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Introduction

Elia is organizing a consultation on its proposals for general requirements RFG, DCC, HDVC and storage.
The consultation is open from the 15th of March, 2018 until the 23rd of April, 2018.

This document is the response of the Belgian Generators’ Associations (BGA): this is an ad hoc
cooperation of the associations BOP, COGEN, EDORA, FEBEG and ODE.

BGA welcomes this consultation and wants to thank Elia for creating this opportunity for all stakeholders
to submit their comments and suggestions with regard to the proposals for general requirements.

The BGA response to this consultation consists of the following documents:

- aversion of the general requirements RFG with track changes and comments;

- aversion of the general requirements DCC with track changes and comments;

- aversion of the general requirements HVDC with track changes and comments;

- aversion of the general requirements storage connections with track changes and comments
- an explanatory note summarizing the main comments and suggestions, i.e. this note.

The five abovementioned documents jointly constitute the BGA response to this consultation. This
response is not confidential.

BGA also wants to highlight that it analyzed all general requirements, but that its main focus was on the
requirements for generators and storage. The requirements HDVC and DCC were analyzed from a rather
high level perspective.

Importance of the categorization of grid users for the interpretation of the general requirements
Categorization of significant grid users A and B

BGA welcomes the decision to set the limit between power generating modules A and B at 1 MW. The
shift from the initial proposed limit of 0,25 MW to 1 MW relieves a lot of smaller power generating
modules from technical requirements and information exchange obligations that are applicable on

category B units. This decision limits the costs for grid users.

In the context of the decision on the limit between type A en B BGA supports the approach to impose
additional technical requirements through the regional grid codes. BGA does call upon the grid operators:
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- not to impose remote control when not necessary;

- to develop transparent and non-discriminatory rules for imposing remote control;
- to investigate if the cost of the remote control cannot be decreased;

- to assess if (a part of) the cost of the remote control cannot be socialized.

Derogations

BGA appreciates that system operators have already - together with the consultation on the proposals
for a modified Federal Grid Code and the technical requirements - indicated which derogations they have
identified and will apply for. This increases the visibility - although legal certainty is missing - on the
requirements that will be applicable on every installation.

Elia has communicated that it will apply for a derogation for power generating modules A and B
connected to a voltage level above 110 kV. The grid users regret that no similar derogation will be
submitted for power generating modules type C that are connected to a voltage level above 110 kV: the
current regulation will to an unequal treatment of installations type C connected on a voltage level above
110 kV and installations type C connected to a voltage level below 110 kV or via a closed distribution
grid. The voltage condition for the classification of PGMs at industrial sites is discussed at European
level. Several countries will propose a class derogation as proposed by ELIA. BGA recommends to closely
follow future evolutions and to modify this voltage condition if other countries do so for type C PGMs at
industrial sites.

Main comments requirements for generators

Disclaimer

The requirements for generators are far out the most important document for BGA. Unfortunately BGA
considers it difficult to come to a final position on the document at this moment because (1) there are
no sufficient guarantees for a level playing field, (2) some elements are unclear or information is missing
and (3) some requirements are not in line with the NC RfG or are onerous and (4) some requirements are
simply unacceptable. Therefore, BGA wants to express its reservations with regard to the requirements
for generators.

Level playing field

BGA considers it of utmost importance that a level playing field is ensured between countries and
between types of grid users.

Therefore, BGA regrets that article 1 of the RfG NC was not repeated in this document: ‘ 7his regulation
also lays down the obligations for ensuring that system operators make appropriate use of the power-
generating facilities’ capabilities in a transparent and non-discriminatory manner to provide a level
playing field throughout the Union.’

Many of the non-exhaustive or optional requirements of the Network Codes have been dealt with in
other international bodies, whether at ENTSO-E (Implementation Guideline Documents or IGD's) or in
normative agencies (IEC, CENELEC, etc). In order to facilitate an efficient European market, both with a
level playing field for electricity producers and with harmonized technical rules for equipment
manufacturers, BGA is of the opinion that the Belgian regulation should be as much as possible
harmonized with other European countries. For this reason, BGA would appreciate it if Elia could add to
each documents’ section the reference to the international norms/guidelines that are being followed
and, when the proposed Belgian regulation deviates from international norms/guidelines, to give a
detailed technical justification.
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More severe requirements in Belgium compared to other countries will have a negative impact on the
investment climate in Belgium which should be avoided at all times.

BGA also wants to point out that, if no agreement is found within Synergrid for some of the requirements,
the document should not allow each RSO or each DSO to set its own requirements. Instead, the concerned
requirements should be dealt with in the appropriate legal text (e.g. regional) and be common for all
system operators concerned by this legal text.

Some requirements are unclear or information is missing

To be able to understand certain provisions and hence to take a position on them, several questions
need to be answered.

Some examples:

- Article 2.1: Tuning of the PSS may be depending of the load and grid characteristics of a customer
of the TSO. How can the grid users access the needed information?

- Article 3.1.1: With regards to the mentioned time windows between 47,5Hz and 49Hz, the
questions rises if these are combinable? In other words: if the frequency stays above 47,5Hz,
one needs to stay connected for 30 or 60 minutes. For BGA this should be 30 minutes and thus
summarized to 47,5Hz - 49 Hz as, otherwise, problems will occur with connected engines and
generators (increasing flux leading to heating of the stator).

- Article 3.1.4: This article describes the actions needed at over-frequencies. Why are provisions
mentioned for an increase of power in the table page 9?

- Article 3.1.7: This article describes an automatic connection with a gradient of 20% and an
automatic reconnection with a gradient of 10%. The operator of a PGM does not know which
gradient to apply after a LOM (loss of main). How to apply the correct gradient? BGA assumes
that it is 10% in case of network disturbance, but the wording allows different interpretations.

- Article 4.2.2.1: The connection point is operated by the TSO or DSO according to Belgian
regulation. Why to mention such requirements as the PGM cannot be responsible for such
requirements, e.g. measurements?

- Article 4.3.1: The limitations of the AVR limiter/underexcitation protection (or 32Q) are not
indicated on the most P/Q- capacity diagrams of generators. Those protections add additional
limitations on the P/Q-capacity of the generators and shall be taken into account for the
extended capabilities.

- Article 4.3.2: This article specifies that ‘synchronous power-generating module (SPGM) of type
B shall be equipped with a permanent automatic excitation control system’. ‘Permanent’ might
refer to permanent magnet excitation system (PMG), which must be ordered separately for the
generators. Therefore, this definition needs clarification or grid users need to be informed which
kind of excitation sources are allowed (e.g. auxiliary winding, PMG, etc.).

- Article 5.1.2: This article describes the actions needed at under-frequencies. Why are provisions
mentioned for a decrease of power in the table page 21?

- Article 5.2.2: This article imposes ‘the identification of house load operation must not be based
solely on switchgear positions’. What kind of information has then to be submitted?

- Article 5.3.1: What is the meaning of ‘/oss of control?

- Articles 5.3.1, 5.3.2 and 5.3.3: These articles impose that ‘ These parameters will be taken in the
appendices of the individual connection agreement’. Do these appendices need to be approved
by the regulator? What happens in case of non-agreement?
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Some requirements are not in line with the NC RfG or are onerous
Some examples

- General comment: The values of 1 pu are defined only for type D PGMs and values are not
mentioned for other types of PGMs. The value of 1 pu has to be mentioned for all types of PGMs.

- Article 3.1.5: This requirement also applies on CHP’s whereas article 6.4. of NC RfG makes an
exception for CHPs regarding the application of article 13.4. of NC RfG. Elia has to justify the
non-respect of the NC RfG.

- Article 4.3.1: This article specifies, for a type B SPGM connected at a DSO grid, the requirements
for reactive power at the connection point. The NC RfG allows this for the PGM itself (as defined
for a connection at the TSO). The result will be two different requirements that will impose two
standards leading to additional costs.

- Article 4.3.2: The content of this article is not consistent with the content of article 17.2.b of NC
RfG allowing only a ‘constant alternator terminal voltage’.

- Article 4.3.3: The requirement imposes a tclear of 0.2 sec. The RfG NC allows this in article 14,
table 3.1, but only if ‘system protection AND secure operation so require’. A justification is
missing in this document. Furthermore, in many countries the same profile is specified for 150
ms, and is considered as a standard value. Hence, without justification, the FRT-profile should
be reduced to 150 ms. This comment also applies on article 4.4.1.

- Article 5.5.1: The sentence ‘ This requirement should be met at the connection point’is in breach
with article 18.2 of NC RfG indicating that the additional reactive power needed for compensation
for the HV-line between the connection point and the HV-terminals shall be provided by the
responsible owner of that line. The owner in Belgium is the transmission system operator.

- Article 5.5.1: The value of 1.118 pu is in conflict with figure 7 of NC RfG indicating a maximum
value of 1.1 pu.

- Article 5.6.2: See the two comments listed above for article 5.5.1 and referring to figure 8 of NC
RfG.

- Article 6.1.1: The table imposes voltage ranges from 0.85 pu up to 1.15 pu while the tables 7
and 8 of the NC RfG impose a voltage range for reactive power in the fixed outer envelope from
0.875 puup to 1.1 pu.

- Article 6.3.1, table 1: See comment regarding tclear = 0.2 sec above.

- Article 6.4.1, table 2: See comment regarding tclear = 0.2 sec above.

Unacceptable requirements

For some provisions additional justification is absolutely necessary. At the moment BGA doesn’t
understand or support the reasons of these requirements. As a result, these requirements are - at the
moment - not acceptable for BGA.

Some examples:

- Article 2: BGA pleads to treat installations of type C but connected > 110 kV not as a type D, but
as a type C. This follows the same approach as Elia suggest for type A and B (see above).

- Article 4.3.4 with regard to post fault recovery for Type B SPGM: Elia requires 90% of the pre fault
power within 3 seconds. This is only possible in full load. If the GT would run part load the IVG
will play part resulting in a slower reaction, driven by low NOx recovery.

- Article 4.4.3: The requirement with regard to injection of current at an overvoltage is not
possible.

- Article 5.1.1: If the automatic remote device is out of service, the time to react is 15 min. This is
not realistic for a type C PGM.

- The formula on page 24 contains the factor ‘0.45’. This value is out-of-date as it was an element
of the old Belgian legislation.



BOPI5: € oo IFEOEY @ode

cocseEm

Main comments requirements DCC
General comment

In the introduction it is stated that the general requirements for DCC are only partially supported by
Synergrid. In other words, it is possible that there will be differences between the rules imposed by the
TSO and the rules imposed by the DSO’s. Such discriminatory approach should be avoided at all times.
Therefore, BGA calls Synergrid to strive for a level playing field and to harmonize by developing common
requirements for demand facilities connected on the TSO as well as on the DSO grid.

Detailed comments
Article 1.1.1:
BGA asks Elia to check the frequency requirements with the producers of end users’ appliances to be

sure that the requirements are compliant with those technical characteristics of those appliances, e.g.
medical equipment.

Article 2:

It is not clear if the requirements for demand facilities with respect to delivery of demand response
services are applicable on all demand facilities or only on the ones that effectively supply - on a voluntary
basis - demand response services. On top of that, does the demand facility still has to comply with
requirements when it stopped offering demand response services?

BGA also assumes that demand response services will be contracted via market based mechanisms, or
at least be fairly remunerated.

Finally, it is of utmost importance that the impact of the activation of demand response services on other
market parties, e.g. BRP, supplier, ..., is neutralized.

BGA is of the opinion that the abovementioned elements should be clarified and added - at least in
footnote - to requirements.

Article 2.2.2 - 2.2.4:

The requirements for voltage ranges, dead band, maximum frequency deviation to respond, ...have to
be - of units connected above 110 kVA - subject to market consultation.

Main comments general requirements HVDC

General comment

The Elia proposal for general requirements HVDC leaves most points open for an ad hoc solution.
Although this approach has the advantage of flexibility, it has also some downsides: (1) potential
investors will have difficulties to have a view on the requirements that will be applicable on the
installation and (2) it will be difficult to ensure a level playing field between the projects.

Detailed comments

Article 2.2.7.1 and 3.1.6.1:

Both articles are referring to the Synergrid regulations, but the relation with the Synergrid regulations is
not clear. Why is there no reference to IEC?
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Article 2.4.4.

Germany has already experienced difficulties as a result subsynchronous torsional interactions which
has led to problems and costs at the grid users. Therefore, the transmission system operator should
demonstrate that the existing installations as well as new installations will not be impacted by the
subharmonic distortions.

Article 3.2.3.1:

Synergrid has no requirements as regards subharmonic distortions. The requirement related to power
quality should therefore be set with consent of the PPM owners.

Main comments general requirements storage connection
General comment

Storage is in its infancy and extra regulation can only slow down its development. Moreover, most power
electronics devices are manufactured abroad and follow international standards which are not going to
be directly impacted by Belgian regulation. This regulation has thus no added value and can only become
a blocking point, slowing down development of storage. This is especially true for type A SPM and non-
stationary applications where potential extra costs would be relatively much higher. Given that there is
no EU obligation, BGA believes that sufficient time should be taken to develop efficient regulation on
storage, with a consistent and general vision taking into account all aspects (technical, market, support,
etc) and also lessons learned from the first projects and future EU regulation.

BGA regrets that Elia imposes such strong requirements to storage power modules: (1) the document
makes no distinction between storage facilities that provide services to the market and storage facilities
that deliver services on site; (2) the proposed requirements are sometimes more severe than the
requirements for generators as the storage facilities cannot benefit from the exceptions foreseen in the
NC RfG (e.g. derogations, exceptions for emergency batteries, ...) and (3) Elia also proposes really severe
requirements for data exchange, remote control and contribution to reactive management.

Detailed comments

General comment

The document often refers to the NC RfG while this NC explicitly states not to be applicable on SPM. To
avoid legal issues, BGA recommends to repeat the actual requirements of the NC RfG.

Article 1:

This article introduces the requirements for storage and describes the background. But at the same time,
it raises a lot of questions that are not answered. BGA is of the opinion that the following aspects should
be addressed as well:

- SPM that don’t deliver services to the grid (e.g. UPS, peak shaving in industrial context, ...) should
be out of scope; only SPM that offer services in the market should be in scope.

- The document doesn’t point to the fact that SPM are only capable of limited injection or off-take
of energy in time.

- Storage systems is broader than only electric storage systems, e.g. mechanic (flywheel) and
chemical (batteries) storage should also be in scope.
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- The distinction between Pump Storage Systems (PPS) and other types of storage should be more
clarified and detailed as PPS are within scope of the requirements of NC RfG while there are no
European requirements for the other types of storage. A better and broader definition of storage
seems to be necessary.

Article 2:

It is important to note that the state of charge can only be expressed taking into account the technical
characteristics of the SPM.

Article 4.1.5:

The document states that an interface should be available to receive the signal to interrupt injection. It
should be clear and also mentioned that Elia is responsible to deliver to signal to the interface. It should
also be clarified that Elia can only intervene in the operation of the installation when the market is no
longer in status ‘normal’ or ‘alert’. In the status ‘normal’ or ‘alert’ one should rely on the market to find
a solution.

Article 4.2 (see also comment 4.1.5)

This requirement is also applicable on home batteries: this means that Elia is also responsible for
delivering a signal to these batteries.

Article 4.2 and 5.2.3:

BGA wonders why it is not foreseen to send two signals. At the moment, only one signal will be sent with
the message to stop. This implies that also SPM that contribute to the grid - that are injecting - will be
stopped.

Article 5.1.1 and 6.1.1:

Why is it necessary for Elia to be able to remotely control the reduction of active power? Why should Elia
be able to send a set point for this batteries? BGA is of the opinion that such intervention should not be
allowed when the market is in status ‘normal’ or ‘alert’. On top of that, a market should be created to
allow Elia to procure this service or, at least, the service should be properly remunerated taking into
account the energy and missed opportunities.

Article 5.4:

When a battery is embedded in an industrial grid or CDS, it should be possible to comply with the
requirement for reactive power with other assets. If the battery is not embedded, the following questions
rise. How can one demonstrate to be compliant with the requirement? Does Elia want to able to steer the
reactive power? If yes, how and how will this service be remunerated?

Article 5.4:

This article that mentions that SPM should not limit its capabilities to comply with the requirement. BGA
wonders how the costs linked to the delivery of higher capabilities that strictly necessary will be
compensated.

Article 6.1.3:

BGA proposes to include in this article the requirements for frequency sensitivity mode.
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Article 6.3:

BGA suggests the alignment of the requirements in 6.3 with the ones in 5.4 taking into account
installations on industrial sides. Otherwise the values need to be measured at the HV side of the step-
up transformer or at the convertor terminals.

