final
approval is fitted in the process of Article 4(3

20.310 There is no interval between theaximal Rejected The specification of t1 and t2 should indewexd
admissiblegl and the minimuradmissible conflict, but that does not justify a shift in the
t2 values. To make thigquirement ranges themselves.

feasiblethere should be some time betwet
t1 and t2 otherwise there will be no slope.
Coherency between ranges of t1 and t2,
increase of t2 from "10" to 60 sec.

20.312 NRA involvementand Relevant Network  Accepted wording modified
Operator
20.32 Requirement is too specific in points c) ar Rejected The requiremenis aligned with RfG wording,
d) including the technical capabilities typical of
the HVDC systems (lower time responses).
20.33 Requirement should apply only at the Rejected The TSO will require thparameters of the
onshore connection point. voltage control mode according to the specifi

conditions of the AC island side of the HVDC
link. Voltage control mode may be required fc
the AC island stability.

20.34 Is set point voltage always the rated Partially accepted Voltage set point is independent for each
voltage? Delimitate voltageontrol range Connection Point and therefore for each
according to unlimited operational range Relevant TSO (so, the plural has been delete
stated in Article 16. in NC HVDC and "at the coniéon point" has

been included). Setpoint voltage shall be
defined within a range defined by the Releval
TSO and related to the voltage base of the
HVDC system. Setpoint voltage is the target
voltage value that the action of the control wil
try to achiee when the Voltage Control Mode
is in Operation. Grid quality targets are not
specified in this NC HVDC, but these targets
will of course drive the set point.

20.35 NRA involvement should be ensured Accepted Several references to Article 4(3) included
where appropriate.

25
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20.36 Refer to Relevant Network Operator Accepted
20.37 To avoidunnecessarghanges and fast Rejected
changes in voltage there has to be a
minimum dead band.
20.38 5% is too small for a deadband Rejected
20.39 Add a figure to specify t1 and t2 response Rejected
shape. Note that these terare also used ir
other articles.
Article 21 Priority to active or reacte power contribution
Comment Change
21.01 Remove requirement from the code and Rejected
implement nationally as national standarc
21.02 P and Q priority needs to be within HYDC Accepted
capability
Article 22 Power quality
Comment Change
22.01 Article should apply for all HVDC links, Accepted
without exemption for TSO assets.
22.010 Quality requirements for HYDC Systems Partially accepted
(e.g. maximal admissible THD, etc.) shou
be defined. The relevant Grid Users shot
provide the Network Operator with the
necessary information and data to condu
studies.
22.011 Relevant Network Operator Accepted
22.012 Term 'contribution’ to be changed to 'data Accepted
22.02 It is understood that this means that evernn Rejected
parameter defined in the document refers
performance and not to rating
22.03 Network information from the Relevant Accepted
TSO is needed
22.04 The TSO shall provide the poweuality Partially (accepted

ENTSO-EasstA Avenue de

data to the HVDC connectee. In order to «
so the TSO shall be entitled to require the
needed data from all affected and connec
grid users at the common grid connection
point.

Cortenbergh

100 A 1000
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"Relevant Network Operator" has been
included

The approach is consistenith thatfor
generators in NC RfG.

The slope ensures stable smooth operation €
with no dead band.

Too wide deadband values lead to inaccurate
voltage control, which goes against system
security and reduces systeantrollability. The
5% value is also in line with NC RfG.

The text is considered to be clear, with little
added value for a figure. There is no relation
between t1 and t2 in Figure 2 in Article 13, ar
t1 and t2 in Article 20 d).

Motivation

Comment nofully understood. The
specification via Article 4(3) allows for a
national reference standard.

wording modified

Motivation

See comments on Article 3: the requirement
applies to al(transmission connectetVDC
links, irrespective of ownership.

Power quality standards definition is not withi
the scope of the NC HVDC. Note also that a
regulation cannot refer to a standard which
would makeit legally binding. Data provision
is covered by Article 30 and 22.

Relevant Network Operator included
wording modified

Comment is not fully clear. Requirements refi
to system needs and performance, which
impacts the design and rating of the equemt.

This information exchange is covered in Artic
30 and by the general rights and responsibilit
of all parties regarding compliance.

Similar process as for control interaction and
SSTI studies is applicable.

‘__”
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22.05

22.07

22.08

Additional thought needs to be given to
standardize the approach along with the
other questions that are raised such as w
funds thestudiestreatment of exiting
generation projects and HVDC links.

Partially accepted

Negative impact of HYDC on Grid Users Accepted
needs to be addressed.

What is the timeframe to provide data to
Grid Users? At present relevant data is or
being provided after contracts have been
let. As a result the HVYDC system owner it
exposed to additional costs for change to
filters.

Partially accepted

Not really a suggestion for change. Cost
allocation for the studies is not covered in thit
connection code. An explicit approach towarc
existing users is described in the code.

Mitigation of negative impact that the HVDC
may have on other Grid Users is addressed t
the level ofdistortionor fluctuation allowed.
The objective of the requirement is to minimi:
negative impact.

This is covered in the articles on operational
notification andcompliance.

SECTION 3 REQUIREMENTS FOR FAULT RIDE THROUGH

Article 23

23.1-1

23.1-10

23.1-11

23.1-12

23.1:2

23.14
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Fault ride through capability

Comment

Figure 6 and LCC capability: Article
deemed not to be technologgutral.

Change

Rejected

Protection should not be limited to
electrical faults.

Accepted

Suggested to add a dispuésolution. Rejected

Not clear what is defined by 'less wide
settings'. These changes have to be
justified.

Remove Table 7, values to be decided or Rejected
national level. Adjust the definition of Thlc

Give justification for 10 sec value. Table i

is not in line with RfG. Adjust range Trec

to 0-180 s

Accepted

To prevent discrimination, TSO should
publish voltageagainsttime-profile and
fault conditions

Rejected

Cortenbergh 100 A 1000

Brussels

Motivation

Figure 6 is applicable to LCC aEC. Note
that blocking of LCC is allowedherefore the
requirement is nowliscriminabry. Paragraph
(a) and (b) are merged.

Wording modified

Dispute reslutions are not covered in these
connection codes. See FAQ document on thi
topic.

Reference to Article 4(3) iadded.

Table 7 gives a range of figures for the sfieci
parameters, thereforeis left to national
standards to define the exact values. The
justification for Trec = 10 sec is given in
document Requirement outlines. Where
applicable Table 7 is in line with RfG, but this
table reflects the systems needsevwe HVDC
dominates the system behaviour. Tblc is
explained in the text. Table 7 does not give a
value for recovery time from 0.85 toQlpu.

Non-discriminatory treatment is covered in
implementation process of Article 4(3), and
may be addressed in general NC
implementation monitoring procedures.

‘__”
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23.1:5  Articles 17 and 23 appears to be Partially accepted
contradictory for LCC (no reactive power
can be injected wdn blocking valves)

23.1-6 Suggested to add definition of when the  Rejected
fault begins and ends

23.1-7 A contradiction in paragraph (d)? Not understood

23.1-8 Reference to article 34 should be 33 Accepted

23.1-9 Paragraph (g) should be reviewed, isit  Accepted
mandatory or not?

Article 24 Post fault active power recovery

No comments received on this article.

Article 25 Autoreclosure
Comment Change
25.01 Article 25 is not necessary if HVDC syste Rejected

25.1-1

25.1-2

25.21

fulfils all requirements with respect to FR”

Change content of article in more Not understood
functional description

Add text 'unless the convertsation is in
the process of clearing the fault' at end of

clause 1.

Not understood

Clause 2 is not clear about autoreclosure Accepted
AC or DC side in case of a fault in the
HVDC system

SECTION 4 REQUIREMENTS FOR CONTROL

Article 26 Converter energisation and synchronisation
Comment Change
26.01 Contradiction between article 26 and 41? Accepted

‘_M
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Article 17 is noamandatory, Article 23 is
mandatory.

Figure 6 gives fault definition times.

TREC, defines the duration of the fault. Hence
the fault lasts while the system voltage is bels
UREC, which is defined as 85%.

Comment not understood. FRT requirement
intends to cope with transmissioetwork
faults. Protection schemes for internal faults
serve a different purpose, but should not be
designed as to jeopardize the FRT capability
(e.g. by focusing only on voltage
measurement). Note also that a similar
provision applies to generator FRTNIC RfG.

wording modified

The second part of the paragraph is taken ou
the NC, and added to the justification
document.

Motivation

Article 25 (1stparagraph) covers a more
specific functional capability. Note thathas
been shifted to the general requirement on
System Robustness.

Comment is not understood, the requirement
does not focus on internal faults.

Wording modified ('DC overhead lines')

Motivation

We assume thigefers to the explicit limit for
transients caused by connection of converter
stations and PPMs. The requirements have k
aligned
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26.02 Please make clear what is the difference Accepted The clause refers now explicitly to a system
between a and b with more than 2 converter stations.
26.03 3% is too low or should be left to national Partially accepted The 3% limit is currently industrial practice.
TSO The code is updated to allow for national
specification up to a 5% level.
26.04 Article not in linewith Black Start article.  Rejected This article starts with "unless following an
instruction é". This

normal network conditions (Normal State).
Black start is not a normal network condition.

