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INTRODUCTION

Scope of this document

Article 5(4) of the NC HVDC [1] states that the relevant system operator or TSO submits a
proposal for requirements of general application (or the methodology used to calculate or
establish them), for approval by the competent entity, within two years of entry into force of
the NC HVDC, i.e. 28 September 2018. A similar requirement is included in the two other
connection Network Codes, namely in Art. 7(4) of the NC RfG [2] and in Art. 6(4) of the NC
DCC [3].

The aim of this document is to synthetize the technical proposal of the TSO regarding the
Belgian implementation of the non-exhaustive requirements stated in the NC HVDC. This
document is the final version of the proposal for requirements of general application
(hereafter named as ‘general requirements’), in accordance with Art. 5(4) of the NC HVDC.

On 17 May 2018, Elia will submit the general requirements proposals for NC RfG, but also
for NC DCC and NC HVDC to the competent authority (because this is the deadline for the
submission of the general requirements NC RfG and the decision has been taken to submit
the general requirements for the three codes together) together with the (track change)
proposal of an amended Federal Grid Code [4] (and a formal proposal on maximum
capacity thresholds of type B, C and D power-generating modules (PGM)). Elia organized
beforehand a public consultation for all deliverables from 15 March up to and including
16/23 April 2018 (except for the public consultation on the maximum capacity thresholds B,
C and D, that already took place from 19 May till 20 June 2017). This approach is in line
with the vision of the Belgian Federal Administration (FOD/SPF Energy) [5].

This document should be considered as a technical and not legally binding document,
focusing on the clarification of various technical general requirements that will be reflected
in various grid codes, contracts, terms and conditions, regulatory documents and/or
technical prescriptions.

The document follows the same logic as in the NC HVDC: the proposal is organized per
technical topic and per category. As such the NC HVDC provides for requirements for
HVDC connections and for DC-connected power park modules and remote-end HVDC
converter stations.

The scope of this document contains especially, but is not limited to, the implementation
proposal of the non-exhaustive requirements in the NC HVDC. To increase its readability,
this document might also contain NC exhaustive requirements, implementation proposal of
non-exhaustive requirements of the other connection NC, or other specific national/regional
requirements for information purposes only, but certainly does not cover all of them.
Furthermore, some non-exhaustive requirements foreseen in the HVDC NC are site-
specific (and not general). A reference to those site-specific requirements is also included
in this document. Some site-specific requirements require an agreement between the
relevant system operator, the TSO and the owner of the unit in question. In such case,
Article 5(5) of the NC HVDC shall apply, which foresees that the relevant parties shall then
endeavor to seek an agreement within six months after a first proposal has been submitted
by one party to the other parties. Site-specific requirements might, e.g., be taken up in a
connection agreement.
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For which regards the complete list of non-exhaustive requirements to be proposed as
general requirements, Elia is taking as reference the ENTSO-e guidance document on
‘Parameter of Non-exhaustive requirements’ [6]. This document does not only mention the
parameters to be defined per topic, but also sometimes which article of each connection
NC should be considered as non-exhaustive and who should be seen as relevant system
operator to define an implementation proposal. In theory, both the TSO and (C)DSOs can
be considered as ‘relevant system operator’, depending on the requirement. In practice,
however, HVYDC systems will in Belgium currently be connected to the TSO-grid. Hence,
when a reference is made in this document (or in the NC HVDC) to the relevant system
operator, this will in the current situation be the TSO, i.e. Elia.

Current HVDC knowledge and translation of this knowledge in general or site-
specific requirements

The current HYDC knowledge is limited:
« HVDC VSC converters: still experimental (limited European operational
experience);
* Not yet any operational experience in Elia (NEMO: start foreseen in 2019);
* Academic & industrial research on DC-AC interactions still in early stages;
* Current proposals may not exclude future opportunities;
* International tendency to specify the least possible and gather experience.

This explains why the NC HVDC foresees a lot of site-specific requirements.

