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Preamble

On 28 April 2025 at 12:33 CEST, the power systems of Spain and Portugal
experienced the most severe blackout incident in the European power system
in over 20 years, with major repercussions for citizens and society. To prevent
similar cases from occurring in the future, a thorough technical analysis of this
major incident must be performed.

Thisfactual report describes the system conditions on 28 April 2025 and details the
sequence of events that occurred on that day from 9:00 onwards in the electricity
systems in Spain, Portugal, and France, as established by the Expert Panelsetup in
accordance with Article 15 of Commission Regulation (EU) 2017/1485 of 2 August
2017 establishing a quideline on electricity transmission system operation (SO GL)
and the Incident Classification Scale (I1CS) methodology.

The purpose of this report is to provide a technical and objective account of the
incident, based on factual evidence. It aims to support transparency, learning, and
continuous improvement in system operation across Europe. While this report
is based on most reliable data made available to the Expert Panel by a range of
data providers, no representation or warranty, express or implied, is made as to
the fairness, completeness or correctness of information and opinions contained
in this document. Importantly, the report is not intended to allocate liability or
responsibility to any party and may, therefore, not be interpreted in such way.
It serves solely as a factual record to transparently inform stakeholders and
governance bodies, and to facilitate further discussion and evaluation within
the context of the final report referred to hereafter. This report has been agreed
and prepared by the Expert Panel and is without prejudice to any investigation or
enforcement action that may be taken by the competent authorities.

The factual report will be followed by the final report, which will include
an in-depth analysis of the events of 28 April, establish the root causes of the
incident, and include recommendations for improving the resilience of the
European powver system.
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1 MANAGEMENT SUMMARY

1.1 Introduction

0n 28 April 2025, at 12:33 Central European Summer
Time (CEST), the power systems of Spain and Portugal
experienced a blackout. Asmall area in France near the
Spanish border also experienced disruptions for a limited
duration. The remainder of the Continental Europe
(CE) power system did not experience any significant
disturbance.

Following the incident, each affected Transmission
System Operator (TSO) - REN (Portugal), RE (Spain), and

1.1.1

The incident has been classified as a scale 3 event - the
highest level in terms of severity - following Article
15(5) of the Commission Regulation (EU) 2017/1485 of
2nd August 2017 establishing a guideline on electricity
transmission system operation (SO GL) and the Incident
Classification Scale (ICS) Methodology. Consequently,
pursuant to the same legal framework, an Expert Panel
was set up, which began investigating the incident on
12 May 2025 with the aim of delivering a factual and
finalreport.

In accordance with the ICS methodology, the Expert
Panel comprises representatives from affected and
non-affected TSOs, the Agency for the Cooperation of
Energy Requlators (ACER), National Regulatory Author-
ities (NRAs), Regional Coordination Centres (RCCs), and
convenors from relevant ENTSO-E bodies. The Panel is
led by two experts from TSOs not directly affected by the
incident: Klaus Kaschnitz from APG (Austria) and Richard
Balog from Mavir (Hungary). Overall, the Expert Panel
comprises 45 experts - 28 from ACER and NRAs, and 17
from TSOs, RCCs, and ENTSO-E bodies - from across Europe
(the complete list of the Expert Panel members is avail-
able on the final page of this report).

RTE (France) - immediately activated their respective
system restoration plans, as well as any other relevant
procedures and protocols for restoring the voltage of the
electricity system. The system restoration was completed
by 00:22 on 29 April 2025 in Portugal, and by 04:00 on
the same day, the transmission system was restored in
Spain. This blackout was the most serious incident to
occur on the European power system in over 20 years,
with a major impact on citizens and society as a whole
in Spain and Portugal.

Expert Panel and Structure of Factual Report

While the three affected TSOs actively contribute to the
Expert Panel's work, as foreseen by the legal framework,
each of them is only represented by one expert in the
Panel. Furthermore, in line with the Expert Panel's terms
of reference, their contribution involves providing input
and suggestions for specific chapters in a transparent
and constructive manner, but not acting as the primary
authors of the respective chapters where their TSO has
been involved in any way in the relevant actions for the
event. These measures aim to ensure the neutrality of the
reports delivered by the Expert Panel. This factual report -
as the first deliverable of the Expert Panel - presents the
facts gathered, offering a comprehensive description of
the system conditions before the incident, the sequence
of events during the incident, the restoration process,
and the communication between coordination centres
and TSOs. The report also includes an analysis of the inci-
dent severity based on the ICS methodology. Finally, the
report presents the next steps of the ongoing investiga-
tion, which will culminate in the publication of the final
report, including recommendations aimed at improving
the performance and resilience of the power system
across Europe.
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The factual report reflects the data and information
processed by the Expert Panel up to 22 August 2025. The
finalreport will consider the facts included in this present
factual report, as well as any additional information and
data related to the circumstances in which the blackout
occurred and necessary for the assessment of its causes,
that the Panel might deem relevant for a comprehen-
sive investigation. Some of these additional datasets are
specified in this report, and some relevant next steps are
outlined in Chapter 8 of this factual report.