Article 6.3, figure 7:

Maximum voltage should be equal to 1.1 p.u and not 1.18 p.u.
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1 Introduction |

Article 7(4) of the NC RfG [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 RfG, i.e. 17 May 2018. A similar
requirement is included in the two other connection Network Codes, namely in Art. 6(4) of the NC DCC
[2] and in Art. 5(4) of the NC HVDC [3].

The aim of this document is to synthetize the technical proposal regarding the Belgian implementation
of the non-exhaustive requirements stated in the NC RfG. This document is the final version of the
proposal for requirements of general application (hereafter named as ‘general requirements’), in
accordance with Art. 7(4) of the NC RfG.

The proposal is mainly focusing on requirements set by Elia, as (relevant) TSO or relevant system
operator. Since the public DSOs were also largely involved in developing the TSO proposal or in defining
their own implementation proposals for PGMs (power generating modules) connected to the distribution
system, part of the requirements is also set by the public DSOs, as relevant system operator.

To facilitate the implementation of the NC RfG requirements, Elia and the public DSOs aligned as much
as possible to increase the coherency and avoid as much as possible discrimination between a
transmission-, or distribution-connected PGM in terms of technical requirements and legal readability.
For aspects of the general requirements relevant for CDSOs, Elia has also been interacting with CDSOs.

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 authorities together with the (track change) proposal of the amended
Federal Grid Code [4] and the formal proposal on maximum capacity thresholds of type B, C and D
PGM. Elia will organize beforehand a public consultation for all deliverables in March-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 represents the most recent position of Elia after discussions with the stakeholders in each
of the relevant topics. During the last months, this document was gradually completed and presented to
stakeholders, especially during the Federal Grid Code workshops until all non-exhaustive general
requirements were included.

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 article order as in the NC RfG: the proposal is organized per technical
topic and per PGM category, assuming the thresholds B, C and D as defined in Elia’s (and public DSOs’)
proposal [6]. If not otherwise specified, each higher category has to fulfil the requirement of the lower
one. As an example, the LFSM-O is specified for type A, but it is also valid for types B, C and/or D
PGMs.

The scope of this document contains especially, but is not limited to, the implementation proposal of the
non-exhaustive requirements in the NC RfG. To increase its readability, this document might also contain
NC exhaustive requirements, implementation proposals 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.

With respect to the complete list of non-exhaustive requirements to be proposed as general requirements,
Elia is taking as reference the ENTSO-E implementation guidance document (IGD) on

‘Parameter of Non-exhaustive requirements’ [7] to be defined by the (relevant) TSO and the relevant
system operator. This document does not only mention the parameters to be defined per topic, but also
which article of each connection NC should be considered as non-exhaustive and who should be the
relevant system operator to define an implementation proposal. The TSO, DSOs and CDSOs can be
considered as ‘relevant system operator’, depending on the requirement.

Commented [A1]: General remark: remuneration for
delivered services is necessary to provide a level playing
field as described by art. 1 of RfG RfG.

Commented [A2R1]: “This regulation also lays down the
obligations for ensuring that system operators make
appropriate use of the power- generating facilities'
capabilities in a transparent and non-discriminatory manner
to provide a level playing field throughout the Union.”
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LAs a general consideration, the present document proposes minimum requirements. If a PGM has
capabilities beyond the minimum required and its utilization has no negative technical and financial
impacts on its normal operation, this capability should be available for activation in agreement with the
relevant system operator (note: for Elia it will be during connection agreement). /As a matter of example,

should the PGM have capabilities beyond the minimum Fault Ride Through profile (cf. Art. 14-3), the
PGM is expected to not limit its capabilities to comply with the minimum requirement but to use the full
capability to support the system stability as stated in its agreement. The actually implemented PGM
characteristics and functionalities must be communicated to the relevant system operator and/or
transmission system operator.

Commented [A3]: With regards to requirements beyond
the minimum threshold: the offering of such capabilities for
activation should ideally be part of an ancillary service
contract.
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2 Proposal for determination of significance
[Art 5]

The current proposal for determination of significance has been shared with the stakeholders through the
“Public consultation relating to the proposal for maximum capacity thresholds for types B, C and D
power-generating modules” running from 19/05/2017 to 20/06/2017 and is available online. The
proposed thresholds are the result of several rounds of workshops and discussions with the stakeholders
and the authorities. A synthesis of the proposed determination of significance is presented here below.

In line with the NC RfG Art. 5, Elia is proposing the following choice of maximum capacity thresholds
for the determination of type:
*  Type A o 0.

BKW < Pih™™ < 1 MW and V,,, < 110kV
*  Type B o
1MW < PSS < 2SMW and V,, < 110kV

*+ TypeC
o25SMW < P < 75MW and V, < 110kV

* TypeD

Capacity
o TSMW < By or

ngw < PCupar:Lry

aBACtY nd Vep = 110KV

o

PCapucify . . . - H V. i
Where “max is the maximum (installed) capacity of the power-generating modules and *<» is
the voltage level at the connection point.

The parameters for the determination of significance are graphically illustrated in Figure 1 below.

kv

B typen
. Type B
W typec
W reeo

110

0.0008 1 25 75 Mw

Figure 1 : Graphical representation of the proposed maximum capacity
thresholds.

However, Elia is proposing to adapt the requirements for power-generating modules (PGM) with a
maximum installed capacity lower than 25MW and with a voltage at the connection point higher or
equal to 110kV, in order to reflect the specification of the PGM of the same size with a voltage at the
connection point lower or equal to 110kV. The requirements will be adapted via a request for
derogation submitted by the relevant system operator or, in this case, the relevant TSO (in line with NC
RfG Art. 6.3).

Commented [A4]: We do not agree that assets between

25MW and 75 MW connected above 110 kV are seen as

Type D units.
eIt will result in discrimination between units connected to
the lower voltages (incl. CDS) and units connected to the
110kV grid or beyond, e.g. because the latter units are
embedded in an industrial site.
eThe FRT requirement of 200ms (CFCT) @ 0.3 p.u.
remaining voltage is already very ambitious for most
SPGMS. The requirement of type D in which 200 ms @ 0
p.u. should be withstand by the installations, is very
demanding and not even always possible. We fear that this
would deteriorate the investment climate for units > 25
MW on industrial site, whereas this is now considered as a
segment with a lot of potential for investments in
renewable generation.
oIn some regions, e.g. in ‘Boucle de I’est’, generators are
imposed to connect to 110 kV. This leads to more
expensive connection costs, but being subject to the
requirements of type D is making this involuntary situation
even worse.

Commented [A5R4]: For more information we refer to
Response of BGA (Belgian Generators Associations) to the
public consultation on maximum capacity thresholds for types
B, C and D PGM'’s, as organized by Elia
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More specifically the following requirements are proposed:




comact
+ Type D PGM having a 0-8kW < Pl
A PGM

< 1MW will follow the same requirements as type

*  TypeDPGM having 1 MW < PuaxCaracity < 25 MW will follow the same requirements as type
B PGM.

A graphical representation of the expected resulting requirements is presented in Figure 2 below.

. Type D (requir. =A)
. Type D (requir.= B)
. Type A

Type B

|
. Type C
|

Type D

0.0008 1 25 75 Mw

Figure 2 : Graphical representation of the requirements to be followed by PGM
depending on the proposed maximum capacity thresholds considering the results
of the intended derogation process.

It must be noted that the Power Park Modules (PPM), for which the connection point is located offshore
should follow the same prescriptions as type D PPM units except if specifically defined in the present
document.

2.1 Conditions for the choice of the maximum capacity
thresholds

For type C Synchronous Power Generating Modules (SPGM), stricter requirements than foreseen by
the NC RfG for which regards voltage regulations will be necessary, these requirements are already
included in the FTR for units of the same type and size (cfr Art. 72 in [4]).

Elia requests Automatic Voltage Regulation (AVR), Over Excitation Limiter (OEL), Under Excitation
Limiter (UEL) and Power System Stabilizer (PSS) functions. rThe activation and tuning of the PSS

function will be required depending on the connection point, size and the characteristic of the SPGM. |

This approach is in line with the Implementation Guidance Document, proposed and submitted by
ENTSO-e, for national implementation of the network codes on grid connection (IGD) on “Parameters
of Non-exhaustive requirements: it recommends a site specific implementation of the requirement Art.
19(2)b.(v) through individual connection contract.

Closed Distribution Systems (CDS) requirements will be aligned, to the greatest possible extent, to the
ones of Demand Facilities and DSO.

Type A Requirements

In general all frequency related parameters are being coordinated between TSOs in the CE synchronous
area to guarantee fair contribution among all control areas power generation units and overall resilience
and stability of the system. The current requirements are based on the Implementation Guideline
Documents (IGD) recently submitted to public consultation in ENTSO-e website (closed 21 Dec 2017)*.

1 https://consultations.entsoe.eu/system-development/entso-e-connection-codes-
implementationguidance-d-4/consult_view/

Commented [A6]: Tuning of the PSS may be depending of
the load and grid characteristics of a customer of the TSO.
How can we access the needed information?
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3.1.1 Frequency withstand capability [Art. 13-1 (a)]
Proposed frequency range and minimum time period are as following:

Frequency Range Duration
47,5 Hz — 48,5 Hz 30 minutes
48,5 Hz — 49,0 Hz 30 minutes |
49,0 Hz - 51,0 Hz Unlimited
51,0 Hz - 51,5 Hz 30 minutes

Note: For PGMs connected to distribution grids, the protection settings should not be conflicting with
this frequency withstand capability [unless in case of local event detection [(and not an overall power

system event).

Moreover, in application to the paragraphs 13-1 (a)(ii) and (a)(iii), duration of operation in the
frequency range from [51,5 Hz to 52,5 Hz shall be dealt with as follows:

* Ifthe TSO (Elia) is the relevant system operator:

o For units of type B, C and D this shall be agreed between the RSO (Elia) and the
generating facility owner in the connection agreement taking into consideration the
PGM’s possible technical capability.

o For units of type A, the power generating facility owner shall communicate their
technical duration capability to the RSO and put it at disposal of the RSO.

* Ifthe DSO is the relevant system operator:

o For units of type A and B the RSO shall be informed of the technical duration
capability which has to be put at disposal of the RSO. This information can be
provided during the type compliance assessment (homologation).

o For units of type C this shall be agreed between the RSO (DSO), in coordination with
the relevant TSO, and the generating facility owner in the connection agreement
taking into consideration the PGM’s possible technical capability.

3.1.2 Rate Of Change Of Frequency (ROCOF) withstand capability
[Art 13.1(b)]

The proposed RoCoF withstand capability is defined considering frequency against time profile as
duration of 500 ms. For PGM connected to Transmission Network and relying on Loss Of Main (LOM)
detection based on RoCoF measurement, the protection settings should not be conflicting with RoCoF

withstanding capabilities requirements unless in case of local event detection (and not an overall power
system event).
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Figure 3 Proposed frequency against time withstanding capabilities
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Commented [A7]: Is it possible to combine these time
windows? In other words if the frequency stays above 47,5Hz
does one needs to stay connected for 30 or 60 minutes.

For us this should be 30minutes and thus summarized to
47,5Hz — 49 Hz. As problems will occur with connected
engines and generators (increasing flux leading to heating of
the stator).

{Commented [A8]: How can frequency be local?

{Commented [A9]: Only if the PGM is capable.

Commented [A10]: Given the stability of the continental
grid, it’s unlike that the requirements for ROCOF in Belgium
are higher than in a small country like Ireland. Taking in
account the consistency of the requirements, they should be
adapted to the ones applied in Ireland, i.e. 1 Hz/s/




3.1.3 Loss tess-of Main Protection triggered by rate-of-change-of-
frequency-type [Art 13.1(b)]
For all PGM a LOM based on RoCoF may be used in coordination with the TSO.

[For PGM connected to Transmission Network and relying on LOM detection based on RoCoF
measurement, the threshold should be higher than 2 Hz/s for a duration of 500 ms, note that other
alternative LOM detection settings should not conflict with frequency withstand capabilities
requirements unless in case of local event detection (and not an overall power system event). I ,,,,,,,,,,,,,,,,,,,,,
For PGMs connected to distribution networks, a Loss of Mains protection based on a ROCOF
measurement may be prescribed by the DSO. In line with Art 13.1(b) the public DSOs in coordination
with the TSO actually prescribes a default setting of 1Hz/s. In such cases, the interface protection
disconnects the PGM before the full withstanding capability is used. Nevertheless, the public DSOs
investigate new protection strategies in order to achieve a better coordination.

3.1.4 Limited Frequency Sensitive Mode - Over frequency (LFSM-0)
[Art. 13-2 (a-g)]

Definition of the non-exhaustive requirements related to LFSM-O function are coordinated between
TSOs in the CE synchronous area. Due to the system-wide effect of frequency-related issues, a
harmonised setting of these parameters within a synchronous area is desirable. Otherwise adverse
impacts can occur, which may aggravate the emergency situations subsequent to the LFSM-O
activation. Automatic disconnection and reconnection as referred in 13-2 (b) are not allowed by
default.

Taking into consideration the system transient behaviour and the need for an adequate frequency
response reaction, the proposal addresses as well the response performance while taking into
consideration different PGM technologies.

The PGM response takes into consideration the following aspects as per the Figure 4::
*  The dead time (Td) covers the time from the frequency change event until the beginning of the
response;
»  The step response time (Tsr) covers the time from the frequency change event until the instant
until the response reaches the tolerance range for the first time;
*  The Settling time (Ts) covers the time from the frequency change event until the instant, from
where on the corresponding response remains within the tolerance band of the set value.

Value A

Set value +Tolerance |- — — — — — — A __________
Set value

Set value -Tolerance

-

Time
Tq: Dead time
Ts: Step response time
Ts: Settling time

Step
inception

Figure 4: Definition of the PGM response parameters
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Commented [A11]: LOM is a protection of the
generator in case of unwanted islanding. If the island
load is near the island production the rate of the
threshold of 2Hz/s shall be too high to detect the
islanding.

Also what about the responsibility?




The below requirements are common for all PGM:
*  The droop setting is 5 % and selectable within the range 2% and 12%;
»  Frequency activation threshold 50.2 Hz;

+ Dead time: by default as fast as technically possible (no intentional delay), specific provisions
could be applicable in agreement with the TSO;

*  Once the minimum regulating level is reached, the operation mode shall be continued at the
same level (no further decrease for further frequency increase).

NC RfG allows two options for defining Pref for power park modules: either Pmax or the actual active
power output at the moment the LFSM threshold is reached. In order to achieve an equitable active power
response to a high or low frequency event (regardless of the number of power generating modules in
operation) the reference active power Pref is therefore assigned based on the expected capacity operation:
«  Prefis by default the actual active (at the moment of activation) for PPM.
«  Pref can be alternatively defined as Pmax for PPM expected to operate mostly at or near
maximum capacity (example for offshore wind farms connected to Transmission Network);

For SPGM:

Parameters (SPGM)

For power increase |

For power decrease

Step response time

< 5 minutes for an increase of active
power of 20 % Pmax (a slow reaction
is not applicable in the case of an
increase shortly —few second-
following a decrease phase)

< 8 seconds for a decrease of active
power of 45% Pmax

Commented [A12]: We do not understand an increase
of power at overfrequency

Settling time < 6 minutes for an increase of active < 30 seconds for a decrease of active
power (a slow reaction is not power
applicable in the case of an increase
shortly —few second- following a
decrease phase)
For PPM:
Parameters (PPM) \For power increase | For power decrease

Step response time

For wind generation:
K 5 seconds for an increase of active
power of 20 % Pmax |

< 2 seconds for a decrease of active
power of 50 % Pmax

Commented [A13]: We do not understand an increase
of power at underfrequency

For the rest:

Commented [A14]: This should be ‘< 5 seconds for an
increase of active power of 20 % Pmax if the current
active power is above 50% of maximum power. At
operating points below 50% of maximum power a
slower reaction may apply”

(see https://docstore.entsoe.eu/Documents/Network %2
0codes%20documents/NC%20RfG/IGD_LFSM-O-
U_final.pdf)

Public consultation
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< 10 seconds for an increase of active
power of 50 % Pmax

Settling time <30 seconds for an increase of active | < 20 seconds for a decrease of active
power power

3.1.5 Admissible maximum power reduction jwith falling frequency |

Cc ted [A15]: Not for CHP of type A,B or C

[Art. 13-4]

|

48 485 49 49.5 50 f[H]

| 2%

/ 5%

= = Transient domain R
between t1 et t2 /

. . Steady state .
domain up to t3 /

110%

Figure 5 Maximum admissible active power reduction from maximum output for
transient and steady state domains

In order to take into consideration system needs and technology limitations, two profiles are
covering separately transient domain and steady state domain. In case no technical limitation?
to maintain active power are existing, active power reduction is not acceptable. Table 1 covers
the requirement during the transient period where the PGM are expected to respect the limit
of 2 % active power reduction per Hz from maximum output for a duration up to 30 seconds

according to RfG art 6.4 (embedded generation)

Commented [A16]: According to IGD on P at low f :
Furthermore, the verification of compliance might be
complex and shall be agreed with the power generating
facility owner case by case. This idea is missing.