TSO proposal 7/25
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1. Scope of application

For the scope of application of the requirements of this document, please refer to Article 3
of the NC HVDC.

PPM AC collected and DC connected

to the main electricity system HVDC connections between synchronous

areas or between control areas including

\@ back to back
HYDC connections embedded
~ !

within one control area

HVDC connections
between AC collected
PPM and the main
electricity system ~
——

=== Connection Point(s)

Figure 1 — The different HVDC applications as defined within the scope of application.
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2. TITLE Il: General Requirements for HYDC connections

2.1. Chapter 1:Requirements for active power control and
frequency support

2.1.1. Article 11: Frequency ranges

2.1.1.1. Frequency Ranges 811.1

An HVDC system shall be capable of staying connected to the network and remaining
operable within the following frequency ranges and time periods

¢ Inthe range from 47.0 Hz to 47.5 Hz for 60 seconds
¢ Inthe range from 47.5 Hz to 48.5 Hz for unlimited time
e Inthe range from 48.5 Hz to 49.0 Hz for unlimited time
¢ Inthe range from 49.0 Hz to 51.0 Hz for unlimited time
e Inthe range from 51.0 Hz to 51.5 Hz for unlimited time
e Inthe range from 51.5 Hz to 52.0 Hz for 30 minutes

2.1.1.2. Wider frequency Ranges §11.2

The definition of wider frequency ranges and longer minimum times for operation is site
specific. It may be agreed between the TSO and HVDC system owner on a case by case
basis.

2.1.1.3. Automatic disconnection 811.3
This requirement is site specific. It is to be specified by the TSO on a case by case basis.

2.1.1.4. Maximum admissible active power output reduction §811.4

In case of technical limitation, when operating at an AC system frequency below 49 Hz, the
maximum admissible active power output reduction from its operating point shall not go
beyond 2%/Hz.

2.1.2. Article 13: Active power controllability, control range and ramping rate

2.1.2.1. Active power controllability 813.1(a)i

The definition of a maximum and minimum power step size for adjusting the transmitted
active power is site specific. It may be specified by the TSO on case by case basis.

2.1.2.2. Active power controllability 813.1(a)ii

The definition of a minimum active power transmission capacity for each direction, below
which active power transmission capability is not requested, is site specific. It may be
specified by the TSO on case by case basis.
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2.1.2.3. Active power controllability 813.1(a)iii

The definition of the maximum delay within which the HVDC system shall be capable of
adjusting the transmitted active power is site specific. It is to be specified by the TSO on
case by case basis.

2.1.2.4. Active power controllability 813.1(b)

The modalities according to which an HVYDC system shall be capable of modifying the
transmitted active power infeed in case of disturbances into one or more of the AC
networks to which it is connected is site specific and shall be specified by the TSO on a
case by case basis. If the initial delay prior to the start of the change is greater than 10
milliseconds from receiving the triggering signal sent by the relevant TSO, it shall be
reasonably justified by the HVYDC system owner to the relevant TSO.

2.1.2.5. Fast active power reversal 813.1(c)

HVDC systems shall be capable of fast active power reversal. Fast active power reversal
shall be performed as fast as technically feasible but in less than 2 seconds.

2.1.2.6. Automatic remedial actions §13.3

The control functions of an HVYDC system shall be capable of taking automatic remedial
actions including, but not limited to, stopping the ramping and blocking FSM, LFSM-O,
LFSM-U and frequency control.

Contingencies involving loss of generation or load may require emergency power control
(EPC), i.e. an automatic reduction or increase in the power transfer including possible
power reversal. The system owner shall design and supply a run-back (active power ramp-
down) & run-up (active power ramp-up) control system that shall be able to activate in each
station up to 10 distinct pre-programmed run-back cases and up to 10 run-up cases by
external signals and each with a predefined setting for active power exchange [MW] and
power ramp rate [MWI/s] for the power setpoint change from the actual setting to the
requested one. The relevant system operator or the TSO must be able to trigger any of the
10 run-up and 10 run-back systems at any given instant.

