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Introduction

This document describes the technical aspects and implementation for automatic
selective load shedding in transmission connected demand facilities and
transmission connected closed distribution systems (CDS). The context and
general provisions for automatic load-shedding in case of low frequencies are
described in the System Defense Plan of Elia, approved by the Ministerial decree
of January 25™ 2024.

This document describes the implementation of the automatic selective load
shedding for two types of interfaces. Interface towards grid user’s substations
equipped with numerical communication (e.g. IEC 61850) and interface towards
grid user’s substations that are equipped with copper-wiring for the exchange of
information between IED’s.

This document does not include any criteria to decide whether a substation should
be included in the automatic selective load shedding plan, nor does it discuss any
contractual aspects. Without prejudice to the responsibilities of the Parties set out
in COMMISSION REGULATION (EU) 2017/2196, also called the European network
code on emergency and restoration (NC ER), it is explicitly stated that the TSO is
responsible for initiating the low frequency demand disconnection (LFDD) and the
grid user is responsible for disconnecting the selected load in the consumers
facilities.

Intended audience

The intended audience of this document primarily consists of the technical staff of
transmission connected demand facilities and CDS. The present technical concept
document is published on Elia’s website and is joined in annex of Elia’s testplan.
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General framework and Objectives

The TSO is responsible for maintaining operational security in its control area.

Hence, according to the Belgian Federal Grid Code and the NC ER, Elia is
responsible for the design and implementation of the System Defense Plan. The
automatic low frequency demand disconnection scheme is a part of the System
Defense Plan. The System Defense Plan of Elia was approved by the Ministerial
Decree on January 25th 2024,
The NC ER art. 15(4) and annex 1, the COMMISSION REGULATION (EU)
2016/1388 of 17 August 2016 establishing a Network Code on Demand Connection
(NC DCC) art 19, as well as the “SAFA annex 5: Policy on Emergency and
restoration”, lay down specific rules for the automatic low frequency demand
disconnection scheme.
According to the actual version 2.0 of the System Defense Plan, transmission
connected demand facilities and transmission connected CDS have to implement
30% of its gross consumption as (netted) demand that can be disconnected at
two frequency thresholds: 6% to be disconnected at 48.3 Hz and 24% to be
disconnected at 48.1 Hz.
The targeted maximum total tripping time - considering measurement, calculation
time of relays, tripping action of auxiliary circuits and circuit breaker opening time
- depends on the reference date on which Elia has notified the grid user to provide
the installation for demand disconnection, and is more specific:

- For a reference date before [date of entry into force of the NC DCC v2.0] the
targeted maximum total tripping time is 300 ms.

= For a reference date after [date of entry into force of the NC DCC v2.0] the
targeted maximum total tripping time is 200 ms.
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Definitions

For the purposes of this note, the definitions provided for in Commission
Regulation (EU) 2017/2196, Commission Regulation (EU) 2016/1388, Royal
Decree of April 22, 2019 and the Code of Conduct defined by Creg decision (B)
2409 of October 20t 2022 shall apply.

In addition, the following definitions shall apply:
CDS = Closed Distribution System: as defined in article 2(5) of NC DCC.

Classical grid user’s substation: in the context of this technical concept, this is
considered as a substation at the grid user’s site, where all the communication
(between protections and Remote Terminal Unit, for Interlocking, etc.) is fully
hardwired in copper.

IEC 61850: International standard defining communication protocols for
intelligent electronic devices at electrical substations. It is a part of the
International Electrotechnical Commission's (IEC) Technical Committee 57
reference architecture for electric power systems. The abstract data models
defined in IEC 61850 can be mapped to a number of protocols. These protocols
can run over TCP/IP networks or substation LANs using high speed switched
Ethernet to obtain the necessary response times below four milliseconds for
protective relaying.

IED: An Intelligent Electronic Device is a term used in the electric power industry
to describe any device incorporating one or more processors with the capability to
receive or send data/control from or to an external source (example: digital relays
and controllers)

LFDD = Low Frequency Demand Disconnection

Numerical grid user’s substation: in the context of this technical concept, this
is considered as a substation at the grid user’s site, where a part or all the
communication in it (between protections and Remote Terminal Unit, for
interlocking,...) is protocoled (e.g. the IEC61850 protocol to exchange information
between equipments) instead of hardwiring.