Cc ted [A17]: The maximum admissible active

this would allow other frequency control means to act. During the steady state period, the
PGM are allowed if needed to reduce the active power from maximum power output
respecting the limit of 10% / Hz.

Table 1 Maximum admissible active power reduction from maximum output
requirements

Parameter Requirement
Frequency threshold 49 Hz
. . Slope 2%/ Hz
Transient domain 1 <72 seconds
t2 30 seconds
Frequency threshold 49.5 Hz
Steady state domain Slope 10 % / Hz
t3 30 minutes

The standard Lapplicable ambient conditions re defined as following:

power reduction from maximum output in the transient
domain is set at 2 % per Hz. This is a really challenging
requirement for SPGM and we recommend to increase this
value to 10 % per Hz.

Cc ted [A18]: The proposed standard ambient

2 Typically PPM do not have inherent limitations resulting in active power reduction from

maximum output

conditions have a negative impact on the physical capabilities
of gas turbines. The reference temperature should be adapted
to 0°C. EUTurbines has already addressed this point during
the 3" ENTSO-E workshop on frequirency requirements.
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*  Temperature: 25 °C
+ Altitude between 400 m and 500 m
*  Humidity: between 15 and 20 g H-0O/Kg

3.1.6 Logical interface to cease active power injection [Art 13-6]
The right to request additional equipment to achieve [remote control of the logical interface will be

asserted by the relevant system operator in due time.

3.1.7 |Automatic connection [Art 13-7]

|

Cc ted [A19]: Who will bring this signal at the
site? More details are mandatory

Cc ted [A20]: What is the difference between

Automatic connection is allowed for all Units of Type A and for units of Type B for which the DSO is
the RSO providing the following conditions are satisfied:
1. Frequency to be within 49.9 Hz and 50.1 Hzj; and

automatic connection and automatic reconnection?
How can a generator type A see the difference.

Cc ted [A21]: Too small for reconnection in a

2. Voltage to be within 0.85 Un and 1.10 Un; and
3. Minimum observation time where the above conditions are satisfied of 60 seconds

Following connection adjustable limitation of the gradient of active power increase <=20 % of
Pmax/minutes is applicable to be fixed as per operational requirement.

When automatically reconnecting following a network disturbance, the maximum admissible gradient in
active power output is [10% of Pmax/min. |

restoration status of the system given the waiting time
of 60 sec.

Cc ted [A22]: How to make the distinction with

For other types (Type B connected to transmission system, Type C), automatic connection is subject to
individual authorization to be fixed in their individual connection contracts.
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the previous value of 20%. In practice this will be the
same value.




4 Type B Requirements
In addition to the requirements for type A, the following is requested.
4.1 Frequency stability and active power management

4.1.1 Remote control reduction of active power [Art 14 -2]
The right to request additional equipment to allow active power to be femotely operated jwill be asserted

Cc ted [A23]: By whom? How at E&R when

by the relevant system operator in due time.

4.1.1 Automatic reconnection [Art 14-4 (a-b)]

As referred in 14-4 (a) the conditions under which the PGM is capable of reconnecting are defined as
following:
1. Frequency within 49.9 Hz and 50.1 Hz; and
2. Voltage within 0.90 U, and 1.10 Uy; and
3. Minimum observation time where the above conditions are satisfied of 60 seconds
4. When reconnecting after a disconnection caused by a network disturbance, a maximum
ramping of 10 % Pmax per minute is allowed.

[For PGM units of Types B, C and D for which the TSO is the RSO, installation and operation of automatic
reconnection are prohibited and subject to authorization in their individual connection contracts on a case

internet is down?

by case level. For PGMs of Type B for which the DSO is the RSO, the automatic reconnection is allowed
as per the defined conditions. |

4.2 Instrumentation [Art 14-5]

4.2.1 Structural data: control and electrical protection schemes and
settings [Art 14-5 (a + b)]

This specification is a site specific one: it is to be agreed during the connection process with the
relevant system operator (he might be the (C)DSO or EHaTSO) on a case by case level and fixed
in the individual connection contract.

4.2.2 Information exchanges [Art 14-5(d)]

4.2.2.1 Real-time measurements |

Commented [A24]: RfG allows for type B and C an
automatic reconnection under conditions defined by
TSO.

Conflict with RfG?

Commented [A25]: TSO commits in general to mobilize
all his possible means to reconnect a generator to the
grid as soon as technically possible.

How can this be verified by the grid user?

Requirements :

PPGM Type B connected to TSO and DSO|

Cc ted [A26]: General: The measurement points,
the metering points must be in line with the billing of
the ancillary products and also the obligation points of
the capabilities requirements of the PGM.

- position of the circuit breakers at the connection point (or another point of interaction agreed with
the TSO/DSO);

- active and reactive power at the connection point (or another point of interaction agreed with the
TSO/DSO); and |

- net active and reactive power of power generating facility in the case of power generating facility
with consumption other than auxiliary consumption.

In case of technical infeasibility to communicate this information, gross active and reactive power
of power generating facility could be accepted but it has to be agreed during the connection
process with the relevant system operator (it might be the (C)DSO or TSO) on a case by case level
and fixed in the individual connection contract.

Commented [A27]: Real-time measurements should not be
asked from PGM if they are not used in the TSO/DSO’s
SCADA. One should avoid duplication of communication
lines and IT systems to send twice the same (or similar)
information: it should be clarified when data is acquired by
TSO/DSO or sent by grid user, but not both at the same time.

Commented [A28]: The connection point belongs to
TSO/DSO. The PGM cannot be responsible for those
measurements. Why to mention this?
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T TS0
Active & reactive power |
I O

Type B, C, D

Net active & reactive Power

AUX
(LOAD)

Commented [A29]: This drawing is too simplistic. What
about step-up transformers?

Figure 6: Clarification of the concept of net|and gross measurement.

Real-time measurement is defined as a measurement (representation of the current state of a facility) that
is refreshed at a rate higher (faster frequency of refreshing) than one minute.

For data related to automatic load-frequency control processes & flexible generation, it shall not be longer
than 10 s.

For other purposes, it shall be as fast as possible and, in any case, not longer than one minute.

Note that other real-time measurements [could be required py the relevant system operator(s) depending

Commented [A30]: Precise format needed. Proposal
for a standard : 4 -20mA

Will it be possible for a third party to install such a
meter?

on the location of the PGM and type of prime mover.
During the connection procedure of the unit, the exact list of signals to exchange, the communication
protocols and infrastructure requirements are communicated \by the relevant system operator. |

Cc ted [A31]: This is too broad. Criteria's are
required (technical/financial/...)

{r. ted [A32]: No, one unique format is desired. }

4.3 Type B - SPGM Requirements

4.3.1 Reactive power capabilities - SPGM [Art 17-2(a)]

For TSO connected units, the required reactive capabilities should be met at the HV side of the step up
transformer if existing; otherwise it should be met at the alternator terminals.

For public DSOs, the required reactive capabilities should be met at the Point of Connection with the
public network.

For SPGMs of type B, the requirement for the reactive power provision capability is determined by the
QI/P profile represented in Figure 7 where the limitations are based on nominal current at high active
power output and by a reactive power (Q) limited to -33% and +33% of Pp, where Pp is the maximum
active power that can be produced in case of the maximum requested reactive power output (hence equal
to 0.95*Snom).

With respect to voltages different from 1pu, the required U/U-Q/Pp profile is represented in Figure 8.

Note that the effective resulting available capability of the SPGM at the connection point (that might be
different than the one a at the SPGM terminals) should be communicated, demonstrated and put at
disposal of the relevant system operator during the connection procedure.

The owner of the SPGM is not allowed to refuse the use of the reactive capability without a technical
justification. The unit is therefore expected to not limit its capabilities to comply with the minimum
requirement but to use the full capability to support the system stability as stated in its agreement.
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(under-excited) (over-excited)

Figure 7: Capability curve for SPGM type B

U/UC Due to the rated current limit, the active
A power in this area can be smaller than Po
110 n (I=l.sy=constant)
Area is limited by the curve:
QP = V((UMU,/0,9/0,95)-1)

0,33 0,33 Q/Po

\Q@o ‘A
Absorption of reactive energy Provision of reactive energy
(under-excited) (over-excited)

Figure 8: U/Uc-Q/PD profile for type B SPGM in order to visualize reactive power
requirements for voltages different from [1pu.

I Minimum requirement

Design freedom area

Commented [A33]: Figure is drafted for terminals of
alternator. Not at the HV side of the step up
transformer.

Commented [A34]: The limitations of the AVR
limiter/underexcitation protection (or Q32) are not indicated
on the most P/Q-capacity diagrams of generators. Those
protections add additional limitations on the P/Q capacity of
the generation and shall be taken into account for the
extended capabilities.

4.3.2 Voltage Control SPGM type B [Art 17-2 (b)]
With regards to the voltage control system, a synchronous power-generating module (SPGM) of type B

Cc ted [A35]: Value of 1 pu is for each voltage
level?
Cc ted [A36]: Which voltage to control?

shall be equipped with a \permanent automatic excitation control system [that can provide constant

alternator terminal voltage at a remotely selectable setpoint without instability over the entire operating
range of the synchronous power-generating module. This means that this SPGM shall be capable to
control voltage with 2 control modi:

*  [Qfix: maintain a constant reactive power within the P/Q capabilities of Figure 7. |

Generator or step-up HV? AVR (=automatic voltage
controller, incorporated in generator control system)
either controls generator voltage at fixed setpoint (
adjustable), or generator Q setpoint. always within
generator capability limitations. Q is not allowed by RfG.

*  Q(U): maintain a constant alternator voltage within the P/Q capabilities of Figure 7.
»  Forall those control modes the setpoint should be remotely selectable.

Note: Other reactive power control modi that are needed for local distribution management may be
requested by the DSO.

4.3.3 Fault-ride through for symmetrical and asymmetrical faults for
SPGM [Art 14-3]

This requirement should be met at the connection point

The SPGM should be able to support the network during fast transient voltages and network shortcircuits
for which the profile of the voltage versus time is referred as Fault-Ride-Through (FRT). SPGM shall
fulfil the requirements in the figure below, where the SPGM shall remain connected to the grid as long
as the voltage of the phase having the lower voltage is above the profile.

It is recommended however to remain connected as long as the technical capability of the PGM would
allow. The same profile applies for asymmetrical faults.

Commented [A37]: This notion needs to be further
clarified. ‘Permanent’ might refer to permanent magnet
excitation system (PMG) which must be ordered separately
for the generators. Therefore, this definition needs
clarification or we need to know which kind of excitation
sources are allowed, e.g. auxiliary winding, PMG, etc.

Commented [A38]: Should be measured at the
alternator, not the HV side of the transfo.
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The proposed Fault-Ride-Through parameters are presented in the figure below.

A voltage U=1 pu represents the rated voltage (phase-to-phase) at the connection point.

Fault-ride-through profile for Type B & C SPGM
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Figure 9: FRT requirement for SPGM type B and C

Tabel 2 : Parameters of the FRT requirements for SPGM of type B and C.

Voltage parameters Time

[pu] parameters
[seconds]

Uree= 0.3 tclear=0.2 |

Uclear= 0.7 trecl =tciear

Urec1= 0.7 trec2 =0.7

Urec2 = 0.9 trec3=1.5

The parameters considered for Fault-Ride-Through capability calculations (e.g. pre and post fault short
circuit capacity, pre-fault operating point of the SPGM...) are communicated by the TSO on request of

Commented [A39]: General requirement in the RfG is
0.14 - 0.15 in Table 3.1. Exception is 0.14-0.25 but it
has to be justified by TSO. So justification from ELIA is
mandatory demonstrating the necessity of this
requirement for the secure and safe operation of the
grid.

the power-generating facility owner during the connection process.

According to Art 14 3. (a) (vii), the relevant system operator can specify narrower settings for minimum

voltage protection.

4.3.4 Post-fault active power recovery - SPGM [Art 17-3]
It is required that SPGM of Type B are able to provide post-fault active power recovery.

For distribution connected SPGMs of type B for which the public DSO is the relevant system operator,
the proposed default post fault active power recovery requirement is [90% of pre-fault power within 3
seconds| Another site specific specification is to be agreed during the connection process with the DSO in

Cc ted [A40]: The pre- and post-conditions of the
FRT capabilities should be know before the generator is
ordered. Therefore, we recommend to publish those
conditions.

coordination with the TSO.

Cc ted [A41]: This is only possible in full load. If
the GT would run part load the IVG will play part resulting in
a slower reaction, when returning to low Nox mode.
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For all other SPGMs, the values of the magnitude and time for the active power recovery will be a site

specific specification: it is to be agreed during the connection process with the TSO on a case by case
level and fixed in the individual connection contract.

4.4 Type B - PPM Requirements

4.4.1 Fault-ride through for symmetrical and asymmetrical faults -
PPM [Art 14.3]

This requirement should be met at the connection point.

The PPM unit should be able to support the network during fast transient voltages and network
shortcircuits for which the profile of the voltage versus time is referred as Fault-Ride-Through (FRT).
PPM shall fulfil the requirements in Figure 2010 (the evolution of the minimum voltage at the
Connection Point), where the PPM shall remain connected to the grid as long as the voltage of the phase
having the lower voltage is above the profile of Figure 1010. It is recommended however to remain
connected as long as the technical capability of the PPM would allow it. The same profile applies for
asymmetrical faults.

The proposed fault-ride-through parameters are presented in Table 3.

A voltage [U=1 pul represents the rated voltage (phase-to-phase) at the connection point. [r ted [A42]: Value of 1 pu is missing.

Fault-ride-through profile forType B&C PPM
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Figure 10: FRT requirement for PPM type B and C

Tabel 3 : Parameters of the FRT requirements for PPM of type B and C.
Voltage parameters [pu] | Time parameters
[seconds]

Uret=Uclear=Uret1=0.15 f(clear=trec1=trec2= 0.2 \

{Commented [A43]: See above as for SPGMs

Urec2 =0.85 trec3=1.5

According to Art 14 3. (a) (vii), the relevant system operator can specify narrower settings for minimum
voltage protection..
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4.4.2 Reactive capabilities - PPM [Art 20-2(a)]

The required reactive capabilities should be met at the HV side of the step up transformer if existing;
otherwise they should be met at the inverter terminals.

For PPMs of type B, the requirement for the reactive power provision capability is determined by the Q-
P profile represented in Figure 11 where the limitations are based on nominal current at high active power
output and by a power factor (cos(phi)) defined by the 2 points at Q= -33% and +33% of Pp, where Pp is
the maximum active power that can be produced in case of the maximum requested reactive power output
(hence equal to 0.95*Snom).

With respect to voltages different from 1pu, the required U/U.-Q/Pp profile is represented in Figure 12.
Note that the effective resulting available capability of the PPM at the connection point (that can be

different than the one a at the PPM terminal) should be communicated, demonstrated and put at disposal
of the relevant system operator during the connection procedure.

The owner of the PPM is not allowed to refuse the use of the reactive capability Mithout a technical
justification. The unit is therefore expected to not limit its capabilities to comply with the minimum

requirement but to use the full capability to support the system stability as stated in its agreement.

In case the PPM unit has already the capability of voltage regulation, it should not refuse the relevant
system operator to make use of this capability of voltage regulation. In this case, the settings of the
controllers should be agreed with the relevant system operator.

o
v
o

-0,33 0 0,33
Absorption of reactive energy Provision of reactive energy
(under-excited) (over-excited)

Figure 11: Capability curve for PPM type B
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Cc ted [A44]: Other than technical reasons need to
be accepted as well.

I Minimum requirement
Design freedom area



U/UC Due to the rated current limit, the active
A power in this area can be smaller than Pp
110 n (I=lsy=constant)
< Area is limited by the curve:
QIP; = V((U/U,/0,9/0,95)*-1)

033 033

e 4

Absorption of reactive energy
(under-excited)

Q/Pp

Provision of reactive energy
(over-excited)

Figure 12: U/U-Q/Po profile for type B PPM in order to visualize reactive power
requirements for voltages different from 1pu.