26.05 3% should be 3.00 % Rejected Not exceeding 3% means up to and including
3.00%. Any voltage transient above 3.00% is
not compliant with the codéNote that the
requirement is updated referring to a 5% leve

Article 27 Interaction between HVDC System(s) and other Grid Users
Comment Change Motivation

27.2-1 When shouldhestudy be performed? Accepted Article title changed to Interaction between
Suggested to extend the description with HVDC System(s) and/or other plant(s) and
other DC and/or AC assets. equipment.

27.1:2 It shouldbe an obligation for the TSO that Rejected The TSO has an obligation to ensure system
studies are performed instead of that the integrity covered in general operational
TSO shall have the right to require study. measures and short/long term studies.

Performing suclstudy necessitates detailed
knowledge of the HVDC converter topology
and control which is why the responsibility for
the study is assigned to the HVDC System
Owner. The TSO has an obligation to provide
relevant network data in context ohet
requirements already.

27.1-3 Article 4(3) to be added to 27.1 Accepted Wording modified
27.1-4  Add 'onshore’ in text Rejected Not clear why this should be restricted to
onshore. No arguments given.
27.21 The process should be open for all partie: Rejected TSO is responsible for the system integrity. It
relevance not be decided by the TSO in the interest of the TSO to make sure that a
relevant and affected parties are identified ar
informed.
27.31 Remove paragraph because TSO should Rejected HVDC system owner is responsible for
in charge of the study performing the study. For this reason paragre
3 is needed.
27.32 NRA should review/assess the performed Rejected TSO is responsible for system integrity and
studies. security. This isvithout prejudice to the role of

the NRA in the national legal framewotkote
that regulatory oversight as with other
requirements is ensured.

27.41 The mitigating actions identified by the Rejected TSO is responsible for the system integrlt is
studies shall not only be reviewed by the in the interest of the TSO to make sure tiht
Relevant TSO(s), bwtlso by the affected relevant and affected parties are identified ar
grid users. Concern that the mitigating informed. Mitigating actions are set in
actions to be undertaken by the HYDC accordance with the process as referred to in
system owner are not the most economic Art 4(3)
solutions.

27.51 Add reference to article 4(3) Accepted Wording modified

‘_M
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27.52 Is article 27.5 necessary? Propdsal Rejected This clause clarifies the intent of the (comple:

remove this paragraph. studies as referred to in the other clauses of .
27.

Article 28 Power oscillation damping capability
Comment Change Motivation

28.1-1 NRA involvement requested. PGibould Partially accepted Only functionality is required. The
only be applicable for reactive power. Mo implementation is an operational aspect.
details are needed (e.g. damping level). Preference is given to not restrict POD scher

here by referring wly to reactive power.
Reference to Article 4(3) is added, referring ti
national processes to cover further details.

28.1-3 Network changes after commissioning Rejected Only functionality is required, not a specific
(FON) should not be the dacto implementation. The requirement reqsitiee
responsibility of an existing HVDC systen TSO to specify a range of network conditions

aiming to cope with future system changes.

Article 29 Subsynchronous torsional interaction damping capability

Comment Change Motivation

29.1-1 Once implemented then the HVDC syster Rejected Only functionality is required. The
owner shall not be required to change his implementation is an operational aspect and
SSTI control if new generators enter onto depending on local system needs which migt
the system. change in time.

29.21 Data might not be available Partially accepted Article 4(3)addresses the extent of the study

specified by the TSCExisting grid users may
indeed not have all relevant data; note that
requirement states that such info shall not be
unreasonably withheld, in other words grid
users are requested to provide input to the
extent possible.

29.22 Studies should be performed by the TSO Rejected As a baselingthe new connecting parhaving
all info on the new project has the obligation
perform this studySee similar comments on

Article 27.
29.23 Add reference to article 4(3) Accepted Wording modified.
29.24  Add existing HVDC to Article 3(3) Accepted Wording in Article 3(3)modified so that it
refers to all existing grid users.
29.25 If the topology and/or generators change Rejeced Only functionality is required. The
during operation the HVYDC System Owne implementation is an operational aspect and
will cooperate in changing the SSTI depending on local system needs which migf
damping criteria, given new studies change in time.

undertaken by the requested party.

Avrticle 30 Network characteristics

Comment Change Motivation

30.1.4  This data shall be provided to the HYDC Partially accepted Reference to article 4(3) is also inserted in (c
system owner prior in a timely manner for
the HVDC system owner to place main
contracts.

‘_M
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30.1.5 Normal and disturbed conditions are not Accepted The reference to normal/disturbed conditions
defined. NC Operational Secyriises has been deleted as it does not add much va
Normal, Alert and Emergency State.

30.1-1 More explicit reference to the connection Accepted TSO is replaced by Relevant Netko
point is requested. Operator.
30.1-2 Add reference to Article 4(3) in clause (b) Partially accepted The specification refers to paragraph (a) whe
reference to Article 4(3) is already made.
30.1-3 Article should be more precise. Partially accepted Wording modified. Requirement on power
Furthermore grid quality targparameters quality impact is covered in Article 22. Note
should be defined. that this connection code itself does not set g

quality targets.

Article 31 HVDC System robustness

Comment Change Motivation
31.01 Delete article (repetition of already Rejected Considered that these are not fully covered b
mentioned functionalities.) other requirementandto add further detail on

system need#\Iso, no conflict is seen with
other requirements. Hence, the preferred
approach is to maintain this requirement.

3111 Remove (d) changes in DC Voltages Accepted Wording modified

31.1-2 Remove (h) extreme low short circuit Accepted Wording modified
power at the connectiguoints

31.1:3 Include reference to Article 4(3) in (1) Accepted Wording modified

31.21 Article unclear. What is the requirement? Accepted Paragraph deals with multi termirezid/or
a limit to the installed capacity required embedded HVDC Systems. Text changed.
here?

31.22 Add the word onshore before Connection Partially accepted TSO is replaced by Relevant Network Opera
Point(s)

31.31 Please delete or explain clearly what sho  Patially accepted Last part of the article 31.3 removed. Referer
be achieved. Very vague provision. made to AC system disturbances.

SECTION S REQUIREMENTS FOR PROTECTION DEVICES AND SETTINGS

Article 32 Reconnection
Comment Change Motivation
32.01 Suggest to add third paragraphinsure Article deleted
NRA involvement
32.1-1 Delete paragraph, requirement not clear Accepted Article deleted
Article 33 Electrical protection schemes and settings
Comment Change Motivation
33.0.1  Add new paragraph to cover for NRA Rejected Not fully understoodteference is already mad
involvement to Article 4(3)

‘_M
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Internal faults are all faults between Connecti
Points. Wording considered clear.

Dispute resolutions are not partadlC (see
also argumentation on other connection cade

Further specifications willndeed be needed
based on the basic principles in this
requirementNo motivated argument is seen t
change the requirement.

Dispute resolutions are not part of this NC.
Where neded reference is already made to

No confusing overlapr conflictsidentified.

Not motivated omunderstood why.

Every change of the HVDC system control
modeparameters will affect the AC system.

Dispute resolution is not part of this connectic
code. Reference is already made to Article 4(

Agree that this is common practidéEmodern
equipment allows it, this does not necessarily
mean that it is implemented.

33.1-1 Extent wording regarding internal faults  Rejected
(converter and cable)
33.31 Requestedo introduce a dispute resolutior Rejected
in this article.
Article 34 Priority ranking of protection and control
Comment Change Motivation
34.1-1 This wholearticle would be better Partially accepted
discussed within a Guidance Note as the
information detailed within is not
appropriate for European Law. The Atrticle
also lacks the necessary references to
agreements between Parties.
34.1:2 Requested to introduce a dispute resoluti Rejected
in this article.
Article 4(3).
Article 35 Changes to protection and control schemes and settings
Comment Change Motivation
35.01 Check for redundancies within Art 35 (ant Rejected
34) as well as Chapter 4 Information
Exchange.
35.12-1 Remove reference to paragraph 3 Rejected
35.1-2 Only parameters relevant to the AC grid  Rejected
should able to be changed
35.21 Requested to add a dispute resolution Rejected
35.31 Paragraph 3 not necessary, because tod: Partially accefed
standard is maote operation
35.32 Changes should not be done by the TSO Rejected

Article only requires théunctionality. It is not
required in the text and not the intention that
the TSO should do the changésectly.

SECTION 6 REQUIREMENTS FOR POWER SYSTEM RESTORATION

Article 36

36.1-1

‘_M

ENTSO-EasstA Avenue de A Bel gium A Teitsoeteu 32

Black start

Comment Change

Considering current different capabilities 1 Not understood
different available technologies (VCS,

LCC), 'Subsynchronous torsional

interaction damping capability' requiremel

would have an important impact for HVD(

systems operators
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Motivation

Article is about Black Start not SSTI. Not clez
what the proposair question iseven in
context of black start provisions
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36.1-2 Discrimination of technologies.

36.1-3 Change wording 'obtain’ into 'request’

36.1-4 It has to be clear that the HYDC System
cannot generator power, only transport it.
Paragraph should mention that the quote
based on financial and technical benefits.