SCADA: Supervisory Control And Data Acquisition is a control system architecture
that uses computers, networked data communications and graphical user
interfaces for high-level process supervisory management, but uses other
peripheral devices such as programmable logic controllers (PLC), etc. to interface
to the grid elements.

Under-frequency cubicle: An under-frequency cubicle is installed in a
substation to determine the grid frequency, to make the decision for load-shedding
and to send the load shedding order to the grid user. It consists of multiple IEDs
(Intelligent Electronic Device) per measuring point, totally independent from each
other, with different measuring algorithm.

Voltage Transformer (VT): A parallel connected type of instrument transformer,
designed to present negligible load to the supply being measured and have an
accurate voltage ratio and phase relationship to enable accurate secondary
connected metering.
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Technical solution for the selective automatic
load shedding plan

General principle

The under-frequency cubicle is installed in the substation of Elia and measures the
frequency via multiple independent voltage transformers in the respective
substation.

Each transmission connected demand facility is responsible for the installation and
maintenance of the facilities needed to achieve the selective load shedding of the
targeted load(s), upon reception of the load shedding order, up to the command
termination (interface relay/IEDs/Automations and connections to sheddable bays
if applicable).

The under-frequency cubicle generates a load shedding order when a frequency
drop below the programmed threshold is registered. The load shedding order
generated by the under-frequency cubicle, located in the Elia substation, is sent
to the interface cubicle, located in in the transmission connected demand facility
or CDS substation. The transmission connected demand facility or CDS is
responsible to collect the load shedding order from the interface cubicle and
transfer (if applicable) the signal to its internal installation.

The load shedding order is automatically forwarded by the grid user to open the
circuit breaker of specific targeted feeders inside the transmission connected
demand facility or CDS. This principle is presented in Figure 1.

The specific targeted feeders are selected by the grid user, to comply with the
netted demand to be disconnected, as specified in the System Defense Plan of
Elia.

The objective is that the grid user only selects sheddable feeders to consumer
installations that act as load (passive feeders). Frequency drops can occur when
the demand for electricity is greater than the supply, therefore feeders that act as
injectors (active feeders) are supposed to remain connected.
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Figure 1: General principle for selective automatic under-frequency load shedding

The load shedding order is only transmitted to feeders that are selected by the
grid user. The main connection between Elia and the grid user will remain
unaffected and only the circuit breakers of the sheddable feeders selected by the
grid user will be disconnected. This way the load connected to these feeders will
be shed, the remaining feeders of the grid users’ electrical facilities remain
energized as indicated in Figure 1.

By using this principle, the non-sheddable feeders determined by the grid user will
remain supplied.

Important: In case the selective automatic load shedding is implemented in a
substation, there will be no backup solution for the automatic load shedding (e.g.
opening of the TSO main circuit breaker). Therefore, the grid user must ensure
that the implemented solution is available in their facilities and ensure that it stays
operational to realize the required netted demand volume to be disconnected.

The grid user shall ensure that the required (netted) demand can be disconnected
at all times upon receiving the load shedding order, independent of the actual
status of the demand facilities e.g. shut down of some process, local electricity
generation, ...). To ensure this, the grid user may apply different philosophies (not
exclusive):

- Fixed load shedding: the load shedding order goes to a humber of pre-selected
circuit-breakers so that the minimum amount of load to be shed will be reached
at any moment, also when some demand is under maintenance. Over
proportional activation could be a consequence.
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- Dynamic load shedding: the load shedding order is directed to specific feeders
depending on their actual loading or another specific logic. This way over-
shedding (i.e. disconnecting more load than required) can be avoided in case
of LFDD activation.

- Any other philosophies defined by the grid user to ensure to shed the minimum
amount of load at any time.

Moreover, the grid user may install additional crosschecks to avoid unwanted
tripping of his feeders, provided the total tripping time can be respected. For
example, he may install an IED which blocks the disconnection of the load if there
is no frequency drop.