Note: [The control modi [that are needed for local distribution management may be requested by the DSO.

4.4.3 Fault Current & dynamic voltage support [Art 20-2 (b and c)]

The PPM unit shall be able to inject/absorb additional reactive current compared to the pre-fault state
during low and high voltage conditions up to the maximum of its capability.

The additional injected/absorbed reactive current shall be function of the positive sequence voltage at the
connection point.

The requested additional reactive current characteristic injection is illustrated in Figure 13.

For voltages within the deadband [ AV, AV2] the PPM unit should follow the normal voltage control
mode.

The injection or absorption of additional reactive current shall be delivered by the PPM with a minimal
delay from the detection of the bverl/undervoltage, tigect .The functionality should remain active for a

minimum time of teo and can be deactivated if the voltage returns and remains within [ AV, AV2<]

) ¢ofr
for a time longer than “1a .
The parameters of this functionality lying within the normal operational range of the installation as well
as the delays of activation, dead band and duration of the activation are to be agreed during the connection
process on a case by case level nd fixed in the individual connection contract with the relevant system

operator (it might be the CDSO or [Elid) in coordination with the relevant TSO. These parameters are thus

a site specific requirements.

| prepfault
q

| B E il
0% O pregfauit
q

| MAX
q

0

ACT MAX
Vs DYD

| \/ qV Pregfaut
| I:IV O \/ Pregfault

min |
lq

Commented [A45]: With this sentence a lot of different
control modi are possibly. Requirements should be reduced
to the European common control modi which are defined in
the Cenelec EN 50549-2.

{ Commented [A46]:

Commented [A47]: What is the link between over voltage
and fault current?

|
|

Commented [A48]: This requirement (different k-factor
with regard to overvoltage and undervoltage) is rather
unusual compared to international standards. For the
definition of the dynamic grid support please refer to
Cenelec 50459-2 also for connections of Type C and Type D.
If studies prove that different k-factors are needed for a
secure network operation, manufacturers should be given
more time (at least two years) to implement this function.
This is possible because this function is not an exhaustive
requirement from the RfG.

The use of a deadband should be possible for Wind turbines
that are not able to behave like conventional power plants
with a continuous voltage control. The standard requirement
should be a voltage control without deadband with a
continuous voltage control.

{Commented [A49]: RSO or TSO? Quid DSO?

Commented [A50]: Information from Vestas V126
mentions only voltage drops, no increases.

Commented [A51R50]: 9.6.1 Symmetrical Reactive
Current Contribution

During symmetrical voltage dips, the wind farm will inject
reactive current to support the grid voltage. The reactive
current injected is a function of the measured grid voltage.

Reactive current injec!
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Figure 9-6: Reactive current injection

Figure 13: Injection of additional reactive current

For the reliable detection of asymmetric faults, the PPM unit shall contribute to the fault with positive,
negative and zero-sequence current. [The short-circuit contribution is to be agreed| during the connection
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Cc ted [A52]: We do not inject a zero sequence. | do
not see how this is physically possible through a
transformer! In Germany the grid codes even forbids to
inject a zero sequence.

Proposal: delete the word “zero-sequence.

( commented [A53]: What are the criteria?




process on a case by case level and fixed in the individual connection contract with the relevant system
operator (it might be the CDSO or [Elid) in coordination with the relevant TSO. This parameter is thus a

site specific requirement.

For Type B generating units connected to distribution networks, the DSO intends to refer to the
requirement in the future European standard EN50549-2.

4.4.4 Post-fault active power recovery [Art 20-3]

For PPMs connected to TSO, the parameters of this functionality and its activation should be agreed
during the connection process with the relevant TSO on a case by case approach and fixed in the
individual connection contract. These parameters are thus a site specific requirement.

For distribution connected PPMs of type B for which the public DSO is the relevant system operator, the
proposed default post fault active power recovery requirement is 90% of pre-fault power within 1
seconds. Another site specific specification is to be agreed during the connection process with the DSO
in coordination with the TSO.
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Commented [A54]: RSO or TSO? Quid DSO?




5 Type C Requirements

[In addition to the specifications for type B, the following is requested. |

5.1 Frequency stability & Active Power management

5.1.1 Active Power Controllability and Control Range [Art. 15-2 (ab)]

The relevant TSO shall establish the period within which the adjusted active power set point must be
reached. The relevant TSO shall specify a tolerance (subject to the availability of the prime mover
resource) applying to the new setpoint and the time within which it must be reached ash shown in the
figure below.

The minimum period to reach the active power setpoint would be defined in the connection contract as
per the technical ramping capabilities. Therefore, dependent on the technology, it is agreed during the
connection process on a case by case level and fixed in the individual connection contract with the
relevant system operator. These parameters are thus a site specific requirement.

Setpoint tolerance

Active power setpoint [ == =timmmfimm s N = m o/ P

Initial active
power setpoint

Ts: Time setpoint to be
reached

Figure 14 : Tolerance and time duration for application of new set point of active
power

With respect to local measures where the automatic remote evice is out of service, the minimum time

for the setpoint to be reached is equal to 15 minutes for a tolerance of 10% of the active power setpoint.

5.1.2 Limited frequency sensitive mode - under frequency (LFSM-U)
[Art. 15-2 (c)]
Similarly to the LFSM-O requirements, in order to take into consideration the system transient behaviour

and the need for an adequate frequency response reaction, the proposal addresses as well the response
performance while taking into consideration different PGM technologies!

The below requirements are common for all PGM:
»  The droop setting is 5 % and selectable within the range 2% and 12%;
*  Frequency activation threshold 49.8 Hz;
»  Dead time: as fast as technically possible, no intentional delay is foreseen.

NC RfG allows for two options for defining Pref for power park modules: either Pmax or the actual active
power output at the moment the LFSM threshold is reached. In order to achieve an equitable active power
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Cc ted [A55]: Change to “in addition to relevant
requirements for...” Some requirements are not
relevant for C or even contradictory

Commented [A56]: If remote control is out of service a
time of 15 minutes is impossible for unmanned PGMs.

Commented [A57R56]: RfG demands the regulators’
approval for determining these 15 minutes.

Art.15.2.c..ii (ambient temperatures;availability of
primary energy sources)

Commented [A58]: Missing condition according to RfG




response to a high or low frequency event (regardless of the number of power generating modules in

operation) the reference active power Pref is therefore assigned:
»  Prefis by default the actual active (at the moment of activation) for PPM.

»  Pref can be alternatively defined as Pmax for PPM expected to operate mostly at or near

maximum capacity (example for offshore wind farms connected to Transmission Network);

For SPGM:

Parameters (SPGM)

For power increase

For power decrease

[r- ted [A59]: Not applicable at low frequency

Step response time

< 5 minutes for an increase of active
power of 20 % Pmax (a slow reaction
is not applicable in the case of an
increase shortly —few second-
following a decrease phase)

< 8 seconds for a decrease of active
power of 45% Pmax

Settling time < 6 minutes for an increase of active < 30 seconds for a decrease of active
power (a slow reaction is not power
applicable in the case of an increase
shortly —few second- following a
decrease phase)
For PPM:

Parameters (PPM)

For power increase

[For power decrease |

J

Step response time

[For wind generation:
< b seconds rfor an increase of active

<2 seconds for a decrease of active

power of 20 % Pmax|

power of 50 % Pmax

For the rest:

< 10 seconds for an increase of active
power of 50 % Pmax

Settling time

<30 seconds for an increase of active
power

<20 seconds for a decrease of active
power

5.1.3 Frequency Sensitive Mode [Art. 15.2.d]

The setting parameters for the frequency sensitive mode are summarized in below:

Public consultation
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{ Cc ted [A60]: Not applicable at low frequency

Commented [A61]: Impossible for wind due to
pitching.

o J

Commented [A62]: The text must be replaced by the
following

‘For wind generation :

- <=5 seconds for an increase of active power dP <=20%Pn.
This applies depending on the available primary energy and
for Pactual>=50%Pn.

- For Pactual<50%Pn, the rise time has to be as fast as
possible (according to the technical possibilities as given by
the manufacturers).”

Explanation : in the case of wind energy, ability of the wind
turbines to increase the active power is greatly depending on
the actual active power, and in the wind condition. At low
actual power (or low wind) the response time is longer.




Parameters Values and ranges

Active power range A range between 2% and 10%
|AP1|/Pmax

[Frequency response |Afif|[Maximum 10 mHz
insensitivity

Maximum 0,02 %

[Afi)

Frequency response deadban]0 mHz and adjustable between 0 et 500 mHz (a combined response insensitivity, pessible-delay |
and response dead band shall be limited to 10 mHz)

Droop S: [Adjustable between 2% and 12% to guaranty a full activation |[AP1|/Pmax for the maximum frequen
activation (200 mHz)
= R EEHIERT Commented [A63]: We prefer that the current values are
c maintained.
AP o
Fosx
Az

P

max

Figure 15 Active power response capability

With respect to the paragraph 15.2.(d).iii, the requirements in term of time response characteristics as
described in the Figure 4 are defined as below:

* t1: Maximum 2 seconds for PGM with inherent inertia and Maximum 500 milliseconds for
PGM without inherent inertia

*  t2: Maximum 30 seconds (15 seconds for 50% of full active power activation)

»  full activation duration: minimum 15 minutes

5.1.4 Frequency restoration control [Art 15-2.e]

Specifications aligned with synchronous area TSOs in compliance with the System Operation Guidelines
(Articles 154, 158, 161, 165) [9] and currently applicable requirement of Elia, are to be agreed during
the connection process with the relevant system operator (it might be the (C)DSO or Elia) on a case by
case level and fixed in the individual connection contract.

5.1.5 Real-time monitoring of FSM [Art 15-2.g]

Defined coherently as per the System Operation Guidelines (Article 47) [9] and currently applicable
requirement of Elia are to be agreed during the connection process with the relevant system operator (it

might be the (C)DSO or Elia) on a case by case level and ffixed in the individual connection contract. | Commented [A64]: To add : respecting arguments (or

rules) regarding cyber security.

5.1.6 Automatic disconnection for voltage outside ranges [Art 15-3]
The automatic disconnection due to voltage level is not requested in a generic manner.
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This requirement is considered site specific. The activation, values and settings of this functionality
should be agreed during the connection process by the relevant system operator in coordination with the
relevant TSO on a case by case level and fixed in the individual connection contract with the relevant
system operator. The grid user will have to validate the settings of the disconnection relays with the
relevant TSO.

Automatic reconnection to the network after a disconnection is not allowed and should be coordinated
with the relevant TSO.

5.1.7 Rates of change of active power output [Art 15-6(e)]
Minimum and maximum active power ramping \Iimits\ (upward and downward) should be agreed during

Cc ted [A65]: Incorrect wording: ‘power ramping

the connection process by the relevant system operator in coordination with the relevant TSO on a case
by case level and fixed in the individual connection contract with the relevant system operator. The
ramping limits are to be defined site specifically taking into consideration the prime mover technology
in compliance the System Operation Guidelines [[9]\. These limits are to be defined by the relevant system

operator in coordination with the TSO.

5.2 System restoration [Art 15-5]

Different from the current Federal Grid Code [4], the NC RfG asks for more strict behaviour for system
restoration.

5.2.1 Capability to take part in island operation [Art 15.5(b)]

The PGMs of type C are not required to take part to island operation. [Nevertheless they are required to
be able to trip to houseload and be able to quick-resynchronize as specified in 15-5(c). |

|

limits’ should be replaced by ‘power ramping rates’.

|

Commented [A66]: Legal reference not correct.
To add : GL SO Art.137.4

C ted [A67]: Not acceptable, a remuneration is

5.2.2 Quick resynchronization capability [Art 15-5(c)]

More specifically with regard to quick re-synchronisation capability:

i. In case of disconnection of the power-generating module from the network, the
powergenerating module shall be capable of quick re-synchronization in line with the
protection strategy agreed between the relevant system operator in coordination with the
relevant TSO and the power-generating facility.

The quick re-synchronization strategy is to be agreed with the relevant TSO on a case by case
basis.

ii. A power-generating module with a minimum re-synchronization time greater than 15 minutes
after its disconnection from any external power supply |must be designed to trip to houseload
from any operating point [in its P-Q-capability diagram. In this case, the identification of

required before offering such capabilities. See remark at the
introduction regarding RfG art 1.

{

Cc ted [A68]: See earlier remark.

houseload operation must |not be based solely on the system operator's switchgear position

signals.

The strategy of identification of houseload operation is to be agreed with the relevant TSO on a
case by case basis.

iii. Power-generating modules shall be capable of continuing operation following tripping to
houseload, irrespective of any auxiliary connection to the external networkl. The minimum operation time

shall be specified by the relevant system operator in coordination with the relevant TSO, taking into
consideration the specific characteristics of prime mover technology.
For PGMs connected to TSO network, the minimum operation time is to be defined during the
connection process.

5.3 Instrumentation, simulation and protection

5.3.1 Loss of angular stability or loss of excitation leentret-[Art 15.6(a)]

(

Commented [A69]: What are the other criteria?

Commented [A70]: Not according to RfG : only
imposed in case the re-synchronisation takes more than
15 minutes.

See also point ii.

{

Cc ted [A71]:

The power generating facility owner and the relevant system operator in coordination with the TSO shall
agree during the connection proces about the criteria to detect loss of angular stability or loss of control
and consequent disconnection of the unit. [These parameters will be taken in the appendices of the
individual connection agreement. |

Public consultation Proposal General Requirements RfG Page 24 of 33

|

Commented [A72]: What in case no agreement can be
reached?




5.3.2 Instrumentation [Art 15.6(b)]

The quality of supply parameters, the triggers for activation of fault recorders and power oscillation and
relative sampling rates and the modality of access to the recorded data is to be defined in agreement with
the TSO and/or relevant system operator (in accordance with art 15-6) during the connection process.
h’hese parameters will be taken in the appendices of the individual connection agreement. |

C

ted [A73]: What in case no agreement can be

5.3.3 Simulation models [Art 15.6(c)]

Simulation models able to reflect the behaviour of the power generating module in steady state and
electromechanical dynamic simulation (phasor-based) are required by ELIA for all units. A model to
represent Electro Magnetic Transient phenomena can be required on a site specific base for every
concerned unit.

The format of the model, as well the provision of documentation and short circuit capacity should be
coordinated by the relevant system operator with the TSO during the connection process. [These
parameters will be taken in the appendices of the individual connection agreement. |

reached?

Cc

ted [A74]: What in case no agreement can be

5.3.4 Devices for system operation and security [Art 15.6(d)]

The installation of additional devices for system operation and security should be agreed between the
RSO or TSO and the PGFO on a site specific base.

5.3.5 Earthing of the neutral point at the network side of the step-up
transformer [Art 15.6(f)]

The relevant system operator shall specify the earthing arrangement of the neutral-point at the network
side of step-up transformers during connection process. These parameters will be taken in the appendices
of the individual connection agreement.

5.4 Voltage control mode (for SPGM and PPM) [Art 19-2(a)
and Art 21.3(d)]

This requirement should be met at the connection point.
By default the control mode is a voltage droop/slope mode. However site specific (during the grid
conformity process with the relevant system operato; e.g. EDS) a different control mode can be

reached?

{r.

ted [A75]: Who is EDS?

requested/agreed.
These specifications are given in line with the FGC Art. 69. The power generating modules of types C
and D are considered \regulating units, They must be able to adapt their reactive power injected at the

ted [A76]: Definition?

connection point:

»  Automatically in case of slow or fast variations of the grid voltage. This has to happen according
to a reactive droop (FGC Art. 73);

»  Through change of the controller setpoint on request of the Transmission System Operator. This
request is quantified in MVVAr measured at the connection point. The change of setpoint shall
be initiated immediately after reception of the request;

»  Reactive power exchange with the TSO network to control the voltage covering at least the 0.90
to 1.10 pu voltage range should be in steps not greater than 0.01 pu;

*  The reactive power output shall be zero when the grid voltage value at the connection point
equals the voltage setpoint.