1.1.2

The ICS methodology provides that an Expert Panel estab-
lished to investigate a scale 2 or 3 incident carries out
its investigation based on data reported by the affected
TSOs, as listed in Annex 1 “Common data for reporting”,
Annex 2 “Specific data reported for depending on the ICS
criterion” and Annex 3 “Additional data for the investiga-
tion of scale 2 and scale 3 incidents”. The methodology
also stipulates that the Expert Panel shall request addi-
tional data and information deemed necessary for the
investigation, including data owned by third parties (e.g.
Distribution System Operators (DSOs) and generators),
to be provided by the affected and other relevant TSOs.

Data Collection

In accordance with this provision, the affected TS0s
delivered the required data under the ICS methodology
within approximately six weeks following the incident.
After the installation of a dedicated confidential data
platform and the establishment of rules for the use and
distribution of data within the Expert Panel, the data was
shared with the entire Expert Panel nine weeks after the
incident. To establish the facts directly related to this
incident, the Expert Panel also considered it necessary
to request and collect specific data from DSOs and signif-
icant grid users - especially generation facilities - in the
affected countries. Finally, the Expert Panel received
several voluntary contributions from various third parties
(i.e. ministries, companies, and a trade association).

This first chapter provides a high-level summary of the
factual report, following the same structure as the report
itself. It also includes a specific sub-chapter on data
collection, given that collecting complete, high-quality
data proved very challenging for this investigation.

In this report, all times are in CEST, which corresponds to
UTC+02:00. Furthermore, when referring to Spain and
Portugal as relevant areas, it refers to continental Spain
and continental Portugal, respectively.

Data collection from DSOs and significant grid users

Data and information requested from DSOs comprised,
among others:

» Information on any disconnection of genera-
tors before the incident

» Information on generation mix in the DSO grid
before the incident

» Information on any voltage alarms or exceeded
voltage thresholds

» Information on load shedding

Data and information requested from significant grid
users (generators) comprised, among others:

» List of generation facilities in operation on 28
April and any related power system stabilisers

» Information on generation trippings, including
fault recorder files, protection relay settings,
and schematic drawings

» Information on any identified malfunctions
related to oscillations

» Communications with the TSO before the
incident

In line with the methodology and practices applied in
previous investigations, the task of collecting data from
third parties was entrusted to the affected TSOs.
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In Portugal and France, the TSOs were able to collect the
necessary data and transfer it in a timely manner to the
Expert Panel. The following parties delivered data:

» DSO in Portugal: E-Redes

» Generators in Portugal: Akuo, Aquila, Axpo,
CWPOWER, Dos Grados, EDP-Producdo, Energi
Innovation, Engie, EXUS, Galp, Iberdrola,
Powersun Solutions, Neoen, Prosolia, Vector
Renewables, Voltalia, Welink, and WiseEnergy

» DSO in France: ENEDIS

» Generators in France: EDF, EDF Renouvelable,
and SHEM

In Spain, collecting data from third parties proved more
challenging. To facilitate the provision of third-party data
to the Expert Panel, two initial letters were sent at the
end of May 2025: one by the Expert Panel leaders to the
Spanish TSO Red Eléctrica on 26 May and the other by
ENTSO-E to the Spanish authorities on 28 May. Following
these letters, Red Eléctrica obtained consent from 33
generation companies! and DSOs to share all relevant
data at its disposal with the Expert Panel, while eight
others did not provide their consent. As a next step, the
leaders of the Expert Panel requested data directly from
the parties that had not given their consent to Red Eléc-
trica, as well as the parties from which the Panel deemed
it necessary to obtain clarifications or additional data.

Overall, more than 150 emails and letters were
exchanged between the Expert Panel leaders and the
third parties concerned between 28 June and 12 August,
with the aim of finalising the data collection process. The
following parties have delivered data:

» DSOs: E-Distribucion, Electra Caldense, Electrica
Bermejales, Electricas Pitarch, E-Redes, Esta-
banell, i-DE, Medina Garvey, UFD, and Viesgo

» Generators (including control centres): Acciona,
Alpig, Axpo, Cecovi, Cepsa, Cogen-Energia, EDP
Espafia, EDP Renewables, Elawan, Endesa,
Energya-VM, Engie, Galp, Gamesa, Gesternova,
Gnera, Holaluz, Iberdrola, Ibereolica, Ignis,
Magnon, Mercuria Sostenible, Naturgy, Nexus,
Norvento, Repsol, RWE, Saica, Samca, SEC
Hueneja, Total Energies, and Wind to Market

Overall, the Expert Panel was able to collect a lot of
data from TSOs and parties connected to the TSO grids.
However, some data remains missing, particularly
related to some of the generation trips that occurred
before the blackout. Several of the concerned parties
(namely the owners of those facilities) informed the
Expert Panel that they do not have this fault record data.
The present factual report has been prepared based on
data provided to the Expert Panel up to 22 August 2025,
and the Expert Panel might require additional data to
further analyse the event for the final report.