Technical solution

The load shedding order generated by the under-frequency cubicle, located in the
Elia substation, is sent to the interface cubicle located in the transmission
connected demand facility or CDS as shown in Figure 2. The load shedding order
is automatically forwarded by the grid user to open the circuit breaker of specific
feeders inside the transmission connected demand facility or CDS.

The signal transmission between Elia and the installation of the grid user is
performed in the following way:

1. The load shedding order is sent by the under-frequency cubicle to the
interface cubicle of the grid user. The connection between the equipment
is hardwired in copper. The load shedding order is sent by the under-
frequency cubicle to the interface cubicle as a pulse with a pulse width of
at least 100 ms.

2. When the load shedding order, coming from the under-frequency cubicle,
is received by the interface cubicle of the grid user, the grid user;

i. Automatically sends an acknowledgement signal ‘ACK’ to the TSO
substation (local) to indicate that the shedding order is correctly
received by the grid user. The acknowledgement signal is also a pulse
with a pulse width of at least 100ms.

ii. Sends the load shedding order to the circuit breaker of the sheddable
feeders. The connection between the equipment is defined by the grid
user but must be reliable (E.g.: hardwired in copper, communication
protocol IEC 61850 or other, ...).

The aforementioned method for signal transmission is applicable for each grid user
substation connected to the respective substation of Elia.

In case two or more grid users are connected to the same substation of Elia, the
under-frequency cubicle generates one signal which is sent to the interface
cubicles of each grid user, connected in a parallel configuration. Each grid user
sends an acknowledge signal ‘ACK’ from its interface cubicle back to Elia’s
frequency cubicle if the load shedding order from Elia has been correctly received
by the grid user.

To limit the consequences of an unwanted and unforeseen sending of a tripping
order by an individual under-frequency cubicle, Elia will limit the number of
different grid users connected to the same under-frequency cubicle.
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Figure 2 - Detailed principle for selective automatic under-frequency load shedding

The implemented technical solution should always respect the maximum total
tripping time - considering measurement, calculation time of relays, tripping action
of auxiliary circuits and circuit breaker opening time - with a maximum defined in
§ 3 of this document.

The grid user may implement local additional cross checks of the frequency drop

at its own responsibility and without exceeding the tripping timel equal to half the
value defined in § 3 of this document.

After having received the trip command, the grid users shall strive to respect a
maximum operating time of half the value defined in § 3 for having opened all the
circuit breakers of sheddable feeders (also if additional cross checks are applied
by the grid user).

Interface cubicle Elia-grid user

Elia’s under-frequency cubicle and the grid user’s interface cubicle are connected
through an auxiliary relay, namely a fast electromechanical relay. The interface
cubicle will use the available 110Vdc that is supplied by the grid user. If no
interface cubicle or not enough space is available in the existing cubicle, it could
be necessary to add a new interface cubicle. This will have to be analyzed in the
detailed implementation study.

1 Time between the moment that the load shedding pulse signal from Elia appears in the interface cubicle and the
moment that the circuit breaker(s) of the grid user has/have interrupted the electric current to the load(s).
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A security criterion is applied to avoid erroneous trip due to maintenance faults
("defaut de tournevis”). Instead of one contact, two separate trip contacts are
used, one contact in the plus (+) signal and one contact on the min(-) signal to
issue a trip command (as presented in Figure 3). The shed action is released when
both trip contacts are activated. The auxiliary relay presented in Figure 3 ensures
the separation between polarities of Elia and grid user’s equipment. In case of use
of a fast electromechanical relay an additional operating time of approximately
8 ms will be introduced to the trip signal, which will be part of the operating time
of Elia’s installation. Nevertheless, the use of fast electromechanical relays was

retained to guarantee the signal is sent and received correctly.

(A) Trip Trip
contact 1 contact 2
underfrequency o ;
cubicle Elia ] =
I [
+110vde 9 — o 91-
Eia g, —
Terminal Elia f<
—————— - — - — — — ¢ —————— — — - — — — — — — —
Terminal Elia
______ - — - — — — — - — — — — — — ———— — —— -
Elektro mech
interface relay
Interface L H—
cubicle Elia ,:( ACK
L """""" % Terminal Grid user
Gird user

. R Potential free Trip f<
installation contact grid user

Figure 3 - Principle scheme for connection between under-frequency cubicle (Elia) and

interface cubicle (grid user) by use of an electromechanical relay

The interface is used to exchange the following signals:

- TRIP command: Elia will control an auxiliary relay in the interface cubicle.
In case of a numerical interface IED, the IED will perform the task of

auxiliary relay.