Upcc (p.u.)
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Figure 16 : Principle of the voltage and reactive power control

Automatic voltage control has to fulfil a reactive droop requirement (Figure 16). On request of the
Transmission System Operator, the setpoint of the controller can be modified in real-time, and the
operating point is to be shifted to a parallel line (dashed) with the same slope (illustrated in Figure 156).
The control loop gain will be agreed between the Transmission System Operator and the PGM operator
(before first energization) so that a_eq lies between 18 and 25, as expressed in the following:

O 0OQnet O
o0

0_eq EIEIQJOAS‘EI PnomO

O OUnet 0O

O00Unorm,exp OO0

Where

e Unet is the voltage measured at the Connection Point

* Unorm,exp 1S the normal exploitation voltage at the Connection Point

* Qe is the injected reactive power measured at the Connection Point

5.5 Type C SPGM Requirements

5.5.1 Reactive power capability SPGMs [Art 18-2]
This requirement should be met at the connection point. |

Commented [A77]: This is a value from the old law
and has to be modified in coherence with the current
requirements for reactive power

All SPGMs of type C (and type D) should be compliant with the requested reactive power capabilities of
the U-Q/Pmax diagram in Figure 17. For every connection demand, it should be proven that the SPGM
is able to operate within the range shown in the figure below. The maximum voltage value [of 1.118pu[
should be considered as 1.05pu in case of connection to voltage level above 300kV.

Note that the available capability of the SPGM (which could be wider than the minimum requirement)
should be communicated, demonstrated and put at disposal of the relevant system operator.

The owner of the SPGM is not allowed to refuse the use of the reactive capability without a technical
justification. The unit is therefore expected to not limit its capabilities to comply with the minimum
requirement but to use the full capability to support the system stability as stated in its agreement. The
SPGM should be in state to deliver the reactive capacity shown in figure above for the whole operating
range of active power, conform to art 18.2(c).

The speed of reaction within the capability curve is site specific and will be determined during the
connection comformity process (e.g. EDS) and specified in the contractual agreement.
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Commented [A78]: For consistency best to change to:
the required reactive capabilities should be met at the
HV side of the step up transformer if existing; otherwise
it should be met at the alternator terminals

In addition Art.18.2 of RfG indicating the additional
reactive power needed for compensation for the HV-line
between the connection point and the HV-terminals
shall be provided by the responsible owner of that line.
The owner in Belgium is always ELIA.

Commented [A79]: RfG (figure 7) imposes a max.
value of 1.1 pu.
To correct.
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Figure 17: |Capability curve for SPGM type C and D.

5.5.2 Voltage control requirements for SPGM type C

The proposed requirements for voltage control for type C units are in line with the current federal grid
code (Art. 75) [4] for which regards the functionalities and parameter settings of the automatic voltage
regulator with regard to steady-state voltage and transient voltage control and the specifications
and performance of the excitation control system. The functionality shall include:

- bandwidth limitation of the output signal to ensure that the highest frequency of
response cannot excite torsional oscillations on other power-generating modules
connected to the network;

- an underexcitation limiter to prevent the AVR from reducing the alternator excitation
to a level which would endanger synchronous stability;

- an overexcitation limiter to ensure that the alternator excitation is not limited to less
than the maximum value that can be achieved whilst ensuring that the synchronous
power-generating module is operating within its design limits;

- a stator current limiter;

- a Power System Stabilizer (PSS) functionto attenuate power oscillations, requested
by the relevant TSO (i.e. the activation and tuning of the PSS function
will be agreed depending on the connection point, size and the characteristic of the
SPGM).

5.6 Type C PPM Requirements

5.6.1 Synthetic inertia for PPM [Art 21-2]

Synthetic inertia functionality is not required for the current Grid Code implementation due low maturity
of the available technology and limitations in term of minimum time response which could result in
adverse effects.

5.6.2 Reactive capabilities - PPM [Art 21-3(a-c)]
This requirement should be met at the connection point. |

A PPM of type C shall be capable to deliver reactive power within the Q-P profile described in Figure
17.

For every voltage at the Connection Point between 90 % and [111.8\ % of Unom and for any value of the

Cc ted [A80]: Generators may have high
restriction for absorbing Q with low voltage ( core end
heating from axial flux). The limitation of the stator
current is in this case proportional to the square of the
terminal voltage.

Commented [A81]: Change to: the required reactive
capabilities should be met at the HV side of the step up
transformer if existing, otherwise it should be met at
the alternator terminals

active power output between Prin (0.2 p.u. of Pom) and Prom, the wind park Hiall be able to produce or

consume - at least - any reactive power at the connection point within the area limited by Q1,Q2,Q3 and
Q4 (Figure 18).
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Commented [A83]: So not for other types. What
applies for other sources than wind farms?




This range has an obligated minimum span of 0.6 p.u. of Pnom, but can move within an area of [-0.3 p.u.
of Pnom, +0.35 p.u.of Pnom] When accepted by ELIA, based on the connection point, size and the
characteristic of the installation.

For all values between the 90% and the \111.8% ffor nominal voltage below 300kV (or 90% and 105% for

[

ted [A84]: See above

nominal voltage above 300kV) voltage ranges, it is requested that the wind park could participate in
voltage regulation at least in the above mentioned reactive power range (as is represented in the UQ/Pmax
profile in \Figure 9) ; for values outside of the 90% and the 111.8% for nominal voltage below 300kV

c

ted [A85]: Wrong reference

(or 90% and 105% for nominal voltage above 300kV) voltage ranges, it is requested that the wind park
could participate in voltage regulation to the maximum of the technical capabilities of the installation.

For every voltage value, at the Connection Point, between [90 % and 111.8% of Unom for nominal voltage
below 300kV (or 90% and 105% for nominal voltage above 300kV) and for any value of active power

output between Po (equal to 0.0263 p.u. of Pnom) and Pmin, the minimum range of operating point for
which reactive power shall be controlled is defined by the two values of the power factor computed by
the points (Q1,0.2*Pnem) and (Q2, 0.2*Prom).

For every voltage, at the Connection Point, between 90 % and 111.8 % of Unom for nominal voltage below
300kV (or 90% and 105% for nominal voltage above 300kV) and for any value of active power output
below Pg, the reactive power can be uncontrolled, however, injected/absorbed values must be limited
within a range of Q = [-0.0329 ;+0.0329] p.u. of Pnom3 that is represented by the shaded area in the
Figure |18Error! Reference source not found].

ted [A86]: Avoid repeating the same requirement.

Cc
{ (5 times in this paragraph).

|

=

ted [A87]:

1pu. (Poom)
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030 | -00329 00329 030;
-025 035

Figure 18: Reactive power capability for a Type C and D PPM.
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3 FGC Article 209 83: 3,29 % = 10 % of the reactive range at cos(phi) = 0.95.
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Figure 19: U-Q/Pmax profile for a type C PPM (dashed for nominal voltages above {
300kV).

Cc ted [A88]: 1.118 => 1.10

Note that the available capability of the PPM (which could be wider than the minimum requirement)
should be communicated, demonstrated and put at disposal of the relevant system operator.

The owner of the PPM is not allowed to refuse the use of the reactive capability without a technical
justification. The unit is therefore expected to not limit its capabilities to comply with the minimum
requirement but to use the full capability to support the system stability as stated in its agreement. The
speed of reaction within the capability curve is site specific and will be determined during the connection
conformity process (e.g. EDS) and specified in the contractual agreement.

5.6.3 Voltage control - PPM [Art 21-3 (d) and (e)]

This requirement should be met at the connection point.
The PPM shall be capable of providing reactive power automatically by either voltage control mode,
reactive power control mode or power factor control mode.

The requirement for the prioritizing of active or reactive power contribution is to be defined as site
specific by the relevant system operator. It has to be agreed during the connection process with the
relevant system operator in coordination with the relevant TSO on a case to case basis and fixed in the
individual connection contract with the relevant system operator.

Type D Requirements

[In addition to the specifications for type C, the following is requested. ]

6.1 Voltage Control

Commented [A89]: Change to “in addition to relevant
requirements for...” : Some requirements for are not
relevant for D or even contradictory

6.1.1 Voltage withstand capability [Art 16-2(a & b)]
This requirement should be met at the connection point.

The following voltage withstand capability are proposed in line with the RfG. |

| Voltage Range Time period for operation
Voltage  ranges | 0.85pu—0.90 pu 60 minutes
below 300kV 0.90 pu —1.118 pu Unlimited
11.118 pu—1.15pu 20 minutes |
Voltage ranges 0.85 pu —0.90 pu 60 minutes
above 300kV 0.90 pu — 1.05 pu Unlimited
1.05 pu—1.10 pu 20 minutes |

The following base values are to be considered for PGM connected to TSO network:

Commented [A90]: | propose to add at Art. 6.1.1 the
following comment : “At the latest European Stakeholder
Committee, ENTSOE stated officially:
oto ask for a modification of the IEC standard 400 kV to
allow an overvoltage of 440 kV during 20 minutes or
more
othat it has never been the intention of ENTSOE to
impose the IEC 550 kV standard to comply with the 440
kV requirement during 20 minutes or more.
othat PGMs may use identical apparatus as the grid
operators do.”
ELIA has to respect this statement and allow the
installation of 400 kV material according to the IEC in
force at that moment.

»  400kV

+ 220kV O 150kV
+  110kV

*  70kV

*  36kV

Commented [A91]: According to RfG Art. 18 figure 7,
reactive power requirements apply only up to 1.1 pu.
What is the reactive behavior in the range 1.1 pu - 1.15
pu?

In case of broader or longer voltage withstand capabilities technically and economically feasible, the
owner of the installation should put this at disposal of the relevant system operator.

6.1.2 Automatic disconnection for voltage outside ranges [Art 162(c)]

Commented [A92]: These requirements only apply on type
D as it is inserted under ‘Type D requirements’. This table
should be inserted earlier in the document as it has also to
apply on all types of PGM’s. On top of that it should be
specified that those are the values for 1 pu.

Commented [A93]:

No automatic disconnection is foreseen as a generic requirement.

The terms and settings for automatic disconnection k;heuldrcould ]be agreed during the connection | [
process with the PGFP by the relevant system operator in coordination with the relevant TSO on a case

by case basis and fixed in the individual connection contract with the relevant system operator. {

Commented [A94]: Should not be an obligation.
Remuneration is to be foreseen.
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6.2 Resynchronization [Art 16-4] | Commented [A95]: What is the general rule? I would

The relevant system operator and the PFGO should agree on the settings of the synchronization devices add here thg;lth_e TSdO will endeavour ﬁr mobilise all
during the connection process on a case by case basis and fixed in the individual connection contract with S sl ey t.° reconne;t i @EnEEer
the relevant system operator. the grid as soon as technically possible.

6.3 Type D SPGM Requirements

6.3.1 [Fault-ride through for symmetrical and asymmetrical faults -

SPGM [Art 16-3] \ Cc ted [A96]: As mentioned in point 2. This is not
This requirement should be met at the connection point. possible for SPGM between 25 MW and 75 MW connected

The SPGM unit should be able to support the network during fast transient voltages and network above 110kV.

shortcircuits for which the profile of the voltage versus time is referred as Fault-Ride-Through (FRT).
SPGM unit shall fulfil the requirements in the Figure below (the evolution of the minimum voltage at the
Connection Point), where the SPGM shall remain connected to the grid as long as the voltage of the phase
having the lower voltage is above the profile shown in the Figure [belowError! Reference ource not

found.. | (c ted [A97]:

It is recommended however to remain connected as long as the technical capability of the SPGM would
allow. The same profile applies for asymmetrical faults.

The proposed fault-ride-through parameters* following FRT are presented in the table below A

voltage U=1 pu represents the rated voltage (phase-to-phase) at the connection point.

Fault-ride-through profile for Type D SPGM

i
1
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Figure 20 :FRT requirement for SPGM type D

Tabel 1 : Parameters of the FRT requirements for SPGM of type D

Voltage parameters Time
[pu] parameters
[seconds]

4 Note that the parameter are not the coordinates of the FRT curve but must be interpreted following the
specification of the RfG, art. 14.3 and presented, for information, in appendix I.
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Uret=0 ’tclear= 0.2 {Commented [A98]: See earlier remarks regarding Tclear. }

Uclear = 0.25 trecl =0.45
Urecl=0.5 trec2 =0.6
Urec2 =0.9 trec 3=0.8

The parameters considered for fault-ride through capability calculations (e.g. pre and post fault short
circuit capacity, pre-fault operating point of the PGM...) are communicated by the TSO on request of the
power-generating facility owner during the connection process.

6.3.2 Voltage stability SPGM [Art 19-2]

In line with the current federal grid code (art 75) [4] for which regards the functionalities and parameter { Cc ted [A99]: Unclear, wrong reference. }
settings of the automatic voltage regulator with regards to steady-state voltage and transient voltage
control and the specifications and performance of the excitation control system. The latter shall

include:

i bandwidth limitation of the output signal to ensure that the highest frequency of response
cannot excite torsional oscillations on other power-generating modules connected to the
network;

ii. an underexcitation limiter to prevent the AVR from reducing the alternator excitation to a level
which would endanger synchronous stability;

iii.  an overexcitation limiter to ensure that the alternator excitation is not limited to less than the
maximum value that can be achieved whilst ensuring that the synchronous powergenerating
module is operating within its design limits;

iv. a stator current limiter; and

V. a PSS functionto attenuate power oscillations, requested by the relevant TSO (: the activation
and tuning of the PSS function will be required depending on the connection point, size and the
characteristic of the concerned SPGM).

6.3.3 Technical capabilities to support angular stability under fault
conditions for SPGM [Art 19-3]

No generic capabilities regarding SPGM to aid angular stability under fault condition are requested. The
TSO and the PFGO should agree on these capabilities during the connection process on a case by case
basis and fixed in the individual connection contract with the relevant TSO.

6.4 Type D - PPM

6.4.1 Fault-ride through for symmetrical and asymmetrical faults -
PPM [Art 16-3]

This requirement should be met at the connection point.

The PPM unit should be able to support the network during fast transient voltages and network
shortcircuits for which the profile of the voltage versus time is referred as Fault-Ride-Through (FRT).
PPM unit shall fulfil the requirements in Figure 219, where the PPM unit shall remain connected to
the grid as long as the voltage of the phase having the lower voltage is above the profile of the figure
below. It is recommended however to remain connected as long as the technical capability of the PPM
would allow. The same profile applies for asymmetrical faults.

The proposed fault-ride-through parameters are presented in Tabel 2.
A voltage U=1 pu represents the rated voltage (phase-to-phase) at the connection point.
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Fault-ride-through profile for Type D PPM

1
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Voltage [pu]
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Figure 21: FRT requirement for PPM type D.

7 Acronyms
SGU
PGM

LFSM
FRT
PGM
PPM
SPGM
RfG
NCC
PGFO
LOM

8 References

Tabel 2 : Parameters of the FRT requirements for PPM of type D.

Voltage parameters Time parameters
[pu] [seconds]

Uret=Uclear=Uret1=0 i'l'clear:treclztrec2=
0.2 |

ted [A100]: See earlier remarks.

Urec2 = 0.85 trec 3=1.5
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9 Appendix I — Definition FRT profile (extract from
Art. 14.3 RfG[1])

Figure 3

Fault-ride-through profile of a power-generating module

Ulpu. &

Ura

Unar

Udear 4

User

0 Llear tiect Trec) Trec3 tfsec

10 Appendix II - List of non-exhaustive articles for RfG

This list is extracted from ENTSO-E Guidance document for national implementation for
network codes on grid connection : Parameters of Non-exhaustive requirements [7]
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INTRODUCTION

Article 6(4) of the NC DCC [1] states that the relevant system operator or the 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 DCC, i.e. 7 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. 5(4) of the NC
HVDC [3]. The most stringent deadline for Elia, herein, is 17 May 2018, which is two years
after the NC RfG entered into force as first connection network code.

The aim of this document is to synthetize the technical proposal of Elia, as relevant system
operator or relevant TSO, regarding the Belgian implementation of the non-exhaustive
requirements stated in the in the NC DCC. This document is the final version of the proposal
for requirements of general application (hereafter named as ‘general requirements’, in
accordance with Art. 6(4) of the NC DCC.

For the requirements related to transport- (closed) distribution system interface DSOs and
CDSO'’s were largely involved in developing the TSO proposal. However these requirements
have to be considered as an Elia proposal (as relevant TSO)

For the requirements related demand facility providing demand response services, the
proposal is mainly focusing on requirements set by Elia, as (relevant) TSO or relevant
system operator but the public DSOs were largely involved in developing the TSO proposal
and in defining their own implementation proposals (for demand facility providing demand
response services connected to the distribution system). Therefore, part of these
requirements are also set by the public DSOs, as relevant system operator.

To facilitate the implementation of the NC DCC requirements, Elia and the public DSOs
aligned as much as possible to increase the coherency and avoid

discrimination between a transmission-, or distribution-connected demand facility providing
demand response services to system operators in terms of technical requirements and legal
readability.