Other contributions

In addition to the raw data collected from TSOs and other
parties, the Expert Panel also considered the following
additional material:

» Ex-post evaluation reports submitted by Spain
and Portugal to the European Commission,
prepared pursuant to Article 17 of Regulation
(EU) 2019/941 on risk preparedness in the
electricity sector.

» Several spontaneous, letters including reports,
presentations and other technical documents
from various parties: AELEC, E.DSO, Endesa,
Eurelectric, Iberdrola, Red Eléctrica, and UFD.

» Spanish government report published on
17 June.

» Red Eléctricareportrequired by the Spanish requ-
lation (Operational Procedure PO 9) published
on 18June.

» Presentations given by E.DSO, EU DSO Entity
and Eurelectric during the joint workshop of
the System Operations European Stakeholder
Committee (SO ESC) and of the Grid Connection
European Stakeholder Committee (GC ESC),
chaired by ACER, which took place on 18 July.

While the investigation is primarily based on the raw
data and information collected upon the Expert Panel's
request, the Expert Panel also took these additional
external documents into consideration in preparing the
factual report?.

1 Generation control centre: in Spain, all generation facilities with power equal or greater than 1 MW must send real-time information to the TSO. Considering
that a very high number of facilities meet this criterion (around 4,200), an additional role has been established based on Operational Procedure 8.2 and RD
413/2014, namely the generation control centre. The generation control centre acts as an intermediary between generation facilities and the TSO control centre
to send real-time measurements to the TSO and in the other direction to send to generation facilities the reference power values required by the TSO.

2 The same will be done for the preparation of the final report.

A

\2
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Treatment of confidential information

The collection of data required for the purposes of this
investigation and the conclusion of the factual and
final reports by the Expert Panel has been performed in
line with the ICS methodology and the confidentiality
requirements established in both European and relevant
national requlatory framework. To safequard confidenti-
ality while upholding transparency, the Expert Panel has
adopted a balanced approach, based on which any data
provided by the affected TSOs linked to individual gener-
ators and/or by third parties and classified as confidential
has been subject to anonymisation.

1.2

The morning hours of 28 April 2025 were characterised
by an increasing generation of renewables, having
led to decreasing prices on the day-ahead market and
increasing exports of Spain up to 5GW in total. From
approximately 09:00, the variability of the voltage in
Spain started increasing, albeit without significant varia-
tions until shortly after 10:30, when the voltage in a part
of the 400 kV transmission network briefly approached -
but did not exceed - 435kV.

Such classification is based on the due justification of
the sensitive nature of the specific data by the providing
party to the Expert Panel. The anonymisation measures
applied are without prejudice to the integrity of the data
analysis performed by the Expert Panel, ensuring that
confidentiality is protected while preserving the eviden-
tial value and robustness of the data provided.

In light of this, this report mentions the technology of
individual power plants and - if applicable - the region
of their location instead of their names. Furthermore,
absolute values of their active or reactive power infeed
are replaced by per-unit values.

System and Market Conditions Before the Incident

The voltages in the 400kV network remained below
435KkV during the period before the incident. No signifi-
cant oscillations with amplitudes above 20 mHz could be
detected until 12:03.

The following figure illustrates voltage evolution in the
main 400 kV transmission substations (pilot nodes) in
Spain from 9:00.

440

420 420 A

o
410 'Mn

ik
Al ww y *W" W’*’\ \‘W

!

@ELIANA 400 kV

@GUILLENA 400 kV

@HERNANI 400 kV

@ MESON V. 400 kV

@RUBI 400 kV

@SS REYES 400 kV
VIC 400 kV

-‘VMV a i L
> \ i ‘ '
2 'M Wit i . 1™
400 J L l‘} (Tt d
V Y

390

390
=

380

375
370

9:00 9:30 10:00 10:30 11:00 11:30 12:00

Figure 1-1: Voltage evolution in the main 400 kV transmission substations (pilot nodes) in Spain
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During the half hour preceding the blackout, two main
periods of oscillations - power, voltage, and frequency
swings - were observed in the Continental Europe
Synchronous Area (CE SA), the first of which took place
from 12:03 to 12:08. The analysis indicates that this
oscillation had a local character primarily affecting
Spanish and Portuguese power systems with a dominant
frequency of 0.63 Hz. The second oscillation occurred
between 12:19 and 12:22 as an inter-area oscillation,
with a dominant frequency of 0.21 Hz, corresponding to
the East-Centre-West continental mode. In orderto damp
these oscillations, the operators in the control rooms of
the relevant TSOs took several mitigating measures, such
as reducing the export from Spain to France, coupling of