The triggering and blocking criteria are site specific and shall be specified by the TSO on a
case hy case basis after notification to the CREG.

2.1.3. Article 14: Synthetic inertia

2.1.3.1. Synthetic inertia §14.1

This requirement is site specific. It is to be specified by the TSO on a case by case basis.

2.1.3.2. Synthetic inertia 814.2

This requirement is site specific. It is to be specified by the TSO on a case by case basis.

2.1.4. Annex Il: Requirements applying to frequency sensitive mode, limited
frequency sensitive mode overfrequency and limited frequency
sensitive mode underfrequency
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2.1.4.1. Frequency Sensitive mode Annex Il Al(a)

This requirement is site specific. It is to be specified by the TSO on a case by case basis
after notification to the CREG.

2.1.4.2. Frequency Sensitive mode Annex Il A1(d)(ii)

This requirement is site specific. It is to be specified by the TSO on a case by case basis
after notification to the CREG.

2.1.4.3. LFSM-O Annex Il B1(c)

With regard to limited frequency sensitive mode - overfrequency (LSM-O), the HVDC
system shall be capable of adjusting active power frequency response as fast as inherently
technically feasible, with an initial delay as short as possible and time for full activation set
at 2 seconds. This is subject to a notification to the CREG.

2.1.4.4. LFSM-O Annex Il B2

The frequency threshold referred to in point (a) of paragraph 1 shall be adjustable between
50.2 Hz and 50.5 Hz and the minimum droop setting is 0.1% (the exact value will be set in
connection contract). This is subject to a notification to the CREG.

2.1.4.5. LFSM-U Annex Il C1(c)

The initial delay is the shortest time within technical feasible limits and with a possibility to
implement an additional adjustable delay to be at full activation at 2 seconds. This is
subject to a natification to the CREG.

2.1.4.6. LFSM-U Annex Il C2

The frequency threshold referred to in point (a) of paragraph 1 shall be adjustable between
49.8 Hz and 49.5Hz and the minimum droop setting is 0.1% (the exact value will be set in
connection contract). This is subject to a notification to the CREG.

2.1.5. Article 16: Frequency control

2.1.5.1. Frequency control mode 816.1

This is a site-specific requirement and can be specified by the TSO on a case by case
basis.

2.1.5.2. Frequency control mode 816.2

The operating principle, the associated performance parameters and the activation criteria
of this frequency control are site specific and shall be specified by the TSO on a case by
case basis.

2.1.6. Article 17: Maximum loss of active power

2.1.6.1. Maximum loss of active power 817.1

This is a site-specific requirement and can be specified by the TSO on a case by case
basis.
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2.2. Chapter 2: Requirements for reactive power control and
voltage support

2.2.1. Article 18: Voltage ranges

2.2.1.1. Voltage ranges Annex lll Table 4

HVDC systems connected between 110kV and 300kV shall remain connected for voltages
between 1.118 pu — 1.15 pu for at least 10 hours.

2.2.1.2. Voltage ranges Annex lll Table 5

HVDC systems connected between 300kV and 400kV shall remain connected for voltages
between 1.05 pu — 1.0875 pu for at least 10 hours.

2.2.1.3. Agreement on wider voltage ranges or longer minimum times 818.2

The definition of wider voltage ranges and longer minimum times for operation is site
specific. It may be agreed between RSO/TSO and HVDC system owner on a case by case
level.

2.2.1.4. Automatic disconnection 818.3

The minimum requirement to stay connected is stated in the following table (stricter
requirements may be specified on a case by case basis):

Time [ms] Voltage amplitude [pu]
T<0 ms 1.0
0 0
250 0 (linearly rising to next point)
3000 0.9
0 0.9

2.2.1.5. Voltage ranges §18.4

For connection points on voltages outside the range of 110 — 400kV, the same
requirements as for 400kV connection points are taken.