On 17 May 2018, Elia will submit the general requirements proposals for NC DCC, but also
for NC RfG and NC HVDC to the competent authorities together with the proposal of the
amended Federal Grid Code [4] and the formal proposal on maximum capacity thresholds
of type B, C and D PGM. Elia will organize beforehand a public consultation for all
deliverables in March-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 represents the most recent position of Elia taken after discussions with the
stakeholders in each of the relevant topics. During the last months, this document was
gradually completed and presented to stakeholders, especially during the Federal Grid Code
workshops until all non-exhaustive general requirements were included.

The public DSOs were also largely involved in developing the TSO proposal or in defining
their own implementation proposals for units connected to the distribution grid. To facilitate
the implementation of these Network Code requirements, Elia and the public DSOs aligned
as much as possible to increase the coherency between a transmission-, or distribution
connected unit in terms of technical requirements and legal readability. For aspects of the
general requirements relevant for CDSOs, Elia has also been interacting with CDSOs.

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
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in various grid codes, contracts, terms and conditions, regulatory documents and/or
technical prescriptions.

The document follows the same article order as in the NC DCC: the proposal is organized
per technical topic and per demand connection category.

The scope of this document contains especially, but is not limited to, the implementation
proposal of the non-exhaustive general requirements in the NC DCC. To increase its
readability, this document might also contain NC exhaustive requirements, implementation
proposals 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.

With respect to the complete list of non-exhaustive requirements to be proposed as general
requirements, Elia is taking as reference the ENTSO-E implementation guidance document
(IGD) on ‘Parameter of Non-exhaustive requirements’ [6] to be defined by the (relevant) TSO
and the relevant system operator. This document does not only mention the parameters to
be defined per topic, but also which article of each connection NC should be considered as
non-exhaustive and who should be the relevant system operator to define an implementation
proposal. The TSO, DSOs and CDSOs can be considered as ‘relevant system operator’,
depending on the requirement.
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SCOPE OF APPLICATION

As mentioned in article 3 of the NC DCC, the connection requirements set out in the NC
DCC apply to:

a) New transmission-connected demand facilities;
b) New transmission-connected distribution facilities;
c) New distribution systems, including new closed distribution systems;

d) New demand units, used by a demand facility or a CDS to provide demand
response services to relevant system operators and relevant TSOs

These categories do not include storage devices except for pump storage power generating

modules (art. 5(1) and 5(2) of the NC DCC). Commented [A3]: Only for PGMs with separate
pumping and generating machines. See also RfG Art

We refer to articles 3 and 4 of the NC DCC for more information on the application of general
requirements to existing facilities and systems, to demand facilities and closed distribution
systems with more than one demand unit.

ELIA PROPOSAL OF GENERAL REQUIREMENTS

1. Connection of transmission-connected
demand facilities, transmission-connected
distribution facilities and distribution systems

1.1. General Frequency Requirements [Art. 12]

1.1.1. Frequency requirements [Art. 12 — 1]

The frequency withstand capability is defined in accordance with NC DCC Annex | and

presented in the table below!: Commented [A4]: In conflict with IEC-60601-1
standard for medical equipment 49 Hz - 51 Hz

Frequency Range Duration With given ranges medical equipment might fail for
47.5 Hz — 48.5 Hz 30 minutes emergency generation kicks in.

48,5 Hz — 49,0 Hz 30 minutes

49,0 Hz - 51,0 Hz Unlimited

51,0 Hz-51,5 Hz 30 minutes

Table 1 Minimum time periods to be capable of operating on different frequencies, deviating from a
nominal value without disconnecting from the network.

For frequency range between 485Hz and 49.0Hz, transmission-connected demand
facilities, transmission-connected distribution facilities and distribution systems shall be
capable to remain connected to the TSO network and to operate for a minimum period of 30
minutes. This is the recommended value for all the Continental European Synchronous Area
(CE SA) as per Connection Network Code Work Group (also the case for RFG NC).
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1.1.2. Extended frequency range [Art. 12 — 2]

The agreement on wider frequency ranges, longer times for operation is a site specific
requirement that shall be agreed with transmission-connected demand facility or DSOs
considering the system needs, their technically feasible frequency range and relative
withstanding duration beyond the ones defined in paragraph 1.1.1.

1.2. General voltage requirements [Art. 13]
1.2.1. Voltage requirements in case of voltage level at the connection point
between 110kV and 400kV [Art. 13 - 1]

The general voltage requirements are defined at the point of connection to the transmission
grid, in line with Annex Il of the NC DCC and presented in the table below:

+ Voltage base is at or above 110 kV and up to (not including) 300 kV

Voltage range Duration
0,90 pu —-1,118 pu Unlimited
1,118 pu-1,15pu 20 minutes minimum

+ Voltage base is from 300 kV to 400 kV (including)

Voltage range Duration
0,90 pu - 1,05 pu Unlimited
1,05 pu - 1,10 pu 20 minutes minimum

The following voltage base values are to be considered:

+  400kV
s 220kV
+ 150kV
+  110kV

International studies ([9]) and experience ([7]) have proven the technical capabilities of high
voltage equipment to fulfill these requirements concerning temporary overvoltage if the
duration of the over voltage is limited to 20 minutes. Therefore the minimal duration of 20
minutes has been chosen by Elia. Nevertheless Elia believes that the temporary overvoltage
withstand capabilities have to be in line with international standards (such as IEC 60071 and
IEC 60038). For some voltage levels mentioned above this is not the case. Therefore Elia
will only require the capabilities as demonstrated -through IEC type testing. It is however of
great importance that protection system settings are in line with the above mentioned
requirements. Concerning the rated voltages of high voltage equipment Elia applies IEC
standards.

Public consultation Proposal General Requirements NC DCC 7121
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1.2.2. Automatic voltage disconnection [Art. 13 - 6]

There is no general need for automatic disconnection at specific voltages except for some
individual connection projects. The terms and settings for automatic disconnection shall be
agreed upon between the TSO and the transmission-connected demand facility owner or the
(C)DsO.

1.2.3. Voltage requirements for transmission-connected (closed) distribution
systems in case of a voltage level at the connection point below 110kV
[Art. 13 = 7]

The voltage level at the connection point to the transmission system of (closed) distribution

systems can be lower than 110kV in Belgium. More specifically, (closed) distribution systems

can be connected at voltage levels of 70kV, 36kV, 30kV and lower.

For these voltage levels, following requirements are defined at the point of connection to the
transmission grid :

Voltage range Duration

0,90 pu-1,118 pu Unlimited

The following voltage base values are to be considered:

« 6kV

« 10kv
« 11kV
« 12kVv
« 15kV
« 26kV
« 30kv
« 36kV
« 70kVv

It has to be noticed that the requirement on the upper value of the voltage range does not
replace the material voltage withstand capability which is required through Annex | of the
Federal Grid Code.

1.3. Short-Circuit requirements [Art. 14]

1.3.1. Short-circuit withstand capability [Art. 14 — 1]

The maximum short-circuit current at the point of connection to the transmission grid that a
transmission-connected demand facility or (closed) distribution system shall be capable of
withstanding will be specified for each voltage level, and will be specified in the revised
version of the Grid Code.
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1.3.2. Communication of a change in maximum short-circuit current [Art. 14
-3,14-5,14-8,14-9]

These articles are related to a specific situation/event. These articles present requirements
that will be particularized for the cases indicated there.

In general no changes in short-circuit withstand capability are expected as they will defined
in a non-site specific manner.

1.4. Reactive Power Requirements [Art. 15]

1.4.1. Reactive power exchange between the transmission system and
transmission-connected demand facilities [Art. 15 -1 (a)]

A technical capability must be present in the transmission-connected demand facility to be
able to keep the reactive power exchange at the connection point between the following
limits:
* For the import of reactive power (consumption) the limit is fixed to 33% of the
maximum import or export capacity of the connected demand facility,

* For the the export of reactive power (production) the limit is fixed to 15% of the
maximum import or export capacity of the connected demand facility.

Exceptions can be allowed for a specific connection point, but technical or financial benefits
should be demonstrated before granting such an exception.

The Power Put At Disposal (PPAD) is fixed for the import and export of power from or to the
transmission grid. These values are fixed in the connection contract. The above mentioned
‘maximum import or export capacity’ concerns the maximum of both PPAD values.

These requirements ensure that a sufficient amount of reactive power sources will be present
in the transmission-connected demand facility but do not specify their usage (in operations).

So, without prejudice to other operational rules, these capabilities have to be demonstrated
during the connection process for a limited number of predefined reference scenarios but do
not exclude operation with reactive power exchanges outside the above-mentioned limits.

4
Y QuyPor=33%

Poap

‘P
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1.4.2. Reactive power exchange between the transmission system and
transmission-connected (closed) distribution systems [Art. 15 -1 (b),
Art. 15-1 (c)]

The Belgian transmission system or the (closed) distribution systems contain power
transformers that transform voltage levels of 30kV and higher to voltage levels below 30kV.
As the reactive losses in power transformers are not negligible (~12%* of the active power
flow), the requirements on reactive power exchange between the transmission and (closed)
distribution systems need to take this aspect into account.

The import of reactive power (consumption) typically occurs at moments of high active power
consumption. This also means that the reactive power losses in the power transformers are
high in those situations. The export of reactive power typically occurs at moments of low
active power exchange between the transmission and distribution system. Reactive power
losses in the distribution power transformers are negligible in those situations.

A technical capability must be present in the connected (closed) distribution system
(including capabilities of production unit connected to the (closed) distribution system) to be
able to keep the reactive power exchange at the connection point between the following
limits:

« For the import of reactive power (consumption) the limit is fixed to o 33% of the
maximum import or export capacity of the connected (closed) distribution system if
the voltage level at the connection point of the (closed) distribution system is equal or
higher than 30kV.

o 21% of the maximum import or export capacity of the connected (closed)
distribution system if the voltage level at the connection point of the (closed)
distribution system is lower than 30kV.

« For the export of reactive power (production) the limit is fixed to 15% of the maximum
import or export capacity of the connected (closed) distribution system in both cases
(not dependent of the voltage level at the connection point).

HV substation
Qr o Js..=21% ;

Smax
5
>

P
Q,ps/Smax=15%
Interconnection point @

Typical representation of a TSO-DSO interconnection

! The short-circuit voltage of distribution power transformers is 12% in average.
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Typical representation of TSO-CDSO connection

The maximum import or export capacity is equal to:

« the Power Put At Disposal (PPAD) in case of a transmission-connected closed
distribution system. The PPAD is fixed for the import and export of power from or to
the transmission grid. These values are fixed in the connection contract. The above
mentioned ‘maximum import or export capacity’ concerns the maximum of both PPAD
values;

« the Power Put At Disposal (PPAD) in case of distribution system (closed distribution
system excluded) with a voltage level at the connection point equal or higher than
30kV. The PPAD is fixed for the import and export of power from or to the transmission
grid. These values are fixed in the collaboration aggreement. The above mentioned
‘maximum import or export capacity’ concerns the maximum of both PPAD values;

« the minimal available exchange capacity at the connection point when taking into
account the contingencies on grid elements (N-1), i.e. Snom, n-1 in case of distribution
system (closed distribution system excluded) with a voltage level at the connection
point lower than 30kV.

Exceptions can be allowed for a specific connection point or a set of connection points, but
technical or financial benefits should be demonstrated through a joint analysis between Elia
and the transmission-connected (closed) distribution system owner before granting such an
exception as mentioned in [Art. 15— 1 (c)].

In this perspective, in case of difficulty to reach the above mentioned requirements with the
available assets within the (closed) distribution system (including capabilities of production
unit connected to the (closed) distribution system) for a given (or a set of) connection point(s),
a joint analysis between Elia and the transmission-connected (closed) distribution system
owner will be conducted before an investment should be done. The goal of this joint analysis
is to guarantee to reach the above-mentioned limits (either for each separate connection
point or for a set of connection points of the (closed) distribution grid using the interconnection
of the (distribution) grid) and to guarantee that, if an investment has to be done, it is the
overall technical and economical optimum.

These requirements ensure that a sufficient amount of reactive power sources (including
capabilities of production unit connected to the (closed) distribution system) will be present
in the connected (closed) distribution system but do not specify anything about their usage
(in operations).
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So, without prejudice to other operational rules, these capabilities have to be demonstrated
during the connection process for a limited number of predefined reference scenarios but do
not exclude operation with reactive power exchanges outside the above-mentioned limits.

1.4.3. Reactive power exchange between the transmission system and
transmission-connected (closed) distribution systems at low active
power flow [Art. 15 — 2]

According to the Art 15.2 of NC DCC, the relevant TSO may require that
transmissionconnected (closed) distribution systems have the capability at the connection
point to not export reactive power (at reference 1 pu voltage) at an active power flow of less
than 25 % of the maximum import capability.

After analysis, Elia confirms that this requirement reflects a need for the global Belgium zone
to be able to manage the reactive power flows and operate the system with the same quality
of service in the future as it is nowadays taking into account the expected evolution of energy
mix in Belgium.

In this context, a technical capability must be present in the connected (closed) distribution
system (including capabilities of production unit connected to the (closed) distribution
system) to be able to not export reactive power (at reference 1 pu voltage) at the connection
point at an active power flow of less than 25% of the maximum import capacity.

The maximum import or export capacity is equal to:

« the Power Put At Disposal (PPAD) in case of a transmission-connected closed
distribution system. The PPAD is fixed for the import and export of power from or to
the transmission grid. These values are fixed in the connection contract. The above
mentioned ‘maximum import or export capacity’ concerns the maximum of both PPAD
values;

« the Power Put At Disposal (PPAD) in case of distribution system (closed distribution
system excluded) with a voltage level at the connection point equal or higher than
30kV.

+ the minimal available exchange capacity at the connection point when taking into
account the contingencies on grid elements (N-1), i.e. Snom, n-1 in case of distribution
system (closed distribution system excluded) with a voltage level at the connection
point lower than 30kV.

In case of difficulty to reach the above mentioned requirement with the available assets within
the (closed) distribution system (including capabilities of production unit connected to the
(closed) distribution system) for a given (or a set of) connection point(s), a joint analysis
between Elia and the transmission-connected (closed) distribution system owner will be
conducted before an investment should be done. The goal of this joint analysis is:

1. to verify whether the above mentioned requirement is justified (according to art 15.2
of the DCC NC) either for each separate connection point or for a set of connection
points of the distribution grid

2. then (if this requirement is confirmed), to guarantee the capability to reach the above-
mentioned limits (either for each separate connection point or for a set of connection
points of the (closed) distribution grid using the interconnection of the (distribution)

grid)
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3. to guarantee that, if an investment has to be done, it is the overall technical and
economical optimum. This implies that this investments shall be done at the most
appropriate grid segment by the relevant System Operator, and it responds to the
needs of the system at the lowest overall societal costs on a long term basis

Note that, accorded to art 15.2 of the DCC NC, if this requirement is not justified based on
the joint analysis (see point 1 above), Elia and the transmission-connected (closed)
distribution system operator will agree in the collaboration agreement on alternative
requirements according to the outcomes of a joint analysis and based on the overall technical
and economical optimum.

These requirements ensure that a sufficient amount of reactive power sources (including
capabilities of production unit connected to the (closed) distribution system) will be present
in the connected (closed) distribution system but do not specify anything about their usage
(in operations).

So, without prejudice to other operational rules, these capabilities have to be demonstrated

during the connection process for a limited number of predefined reference scenarios but do
not exclude operation with reactive power exchanges outside the above-mentioned limits.

1.4.4. Metrics to express the reactive power capability ranges [Art.

15-1 (d)]
All limits are expressed as a percentage of the maximum import or export capacity. The
power factor is not used.

1.5. Protection requirements [Art. 16]

1.5.1. Devices and settings required to protect the transmission system [Art.
16 -1]

The protection schemes and settings relevant for the transmission-connected demand facility

or the transmission-connected (closed) distribution system are to be determined and agreed

site specific by the RTSO and the transmission-connected demand facility owner or (closed)

distribution system operator. |

1.6. Control requirements [Art. 17]

1.6.1. Schemes and settings of different control devices [Art.

17 -1]
The RTSO and the transmission-connected demand facility owner or the transmissior|
connected (closed) distribution system operator shall agree on the schemes and settings of
the different control devices relevant for system security of the transmission-connected
demand facility or the transmission-connected distribution system.
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1.7. Information exchange [Art. 18]

1.7.1. Specifications of information exchange equipment [Art. 18 — 1, 18 - 2,
18 - 3]

For real-time information exchange between transmission-connected demand facilities and
the TSO, or between transmission-connected (closed) distribution systems and the TSO, the
TSO applies the TASE 2 (IEC 60870-6) and IEC104 IEC 60870-5-104 Transmission Protocol
standards. These standards support time stamping. As standards can change over time Elia
will make them publically on its website.