1.3

Severalimportant generation trips occurred from 12:32:00
onwards. Between 12:32:00.000 and 12:32:57.000, there
was a loss of 208 MW identified distributed wind and solar
generators in northern and southern Spain, as well as an
increase in net load in the distribution grids of approxi-
mately 317 MW, which might be due to the disconnection
of small embedded generators <1 MW (mainly rooftop

V, wind, increase in net |
load in distribution grids

12:33:16
~725 MW
PV, thermo-solar

internal power lines in the South of Spain, or changing
the operation mode of the HVDC link between France
and Spain. While these measures mitigated the oscilla-
tions, their nature led to an increase of voltage in the
Iberian power system.

At12:32:00 - the starting point of incident as considered
for the purpose of this report - the voltage of Iberian
power system at the 400kV level was below 420kV
and no notable oscillation with amplitude higher than
20 mHz could have been observed. The evolution of the
system and market conditions until this point of time is
explained in further detail in Chapter 2.

System Conditions during the Incident

PV) orto an actualincrease in load or to a combination of
both. The reasons for these events are not known. From

12:32:57.000 until 12:33:18.020, major disconnection
events occurred in the regions of Granada, Badajoz,
Sevilla, Segovia, Huelva, and Caceres, which resulted in an
additional loss of generation of at least 2 GW (the effects
of frequency deviation suggest a loss of even 2.2 GW).

12:32:57
355 MW
PV, thermo-solar, wind

Figure 1-2: Areas of major generation disconnection events in Spain until 12:33:18
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This phase of major disconnection events started some
milliseconds after 12:32:57 with the tripping of a
generation transformer in the region of Granada due
to the activation of an over-voltage protection in the
220kV side of a 400/220kV transformer, which connects
several generation facilities (photovoltaic, wind and
thermo-solar) to the transmission grid. The transformer
was injecting 355 MW into the grid and the voltage at the
400KV level was 417.9kV at this time.

The next event consisted of two sets of trips, resulting in
an additional loss of around 725 MW of PV and thermo-
solar facilities connected to two 400KkV transmission
substations in the area of Badajoz. In the first substation,
an evacuation line tripped at 12:33:16.460. The voltage
at 400 kV level, at the time of this trip was 435,4 kV but
this value, due to the way PMUs calculate and timestamp

phasors, could already be influenced by the genera-
tion loss. In the second substation, the trip occurred
at 12:33:16.820; the reasons for these two trips are
not known.

After that several trips between 12:33:17 and
12:33:18.020 occurred that have led to disconnection of
wind and solar generation in Segovia, Huelva, Badajoz,
Sevilla and Caceres for a total of approximately 930 MW
(oreven more than 1,100 MW, as implied by the variation
of frequency). Some of these trips occurred due to over-
voltage protection, but most of trips are not known.

The following figure illustrates the increase of voltage up
to a level beyond 435kV during this sequence of losing
generation in Spain of more than 2.5GW in total until
12:33:18.020.
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Figure 1-3: Cumulative sum of tripped generation in Spanish system vs voltage at 400 kV substation in Carmona (Spain)

No generation trips were observed in Portugal and
France withinthe 12:32:00-12:33:18 timeframe.

As some generation units were consuming reactive
power with the effect of reducing the voltage, the
disconnections of these units without adequate compen-
sation of loss of reactive power by other resources in
the system with the capability to inject/absorb reactive
power meant that voltages in the system increased,
not only in Spain but also in Portugal. Furthermore, the
frequency decreased.

Between 12:33:18 and 12:33:21, the voltage of the
South area of Spain sharply increased, and consequently
also in Portugal. The over-voltage triggered a cascade
of generation losses that caused the frequency of the
Spanish and Portuguese power system to decline.

At 12:33:19, the power systems of Spain and Portugal
started losing synchronism with the rest of the European
System.
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Between 12:33:19 and 12:33:22, the automatic load
shedding and System Defence Plans of Spain and
Portugal - implemented in accordance with Commis-
sion Regulation 2017/2196 of 24 November 2017
establishing a network code on electricity emergency
and restoration (NC ER) - were activated but unable to
prevent the collapse of the Iberian power system.

At 12:33:20.473, the AC interconnection to Morocco
tripped due to underfrequency. At 12:33:21.535, the AC
overhead lines between France and Spain were discon-
nected by protection devices against a loss of synchro-
nism. After this AC separation of the Iberian Peninsula,
the power imbalance continued to increase, causing the
frequency to further decline.