2.2.2. Article 19: Short circuit contribution during faults

2.2.2.1. Short circuit contribution during faults §19.2(a)

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.2.2. Short circuit contribution during faults §19.2(b)

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.
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2.2.2.3. Short circuit contribution during faults §19.2(c)

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.2.4. Short circuit contribution during faults §19.3

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.3. Article 20: Reactive power capability

2.2.3.1. Reactive power capability §20.1

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.3.2. Reactive power capability §20.3

An HVDC system shall be capable of moving to any operating point within its U-Q/Pmax
profile in less than 100 ms.

2.2.4. Article 21: Reactive power exchanged with the network

2.2.4.1. Reactive power exchanged with the network 8§21.2

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.5. Article 22: Reactive power control mode

2.2.5.1. Control modes §22.1
An HVDC converter station shall be capable of operating in the following modes:

(a) voltage control mode;
(b) reactive power control mode;
(c) power factor control mode.

2.2.5.2. Additional control modes §822.2

An HVDC converter station shall be capable of operating in the following additional control
modes:

(a) voltage dependent reactive power control mode. The characteristics of this mode are
subject of a mutual agreement between the relevant TSO and the HVDC system owner.

(b) STATCOM mode: all previously specified control modes (under 2.2.5.1 and 2.2.5.2)
must be available without exchange of active power in the situation with our without the
connection of the DC cable or overhead line.

2.2.5.3. Voltage control mode §22.3(b)
The set point deadband shall be adjustable in steps of 0.5%
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2.2.5.4. Voltage step change §22.3(c)(i)

In voltage control mode following a voltage step change, an HVDC system is able to
achieve 90% of the change of reactive power within maximum 100ms with disabled ramp
rate limiter.

2.2.5.5. Voltage step change §22.3(c)(ii)

The HVDC system shall be equipped with a reactive power ramp rate limiter with settles
the controlled AC voltage within the range of +1% of the setpoint in a programmable time
span ranging between 1s and 60s with steps of 0.1s.

2.2.5.6. Voltage control mode §22.3(d)

The slope of the instructed reactive power component shall be online adjustable in the
range of 1 to 50 Mvar/s in steps of 0.1 Mvar/s.

2.2.5.7. Reactive power control mode §22.4

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.5.8. Power factor control mode §22.5

The maximum step size for reactive power is less than 1Mvar and for the voltage less than
1kV.

2.2.5.9. Remote selection of control modes §22.6

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis.

2.2.6. Article 23: Priority to active or reactive power contribution

2.2.6.1. Priority to active or reactive power contribution 8§23

Reactive power contribution shall have priority during low or high voltage operation and
during faults for which fault-ride-through capability is required, taking into account the
capabilities of the HVDC system.

2.2.7. Article 24: Power Quality

2.2.7.1. Power quality 824

This non-exhaustive requirement related to power quality will be based on the relevant
Synergrid regulations regarding power quality, unless more stringent requirements are set
forth in the connection contract.

2.3. Chapter 3: Requirements for fault ride through capability

2.3.1. Article 25: Fault ride through capability

2.3.1.1. Fault ride through capability §25.1

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis. The terms and settings for automatic disconnection shall be agreed between
RSO/TSO and HVDC system owner on a case by case basis.
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The minimum requirement to stay connected is stated in the following table:

Time [ms] Voltage amplitude [pu]

T<0 ms 1.0
0 0
250 0 (linearly rising to next point)
3000 0.9
w0 0.9

2.3.1.2. Fault ride through capability §25.2
TSO shall only provide this if requested by HVYDC system owner

2.3.1.3. Fault ride through capability §25.4

Time is to be agreed between TSO and HVDC system owner, but TSO specifies the
voltage levels on a case by case basis.

2.3.1.4. Fault ride through capability §25.5

This requirement is subject of an agreement between the system owner and the RSO/TSO
on a case by case basis.