It is important to implement these protocols on a private transmission path (not through the
public internet) for reliability and cybersecurity reasons.

Although the refresh rate is not mentioned in the NC DCC, real-time measurement is defined
as a measurement (representation of the current state of a facility) that is refreshed at a rate
faster than one minute (‘elapsed time’). For data related to automatic load_frequency control
processes, it shall not be longer than 10 s. For other purposes, it shall be as fast as possible
and, in any case, not slower than one minute. For information exchange between the TSO
and a transmission-connected distribution system a hysteresis method can also be allowed.
Further specifications of this method will be defined in the TSO-DSO agreements for
transmission connected distribution systems.

Regarding voice communication the requirements concerning backup power supply and
equipment redundancy are defined by article 41 of the Network Code Emergency &
Restoration.

1.8. Demand disconnection and demand reconnection [Art. 19]

1.8.1. Low Frequency Demand Disconnection [Art. 19 — 1 (a), Art. 19 — 1 (b),
Art. 19 -1 (c)]

Elia as TSO will require transmission-connected distribution system operators to provide
automatic low frequency demand disconnection capabilities. The Belgian transmission
system contains the power transformers that transform voltage levels of 30kV and higher to
voltage levels below 30kV. Therefore this requirement will only apply to a very limited number
of cases.

Currently, the low frequency triggers will disconnect all the power transformers at the
connection point (non-selective), resulting in a disconnection of the complete demand and
production at the connection point. This is why the automatic frequency disconnection is
currently not implemented in every case. In the near future an automatic demand
disconnection in stages (selective) could be required. The settings of these automatisms will
be communicated at the design phase of the connection, during the connection process.

Elia does not currently require transmission-connected demand facilities owners and
transmission-connected closed distribution operators to provide automatic low frequency
demand disconnection capabilities. Elia does however not exclude that this will be part of a
future defense plan.
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As mentioned in [8] the reliability, dependability and speed of a Low Frequency Demand
Disconnection scheme are key to secure a power system in case of major disturbances.
Several actions are typically covered within such a scheme:

* The operating time of the under-frequency relays (measurement, individual relay logic
and relays combination logic)

* The time of tele protections in case of a transfer trip (in case the underfrequency load
shedding relay has to trip a remote load)

* The interface relays (in case the underfrequency load shedding relay and the circuit
breaker to trip belong to different entities)

* The time of operation of the circuit breaker.

The operating time of 150ms specified in [Art. 19 — 1(c)] should be interpreted as a maximum
boundary for the frequency relay operating time. The specifications of the compliance testing
of the frequency relay will be defined by Elia in accordance with article 37 of the DCC.

1.8.2. Low Voltage Demand Disconnection [Art. 19 — 2 (a), Art. 19 — 2(b)]

Elia as TSO will not require to the transmission-connected (closed) distribution system
operators and transmission-connected demand facilities owners to provide low voltage
disconnection capabilities. Elia does however not exclude that this will be part of a future
defense plan.

1.8.3. Blocking of on load tap changers [Art. 19 — 3 (a), Art. 19 - 3 (b)]

Elia requires automatic on load tap changer block on transformers that supply distribution
systems. The specifications of this automatism will be communicated to Elia before being
installed, for example at the design phase of the connection process. The Belgian
transmission system contains power transformers that transform voltage levels of 30kV and
higher to voltage levels below 30kV. As a consequence the on load tap changer blocking will
be installed by the TSO is many cases.

These requirements do not apply to transmission-connected closed distribution facilities. Elia
does however not exclude that this will be part of a future defense plan.

1.8.4. Reconnection [Art. 19 — 4 (a), Art. 19 — 4 (b), Art. 19 — 4 (c)]

In general, the RTSO does not allow automatic reconnection, as a manual reconnection after
clearance of the control center of Elia is preferred. In specific cases Elia could allow automatic
reconnection. The latter will be fixed in connection contracts for transmission_connected
demand faciliies and closed distribution systems, and TSO-DSO agreements for
transmission connected distribution systems.

The settings of synchronisation devices are site specific and to be agreed with transmission-
connected demand facility owner or the transmission-connected (closed) distribution system
operator.

In case of remote disconnection of a transmission-connected demand facility or (closed)
distribution facility due to scarcity, Elia will in require to complete the disconnection within 10
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minutes. This value will however be confirmed during the design phase of the connection,
during the connection process.

1.9. Power quality [Art. 20]

The level of allowed distortion or fluctuation of the supply voltage on the network at the
connection point of a transmission-connected demand facility or a transmission-connected
(closed) distribution system will not alter from what is stated in article 46 of the current Federal
Grid Code.

1.10. Simulation models [Art. 21]

1.10.1. Models or equivalent information showing the behavior in steady
and dynamic states [Art. 21 — 2, 21 - 3]

Elia will not require the specific simulation models mentioned in the NC DCC showing the
behavior of the transmission-connected demand facilities and transmission-connected
(closed) distribution systems in steady and dynamic states.

Elia will however require specific data of transmission-connected demand facilities and
transmission-connected closed distribution systems as defined during the connection
process. The required data concerning transmission-connected distribution systems is
defined by the TSO-DSO operation agreement.

1.10.2. Recordings to compare with model [Art. 21 — 5]

Elia will not require the specific recordings of the transmission-connected demand facilities
and transmission-connected (closed) distribution systems as mentioned in the NC DCC, in
order to compare the response of the model with these recordings.
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2.

Connection of demand units used by a demand facility
or a closed distribution system to provide demand
response services to system operators \

2.1. Demand units providing active power control, reactive power
control and transmission constraint management [Art. 28]

2.1.1. Definition of a extended frequency range [Art. 28 — 2 (a)]

The frequency requirements defined in section 1.1. are also applicable to demand units with
demand response active power control, demand response reactive power control, or demand
response transmission constraint management, or demand response system frequency
control, either individually or, where it is not part of a transmission connected demand facility,
collectively as part of demand aggregation through a third party.

2.1.2. Definition of voltage range if connected at a voltage below 110kV [Art.
28 -2 (0)]
The normal operational voltage range at the connection point across which a demand unit

delivering demand response shall be capable to operate will be fixed by Elia and the
distribution system operators.

2.1.3. Time period to modify power consumption [Art. 28 — 2 (f)]

The time period within which a demand unit delivering demand response needs to adjust its
power consumption depends on the type of offered demand response service. These time
periods are defined in the terms and conditions (T&C) of these services. As they tend to
evolve in time, fixed values cannot be given.

2.1.4. Notification of changes in demand response capacity [28 — 2 (i)]

The notification of a change in demand response capacity shall be carried-out as per the
contractual provisions of the terms and conditions (T&C) of this service.

2.1.5. Technical specifications to enable transfer of information [Art.
28-2(e),28-2 ()]

For active or reactive power control and transmission constraint management services, the

technical communication requirements are defined as per the current contractual provisions.

2.1.6. Definition of the ROCOF maximum value [Art. 28 — 2 (k)]

The requirement for Rate of Change of Frequency (RoCoF) withstanding capability is aligned
with the requirements for generators (RfG Article 13.1.(b)) which is defined in coordination
with TSOs in the European Continental Synchronous area. The current applicable ENTSO-
e IGD proposes a profile taking 2.0 Hz/s for duration of 500ms as the minimum RoCoF to
be withstood as per the Figure 1.
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Figure 1 Overfrequency and underfrequency withstanding capabilities

2.2. Demand units with demand response system frequency
control [Art. 29]

All frequency related technical requirement are coordinated with TSOs in the European
Continental Synchronous area. The implementation of the Article 29 of the DCC NC is
covering only the technical capabilities of LFSM-U and LFSM-O emergency functions
whenever identified necessary and required by Elia. With respect Frequency Containment
(FCR) service, the relevant technical requirements are defined as per the general framework
for FCR Service.

2.2.1. Definition of an extended frequency range [Art. 29 — 2 (a)]

This requirement is defined according to Art. 29(2)a of NC DCC. The frequency ranges and
extended range, defined in section 1, are also applicable to demand units with demand
response active power control, demand response reactive power control, demand response
transmission constraint management, or demand response system frequency control, either
individually or, where it is not part of a transmission connected demand facility, collectively
as part of demand aggregation through a third party.

2.2.2. Definition of voltage range if connected at a voltage below 110kV [Art.
29-2(c)]

The normal operational voltage range at the connection point at a voltage below 110kV
across which a demand unit delivering demand response system frequency control shall be
capable of operating, will be fixed by Elia and the distribution grid owners.

2.2.3. Definition of allowed frequency dead band [Art. 29 — 2 (d)] |

The current draft requirement is aligned with Entso-e IGD prescribing the allowed maximum
frequency dead band for LFSM-U and LFSM-O emergency system frequency control as +-
200 mHz for the CE synchronous area. Therefore resulting in under-frequency threshold of
49.8 Hz and over-frequency threshold of 50.2 Hz.
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2.2.4. Maximum frequency deviation to respond [Art. 29 — 2 ()] | Commented [A11]: Artikel 29 verwijst eveneens na
een marktbevraging omtrent de mogelijkheden voor

The current draft requirement is aligned with Entso-e IGD recommending the maximum eenheden geconnecteerd lager dan 110kv.

frequency deviation to respond for LFSM-U and LFSM-O emergency system frequency
control respectively as — 49 Hz and 51.5 Hz for the CE synchronous area.

2.2.5. Definition of the rapid detection and response to frequency system
changes [Art. 29 — 2 (9)]

The current draft requirement proposes the following parameters for the rapid detection and

response in case of LFSM-U and LFSM-O is defined as following:

* Maximum time delay (rapid detection): 400 ms (this includes provision frequency
measurement update i.e. 200 ms, breaker operating time, controller time delay);

« Linear proportional response: this shall be achieved following a DR SFC droop:

Af —APpr (
N = (— . . .
orsre = )/ (o) e equivalent droop should be adjustable to equivalent

droop between 2% and 12%.

Commented [A12]: Zal dit niet eerder trapsgewijs
verlopen, aangezien klanten apparaten zullen
afschakelen (aan of uit)

2.3. Demand units with demand response very fast active power
control [Art. 30]
There are no minimum requirement for inertia contribution, this will not be considered

necessary as of today-within-the-synchronous-area.
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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 will organize
beforehand a public consultation for all deliverables in March-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, contract, 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 HYDC
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 sitespecific
(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
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to the other parties. Site-specific requirements might, e.g., be taken up in a connection
agreement.

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, HVDC 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 sitespecific
requirements

The current HVDC 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.
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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

totheimaln electricity systam HVDC connections between synchronous

areas or between control areas including

@ back to back
2% HVDC connections embedded
/ / within one control area

HVDC connections
between AC collected
PPM and the main
electricity system 5
—

=== Connection Point(s)

Figure 1 — The different HYDC applications as defined within the scope of application.
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2. TITLE Il: General Requirements for HVYDC 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
* 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
* Inthe range from 51.0 Hz to 51.5 Hz for unlimited time
* Inthe range from 51.5 Hz to 52.0 Hz for 30 minutes

2.1.1.2. Wider frequency Ranges 8§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 §11.3

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 power output §11.4

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 §13.1(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 8§13.1(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 §13.1(b)

The modalities according to which an HVDC 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
HVDC system owner to the relevant TSO.

2.1.2.5. Fast active power reversal §13.1(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 HVDC system shall be capable of taking automatic remedial
actions including, but not limited to, stopping the ramping and blocking FSM, LFSM-O, FFSM-
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 [MW/s] for the power setpoint change from the actual setting to the requested one. The
Relevant System Operator or the Transmission System Operator 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 by 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 §14.2

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 II 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 notification 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 §16.1

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 §16.2

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 §17.1

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 Il 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 Ill 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 §18.2

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 §18.3

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 10
0 0
250 0 (linearly rising to next point)
3000 0.9
() 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 819.2(b)

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

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.
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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 §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. Reactive power control mode §22.1

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

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

2.2.5.2. Reactive power control mode §22.2
An HVDC converter station shall be capable of operating in the following additional control
modes:

() 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 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. Reactive power control mode §22.3(b)

The set point deadband shall be adjustable in steps of 0.5%

2.2.5.4. Reactive power control mode §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.
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2.2.5.5. Reactive power control mode §22.3(c)(ii)

The HVDC system shall be equipped with a reactive power ramp rate limiter with settles-sets
the controlled AC voltage within the range of 99% of the setpoint in a programmable time
span ranging between 1s and 60s with steps of 0.1s.

2.2.5.6. Reactive power 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. Reactive power 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. Reactive power control mode §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 specified.

2.2.7. Article 24: Power Quality

2.2.7.1. Power quality 8§24

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.

The minimum requirement to stay connected is stated in the following table:
Time [ms] Voltage amplitude [pu]
T<0 ms 1.0
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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 HVDC 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 inject negative sequence currents. There
shall be separate positive and negative sequence current controllers.

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

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

2.3.2. Article 26: Post fault active power recovery

2.3.2.1. Post fault active power recovery 8§26

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.

2.4. Chapter 4. Requirements for control
2.4.1. Article 28: Energisation and synchronisation of HYDC converter stations

2.4.1.1. Energisation and synchronisation of HVDC 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 HVDC system, the
HVDC converter station shall have the capability to limit any voltage changes to a steadystate
level. That steady-state level and the maximum magnitude, duration and measurement
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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 829.7
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 §31.2

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 §31.3

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 §32.1

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

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.
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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 HVYDC 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
Idem §34.1

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. 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.

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 §36.1

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.
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2.5.3.3. Changes to protection and control schemes and settings 836.3

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

2.6. Chapter 6: Requirements for power system restoration
2.6.1. Article 37: Black start

2.6.1.1. Black start §37.1

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 §37.2

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.

3. TITLE Ill: 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 §39.1

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 §39.2(a)

A nominal frequency other than 50 Hz or a frequency variable by design can be used, subject
to agreement to 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.
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3.1.1.4. Automatic disconnection 839.2(c)

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

3.1.1.5. LFSM-0O §39.4
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 §39.6
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 with subject to a fast signal response §39.8
The same requirements of the RfD Type D will be applied

3.1.1.10. Frequency restoration §39.9
The same requirements of the RfD Type D will be applied

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 HVDC system owner 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. Agreement how to meet reactive power requirements 840.1(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 §40.2(b)(i)

This requirement is site specific. It may be specified by the TSO on a case by case basis.
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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 and 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 DCC-connected power park module to the
AC network , the DCC-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 841.2
This requirement is site specific. It may be specified by the TSO on a case by case basis.

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 may be specified by the TSO on a case by case basis.

3.1.4.2. Equivalents representing the collection grid 842(c)

This requirement is site specific. It may 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 8§43.1

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

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

3.2. 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.
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3.2.1.2. Frequency ranges 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 VIII 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
by case level.

3.2.2.3. Voltage ranges for other AC voltages §48.1(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.

3.2.2.5. U-Q/Pmax — profile §48.2(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 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.
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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 851.1

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 851.4

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 §53.2 to 53.5

This requirement is site specific. It may be specified by the TSO on a case by case basis.
A.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 RST/TSO. The format is
subject of a mutual agreement between the relevant TSO and the HVDC system owner 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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' 1 Introduction and background |

Eleetric-storage systems are out of the scope of Connections Network Codes (CNCs) as
referred in the Art 3-2 (d) in the RfG NC [1] and the Art 3-2 (b) in the DCC NC [2] with the
exception of pump-storage which is considered as a Power Generating Module (PGM).
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Expected new storage capacities to be installed in Belgium would therefore require the
development of adequate technical capabilities to close such gap with the aim to address
system needs and to contribute to secure system operation. In this document we propose a
set of minimum technical connection requirements for Storage Park Modules (SPM) as per
the scope, the relevant terminologies and definitions used in the section 2 which cannot be
considered as a part of the set of the general Requirements requested within the CNCs. The
proposed technical requirements are based on categories reflecting the significance and the
expected capabilities of the storage system coherently with the ABCD limits defined for
PGMs.

In general the possible technical capabilities of a SPM are similar to the ones of Power Park
Modules (PPM) as they share similar technical aspects as modules connected to electricity
networks through power electronics acting as inverter and rectifier for the case of SPM.
Therefore, the proposed technical capabilities are aligned as much as possible with the PPM’s
exhaustive and non-exhaustive requirements defined in the RfG NC [1].

The main focus of this document is to define the minimal technical requirements specifically
applicable to storage systems taking into consideration specific intrinsic behavior of SPM, as
well as the different operational modes as |charging or discharging modes. Therefore,
whenever no specific distinct provisions are required for SPM, the exhaustive and non-
exhaustive requirements for PPM would be of application.