36.15 Right to obtain quote not applicable for
existing unit

36.21 How should a HVDC System start withou
external energy supply?

36.22 A further procedure clarificatiofor is
necessary

36.24 Article 26 is meaningless under black stal
conditions.

36.25 The term 'external energy supply' is not
clear andshould be defined.

36.26 Replace 'remote AGubstation' with 'A€
grid and substation(s) if installed)'

36.27 Add NRA approval to paragraph

36.31 Agreement with all relevant TSO(s)

36.32 Add a dispute resolution

Article 37 Isolated network operation
Comment

37 Various requests for clarification

‘_—_ﬂ
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Rejected

Rejected

Partially accepted

Partially accepted

Partially accepted

Not understood

Rejected

Accepted
Rejected

Rejected

Accepted
Rejected

Change

Partially accepted
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TSO has only the right to request a quote. Nc
functionality is specified. Black Start is not
mandatory Klote that this isnade explicit in
the textnow). The NC requirement in itself
cannot oblige an HVDC System Owner to
choose for a specific technology.

Wording is consistent with that of NC RfG.

It is well understood that only the transmissio
capability could be provided by the HVYDC
system. A quote imherently based on financie
and technical benefits.

NC HVDC focuses on new connections.
Application to existing HVDC systems (in
exceptional cases) needs to be in compliance
with Article 3(6).

Only the energationof the busbar of the AC
substation is required. The emergency diesel
engines are considered part of the internal
HVDC converter stationNording is modified

No proposal was suggested.

Comment is correct, but Article 26 starts with
sentence "Unless fol
Therefore it is covered.

Textis changedthe notion ofexternal energy
supply is removed.

Text is changed, only the remote AC busbar
has tobe energised.

The Article only describes @ntractual
agreement between parties to deliver
transmission capacity.

Wording modified

The Article only describes @ntractual
agreement between parties to deliver
transmission capacity. In general, dispute
resolutions are not covered in this connectior
code.

Motivation
The article is deleted.
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CHAPTER 3 - REQUIREMENTS FOR DC-CONNECTED POWER PARK MODULES

AND ASSOCIATED HVDC CONVERTER STATIONS

Article 38 Scope
Comment Change

38.1-1 No gplicability of chapter 3 in case ofa  Rejected
single owner of entire DC connected PPN
and HVDC connectionOnly the onshore
connection point needs to have connectic
requirements

38.1:2 Article 38 is discriminatory to DC Rejected
connected PPMs comparedAC
connected PPMs

38.1-3 Requirements should account for the lon¢ Accepted
term development of AC collected DC
systems

38.1:-4 Connection Point for DC connected PPM:s Accepted
is not defined

38.1:5 Discrimination between various PPM Rejected
technologies

38.1-6 Requirements should be based on the wi Rejected
system rather than individual circuits or
components

38.1-7 Art. 41 to Art.45 shall not apply to the Partially accepted
remote end HVDC converter

38.21 Requirements in RfG apply to DC Partially accepted
connected PPMS

38.22 Remove DC conected PPM requirements Rejected

\__—”
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into its own network code
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Motivation

To ensurenon-discrimination chapter 3 has to
apply to all types of owners. Perceived long
term development shows consistent need to
reuse assets into a network to connect furthe
generationand whichdrivesthe need for
consistentequirementsit all offshore interface
points.

The requirements are based on the needs of
DC connected AC collection grid for PPMs ar
factors in the future expansion potential.
Consequently requirements will differ from A(
connections to a much larger synchronous
systemNote that various requirements in this
chapter have been updated which may addre
the expressed concern.

It is considered that the revised HV2Gde
factors this in. The development of AC
collected DC systems and associated DC
networks may result in a change in future of t
connection point and the requirements which
are normally specified at the connection poin
are flexible for this

Definition of connection point in Art. 2
rewordedand new term of Interface Point
defined in case no connection agreement exi
between DC link owner and PPM owner (the
same owner).

The requirements in this network code are
functional in nature and are therefore restrict
to what is required in order to operate the
system and consequently technology neutral
No clear example prided of discrimination.

The connection point is the main point of
specification for the whole system and
therefore specifying here is actuadiyecifying
the whole system

Only article 41 and 44 apply to remote end
converter stations and are necessary. Contra
and synchronism and power quality of an AC
collected network to avoid safetynd security
and supply issues. For the sake of clarity the
Chapter has been split clearly in HVDC
converter and PPM requirements.

NC RfG is the reference point for DC
connected PPMs with a limited set of
modifications as expressed in the NC HVDC.

The interactiorand synergypetween the
HVDC inverter reqirements and the DC
connected PPM means that the NC HVDC is
natural fit for DC connected PPMNo clear
benefit is seen for placing D&nnected PPMs
in a separate code.
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38.23 Ensure consistency of NC HVDC with Accepted
comitology changes in RfG

Article 39 Frequency stability requirements
Comment Change

39.01 Requirements for Remotnd Converters shoulc Partially accepted
be identical to otheconverters unless the DC
Connected PPM HVDC system is radial

39.02 Do notreference NC RfG in NC HVDC but Rejected
rather replicate requirements directly into NC
HVDC

39.1061 No need or possible need for Frequency Sensi Rejected
Mode monitoring capability in DC Connected
PPMs

39.1-1 AC cdlected network (offshore) frequency Accepted
different to 50Hz shall be included

39.1:10 Fast signal response should be requirec Rejected
mandatory

39.1%1 Requirement for synthetic Inertia capability is  Rejected
unclear and also can be expensive due to offs|
conditions

39.1-11 Fast signal pragsion only if required by the Rejected
remote end HVDC converter

39.1:12 Reconsider the expression "driving frequency" Accepted

39.1:13 Frequency Respae should only be provided Partially accepted
where it's paid for as an ancillary service

39.1-2 Requirements for DC connected PPMs shall ni Partially accepted
change in case of a parallel AC connection

39.1-3 Frequency withstand capability for DC conneci Partially accepted
PPMsdiscriminatory, requesting longer times
than RfG

39.14 Review ofactivation of response Accepted

39.1:5 LCC cannot drive network frequency offshore  Partially accepted

ENTSO-EasstA Avenue de

Cortenbergh
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It is acknowledged that further specifications
the adoption phase of the NC RfG necessitat
review of the NC HVDC text to ensure a
coherent set of connection codes. Since no
stable draft is available at the time of
finalization of the NC HVDC, the coddilts
refer to the March 2013 version of NC RfG as
published by ENTSEE and recommended to
the EC by ACER.

Motivation

No new frequency withstand capabilities are impos
on Remoteend HVDC Converter Stations compare:
to other convesr stations.

In case of an initial radial connectitimen tte
principleis still maintainedf ensuring the converter:
(as part of the netwojlkaremore resilient to
frequency change#\s suchthe converters should
have a margin above that of the PR&fi®d not be
identical to the PPMs requirements.

To strengthen the baseline of NC RfG requirement
for DC-connected PPMs, referencing is preferred
over copyingLegislative practice is not to replicate
entire rguirementsn multiple documents

Since frequency response capability is requested f
PPMs, monitoring imecessargs well.

Wording is modified as to not block such
developments.

Fast signal response can be easily provisi¢tl
limited cost No factual information to the contrary
has been identified.

Synthetic Irertia requirement is technologyeutral
and normandatory, subject to regulatory oversight
under 4(3), and subject to need and feasibility
analysis if required by the Relevant TSIhe
technical specification is intentionally not restrictive
in a given direction.

TheRelevant TSO requires frequency response, n
the remote end HVDC converter

Article 39 reworded

The expectation is indeed that the delivery of such
service fits within markebased schemes. However
distinction is made between the technical capabilit
and procurement of the servidénis NC requirement
only ensures that the capabilisyprovided

Article 39 partly rewordedNote that when a DC
connected PPM is later on connected to the main
system via an AC link, it falls under the agtey of

an existing user. This strengthens the argument to
align NC HVDC and NC RfG requirements to allow
for stronger integration of networks as envisaged il
several longerm development plans.

The requirement is reformulated to cover all RfG
ranges without looking for additional margin. In
practice this results in the Débnnected PPM
requirement aligning with the RfG GRBnges.
Paragraph partly reworded

With additional equipment the LCC HVDC system
could beable toinfluencenetwork frequency
offshore In any case, based on other proposals an
review of the overall requirement, the frequency
support requirement for remeéad HVDC Converter
Stations has been reformulated, without this specit
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39.1-6

39.1-7

39.1-8
39.1-9
39.21

39.210
39.211

39.212

39.213
39.214

39.23

39.25

39.27

39.28

39.31

39.32

39.33
39.34

ENTSO-EasstA Avenue de

Remote end converter requiremestteuld be the
same for PPM for a single wind farm connectic

Need for frequency response unclear

With less than 0.1 s or within 0.1s
Remove 39.1 a)

Feasibility onSynthetic Inertia for DC connecte:
PPMs

Remove Article 39.2b

Include HVDC System Owner in agreement wi
PPM owner on increasing PPM frequency rang
or durations

Replaceshall nobwith énay no6 for not
unreasonably withholding technical capabilities

Remove Article 39.2¢

Removethe requirement of the PPM to be fittec
with automated disconnection at specified
frequencies by the Relevant TSO

Frequency requirement for DC conrettPPMs
is too stringent for an isolated single PPM

Frequency deviations at on the PPM would not
affectthe quality of electrical energy delivered
onshore

Frequency range application in Tables&inclear
and too specific

Why not use Table 1 to replace Tab® 8

Make Article 8 and Article 39 ROCOF Hz/s
value the same

2 Hz/s value for ROCOF is higher than RfG
and/or than common practice

Remove Article 39.3

Replace shall not with may not (or delete
requirement), for the requirement of the PPM t
have a ROCOF withstand capability

Cortenbergh

Partially accepted

Partially accepted

Accepted
Rejected
Rejected

Rejected
Rejected

Rejected

Rejected
Rejected

Partially accepted

Not understood

Partially accepted

Rejected

Rejected

Rejected

Rejected
Rejected

100 A 1000

Brussels

capability.