2.3.1.5. Fault ride through capability §25.6

The fault-ride through capabilities for asymmetrical faults of an HVDC system shall be the
following

(a) The HVDC converter station shall be able to control negative sequence current and
voltage components.

(b) It shall be possible to continue active power injection up to the maximum possible value.
(c) No second harmonic current distortion shall be transferred to the converters’ DC side

(d) Automatic reclosure of AC overhead lines may not lead to the disconnection of the
HVDC system.

2.3.2. Article 26: Post fault active power recovery

2.3.2.1. Post fault active power recovery 826

A HVDC system shall be able to recover active power transmission following fault
clearance and reach the pre-fault set-points within maximum 200ms. The relevant TSO
may set the recovery time and post-fault ramping rate in order to reach a slower recovery.
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2.4. Chapter 4. Requirements for control

2.4.1. Article 28: Energisation and synchronisation of HVDC converter
stations
2.4.1.1. Energisation and synchronisation of HYDC converter stations §28

During the energisation or synchronisation of an HVDC converter station to the AC network
or during the connection of an energised HVYDC converter station to an HVYDC system, the
HVDC converter station shall have the capability to limit any voltage changes to a steady-
state level. That steady-state level and the maximum magnitude, duration and
measurement window of the voltage transients are site specific and are to be specified by
the RSO/TSO on a case by case basis. The steady-state level shall not exceed 5 per cent
of the pre-synchronisation voltage.

2.4.2. Article 29: Interaction between HVDC systems or other plants and
equipment

2.4.2.1. Interaction between HVDC systems or other plants and equipment §29.2

This requirement is site-specific and is to be specified by the RSO/TSO on a case by case

basis.

2.4.2.2. Interaction between HVDC systems or other plants and equipment §29.7

This requirement is site-specific and is to be specified by the RSO/TSO on a case by case

basis.

2.4.3. Article 30: Power oscillation damping capability

2.4.3.1. Power oscillation damping capability 830
This requirement is site specific. It has to be agreed between the TSO and the HVDC
system owner on a case by case basis.

2.4.4. Article 31: Subsynchronous torsional interaction damping capability

2.4.4.1. Subsynchronous torsional interaction damping capability 831.2

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.4.4.2. Subsynchronous torsional interaction damping capability 831.3

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.4.5. Article 32: Network characteristics

2.4.5.1. Network characteristics 832.1

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.
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2.4.6. Article 33: HVDC system robustness

2.4.6.1. HVDC system robustness 833.1

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.4.6.2. Network characteristics 833.2

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.5. Chapter 5: Requirements for protection devices and settings

2.5.1. Article 34: Electrical protection schemes and settings

2.5.1.1. Electrical protection schemes and settings 834.1

Following elements will need to be provided for under HVDC connection contract: Any
scheme considered suitable for the HVDC system to meet the functional requirements may
be proposed by the system owner. The system owner shall, with adequate explanatory
descriptions, demonstrate that the proposed schemes meet the criteria of speed,
dependability, security, sensitivity and maintainability requirements. The system owner
shall provide proof that the protection scheme is not a prototype and has been successfully
used in other similar installations. The relevant TSO reserves the right to adapt the
protection scheme in mutual agreement with the system owner in order to coordinate with
the protection system of the AC system at the PCC.

Protective relay settings shall be completed by the system owner and provided to the
relevant TSO for review at least 3 months before the tests on completion program
commencement date. Setting development explanations and calculations shall be provided
with the protective relay settings.

2.5.1.2. Electrical protection schemes and settings §34.3
ldem 834.1

2.5.2. Article 35: Priority ranking of protection and control

2.5.2.1. Priority ranking of protection and control §35.1

A control scheme, specified by the HVDC system owner consisting of different control
modes, including the settings of the specific parameters, shall be coordinated and agreed
between the relevant TSO, the relevant system operator and the HVDC system owner on a
case by case basis. The control scheme, its setting development explanations and
calculations shall be provided to the relevant TSO for review at least 3 months before the
tests on completion program commencement date.