- ACK signal: Elia will read an auxiliary relay in the interface cubicle. In case
of a numerical interface IED, where no auxiliary relays are used, this signal

is directly sent by the interface IED.

- The signal of acknowledgement (ACK) received from the grid user is at
least recorded in one of the frequency relays of the under-frequency

cubicle.

The under-frequency cubicle is the property of Elia, who owns the HV substation
where it will be placed. Elia is responsible for installation and maintenance of the

under-frequency cubicle.
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Implementation

Elia will inform (in writing) the grid user two years in advance of the planned
commission date of the under-frequency cubicle in Elia’s substation. The grid user
has two years for preparing and realizing the equipment needed for disconnection
of the required demand volumes within his demand facility.

The implementation will be planned, executed, and tested in close collaboration
between Elia and the grid user.

A hardwired connection between the under-frequency cubicle and the interface
cubicle will be implemented by Elia. The connection between the interface cubicle
and the selected circuit breakers will be implemented by the grid user.

The interface between TSO and the interface cubicle is described in detail in section
5.3. In case auxiliary relays are used, they will be provided and taken care of by
the grid user.

Due to the different technologies, the implementation at the grid user’s side may
differ based on the type of substation and selected principle. Therefore, a
description on the possible implementation is displayed for each case.

Despite the description on possible implementation for each type of substation,
each grid user shall decide on the type of implementation in their substation(s).

Maintenance policy

As a general rule, the owner of an installation is responsible for its maintenance.

Elia will carry out maintenance and inspections on its load shedding installations
with a periodicity of 10 years, in accordance with its maintenance policy.

Elia recommends that the grid user will carry out maintenance on its load shedding
installations in line with suppliers’ recommendations and with a maximum
periodicity of 10 years. These results must be made available for the TSO to
consult.

A compliance test (see chapter8) will be done after each maintenance to check
that the total tripping time is still guaranteed.

Each entity can request curative or adaptative maintenance reports from the other
entity concerning their installation for load shedding in case of discussion or
malfunction of the installation.
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Compliance testing

According to article 47 of the NC ER, Elia shall execute testing on the low frequency
demand disconnection relays implemented on its installations, within a period to
be defined at national level and following the methodology laid down in Article
37(6) and Article 39(5) of Regulation (EU) 2016/1388. The details of this test are
described in the test plan of Elia (available on Elia’s website) in accordance with
article 43 (2) of the NC ER.

Site Acceptance Tests (SAT)

Before taking into service the (new) installation for demand disconnection in a
transmission connected demand facility or CDS, site acceptance tests shall be
performed. The involved parties: Elia and the grid user(s), will duly inform each
other about the implementation of this (new) installation and align on the timing
for the commissioning test.

During the SAT test, the full installation for demand disconnection will be tested,
in close collaboration between Elia and grid user(s). The objective is to assess the
proper functioning of the whole installation and equipment, as well as respecting
the targeted maximum total operating time as defined in § 3.

Elia will provide a test schedule concerning the SAT test of the complete
installation, which needs to be performed in close collaboration with the grid user.
The tests to be performed on own equipment, without coordination, will be
prepared and executed by the concerned entity and the results will be made
available to be assessed by the TSO during the overlapping testing.

For test on existing demand facilities, Elia and the grid user take precautions to
avoid unwanted load interruptions during the test. If the circuit breaker opening
cannot be performed during the test, the total tripping time will be estimated
conservatively by adding the maximum circuit breaker opening time to the
measured time.

The arrival of the loadshedding order is measured by the grid user at the terminals
closest to the circuit breaker.

For a remote disconnection, the signal transfer time between the frequency
cubicle, the interface cubicle and to terminals close to the circuit breaker must
also be included.