Frequency and voltage rangeesimilar and surely
related. An overarching principle is stithat
converters have temainconnectedt least as long
as what is required frofAPMs.

Frequency response is required for the onshore
system Overall requirement is reworded.

Wording modified

No justification given for removal

Synthetic Inertia is a nemandatory requirement
Clear justification, national decisions and further
technical details are a prerequidite
implementation.

No justification given for removal

See views on similar requirement for HVIBystems
(Art 7). Increased ranges are subject to Art 4(3)
procedure. The requirement still explicitly states th.
consent cannot be unreasonably withheld, to
explicitly prevent that this can be blocked because
a missing agreement.

If it is not unreasonable to provide technical
capabilities then they shall be provid&dording is
considered appropriate.

No justification given for removal

Automated disconnection where fitted is required ti
stabilise the frequency of tlikemoteend HVDC
Convertor Network which the PPM is directly
connected toE.g. inreducing the frequency
following the loss of a HVDC system which was
exporting power from the Remeénd HVDC
Convertor Network

The ime duration for the low frequency ranige
revised and consistentth NC RfG and existing
standards. Longermdevelopmentsf such new
synchronous AC colleiin systems require for a
common frequency withstand capability of all
connections.

Proposed revised text is a duplicate of the existing
text. Offshore frequencyuality mustbe ensured with
prescribed common withstand capabiliiegnsure
adequatesecurity of supply to the onshore system
Reworded to clarify applicatioThe kvel of
specificationss necessary to ensure adequate
withstand capability and hence frequency stability
Table 1is for converter, Table 8 is for PPMs.
Frequency ranges in Table 1 are of longer duratior
ensure HVDC System which is part of the network
the last to disconnect

The value of the ROCOF is intentionally different s
that the HVYDC System as part of the netwisriat
least as resilient to disturbances and discontestess
than the PPM.

The value of the ROCOF is not specified in the Rf(
and could in principle be consistent or even higher
than the HVDC requirementslote that NC RfG also
deals with synchronous machines.

ROCOF settings arependenbn thetotal inertiaof
the networkand hence will vary accordinglj.arger
synchronous systems typically have lowerdHz/
settings. The relative size of Dédnnected PPKs

AC collecion networksis smaller tharany
synchronous systerwith ROCOF settingat the
higher end of the spectrum asesult.

No justification given for removal

A ROCOF withstand capability is required to ensur
that the PPM will be able to withstand frequency
changes arising from normal operational
contingencies, so that planning and operation of th
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network can be effectively performed.

Wording modified

Wording clarified throughout the code with clearer
reference to the Connection Point or Interface Poir
Clarified and reworded

No justification given for removal

The Frequency response capability of-D&nected
PPMs is essential to ensure they respond and proy
their equitable share of the reduction or increase ir
power to respond to frequendgviations on the
Synchronous Area which they are connected to. Tl
is consistent with the principles and requirements ¢
the NC RfG

If constant power was not maintained during
fluctuations of the frequency of the Remeted
HVDC ConverterStationNetwork, the corresponding
power transferred by the HVDC system would alsao
fluctuate introducing oscillations and possible
instability in the Synchronous Area

No justification given for removal

No justification given for removal

Without being able to provide a set point for active
power control, effective management of balancing
cannot be ensureBequirements are consistent with
the NC RfGfor other generatian

No justification given for removal

Requirement refers to LFSM requirement in NC
RfG, including the prescribed regulatory
involvement.

Wording modified

No justification given for removal

The fastsignal responses specified in the same
article in 39.1 within 0.1 of a secondl specific
definition does not add value.

No justification given for removal

Without frequency restoration control, effective
frequency regulation cannot be ensured or optimis
The requiremenis consistent with the NC Rf@r
other generatian

Motivation

Adjustments to requirement have been made and AC and
requirements arsow or already were broadly equivalent. As
the Remoteend HVDC Converter Networks are likely to be
smaller than Synchronous Area Networks they shitbw
more volatilebehaviourand require a wider voltage range

a functional requirement.

No justification given

Notwithstanding that the Connection Point can be at Remc

39.35 Add in directionof ROCOF Accepted

39.36 Replace 'point of connection' with ‘Connection Partially accepted
Point'

39.37 Clarification needed fawhich of the Networks ai Accepted
each end of the HVDC system for DC connect
PPMs, that ROCOF requirements apply to

39.41 Remove Article 39.4 Rejected

39.42 No need or possible need 68M/LFSM- Rejected
O/LFSM-U capability to be installed in PPMs

39.51 No need or possible need for constant power t Rejected
be retained due to varying frequency in Remot
end HVDC convertor etwork

39.52 Remove Article 39.5 Rejected

39.61 Remove Article 39.6 Rejected

39.62 No need or possible need for active power Rejected
controllability in DC Connected PPMs

39.71 Remove Atrticle 39.7 Rejected

39.7:2 Include Article 4(3) in requirement Rejected

39.7-3 Insert ‘fast signal response' into text to be Accepted
consistent with Article 39.8

39.81 Remove Article 39.8 Rejected

39.82 'Fast Signal Response' is not included in defint Rejected
terms

39.91 Remove Article 39.9 Rejected

39.92 No need or possible need for Frequency Rejected
Restoration ta DC Connected PPMs

Article 40 Reactive Power and Voltage requirements
Comment Change

40.1-1 Remove requirement as discriminatory Partially accepted
to DC Connected PPMs compared to 4
Connected

40.1-10 Remove 4Qd Rejected

40.1-2 Remove requirement as DC Connectec Rejected

PPMs compared to AC Connected only
influence Remotend HVDC Converter
Network

ENTSO-EasstA Avenue de Cortenbergh 100

A

end HVDC converter Network andould therefore directly
have an influence, the need for disconnection of PPMs du
for example high voltage maybe essential in voltage
management in the Synchronous Area Network.

1000
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40.1-3

40.1-4

40.1-6

40.1-7

40.1-8

40.1-9

40.21

40.210

40.211

40.212

40.213

ENTSO-EasstA Avenue de

Merge tables 9 and 10 as parameters ¢ Rejected
similar

Reduce the voltage ranges for efficienc Rejected
and cost effectiveness

Voltage deviations at on the PPM woul Partially accepted
notaffectthe quality of electrical energy
delivered onshore

TSO shall have the right gpecify
ranges for nominal voltage which are n
Article 40.

Specify if voltage ranges are at
connection point only

Accepted

Accepted

Include HVDC System as wels DC
connected PPMs, and ensure that HVLC
systems for DC Connected PPMS are
designed for these voltage ranges

Accepted

Reactive Powerequirements for DC
connected PPMs is too stringent and
more than RfG

Rejected

Article 40.2ai include '...Relevant TSO,
WHILE RESPECTING THE
PROVISIONS OF ARTICLE 4(3),
already installed as part...'

Partially accepted

Article 40.2ail include '...Relevant TSO
WHILE RESPECTING HE
PROVISIONS OF ARTICLE 4(3),
must...'

Accepted

Change range of Reactive Power to 0
0.95Q/Pmax

Accepted

Clarification required on which DC
Connected PPMs Article 40.2b applies

Accepted

Cortenbergh 100 A

1000

The isses with high voltage withstand capability for the
300kV to 400kV range means that merging of the tables
would not be possible without either reducing the range of
sub 300kV equipment and hence resilience or increasing t
risk of plant failure by raisig the voltage of the 300kV to
400kV range beyond normal equipment lipriactices.

Remoteend HVDC Converter Networks are likely to be
smaller than Synchronous Area Networks they will be mor
volatile and require a wider voltage raragea functional
requirementTherefore reducing to a normal operating rang
does not providersy marginto account for periods of
disturbed operating conditions in the Network

Reworded to clarify Connection Point. The losgeferation
at the Synchronous Area end of the DC Connected PPMs
to voltage collapse at the Remated HVDC Collector
Network would be similar to the loss af AC connected
wind farmfor the same contingency.

Additional provision inserted to cope with other (higher)
voltages.

Reworded

Wording modified. The requirement is now given in the PF
and in the HVDC converter sections of Chapter 3.

Reactive Power requirements are consisétit NC RfG and
existing standards. Depend on rangeventuallyselected
by the network operatothe reactive power requirements foi
DC-connected PPMs mayeevenless than the AC
Connected PPMs.