This document fixes the technical requirements that are subject to definition by the relevant
TSO (Elia) and Elia as a Relevant System Operator. They are therefore applicable to the SPM
connected to transmission network and whenever relevant to SPM connected to DSO or
CDSO networks for requirements covering frequency stability and system robustness in
alignment with ENTSO-e guidance document for National Implementation of connection
Network Codes [3].

2 Definitions and applicability

Public Transmission
network

POCC

‘ Central Control

Gen

Figure 1 Example of Storage Park Module grid connection

Figure 1 illustrates possible grid connection of a SPM and the Point Of Common Coupling
(referred in this document as the connection point) to the transmission grid. The same facility
could include other Power Generation Modules or demand units s auxiliary supply..

Below is a set of applicable definitions covering intrinsic capabilities of a SPM or relevant
operational modes addressed within the current technical connection requirements:
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a. Storage Park Module (SPM): An electric-system composed of a single or multiple electrical |
storage units capable of storing, delivering electrical energy into a single electrical point of
connection.

b. Power max (Pmax): the maximum active power which the SPM is technically designed to
deliver or absorb at the connection point.

C. $tate Of Charge (SOC)\: the measure of the amount of the available capacity expressed in
percentage points (0% = empty; 100% = full).

d.  Maximum Charging Ramp Rate (Rch): the maximum limit on the rates of change of power
that the SPM is capable of achieving during charging expressed in MW/minute.

e. Maximum Discharging Ramp rate (Rdis): the maximum ramping that the SPM is capable of
achieving during discharging expressed in MW/minute.

The current connection requirements are applicable to both stationary and \non-stationaryl
storage applications - which includes for example Vehicles-to-Grid (V2G) applications. On

the other hand railway traction in generative mode are not within the scope of this

document. The current connection requirements are applicable to new installations and

existing installations to which substantial modifications will be made.

The current connection requirements in this document are not applicable to emergency
Uninterruptible Power Supply and any specific electrical storage application operating in
parallel less than five minutes per calendar month while the system is in normal system
state, in alignment with the RfG NC provisions of the Article 3(2) [1].

3 SPM categories types

The present technical requirements are defined per each of the following categories taking
into consideration the Pmax characteristic of the SPM in the connection point:

«  Type A o 0.
8kW < Pmax < 1MW

*  Type B o
1 MW < Pmax < 25MW

* TypeC

o 25MW < Pmax < 75MW

e TypeD
o 75SMW < Pmax

4 SPM Type A

4.1 Frequency stability & active power management
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4.1.1 Frequency withstand capability

PGM exhaustive and non-exhaustive requirements on frequency withstanding capabilities
[see Art. 13-1 (@) RfG NC] are of application for all SPM of type A, B, C and D in the Belgian
Control Area.

4.1.2 Rate Of Change Of Frequency (ROCOF) withstand capability
and Loss of Main protection

PGM exhaustive and non-exhaustive requirements on Rate Of Change Of Frequency
(ROCOF) withstand capability and Loss of Main Protection triggered by rate-of-change-
offrequency-type [see Art 13.1(b) RfG NC] are of application for all SPM type A, B, C and
D in the Belgian Control Area.

4.1.3 Limited Frequency Sensitive Mode (LFSM-0O and LFSM-U)

Considering the principles of the Art. 15-3 of the Emergency and Restoration Network Code
[4] , all SPM type A, B, C and D in the Belgian Control Area, should have LFSM-O and
LFSM-U technical capabilities [see Art. 13-2 (a-g) and Art. 15-2 RfG NC].

In the event of large frequency deviations, the SPM must in priority contribute to ensuring
frequency stability by automatically increasing or reducing active power injection or
absorption at grid frequencies below or above the reference frequencies f1 and f2, in
accordance with Figure 2 and the parameters defined in Table 1.

In application of the article 15.3 (b) of the Emergency and Restoration NC, a SPM that
cannot achieve a reverse into discharging benerating ]mode prior to automatic low
frequency demand disconnection scheme shall disconnect. The disconnection shall not be
enforced by default, but only allowed in the case that a discharging mode cannot be
achieved prior to the frequency threshold of 49 Hz.

For justified safety or technical security reasons, the owner of the SPM might agree with
the relevant system operator on applicable minimum and/or maximum SOC limits on his
connection agreement.
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Figure 2 Limited Frequency Sensitive response capabilities for a SPM

Table 1 Limited Frequency Sensitive response parameters for a SPM

Parameters Default value

f1 49.8 Hz

f2 50.2 Hz

s1 1% Selectable within a range of 0.1 and 12%
s2 5 % Selectable within a range of 0.1 and 12%

Settling time|  As fast as possible maximum 30 seconds

By default as fast as technically possible (no intentional
First reaction | delay), specific provisions could be applicable by the DSOs in
agreement with Elia.

4.1.4 Admissible maximum power reduction with falling frequency

This requirement set in Art. 13-4 RfG NC is not applicable for a SPM as they do not have
technical limitation with that respect.

4.1.5 Logical interface to cease active power injection

SPM of type A and B connected the transmission network shall be equipped with a logical
interface to cease active power injection or absorption, as per the requirement for PGM type
A [see Art 13-6 RfG NC]. The SPM shall be capable of ceasing power injection or absorption
to zero within 5 seconds after instruction is given via the reception of an external signal. The
remote operation is site specific: Elia can request remote operation as per the provisions in
the subsection 4.2.
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4.1.6 Automatic connection

The general condition for connection of SPM in the Belgian Control Area are defined as
following:

- Frequency range between: [49.9 and 50.1 Hz and

+ Voltage range between: 0.85 and 1.1 pu of Nominal voltage and

- Temporization: 60 seconds

Automatic Connection to transmission network is only allowed for SPM Type A, like this is
allowed to the PGM type A [see Art 13-7 RfG NC]. Subsequent to the connection, the SPM
shall be capable to limit the maximum admissible gradient of active power (unless subject
to LFSM requirement) as following:

* Charging mode: <=20 % Pmax per minute
« Discharging mode: <=20% Pmax per minute

[The active power gradient restriction is only applicable following the connection of the overall
SPM system land not during normal operational mode. Note that the connection of a single
non-stationary storage unit, as an electric vehicle (not the overall SPM), would not therefore
require an active power gradient restriction on either charging or discharging modes. |

4.1.7 Rates of change of active power output

Unless subject to emergency operation and frequency control requirements, Elia (or the RSO)
have the right to specify a maximum ramping limitation of active power output for fast
charging and discharging rates expressed in percentage point of Pmax per second, similarly
to PGM type C [see Art 15-6(e) RfG NC].

4.2 Information exchange

There are no requested capabilities to establish real time communication: ISPM of type A]shall
be equipped to receive and comply to an external signal sent by Elia to cease charging or
discharging.

Signal# Request to cease active Power absorption or Binary

injection ] 1: Request Active
0: End of request

SPM Type B

In addition to the specifications for SPM type A, the following is requested.

5.1 Frequency stability and active power management

5.1.1 Remote control reduction of active power

The SPM shall be capable, like the PGMs of type B [see Art 14 -2 RfG NC], of reducing its power
injection or absorption. h’he setpoint sent by Elia must be reached within a maximum duration of 1 minute
and a precision of 5% after instruction is given via the reception of an external signal]. Elia can request
remote operation as per the provisions in subsection 5.2.3.

5.1.1 Automatic reconnection

The general condition for reconnection of SPM in the Belgian Control area are defined as following
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+ Frequency range between: 49.9 and 50.1 Hz and
* Voltage range between: 0.9 and 1.1 pu of Nominal voltage and
+ Temporization: 60 seconds

For SPM units of Type B, C and D connected the Transmission Network, automatic reconnection is
prohibited and subject to authorization in their connection contracts, like the PGMs of Type B, C and D
[see Art 14 -4 (a-b) RfG NC].

Note that a signal allowing the reconnection is foreseen in the sub-section 5.2.3. Subsequent to the
reconnection the SPM is required to limit the admissible gradient of active power to the following
(unless subject to LFSM requirement):

Charging mode: 10 % Pmax per minute
Discharging mode: 10% Pmax per minute

5.2 Instrumentation and information exchange

lBeside what is being requested for PGM in general in Art. 14-5(a, b and d) RfG NC
requested for SPM connected to transmission network:

, the following is

5.2.1 Structural data

Beside what is being requested for PGM in general, the following is requested for SPM connected to
transmission network:

EG Gross Energy Capacity [MWh]
Enet Net Energy Capacity [MWh]
Pmax Maximum rated active power capacity [MW]
SOCmin Minimum State of Charge [%]
SOCmax Maximum State of Charge [%]
Rch Maximum charging rate [MW/min]
Rdis Maximum discharging rate [MW/min]

5.2.2 Real-time measurements

Beside what is being requested for PGM in general, the following is requested for SPM connected o
transmission level:

soC State of charge [%]

5.2.3 Data to be received
Beside what is being requested for PGM in general, the following is requested for SPM :

Signal# Clearance to reconnect Binary
0: No reconnection
1: Clearance
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Signal# Request to reduce Active Power absorption or injection | Binary
1: Request Active
0: End of request
Signal# LActive power setpoint expressed in MW ] Value
Charging/discharging

5.3 Fault-ride through for symmetrical and asymmetrical
faults

PPM type B exhaustive and non-exhaustive requirements on fault-ride through for symmetrical and
asymmetrical faults [see Art 20-3 RfG NC] are of application for SPM type B.

5.4 Reactive capabilities |

The required reactive capabilities of SPM connected at transmission network should be met at the HV
side of the step up transformer if existing; otherwise they should be met at the convertor terminals.

A SPM type B shall be capable of providing, like the PPM type B [see Art 20-2(a) RfG NC], the reactive
power capabilities determined by the Q-P profile as represented in the Figure 3 adapted for both charging
and discharging modes.

The Jimitations-capabilities are based on nominal current at high active power and P@%peweu#ae&e%
{eos(phi))-reactive power )defined by the 2 points at Q= -33% and +33% of PD, where PD is the maximum
active power that can be produced or absorbed in case of the maximum requested reactive power output
(hence equal to 0.95*Snom). For voltage different from |1 p.u], the capabilities are defined as per the U-
Q/Pp profile represented in Figure 4. Note that the available capability of the SPM (which could be wider
than the minimum requirement) should be communicated, demonstrated and put at disposal of the
relevant system operator. The owner of the SPM is not allowed to refuse the use of the reactive capability
without a technical justification. The SPM is therefore expected to not limit its capabilities to comply
with the minimum requirement but to use the full capability to support the system stability as stated in
its agreement.\ In case the SPM has already the capability of voltage regulation, one should not refuse the
relevant system operator to make use of it. In this case, the settings of the controllers should be agreed
with the relevant system operator.

. Required

Snom

+33% Pp Q/PD

Figure 3: Capability curve for SPM type B
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U/UC Due to the rated current limit, the active
[ power in this area can be smaller than Pp

110 m (I=l.s=constant)

Area is limited by the curve:
QIPg = V((U/U,/0,9/0,95)*-1)
Poor o 005 0
033 0z YPo
e | B
0,90

Absorption of reactive energy | Provision of reactive energy
(under-excited) (over-excited)

Figure 4: U-Q/Po profile for type B PPM in order to visualize reactive power
requirements for voltages different from 1pu.

5.5 Fault Current & dynamic voltage support (optional)

The requirement is optional for SPM, if requested the PPM type B exhaustive and non-exhaustive
requirements on Fault Current & dynamic voltage support [see Art 20-2 (b and ¢) RfG NC] would be of
application for both charging and discharging modes if it is decided to be applied.

5.6 Post-fault active power recovery (optional)
The requirement is optional for SPM, if requested the PPM type B exhaustive and non-exhaustive

requirements on post-fault active power recovery [see /Art 20-3 RfG NC] are of application for both (e — [A36]: Only for generating mode, not for
charging and discharging modes if it is decided to be applied. charging mode

6 SPM TypeC

In addition to the specifications for SPM type B, the following is requested.

6.1 Frequency stability& Active Power management

6.1.1 V-\ctive Power Controllability Iand Control Range ( Commented [A37]: Zie opmerking omtrent sturen van |
The SPM type C connected to transmission network, like the PGM type C [see Art. 15-2 (a) RfG NC],  installatie hierboven.

shall be capable of controlling active power injection or absorption to a requested setpoint within a
maximum duration of 1 minute (Ts) and a precision of 5% (Setpoint tolerance) after instruction is given
as per the Figure 5.
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Figure 5 Tolerance and time duration for SPM application of new set point of
active power.

6.1.2 Limited frequency sensitive mode - under frequency (LFSM-U)

This requirement on Limited frequency sensitive mode — under frequency (LFSM-U) [see Art. 15-2 (c)
RfG NC for the PGM type C] is already covered by the requirements fixed in the section 4.1.3 and
therefore applicable to all SPM types A, B, C and D-in-the Belgian Contrel-Area.

6.1.3 Frequency Sensitive Mode

PPM type C exhaustive and non-exhaustive requirements on Frequency Sensitive Mode [see Art. 15.2.d
RfG NC] are applicable to SPM of type C and D in the Belgian Control Area, taking into consideration
applicable provisions for units with limited energy reservoirs as defined in the |System Operation
Guidelines and Elia’s FCR General Framework Agreement,

6.1.4 Frequency restoration control

As per PPM type C exhaustive and non-exhaustive requirements on Frequency restoration control [see
Art 15-2.(e) RfG NC] and LElia’s aFRR General Framework Agreement. ‘

6.1.5 Real-time monitoring of FSM

As per PPM type C exhaustive and non-exhaustive requirements on Real-time monitoring of FSM [see
Art 15-2.(g) RfG NC] and Elia’s General Framework Agreement.

6.1.1 Automatic disconnection for voltage outside ranges

As per PPM type C exhaustive and non-exhaustive requirements on Automatic disconnection for voltage
outside ranges [see Art 15-3 RfG NC].
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LAS per PPM type C exhaustive and non-exhaustive requirements lon capability te-takepart-in-island

operation{see Art15-5(b} RIG-NCland-the capability-of quick resynchronization [see Art 15-5 (c) RfG
NC].

6.3 Reactive capabilities
This requirement should be met at the connection point. |

A type C SPM connected to transmission network shall be capable of providing like the PPM Type C
requirements [see Art 21-3(a-c) RfG NC], the reactive power within the Q-P profile described in Figure
6 for both charging and discharging modes. This profile has an obligated span of 0.6p.u. with regards to
Q/Pmax, but can move within an area of [-0.3p.u., +0.35p.u.] represented by the outer envelope when
accepted by Elia (based on the connection point, size and the characteristic of the SPM) as defined in the
Figure 6. The reactive power can be uncontrolled within the shaded area, however, injected/absorbed
values must be limited within a range of Q = [-0.0329 ;+0.0329] p.u. of Pmax_.

P
- Quter
1pu envelope
»
N 02p -
e
=3 2
g > Q/Pmax
-0,3] -D,DZZ}; ~0.029 03 035
/ & S
/ RS
0.2pu

Pmax (charging)

Figure 6: Reactive power capability for a Type C and D SPM.

For voltage different from 1 p.u, the capabilities are defined as per the U-Q/Pp profile represented in
Figure 7.

1 FGC Avrticle 209 83: 3,29 % = 10 % of the reactive range at cos(phi) = 0.95.
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Note that the available capability of the SPM (which could be wider than the minimum requirement)
should be communicated, demonstrated and put at disposal of the relevant system operator.

The owner of the PPM is not allowed to refuse the use of the reactive capability without a technical
justification. The SPM is therefore expected to not limit its capabilities to comply with the minimum
requirement but to use the full capability to support the system stability as stated in its agreement.

6.4 Voltage control

As per PPM type C exhaustive and non-exhaustive requirements on Voltage control [see Art 21-3 (d) and
(e) RfG NC] for both charging and discharging modes.

7 SPM TypeD

7.1 Fault-ride through for symmetrical and asymmetrical
faults
As per PPM type D exhaustive and non-exhaustive requirements on Fault-ride through for

symmetrical and asymmetrical faults [see Art 22 RfG NC] for both [charging land discharging 'Commented [A47]: The FRT applies in RfG only in
modes. | generating mode.

7.2 Voltage withstand capabilities

As per PPM type D exhaustive and non-exhaustive requirements on voltage withstand
capability and automatic-disconnection [see Art 16- 2 (a-b-c) RfG NC] for both charging and
discharging modes.

7.3 Resynchronization

As per PPM type D exhaustive and non-exhaustive requirements on settings of
synchronization devices [see Art 16- 4 (a) RfG NC] for both charging and discharging modes.
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