Finally, at 12:33:23.960, the electrical separation of the
Iberian system was completed by the tripping of the
HVDC lines that transmitted power from Spain to France
due to constant power mode at this time, and all system
parameters of the Spanish and Portuguese electricity
systems collapsed.

The following figure illustrates the evolution of the
frequency and voltage in Spain (substation of Carmona)
and the frequency in the rest of CE (substation of Bassen-
court, Switzerland) during the incident.

The evolution of the Rate of Change of Frequency (RoCoF)
inthe moments before the blackout indicates that RoCoF
in the area remains within the absolute range of 1 Hz/s
up until 12:33:20.560, when the frequency was already
around 49 Hz. After that, the absolute value of RoCoF
exceeded 1Hz/s, when the system conditions were
already degraded.

In comparison to the blackout in Spain and Portugal,
France was marginally affected by the incident. Beside
a loss of approximately 7 MW load, one nuclear power
planttripped due to the incident.

The evolution of system conditions from 12:32:57 until
the blackout is explained in further detail in Chapter 3.

Voltage Magnitude [kV]

=

553

-
Frequency [Hz]

L 48.2

bbb bbb
SNNNNSRe
AU NmD O

Time [UTC+02]

—— Frequency Iberian Peninsula ~—— Frequency Continental Europe

— Voltage Magnitude

——- Upper Voltage Limit {435 kV)

——- Lower Voltage Limit (360 kV}

Figure 1-4: Evolution of the frequency and the voltage in the substation of Carmona (Spain) and of the frequency in the rest of Continental Europe (substation of

Bassencourt, Switzerland) during the incident
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1.4 Restoration Process

Following the incident, each affected TSO immediately
activated their respective system restoration plans -
implemented in accordance with Commission Reqgula-
tion (EU) 2017/2196 establishing a network code on
electricity emergency and restoration (NCER) - as well as
any otherrelevant procedures and protocols for restoring
the electricity system's voltage. Power system restoration
in some regions of the Portuguese and Spanish systems
was facilitated - among others - by activating power
system resources such as black-start processes in certain
power plants, as well as the existing interconnections
with France and Morocco.

During the restoration, not all black-start attempts
were successful and some electrical islands had to be
built up again after tripping. However, until 15:30,
eight black-start islands could be built up successfully
in Spain and first areas were already connected to rest
of CE via interconnectors between Spain and France
(L-400kV Argia—Hernani energised at 12:43 and L-400 kV
Baixas—Vic energised at 13:35).

1.5

The results of the various tasks performed by the RCCs
before the incident indicate that the grid was considered
secure and no majorissues were detected in the affected
area during the operational planning phase. The Outage
Planning Coordination (OPC) task conducted by SEleNe CC
and Coreso to assess outage incompatibilities for trans-
mission elements revealed no congestions (violations
of n-1 criteria) for the Iberian Peninsula transmission
network.

Furthermore, at 13:04, the interconnection between
Spain and Morocco was energised, which had to be
repeated at 14:34 aftertripping at 14:27.

At 15:07, all nuclear power plants confirmed having
external supply for their auxiliary services.

At 18:36, the L-220kV Aldeadavila—Pocinho 1 inter-
connector between Spain and Portugal was energised
and the Portuguese transmission grid received voltage
with continental frequency again. In the meantime, two
black-startislands could be built up in Portugal.

At19:32, by switching onthe L-400 kv Almaraz—C.Rodrigo
line, the Southern zone connected with Moroccan system
could be synchronised with the Northern zone connected
to CE.

At 00:22 and around 04:00 on 29 April 2025, the resto-
ration process of the transmission grid was completed in
Portugal and Spain, respectively. Details of the restora-
tion process can be found in Chapter 4.

RCC Analysis Before the Incident

The Short-Term Adequacy (STA) analysis - led by Nordic
RCC - confirmed that the available production capacity
could meet the expected consumption. The Coordinated
Security Analysis (CSA) - performed by Coreso - revealed
no significant operational security risks, and the grid was
deemed N-1 secure. The Common Grid Model (CGM) and
Coordinated Capacity Calculation (CCC) processes did not
reveal any unsafe grid situation. The RCC analysis before
the incidentis described in further detail in Chapter 5.
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1.6
and Between TSOs

During and after the blackout, communication between
TSOs and Coordination Centres (Swissgrid and Amprion)
supported the crisis management and coordination of
restoration. Exchanges via direct calls, ENTSO-E Aware-
ness System (EAS) notifications, and email enabled
situational awareness, alignment on cross-border
actions, and prioritisation of restoration steps. Key oper-
ational measures included adjustments in cross-border
exchanges and HVDC interconnection modes to support
grid stability.