Reference in Article 40.2ai the Relevant TSO specified
Reactive Power capabilities is to be in line with 40.2b whic
does require provisiaof Article 4(3) to be respected
already

Wording modified

Wording modified

Wordingmodified

Brussels
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40.214

40.215

40.216

40.217

40.2-2

40.23

40.24

40.25

40.2-6

ENTSO-EasstA Avenue de

Additional supplemental reactive powel Rejected
will not ever be required for PPMs whic

do not have a Connection Point at the

HV terminals of the step up transforme

Reword so that reactive power range ir Partialy accepted

table 11 is for the whole capacity range

Add in a Figure similar to Article 15
Figure 5

Make the requirement in Article 40.2bii Rejected
for DC connected PPMs to be

demonstrate and install Reactive Powe
capabilities consistent with AC

Connection in NC RfG only apply wher

the PPMs are being replaced.

Accepted

AC connections will not occur in paralle Rejected
with DC connections

Reactive Power requirements shall onl' Rejected
be specified at Connection Point to
Synchronous Area

Replace 'boundaries' with 'envelope' in  Accepted
Article 40.2

No need for PPM reactive power Rejected
delivery- HVDC System reactive

support rangewill always be more than

PPMs as the faster and more stable

Clarify agreement between HVDC Accepted

System Owner and DC Connected PPI
is a bilateral decision in Article 40.2a

Cortenbergh 100

A

1000

Where connections are not at the HV terminals of the step
transfamer they require additional reactive compensation i
compensate for the needs of the connecting circuit,
particularly for cables from the connection point to the
transformer terminals. Athe majority ofDC-connected
PPMs will beoffshoreand thus conneetl viacablenetworks
with significant dimensionsgactve compensation m®mes
more essentiaWordingand principles areonsistent with

NC RfG.

Requirements for below maximum capacity where specifie
is givenelsewhere inhis code for HYDC converters and in
NC RfG for PPMs.

Figure introduced

Meeting the requirements of existing aexpected future
running arrangements following planned development is
typical for anyuser connecting to the Transmission system.
and ensures nediscrimination tevards allusers. A request
for derogation can always be made in exceptional
circumstances.

Numerous offshore grid development studies including thc
presented at NC HVDC public workshop on 4th Dec 2013
show a high proportion of AC and DC circuits in paralfge
alsoNC HVDC supporting documents for further
information.

Due to the potential for DC Connected PPM Networks to t
further developed into moexpansive and integrated
Networks, reactive power requirements in the Rersat
HVDC Converter Network will emerge. Ensuring the
capabilities in the most cost effective manner is essential f
timely and over all minimal investment. This is evidenced i
many studies included those presented in the NC HVDC
public workshop 4th Dec 2013.

Wording modified

The need to provide reactive power to support a Network
should be equitable and proportionate to the size of the Us
Also due to maintenance and other activities reactive pow
provision should be shared to ensure adequate reactive pc
provision during these periods.

Wording modified

Brussels
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40.2-7

40.28

40.29

40.31

40.41

40.42

ENTSO-EasstA Avenue de

Clarify thatrequirements to meet Article Accepted
40.2b, in Article 40.2a, are for the abilit

to have the Reactive Power capability

(i.e. PPMs could operate to provide this

range) as confusing

The agreement iArticle 40.2a should
not only efer to PPM owners but also
the RemoteendHVDC converter Station
Owner, and to the equipment at either
side of the HVDC System.

Rejected

Article 40.2a Replace 'time' with ‘time
schedule’

Accepted

Text describes a shape that is changini Accepted
continuously- Please rewrite

There shall not be any voltage/reactive Rejected
requirements for PPM as no AC netwol

is going to materialise in the lifetime of

the PPM,; the stability of the offshore

PPM cannot be "transferred" to the

onshore AC network, thus there is no

benefit to the onshore system.

Voltage stability requirements should
also be specified for the remetad
converter station as well as for PPM

Accepted

Cortenbergh 100

A

1000

Wording modified

To clarify the requiremenithe converter in the HYDC
system connected to the Synchronous Area Network like &
otherconverter (or Grid User) connected to the Synchrono
Area should contribute to voltage stability with reactive
power provision. As an agreement between the Reerale
HVDC Converteownerand the PPMwneris requiredthe
HVDC System Owner will have aggted the terms of the
agreement to provide reactive power sufficient to meet the
reliability needs of RemotendHVDC Converter Network.
The RemoteendHVDC Converter has not only inherent
capabilities, but is also an integral part of the network. Givi
future development potential of both networks and
generationthe HVDC systems, the life expectancy and role
of anindividual HVDC system will exceed that ah
individual PPM

Wording modified.

Wording modified.

The voltage stability requirements of the PPM is to ensure
continues supporting the AC Network duringlfaaonditions;
a resilient AC Network means PPMs can continue to gene
power to support the Transmission System

Voltage stabity for remoteend converter station &ready
specified under Article 17, as short circuit reactive current
contribution.

Brussels
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40.51

40.52

40.61

40.62

40.63

40.7-1

40.7-2

There shall not be any reactive power Rejected
control modes requirements for PPM a

no AC network is going to materialise il

the lifetime of the PPM; the stability of

the offshore PPM cannot be "transferre

to the onshore AC network, thus there

no benefit tohe onshore system

Reactive powr control modes for
remoteend converter station and PPM
shall be in accordance with Article
16(3)(d) of RfG.

Partially accepted

The priority to ActiveReactive power
contribution is unnecessary as no AC
network is going to materialise in the
lifetime of the PPM; the PPM's
contribution cannot be "transferred" to
the onshore AC network and thus is of
no benefit tahe onshore system.

Rejected

Priority of Active Power or Reactive
Power contributiorior DC-Connected
Power Park Modules and remote end
HVDC Converter Stations shall be
determined in accordance with Article
16(3)e) of the [NC RfG].

Accepted

Priority of Active Power or Reactive
Power contribution for D& onnected
Power Park Modules shouir
specified, not referred to RfG. This
paragraph is related to FRT, not to
reactive power control modes

Rejected

The Fault Ride Through capability is
unnecessary as no AC network is goint
to materialise in the lifetimef the PPM;
the PPM's FRT capability cannot be
"transferred" to the onshore AC networ
and thus is of no benefit to the onshore
system.

Rejected

Fault Ride Through shall be the same { Partially accepted
both the DGConnected Power Park

Modules and remote end HVDC

Converter Stations; they shall be

determined in accordance with Article

11(3) ofthe [NC RfG].

ENTSO-EasstA Avenue de Cortenbergh 100 A

The reactive power control modes are necessary for the
optimal control of the AC network; this helps to maintain th
AC Network security which will have a knoe&n positive
effect on the Transmission System

The control modes of the remetad converter station are
specified under Article 20, and are not necessarily exactly
sameas for PPM

The option to prioritise can help the AC Network to recove
following a fault, and therefore contributes to maintaining t
integrity of the Transmission System

Forthe HVDC nverterStation, the priority is specified in
Article 21

If requirementsire exactly the same, there is no paint
specifying separately. This Article is about prioritisation of
active or reactive power contribution, not actually about th
FRT requirements.

This capability iscrucialfor the mainaining stablePPM
generatiorunderfault conditions therefore spporting both
the AC network and the onshore Transmission System

Requirements for FRT for the rematad converter station
are specified in Article 23; they are not exactly the same a
for PPM as the converter specifications are intended to m
it more resilient and thus not trip befahe PPM

41
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40.7-3 FRT requirements unclear, should Partially accepted The FRT requirements are referred to Article 11(3) of NC
specify them directly , not referred to RfG where it is implied to®at theconnection point. The
RfG, and should state that it is only at scope of DEconnected PPMequirementéndicatesthatall
the connection point NC RfG requirements apply unless modifiadhe NC
HVDC.
Article 41 Control Requirements
Comment Change Motivation
41.1 The synchronisation voltage signal Rejected No synchronising signal required as the system
shouldbe made available by the TSO i frequency voltage can be taken from the networl
necessary. the point of connection of either the PPM or
converter
41.21 Voltage transients shall not exceed 29 Partially acepted Revised as to be specified by the network opera
of the presynchronisation AC Voltage with 5% a maximum, and aligned process with tt
of HVDC Converter Stations.
41.2-2 New requirements shall be added whe Partially accepted The requirements are based on the needs of the
there is evidence about thrgeraction connected AC collection grid for PPMs and factc
and about the need to deal with it. in the future expansion potential. Consequently

requirements will differ from AC conneoiis to a
much larger synchronous system. Due to low
available short circuit power special attention ha
to begiven toenergising or synchronising in such
AC collection gridsNote that suchequirement is
already needed for connectionkich arein
operation e.g. in the German offshore installatior

41.2-3 Two decimal places are proposedto  Rejected Note that the requirement now refers to 5% max
avoid confusion as to whether 2.99 or Interpretation is still that this refers td08%, not
2.00 is acceptable 5.99%nor 5.49%

41.24 Explanation of 'Synchronisation of an Accepted Reworded to clarify that it refers tgrechronisation
remote HVDC converter' to an already energised remote end AC collectio

network in thecase of more than orfemoteend
HVDC converter

41.31 Removal of requirement oictive Rejected This functionality isrelevantfor thereliable
Power controllability and active power operationof the European transmission system.
setpoint adjustment The DGconnected PPMeeds to havthe same

capabilityto take partn FSM operationas onshore
connected PPMs. THeemoteend HVDC
ConverterStationhas the capability tmanagehe
power exchangeith the synchronous area to
which the response is being provided

41.32 Automatic remoteontrol equipment Accepted Wording modified.
should not be duplicated
41.33 NRA approval requested Rejected This article is subject to notification to the Nation

Regulatory Authorityin line with modalities
specified at national level.