2.5.2.2. Priority ranking of protection and control §35.2

This requirement is site specific. It has to be agreed between the TSO and the HVDC
system owner on a case by case basis.
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2.5.3. Article 36: Changes to protection and control schemes and settings

2.5.3.1. Changes to protection and control schemes and settings 836.1

The design of the HVDC converter shall permit modifying control characteristics, control
loop responses, and protection settings etc. of the control and protection systems for the
purpose of on-site optimization and when deemed required in the future using the
engineering workstation. The system owner shall provide a secure method of preventing
inadvertent change to implemented functions

2.5.3.2. Changes to protection and control schemes and settings 836.2

This requirement is site specific. It has to be agreed between the TSO and the HVDC
system owner on a case by case basis.

2.5.3.3. Changes to protection and control schemes and settings §36.3

This requirement is site specific. It has to be specified by the TSO on a case by case basis.
2.6. Chapter 6: Requirements for power system restoration

2.6.1. Article 37: Black start

2.6.1.1. Black start §837.1

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.6.1.2. Black start §837.2

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.

2.6.1.3. Black start 837.3

This requirement is site specific and needs to be specified by the TSO on a case by case
basis.
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3.TITLE lll: Requirements for DC-connected power park
modules and remote-end HVDC converter stations

3.1. Chapter 1: Requirements for DC-connected power park
modules

3.1.1. Article 39: Frequency stability requirements

3.1.1.1. Frequency stability requirements 839.1

The requirement for DC-connected power park modules connected via HVDC systems
which connect more than one control area to be capable of delivering coordinated
frequency control is site specific and shall be specified by the TSO on a case by case
basis.

3.1.1.2. Frequency ranges 839.2(a)

A nominal frequency other than 50 Hz or a frequency variable by design can be used,
subject to agreement with the TSO. In that case, the applicable frequency ranges and time
periods shall be specified by the TSO on a case by case basis.

3.1.1.3. Wider frequency ranges 839.2(b)

The definition of wider frequency ranges and longer minimum times for operation is site
specific. It may be agreed between TSO and DC-connected power park module owner on a
case by case level to ensure the best use of the technical capabilities of a DC-connected
power park module if needed to preserve or restore system security.

3.1.1.4. Automatic disconnection §39.2(c)

This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.1.5. LFSM-O 839.4
The same requirements of the RfD Type D will be applied

3.1.1.6. Constant power 839.5
The same requirements of the RfD Type D will be applied

3.1.1.7. Active power controllability 839.6
The same requirements of the RfD Type D will be applied

3.1.1.8. LFSM-U 839.7
The same requirements of the RfD Type D will be applied

3.1.1.9. FSM subject to a fast signal response §839.8
The same requirements of the RfD Type D will be applied

3.1.1.10. Frequency restoration 839.9
The same requirements of the RfD Type D will be applied
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3.1.1.11. Frequencies other than 50Hz §39.10
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2. Article 40: Reactive power and voltage requirements

3.1.2.1. Voltage ranges Annex VIl Table 9 and 10
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2.2. Agreement on wider voltage ranges or longer minimum times 840.1(b)

The definition of wider voltage ranges and longer minimum times for operation is site
specific. It can be agreed between RSO/TSO and the owner of the DC-connected power
park module on a case by case level.

3.1.2.3. Automatic disconnection 840.1(c)

This requirement is site specific. It is to be specified by the RSO/TSO on a case by case
basis. The terms and settings for automatic disconnection shall be agreed between the
relevant system operator, the TSO and DC-connected power park module owner.