Elia and the grid user will both sign a test certificate confirming the installation
was tested and the results fulfil the specifications as foreseen in section 5.2. A
template of the test schedule / test certificate is added to annex 1 (NL) and annex
2 (FR) of this document.

In case the technical concept for demand disconnection will be changed, the
concerned entity shall duly notify the other entity of this change. A new SAT may
be required and shall be executed in close collaboration with the other entity.

In case of significant modifications in the grid user's installation with an important
impact on the load shedding installation, the grid user must inform Elia. In such
case, Elia and the grid user will decide if a new SAT will be necessary.


https://www.elia.be/-/media/project/elia/elia-site/electricity-market-and-system/emergency-situations/20230317_test-plan_en.pdf
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Commissioning

If the SAT did succeed, the installation for demand disconnection will be put in
service in mutual agreement by Elia and the grid user.

If it is determined during SAT testing that the maximum allowable operating time
is exceeded, then the following action shall be taken:

If the determined total operation time exceeds one and a half times the allowed
operation time, then the installation for demand disconnection is not put into
service. The entities concerned shall determine an action plan to comply within a
reasonable time.

If the determined total operation time is less than one and a half times the allowed
operation time, then the installation for demand disconnection shall be put into
service. Nevertheless, the entities concerned shall determine an action plan to
comply with the rules within a reasonable period of time.

The grid user is informed by Elia in advance of the moment of commissioning.
Periodic tests
Each entity shall define and perform the necessary tests of its installations after

any maintenance. Apart from the SAT, no periodic overlapping test will be
performed.
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Annex 1: Test validatiecertificaat NL
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Annex 2: Certificat de validation de test FR
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Description du probie Desciption de la solution Commentaires

1. Vérifications administratives Commentaires:

1.1 Donnees dans infraref comespondent  la realite®

1.2 Version firmware et config sont VoLao?

1.3 Leswversions des settings/parametrie de chaque relais correspondent 3 ASR?
14 Le rapport de FAT est disponible et valide?

1.5 Lesplans sont disponibles et 3 jour |principe, cablage|?

1.6 Controle visuel |plagues de repérsee. ciblage sxterne, mise 3 la terre, )

2. Tests continuité de cablage Commentaires:

21 Verification mesures tensions sur 'ecran du relais lors d'injection 20-40-600 sur le cincuit TP
1.2 Verification de tows les drcuits de declenchement separement

3. Tests fonctionnalités externes Commentaires:

31 L'slarme malfunction fonctionne correctement sur le DCS et I'EMS?
3.2 Verification des fonctionnalites liges au declenchement:

Seuil de declenhement F1 et F2?

Signalisation trip F1 et F2 sur le DCS et 'EM5?

Demarrage BEN?

Tests optionnels Commentaires:

Drans b Cas ol le e me peut #tre eMeaud avec
Fouvenure du disjomdewr comprise, e 1emgs total
ser estimi de maniiee cosdenative wir base du tes
néalisd A Demps mesung, Munlisiteur o8 rése
ajoutera une marge qui prerd em compte ke temps
d'oasverture maxiovum du Esjoncteur afin de
dérerminer € le orindre des 100ms ¢ 300 masdmum
e respecit. L'ondre de délestage sera mesurd sur let
biwmes au plus prds du DV, S telerrip, @l fan dgalement
imdure be tefps Ol Taesmission.

3.3 Testde dedenchement avec:
Temps total (depuis mesure jusgu's N'ouverture du disjoncteur] <200ms?

Temps cote utilisateur de réseau (de la réception trip & Minterface jusgu®a 'ouverture des disjonctewrs)<100ms
Telechargement de la perturbographie d'un relais contenant le ACK dans e dossier de SAT?
A realiser si senil Fl ou F2 2 &te change depuis la FAT
3.4 Testde predsion FL {1 test par relais)

3.5 Testde précsion F2 |1 test par relais)

4. Fermeture administrative Commentaires:
4.1 Rapport SAT, fichiers OCC, rapport de SAT wtilisateur de resesu eventuel, _ telecharze sur le serveur
5. Signature
Pour approbation:
Pour ELIA Pour I'utilisateur de réseau
nom, date et signature : noim, date et signaturs :
..................................................................................................................................................................................... O

elia.