41.41 Keepcontrol for remote end HVDC Partialy accepted Requirements are split.
converter and DC connected PPM
separated

41.42 DC connected PPM should rims Rejected Output signals are necessary for thepose tiat
manipulated for the benefit of the the HVDC systems and the B&onnected PPMs
HVDC link or viceversa are able to follow the requefstr system response

from the synchronous area(s)

41.43 Output signals should not be specified Rejected Theoutput signals to be specified are relevant fo
by the Relevant TSO but agreed with the purpose of system security the main onshore
the HVDC system owner system Thereforespecification bythe Relevant

TSOis necessary

42
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41.51

41.51

41.61

41.7-1

41.7-2

41.7-4

41.81

Article 42

42.1-1

42.1:10

42.1-11

42.1:12

42.1-2

42.1-3
42.1-4

ENTSO-EasstA Avenue de Cortenbergh 100 A 1000

The requirement for coordinated contr Partially accepted

should not only apply to HYDC and
PPM butalso between several PPMs
and HVDC Systems connected to the
same AC system

Remove power oscillations damping
because harmonics cannaivel
through the DC connection

Rejected

Removesub-synchronous torsional
interaction damping capability

Accepted

Replace power reduction with active
power reduction

Remove paragraph because fhis
limited to the wind resources
Voltage and frequency abnnection
point

Remove reconnection capability of
PPMs

Rejected

Rejected

Network characteristics

Comment Change

Include HVDC System as well as Bfonnected Accepted
PPMs, and ensure that HVDC systems forDC

connected PPMare designed for these network
characteristics, short circuit power and power

quality.

Replace 'shdllvith ‘'may' in Article 42.1b Rejected

Ensure that HYDC Owner and PPM have to
design their equipment to equivalent network
characteristics, short circuit power and power
quality

Change wording to ensure rapminal
frequency characteristics adiferent
contingencies are provide for Power Quality
design to PPMs

Accepted

Remove Article 41.1b Rejected

Replace 'the' system with 'their' in Article 42.1c Accepted

Add in that theHVDC System Owner must Accepted
provide their characteristics in Article 42.1c

Partially Accepted

The coordimted control shall apply for BC
connected PPMs antdleHVDC systemghey are
connected toin order to provide response to the
synchronous area. Onshore PPMs are able to
measure network frequency directly and can
provide the response without coordination with
HVDC converters.

HVDC systems to remote end AC collections
systems shall have the capability for power
oscillation damping. When activating this
functionality ActivePower deviations can be
transmitted to the remote end system. ha t
purpog DC connected PPMs and remote end
converters shall be able to support power
oscillation damping as well on the remote end si
Requirement isemoved This is notrequired for
AC connected PPMsaither. TheHVDC Converter
Stations are already required to provide this
capability which issufficient

Article 41.7 deleted

Article 41.7 deletedbut covered via reference to
NC RfG for type C generation.

Article 41.7 deleted

The conditions for reconnection after an incident
disconnection due to a Network disturbaneed

to be definedor systenmsecurity reasong.he
clause is deleted, but the requirement applies vi:
reference to NC RfG.

Motivation

Remoteend HVDCConverter Stations are covered
via reference to general Chapter 2 requirements fo
HVDC SystemsThis will also ensure that the HVD(
systems should be designed to meet the same ran
network characteristics and hence be adequate.
The capability of a PPM to be able to operate for tt
full range of steady state operating conditions of th
Network to which it is connected is required to ens
that planning and operation of the network can be
effectively performed and that the PPMs will provic
a reliable contribution to the network.

Theexisting wording of both the HVDC system anc
PPMs is subject to regulatory oversight and therefc
equitable treatment of either HVDC system or PPN
will be independently considered

The existing wording requires the Relevant TSO ta
provide necessary information acoversnon
nominal frequency informatioherequirements
updated ato ensureghe HVDC SystemOwnerwill
also provide necessary information

The range of short circuit and network characterist
provided by the Relevant TSO will represent the
existing and future network parameters that theen
DC Connected PPM (PPMs and Converters) will b
connected to and therefore must be used in the de
of the DC Connected PPMs and HVDC system
Wording modified

Wording modified
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42.1:5 Replace 'Connection Point' with 'offshore
Connection Point'

42.1-6 Remove Article 41.1c

42.1-7 A well-defined and correct method on how to
calculate the min and max short circuit current
for HVDC is needed.

42.1-8 Include that a minimm short circuit power will
be provided in 42.1a

42.19 Ensure regulatorywersight by including ‘while
respecting of Article 4(3)" in Article 42.1b

Article 43 Protectiorrequirements
Comment

43.1-1 Article 43 Protection and Control
requirements should be removed as
Remoteend HVDC Convertor Network is
independent

43.1:2 Include protection and comfrrequirements
for the HVYDC System as well as DC
connected PPMs in Article 43

Article 44 Power Quality
Comment

44.1-1 The Relevant TSO should provide other
users information

44.1-2 Article 44 Power Quality should be
removed as Remoiend HVDC Convertor
Network is independent

44.1-3
owners or the Grid Users

44.1-4 Includegeneral planning levels for Power
Quality in the NC HVDC

Article 45

ENTSO-EasstA Avenue

de

Cortenbergh

Rejected

Rejected

Accepted

Accepted

Partially accepted

Change

Partially Accepted

Partially Accepted

Change

Partially Accepted

Partially Accepted

Power Quality data should be provided by Accepted

Rejected

100 A 1000

Brussels

The connection point does not have to be offshore
and also D&onnected PPMs do hbave to be sited
offshore eitherThe criterion is bein®C-connected
The method of calculation for short circuit
contribution at the Connection Point regardless of
where this may be and who performs the calculatic
(PPMs Owner or HVDC System Owner) must be
provided to receive the calculated contribution for
planning and opation of the Network

TheNC HVDC already states that a method is to b
providedby Relevant TSO

Reworded for clarity as the range of short circuit
power provided by the Relevant TS€ntended to
be the maximum to minimum short circuit power th
could be expected

Article 42.1a specifies the method and conditions f
calculating short circuit power and characteristics
which is subject to Article 4(3).

Motivation

The protection requirements are restricted to
protection requirementsr only PPMs
necessary to protect the Synchronous Area
Network Therefore requirements are restricte
to this purpose and independent protection s
not be specified by Relevant TS@ording
modified to clarify this

Article 38.1 ensures that Article 33 to 35
applies to Remotend Convertors and HVDC
systems for DC connected PPMs. This will al
ensure that the HVDC systsrshould have the
same responsibilities and is therefore-non
discriminatory with DC Connected PPMs.
Article 43 only applies to PPMs.

Motivation

The process for data contribution, also from
existing users, has been updated in line with
studies prescribed in Art 27/29.

The Power Quality requirements are to the
Connection Point therefore restricted to
requirementselevant tathe Synchronous Area
Network

Reworded

Existing standards (IEC 6106806, G5/4,etc)
are established and in udeclusion of
planning levels in NC HVDC is not necessary
as standards are acceptable. Inclusibn
detailed specifications in the NC goes beyon
the scope of a connection code. Also explicit
reference to external standards cannot be
provided for inanEU law.

General System Management Requirements applicable to DC connected PPMs
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Comment Change Motivation
451 Remove Article because services that col Rejected Article 45 deals with general system
be provided by the PPM cannot be management requirements strongly needed {
transferred across an HVDC link to the DC connected PPMs due to security reasons
onshore connection point such as control schemes and settings,
protections schemes and settings, informatio
exchangeegtc.
452 System managemergquirements shall Partially accepted For theRemoteend HVDCConverter &ation
apply for both DC connected PPM and and the HVDC sstem itself the system
HVDC converter management requirements already apply witl

reference to chapter 2.

&__—_ﬂ
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CHAPTER 4 - INFORMATION EXCHANGE AND COORDINATION
SECTION 1 MONITORING
Article 46 Operation

Comment Change Motivation
46.1-1 "per each converter unit" clarification Partially accepted HVDC Converter Unit has been defined in
Article 2. Editorial corrected
46.1-:10 “auxiliary services" needs to be defined. Preferred optioris to delete it.
46.1-:11 NRA involvement needs to be ensured  Accepted Wording modified
46.1-2 Delete DC side signals Rejected DC side signals are relevant to prevent

consequences on the AC sitige to
contingencies or abnormal operation of the D

side.
46.1-3 Signals should be exchanged based on a Partially accepted The signals types established in the NC are t
contractual agreement minimum required to ensure system security.