3.1.2.4. Voltage ranges for other AC voltages 840.1(d)
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2.5. Frequencies other than nominal 50Hz §40.1(e)
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2.6. Reactive power capability 840.2(b)(i)

This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2.7. Reactive power capability 840.2(b)(ii)
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.1.2.8. Priority to active or reactive power contribution §40.3

This requirement is site specific. It may be specified by the TSO on a case by case basis.
3.1.3. Article 41: Control requirements

3.1.3.1. Synchronisation 841.1

During the energisation or synchronisation of a DC-connected power park module to the
AC network , the DC-connected power park module shall have the capability to limit any
voltage changes to a steady-state level. That steady-state level and the maximum
magnitude, duration and measurement window of the voltage transients are site specific
and are to be specified by the TSO on a case by case basis (eg in connection contract).
The steady-state level shall not exceed 5 per cent of the pre-synchronisation voltage.

3.1.3.2. Output signals §41.2

This requirement is site specific. It shall be specified by the TSO on a case by case basis.
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3.1.4. Article 42: Network characteristics

3.1.4.1. Method of pre-fault and post-fault conditions 842(a)

This requirement is site specific. It shall be specified by the TSO on a case by case basis.

3.1.4.2. Equivalents representing the system 842(c)
This requirement is site specific. It shall be specified by the TSO on a case by case basis.

3.1.5. Article 43: Protection requirements

3.1.5.1. Electrical protection schemes §43.1-2

This requirement will be specified based on article 14.5 of RfG NC.
3.1.6. Article 44: Power quality

3.1.6.1. Power quality 844

3.2. This requirement will be specified by the RSO/TSO on a case
by case basis (respecting any applicable norm, standard or
regulation in this respect). Chapter 2: Requirements for remote-
end HVDC converter stations

3.2.1. Article 47: Frequency stability requirements

3.2.1.1. Frequency ranges 847.1
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.2.1.2. Frequency response 847.2

This requirement is site specific. It may be specified by the TSO on a case by case basis.
3.2.2. Article 48: Reactive power and voltage requirements

3.2.2.1. Reactive power and voltage ranges Annex VIIl Table 12 and 13

This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.2.2.2. Agreement on wider voltage ranges or longer minimum times 848.1(b)

The definition of wider voltage ranges and longer minimum times for operation is site
specific. It can be agreed between RSO/TSO and DC-connected power park module owner
on a case hy case level.

3.2.2.3. Voltage ranges for other AC voltages 848.1(c)

This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.2.2.4. Reactive power provision 848.2(a)

This requirement is site specific. It may be specified by the TSO on a case by case basis.
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3.2.2.5. U-Q/Pmax — profile 848.2(a)
This requirement is site specific. It may be specified by the TSO on a case by case basis.

3.2.3. Article 50: Power quality

3.2.3.1. Power quality 850

This requirement will be specified by the RSO/TSO on a case by case basis (respecting
any applicable norm, standard or regulation in this respect).
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4. TITLE IV: Information Exchange and Coordination

4.1.1. Article 51: Operation of HVDC systems

4.1.1.1. Operation of HVDC systems 8§51.1

The automatic controller hierarchy is site specific. It will be specified by the TSO on a case
by case basis.

4.1.1.2. Operation of HVDC systems 8§51.4
This requirement is site specific. It may be specified by the TSO on a case by case basis.

4.1.2. Article 52: Parameters and settings

This requirement is subject of a mutual agreement between the relevant TSO and the
HVDC system owner on a case by case basis.

4.1.3. Article 53: Fault recording and monitoring

4.1.3.1. Fault recording and monitoring 853.2 to 53.5

This requirement is site specific. It may be specified by the TSO on a case by case basis.
4.1.4. Article 54: Simulation models

4.1.4.1. Simulation models 854.1

The stipulated simulation models always need to be provided to the RSO/TSO. The format
shall be specified by the TSO on a case by case basis.
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6. Appendix - List of non-exhaustive articles for HVDC

This list is extracted from ENTSO-E Guidance document for national implementation for
network codes on grid connection : Parameters of Non-exhaustive requirements [6]
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