1.7
on the ICS Methodology

The ICS methodology is based on the requirements of
Requlation (EC) No 714/2009 and Commission Regu-
lation (EU) 2017/1485, and aims to provide a realistic
view of system states during incidents. The criteria for
incident classification are ranked by priority, with the
highest priority criterion determining the incident scale.
An Expert Panel investigates incidents classified as
scale 3. 0n 28 April 2025, the OB3 criterion was metin
Spain and Portugal as the result of both loss of demand

1.8 Next Steps

Following the release of this factual report, the Expert
Panel will prepare a final report, which will include
further detailed analysis of the events of 28 April
regarding:

» 1. Root causes
» 2. Voltage control

» 3. Behaviour of different actors
during the incident

» 4. Additional assessments

These categories of further analysis are described in
further detail in Chapter 8. The Expert Panel will also
consider the incident in a broader context, including by
examining the behaviour of the Iberian power system on
other days preceding the blackout.

Communication of Synchronous Area Monitors

Unaffected TSOs actively shared information and offered
support throughout the incident. The Coordination
Centres streamlined the flow of information to enable
the affected TSOs to focus on the urgent operational
necessities.

This structured and timely communication framework
contributed to managing the incident and restoring
system stability across the affected regions, as described
in further detail in Chapter 6.

Classification of the Incident Based

inthe Iberian Peninsula and the total absence of voltage.
In France, the highest criterion violated was 0V1 (scale 1)
duetothe highvoltage experienced due to the incident.
Consequentially, the incident met the RCC investiga-
tion threshold, which prompted the RCC investigation
subgroup to initiate an RCC investigation by pursuant to
Article 7 of the RCC Post-Operation and Post-Disturbances
Analysis and Reporting methodology. Further explana-
tions can be found in Chapter 7.

Finally, the final report will also include recommenda-
tions to help prevent similar incidents in the future, not
only in Spain and Portugal but across the entire European
power system.

The final report is expected to be delivered approxi-
mately four months after the factual report. However,
thistimeline is purely indicative as it will largely depend
on the complexity of the analyses that the Expert Panel
will conduct and the related additional data that the
Panel will have to collect accordingly. The final report
will be published on the ENTSO-E website and presented
to the European Commission and Member States via the
Electricity Coordination Group.
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2 SYSTEM AND MARKET CONDITIONS
BEFORE THE INCIDENT

During the night spanning from 27 to 28 April, the Iberian power system operated
normally with voltages in Spain in the range 399-426kV. This chapter presents the
system and market conditions on Monday, 28 April 2025 for the period between
9:00:00 and 12:32:00, without prejudice to relevant events that occurred on
previous days, which will be analysed in the final report. Therefore, for the purpose
of this report, it is considered that the incident started at 12:32:00.
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2.1 Information on Topology

2.1.1 Planned and Unplanned Outages

In this section, all planned outages with an impact  There were no unplanned outages with an impact on

on neighbouring systems are presented by the TSO as  neighbours' systems on either RE, REN, or RTE's grid.

defined in methodologies for coordinated operations,in ~ Therefore, the figure below presents the location

accordance with Commission Requlation (EU) 2017/1485 of planned outages with an impact on neighbours’

(see Section 2.8.1 inthe annex for the detailed list of RTE, systems. Planned outages without an impact on neigh-

RE, and REN outages). bouring systems are listed in Tables 2-9, 2-10, and 2-11
inthe annex.
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Figure 2-1: Location of planned unavailable elements with an impact on neighbouring systems

Note: The figure shows (in blue colour) all transmission
elements with an impact on neighbouring systems that
were in planned maintenance on 28 April between
12:00 and 13:00.
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From the planned outages with an impact on neighbouring systems, two notable border tie lines
were out of service:

» Brovales—Alqueva 400 kV
(Spain—Portugal border)

» Biescas—Pragneres 220 kV
(France—Spain border)

The Brovales—Alqueva 400KkV (Spain—Portugal) tie line
was put into service on 29 April, following the interrup-
tion of this outage, initially planned to terminate on

3 May.

Table 2-1 below provides a list of works and manoeuvres
from RE between 9:00 and 12:32.

HOUR ELEMENT ZONE COMMENTS

09:00 SE 220 kV SERRALLO EAST

09:03 SE 220 kV STA. ELVIRA SOUTH

09:16 SE 220 kV ACECA pos PRADILLOS CENTRE

09:21 SE 220 kVTORRELLANO EAST

09:37 SE 400 kV ALDEADAVILA: JBP2 NORTHWEST

09:37 SE 400 kV FAUSITA EAST

09:52 L-220 kV PRADO SANTQ DOMINGO—-VILLAVICIOSA CENTER

09:52 SE 220 kV VILLAVICIOSA pos AC CENTER Operationin 2 nodes

09:53 SE 400 kV GUILLENA: L/COLLECTOR 1 SOUTH

10:46 SE 400 kV PALOS: AT-2 and TM-2 SOUTH

11:15 L-220 kV VILLAVICIOSA—LUCERO—LEGANES CENTER

11:36 SE 220 kV ACECA: 522-1 Switch CENTER

12:16 SE 220 kV SS. REYES: L/ PS. FERNANDO splitwith L/ | CENTER Topological manoeuvre at SS REYES 220 kV to avoid overload on
ALCOBENDAS L-220 kV LOECHES—PS. FERNANDO post contingency at DC-400 kV