Additional onescan be agreed specifically
between the HVDC owner and the Relevant

TSO.

46.1-4 Relevant Network Operator instead of Accepted Wording changed
Relevant TSO

46.1-6 subpara a}) should become para 2, 3, 4. Rejected The sgnal types are referred to thatomatic

controller defined in 1, so it should be a
subparagraph of it.

46.1-7 It is not clear whathe difference between Accepted Both categories are combined.
severe and urgent signals is

46.1-8 Format Accepted Section 1 header is deleted.

46.1-9 Remove paragraph: For a merchant link t Rejected This section is only referred to information
relevant TSO should only have control of exchange. The HVDGystan has to have the
emergency functions. Changes to active : capability to exchange these values. This cla
reactive setpoints have a direct commerci does ot as such give the right to change
impact. sepoints.

Article 47 Parameter setting
Comment Change Motivation

47.1-1 Modification of parameters should be witt Rejected Article 47 states the need that the HVDC
NRA involvement. system hathe capabilityof modifying the

settings and parameters of the control
functions. The procedure how to modify therr
is out of the scope of the NC HVDC.

47.1-2 Discrimination among TSO owned and  Accepted Chapter 4 will apply also to TSO owned asse
nonTSOowned HVDCSystems embedded within a Control Area. Reference i

Article 3 is updated.

Article 48 Fault recording and Monitoring
Comment Change Motivation

48.1-1 delete Article and add that the TSO can  Rejected Faultmonitoring and recording systems are
install its own monitoring and recording essential t@nalyseany incident that may
system at the connection point happen in the network with crebsrder

impact.

48.1-2 NRA oversight in clause c) Accepted Wording modified

Article 49 Simulation models

‘_—ﬂ
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49.1-1

49.1-2

49.1-3

49.1:4

49.21
49.51

49.52

‘_M

ENTSO-EasstA Avenue de

Comment

Change

A simulationmodel needs to be defined as Partially accepted

it is, by standard definitions, a
simplification of the truth and, therefore,
never arue representation of all behaviou
Asking for too much could create issues
with Intellectual Property Rights

Explicitly mentioning 50 Hertz does not
allow for e.g. 16.7 Hz

More details needed on timing for
simulation models exchange procedures
and data exchange.

Accepted

Rejected

Models for electromagnetic transient

simulations canndte provided without
encryption of the control concepts to

protect intellectual property.

SSTR definition missing Accepted
- Why would a replica be needed, and wh Rejected
bears thecosts?

- This should make clear that this is a rigr

to purchase a replica, not the right to

demand a replica at no cost

Accepted

A replica is not needed, better joint studie Partially accepted

canbe sufficient.

Cortenbergh 100 A

1000

Brussels

Motivation

A simulation model has to represent the
behaviour of the HVDC system so asatmalyse
the interactions with the network, acding to
the scope of the model and the study. The
requirement does not ask for an exact contro
system replica. To deal withtellectual
property rights issues, timermally reduced
modelrequiredcould bedealt withundera
Non-Disclosure Agreement.

"50 Hz" replaced by "fundamental frequency
component”

This is partlycovered in the operational
notification procedureand needs to be
complemented in national provisiorisis not
realistic to set exact procedures in this NC
covering connection requirements.

This is covered in Article 30.

Editorial correctedSSTI)

As the requirement indicates, there may be a
need for the exact replica when control
interactions with severe adverse impact
possible. This will need to be justified by the
TSO in line with the Article 4(3) process, alsc
covering the scope and definition of the replic
Cost arrangements are not in scope of this cc
The initial study with a good model is essenti
as stated in Article 28 and Article 49.
Depending on the particular conditions, a
replica of the control may be also needed.
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CHAPTER 5 - OPERATIONAL NOTIFICATION PROCEDURE FOR CONNECTION

50.1-1

50.1-2

50.1-3

50.21

50.22

50.34

50.35

51.1-1
51.21

51.22

52..32
52.01

52.1-1

52.1:2

52.21

52.22
52.31

52.33
52.41
52.42

ENTSO-EasstA Avenue de

Comment

Clarify that only section 1 applies to New
HVDC Systems

Clarify in text that this section applies to
New HVDC systems, except those not ye
connected to the network

Discrimination between TSO owned and
nonTSO owned HVDC systems

More than one Relevant Network Operatc
could be involved.

Compliance with the whole Network Code

Request for add Article 27 and 28 from
RfG

The investment into a merchant HVDC lir
is subject to exemption from third party
access for a certain period of time, in ordt
to recover investment costs. Furthermore
investment feasibility strongly depends or
good performance during the first few yee
of operations. It should be addressed if: A
the exemption period includes the Interim
Operational Notification period or exclude
it: and B) how efficient commercial
operations can be warranted, while the
HVDC link can be required to perform, at
least inprinciple, a number of tests, as
described in Section 6 of the NC.
Relevant Operators(s)

NRA involvement

Dispute resolution

"interim" Stateof Compliance?

ON independently tboth TSOs or
coordination between TSOs?

Relevant Operators(s)

Request for adding 57.2 from NC RfG
(addressing emerging technologies) for
non-discrimination

change "on" instead of "subject to", there
no delay then

NRA involvement

EquipmentCertificatedefinition is required
for NC HVDC.

NRA approval
request to change the Article as RfG 30.4
Proposal to delete "24 month" period by

Cortenbergh

Change

Accepted

Rejected

Rejected

Accepted

Rejected

Partially accepted

Partially Accepted

Accepted
Accepted

Rejected

Accepted
Accepted

Accepted
Rejected
Accepted

Accepted
Accepted

Accepted

Accepted
Rejected

100 A

1000

Brussels

Motivation
Wording modified

In Article 2 there is already a definition for
New HVDC System that already excludes the
case of HVDC not yet connected as defined i
Article 3.7(a).

Articles 50 to ® are related to Operational
Notification for connection. There is little
benefit from such procedure in case a single
TSO owns the link, embedded in its own
network although the TSO may have some
internal process to achieve a similar outcome
Wording modified

This section applies only to HYDC System
and is referred to compliance. Only complian
with Chapter 2 and 4 negtb be demonstrated
as Chapter 3 is referred to DC connected PP
not to HVDC systems.

Principle of RfG Article 28 included in the tex

Further details on the ON process will be give
in line with national decision (Art 4(3)).
Normal operation can generally only start wh
a FON has been obtained, wehen full
compliance with the code has been
demonstrated; there is no argument seen as
why a warranty should be given to a merchar
line owner during an ION.

Wording modified
Wording modified, Article 4(3) reference
included.

Dispute resolutiogare not in the scope of
connection codes.

Editorial: "itemized" included

Both TSO(s) should coordinate, as specified
Article 4(6)

Wording modified

Not understood how this provision relates to
emerging technologies (in RfG: smaltale,
limited penetration, just entered the market).

Wording modified

Reference to Article 4(3) included
Definition alignedacross all NCs.

Reference to Article 4(3) included
Wording modified
It is possible to extend the 24 month period
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53.1-1

53.1:2

53.1:3
53.21

53.31
54.1-1

54.1-2
54.51
54.61
55.1-1
55.1-2

55.21

56.21

56.22

57.31
57.32

57.33
57.41
57.42
58.3.2
58.31
58.33
60.1-1

60.21
60.31

60.32

60.41

60.42

ENTSO-EasstA Avenue de

"defined by the TSO", as it may take more
than 2 years.

Connection point by Connection
Agreement

FON independently to both TSOs or
coordination between TSOs?

Relevant Operators(s)

Unreasonable delays must be avoided.

"interim" should be "itemized"

ION independently to both TSOs or
coordination between TSOs?
Relevant TSO(s)

Reference missing

delete Owner

only section 2 applies

IncludeArt27 and Art28 from RfG

HVDC System correction to D€onnected
PPM

request to change the Article as RfG 51,2

Dispute resolution should be covered in tl
code.

Similar to Art 52.3. Itemized

Similar to Art 52.3. Detailed technical
dat aé

NRA involvement

Reference to 4(3) or 4(2)

Differences between Articles 57 and 52
itemized

Adding "owner"

proposed wording

CBA by the TSO to request changes to
existing plants proposal to seurther
limits on when this can be pursued.

adding "existing"

Relevanidata may have more delay than .
months. They propose "available"

DSOs and TSOs also to provide data

CBA made by anndependentbody

If socio-economic benefits are considered
then the cost benefit analysis will always
favourable to the relevant TSO. As a
merchantihk has no mechanisms to

Cortenbergh

Accepted
Accepted

Accepted

Partially accepted

Accepted
Accepted

Accepted
Accepted
Accepted
Accepted

Partially Accepted

Accepted

Rejected

Rejected

Accepted
Accepted

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Partially accepted

Accepted
Rejected

Accepted

Rejected

Partially accepted

100 A

1000

Brussels

upon request for Derogationade to the
Relevant Network Operator. This formulatior
is in line with RfG/DCC

Words deleted

Both TSO(s) should coondaite, as specified in
Article 4(6)

Wording modified

Unreasonable delay could be interpreted as t
complying with the code. Natioriglmore
detailed connection procedures could still giv
timing constraints.

Editorial: Wording modified

Both TSO(s) should coordirgtas specified in
Article 4(6)

Included

Reference has been included

Wording modified

Wording modified

Principle of RfG Article 28 included in the tex
as DCGConnected PPM is generally expected
fall in the type D category

Wording modified

There is not Article 51.2 in RfG.he comment
wasprobablyrefeisto Article 29 of RfG, but
has the same principles.

Dispute resolutionsra not in the scope of
connection codes.

Wording modified

Words included in Art 57.3

Wording modified

Reference is to 4(2). It has been corrected
Article has been modified according to Art 52
Wording modified

Wording modified

Wording modified

Agree that the (exceptional) case of
retrospective application needs to be well
argiedand needs to be scrutinized. NC HVD(
wording is in line with NC RfG and DCC.
Wording modified

Only data is required within these 3 months,
not modifications. There is possibility to ask f
more time if justified, as the wording "unless
otherwise agreed" set at the end @& th
paragraph.

Wording modified to cover distribution
connected users

Once the CBA analysis has been made, ther
a public consultation and a NRA approval
foreseen, ensuring transparent and-non
discriminatory treatment. NC HVDC wording
is in line with NC RfG and DCC.

Not understood whatfavourableCBA for a
TSO means. Costs incurred by regulated
network operators need to be approved by
NRAs. A nonregulated actor by its very natur
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recover these costs. has other means toa@ver costs. In addition,
national processes could deal more specifica
with cost allocations, e.g. for retrospective
applications.
The CBA established, consulted, anfivalid
T approved, is set from societal viewpoiBy
virtue of the CBAmethodology nobeing
concerned with who the cost is incurred by ai
who has the benefit it avoids the concerns of
bias raised in this comment.

60.7-1 objection process Rejected Objections can be given with appropriate

arguments during publiconsultation Dispute
resolutions are out of scope of this connectio

code.
61.21 Adding "existing" Accepted Wording modified
61.31 DSOs and TSOs to provide data Accepted Wording modified
62.1-1 Why existing only for HVDC systems? Accepted Wording modified
62.1-2 Correct numbering Accepted This Atrticle is moved for proper understandin
62.1-2 Notification to the TSGs always needed. Rejected The TSO shall be notified only if the change i
New equipment does not necessarily nee relevant and significant enough. Regarding tf
to comply with the NC. fulfilment of the new equipment with the NC
regulatoryoversight is prescribed.
62.1-3 remove the reference to spare componen Rejected Spare components théd not comply with the

NC should be notified to the TSO and its use
should be agreed between both parties. A
default rejection or acceptance of use of spar
parts cannot be motivated; this deserves-cas
specific considerations. The text is in line witt
NC RfG.
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CHAPTER 6 - COMPLIANCE

Apart from explicit comments given on Chapter 6 requirements, the section has been updated where
relevant to reflect the general requirements of Chapter 2, 3 and 4.

63.0-1

63.1-1

63.1-2

63.1-3

63.1-4

63.1:5

63.51

64.1-1

64.1-2

64.21

64.2-2

64.31

64.61

65.1%F1

\__M
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Comment

Responsibility of the PPM Owner is
mentioned in the article but not included i
the title

Existing systems should be exempt from
compliance testing

Structure the compliance tests in such a
way so that they can be easily integrated
standard on HVDC systems

or' means that only one of them has to be
compliant

New Chapter starts with Section 1. please
be consequent

In order to avoid discrimination of
treatment, compliance obligations should
also place on Relevant TSOs.

If the TSO wants to record the
performance, he is free to do this with his
own equipment. The HVDC Sism Owner
will only record the behaviour at the
Connection Point.

This will cause major costs for the HVYDC
System Owner. If the TSO wishes to asse
the compliance he sh&ear all the costs
for it.

The term 'regularly' should be defined
(yearly, every 2 years, )

This is too operended. It should be
removed. If the Relevant TSO wants to as
for compliance testing, proper procedures
with checks and balances need to be in
place. HYDC System Owners ne&dknow
whether such compliance testing would b
needed and when.

Remove 'of the' or add further intended
words?

PGF Owner is1ot defined in this code.

This shall also be valid if the tests cannot
performed due to for example
environmental circumstances.

There must be NRA approval of all items

Cortenbergh

Change

Accepted

Partially accepted

Partially Accepted

Accepted
Accepted

Partially Accepted

Partially Accepted

Rejected

Rejected

Rejected

Accepted
Accepted

Rejected

Partially accepted

100 A 1000

Brussels

Motivation
Wording modified

Existing users are required to comply with
complianceprovisions in case this has been
approved by the NRA, following detailed CBA
and consultationAn explicit exemption as sucl
for new users is not needed.

The importance and benefit of standards in
compliance testing is acknowledged. In the
comment no clear recommendation is given &
to how to restructure the compliance testing
provisionsin a better mannedPlease note,
oftenastandard applies to individual items of
plant and equipmeniyhereas\NC HVDC
applies to overaltequiredperformance of a
facility connected to the system.

Wording modified

Wording modified

The article already applies to all HVD&ystem
Owners, including links between two TSOs.
Exceptional situations of embedded links in tl
area of a single TSO are covered by Article 3
That is the correct interpretation of the initial
article.

This principle of regular compliance testing is
in line with the framework guidelines for grid
connections, and the related provisions in NC
RfG. This NC does not address how costs fol
one party can ballocatedto otheractors

As the facilities to assess will be quite differel
in terms of age, size, technology, project, loc:
system conditionstc, more detail on the time
span is onsidered not reasonalsiad may end
up becoming wasteful

The demand for a plan and the reference to
Article 4(3) provide assurances.

Wording modified

PGF owner is defined in NC RfG, and is still
applicable in NC HVDC

Force majeure is an overarchipgnciple, but
is not explicitlydefinedin a network code.

The time specification refers to the general
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be defined after this Network Code is requirement in Chapter 2, whichalready
approved. referring to Article 4(3)

65.21 Discrimination. Article is incomplete. Cop' Accepted Missing clause introduced ("The test shall be
from article 66.2.b carried outé")

65.22 Agreed is also decided. Accepted Revised as 'applicable’

66.21 Maximum Capacity not defined Accepted New terms introduced

66.31 As this is part of article 66, which applies Accepted Wording modified

for DC-connected PPMs, what to state he
regarding HVYDC Converter Units?
66.7-1 What means may? Is it 'shall' or 'is fte@ ¢ Accepted Wording modified
Selecting of one of the three control optio
depends on TSO could lead to
discrimination

67.122 This requirement has been given in Articli Accepted Article 67.11 deleted.
67(4).
67.21 A component shall demonstrate its Accepted Wording will be changed

capability to simulate something. So
simulationfacilities must be inside the
component?
68.21 Discrimination. Atrticle is incomplete. Cop Not understood
article 67.3 from RfG.

‘__M
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CHAPTER 7 - DEROGATIONS

Comment Change Motivation

69.31 The code does not contain any provisions Rejected This clause allows the TSO to iizite a
on Network Operators applying for derogation process for a specific
Derogations technolog/manufacturer

69.41 Cross reference to article 50 is incorrect  Accepted Wording modified

70.01 The wording in Art 70 (1) and (2) which  Accepted Wording modified

applies to HYDC Systems is different to
that applicable, in Art 70 (3) to PPMs.
Both should be the same to avoid
discriminatory treatment.
70.21 The option for a pan European derogatior Rejected Thecode (as RfG and DCC) allovisr
should be added. manufacturederogations by means of having
the TSO file the application. A derogation is k
its very nature a national decision, which malk
a default European approach not possible. Tt
said NC implementation monitoring has as ar
objective to identify anéddrespossible
discrepancies.
70.22 Application should be to NRA. Rejected The derogation procedure is designed so tha
relevant parties contribute before decision by
NRA. This is b have an effective procedure
facilitating a complete basis for the decision.

71.31 The process should cover also the role of Accepted Wording modified
DSO in case of distributienonnected user:
71.71 Who is the Agency ? Definition missing  Rejected Definition was initially given in NC RfG, and i
still applicable in NC HVDC
72.21 Given that Articl e Accepted Wording modified

the relevant TSO06 i
be used by a PPM for the purposes that
appears to be suggested in this Article 72

).

73.2-1 Instead of maintaining a database in eact Partially accepted The article does not prevent the introduction «
Member State, a single p&uropean such aregister. Still it is expected that nationa
register should be introduced where each registries will have to be maintained.

NRA has write access.

73.1:2 Register should only be for new systems. Rejected Theneed for transparency on derogationsds

less for existing systems than for new.

73.1-3 ENTSGE should not be granted a Rejected The article provides for publication both by
privileged position of receiving informatiot NRAs as well as by ACER.

that is of importance to all stakeholders.
This information should be placed on the
NRA website.
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CHAPTER 8 - FINAL PROVISIONS
Comment Change Motivation

74.01 Generally define in Article 2 what is a nev Accepted Terms restricted and defined
facility, instead of introducing each
equipment item with a 'New' token.

74.02 Power Park Module System is ragfined.  Accepted Wording modified
75.01 Add sentence on procedures how to ame Rejected This is prescribed in Regulation (EC)
the NC code, or introduce an article on 714/2009.

maintenance of the code.
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