ALMARAZ—C. RODRIGO/ALDEADAVILA—ARANUELO

Table 2-1: List of works and topological manoeuvres from RE

Throughout this document, the following geographic zones are defined:

» South: Andalucia (except Almeria) and Extremadura

» Centre: Madrid and Castilla—La Mancha (except Albacete)

» East: Comunidad Valenciana, Murcia, Albacete, and Almeria

» North: Pais Vasco, Navarra, La Rioja, and Aragdn

» North East: Catalufa

» North West: Galicia, Asturias, and Cantabria y Castilla Leon
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2.1.2

This section lists all manual topological actions taken for voltage control by TSOs (see annex for the detailed list of

Topological actions for voltage control

open lines and RE zonal SCADA images at 12:25). The situation from 9:00 to 12:32 is depicted in Figure 2-2:

=R ‘\‘0‘”‘“"&‘
)
s A

o 400 kv Shunt reactor
o 220KkV Shunt reactor
= 400KV Line/Tie line
== 220kVLine/Tieline

Figure 2-2: Iberian scenario: Open lines and reactances in Portugal and in Spain from 9:00 until 12:32

For context, shunt reactors and lines are connected
or disconnected manually based on decisions of the
operators in the RE and REN control rooms. Connecting
lines decreases system impedance. This action increases
damping, and on the other hand increases the reactive
power production in the system and hence increases
voltage. Disconnecting lines has the opposite effect.
Connecting shunt reactors increases reactive power
consumption in the system and thus decreases voltage.
Disconnecting shunt reactors has the opposite effect.

Additionally, in the table below a list of manoeuvres
from Red Electrica before 12:32 is provided. For every
manoeuvre, or group of manoeuvres, thatitis donein
the controlroom, the decision to perform the manoeuvre
is taken either based on the experience of the operator
or based on a static power flow simulation performed
right before, to check the expected impact of the action
onvoltages and loads of elements.
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HOUR ELEMENT NAME MOVEMENT ZONE
09:02 LINE L-400 kV ALMARAZ—SAN SERVAN 1 SWITCH ON SOUTH
09:02 SHUNTREACTOR VALDECABALLEROS 400 REA 2 SWITCH OFF SOUTH
09:02 SHUNTREACTOR ANCHUELOREA1 SWITCH OFF CENTRE
09:05 SHUNTREACTOR MINGLANILLA 400 REA1 SWITCH OFF EAST
09:08 SHUNTREACTOR LITORAL 400 REAL SWITCH OFF EAST
09:13 LINE L-400 kV BRAZATORTAS—MANZANARES 1 SWITCH ON CENTRE
09:13 LINE L-220 kV GURREA-VILLANUEVA 1 SWITCH ON NORTH
09:17 LINE L-400 kV SALLENTE—CALDERS SWITCH ON NORTHEAST
09:13 SHUNTREACTOR RUEDA 400 REA 2 SWITCH OFF NORTH
09:14 SHUNTREACTOR BELINCHON 400 REA1 SWITCH OFF EAST
09:22 SHUNTREACTOR VITORIA 400 REA 2 SWITCH ON NORTH
09:23 SHUNTREACTOR GUADAME 400 REA2 SWITCH OFF SOUTH
09:24 SHUNTREACTOR DRODRIGO 400 REA1 SWITCH OFF SOUTH
09:25 SHUNTREACTOR ARANUELO 400 REA1 SWITCH OFF SOUTH
09:26 SHUNTREACTOR BIENVENIDA 400 REA1 SWITCH OFF SOUTH
09:27 SHUNTREACTOR MORALEJA 400 REA1 SWITCH OFF CENTRE
09:31 SHUNTREACTOR JM. ORIOL 400 REA2 SWITCH OFF SOUTH
09:32 SHUNTREACTOR MORALEJA 220 REA12 SWITCH OFF CENTRE
09:34 SHUNTREACTOR ALMARAZ 400 REA3 SWITCH OFF SOUTH
09:41 SHUNTREACTOR VALDECABALLEROS 400 REA 1 SWITCH OFF SOUTH
09:44 SHUNTREACTOR BROVALES 400 REA1 SWITCH OFF SOUTH
09:49 SHUNTREACTOR EALMARAZ 220 REA1 SWITCH OFF SOUTH
09:52 SHUNTREACTOR MAGALLON 400 REA2 SWITCH OFF NORTH
09:54 LINE L-400 kV ALMARAZ-MORATA 2 SWITCH ON CENTRE
10:02 LINE L-400 kV BROVALES—SAN SERVAN 1 SWITCH OFF SOUTH
10:04 SHUNTREACTOR GUILLENA 400 REA2 SWITCH OFF SOUTH
10:05 SHUNTREACTOR CABRA 400 REA1 SWITCH OFF SOUTH
10:05 LINE L-400 kV ARCOS-D. RODRIGO 2 SWITCH ON SOUTH
10:18 SHUNTREACTOR JM. ORIOL 220 REA1 SWITCH OFF SOUTH
10:19 SHUNTREACTOR MORALEJA 220 REA13 SWITCH OFF CENTRE
10:20 SHUNTREACTOR OLMEDILLA 400 REA1 SWITCH OFF EAST
10:22 SHUNTREACTOR VILLAVICIOSA 220 REA2 SWITCH OFF CENTRE
10:29 SHUNTREACTOR ROCAMORA 400 REA1 SWITCH OFF EAST
10:32 LINE L-220 kV ACECA—PICON SWITCH ON CENTRE
10:32 SHUNTREACTOR MAGALLON 400 REA1 SWITCH OFF NORTH
10:32 SHUNTREACTOR PINILLA 400 REA1 SWITCH OFF EAST
10:32 SHUNTREACTOR SSREYES 400 REA 3 SWITCH OFF CENTRE
10:33 LINE L-400 kV BROVALES—GUILLENA 1 SWITCH ON SOUTH
10:33 HVDC 320 kV STA. LLOGAIA—BAIXAS RAISE THE SETPOINTTO 413 kV SETPOINT NORTHEAST
10:35 LINE L-400 kV GUADAME-VALDECABALLERQS SWITCH ON SOUTH
10:39 SHUNT REACTOR MAGALLON 400 REA2 SWITCH ON NORTH
10:40 SHUNTREACTOR GUADAME 400 REA2 SWITCH ON SOUTH
10:40 SHUNT REACTOR PINILLA 400 REA1 SWITCH ON EAST
10:40 SHUNTREACTOR MORALEJA 220 REA12 SWITCH ON CENTRE
10:43 HVDC 320 kV STA. LLOGAIA-BAIXAS REDUCE THE SETPOINT TO 409 kv SETPOINT NORTHEAST
10:44 SHUNT REACTOR RUEDA 400 REA2 SWITCH ON NORTH
AN
Y
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HOUR ELEMENT NAME MOVEMENT ZONE
10:44 CONDENSER JUIA 220 CONDEN1 SWITCH OFF NORTHEAST
10:45 SHUNTREACTOR VALDECABALLEROS 400 REA 2 SWITCH ON SOUTH
10:50 SHUNTREACTOR CABRA400REA1 SWITCH ON SOUTH
10:50 SHUNTREACTOR REQUENA 400 REA1 SWITCH ON EAST
10:51 HVDC 320 kV STA. LLOGAIA-BAIXAS REDUCE THE SETPOINT TO 404 kV SETPOINT NORTHEAST
10:59 SHUNTREACTOR VALDECABALLEROS 400 REA 2 SWITCH OFF SOUTH
10:59 SHUNTREACTOR SENTMENAT 400 REA1 SWITCH OFF NORTHEAST
10:59 HVDC 320 kV STA. LLOGAIA-BAIXAS RAISE THE SETPOINTTO 410 kV SETPOINT NORTHEAST
11:00 SHUNTREACTOR GUADAME 400 REA 2 SWITCH OFF SOUTH
11:01 SHUNTREACTOR CABRA400REA1 SWITCH OFF SOUTH
11:02 SHUNTREACTOR LA SERNA 400 REA 2 SWITCH OFF NORTH
11:03 LINE L-400 kV OLMEDILLA—ROMICA 2 SWITCH ON EAST
11:03 SHUNTREACTOR BEGUES 400 REA1 SWITCH OFF NORTHEAST
11:03 SHUNTREACTOR REQUENA 400 REA1 SWITCH OFF EAST
11:03 SHUNTREACTOR VITORIA 400 REA 2 SWITCH OFF NORTH
11:03 SHUNTREACTOR GUADAME 220 REA3 SWITCH OFF SOUTH
11:04 SHUNTREACTOR ESCATRON 220 REA1 SWITCH OFF NORTH
11:04 SHUNTREACTOR MORALEJA 220 REA12 SWITCH OFF CENTRE
11:04 SHUNTREACTOR PALOS 220 REA1 SWITCH OFF SOUTH
11:04 SHUNTREACTOR RUEDA 400 REA2 SWITCH OFF NORTH
11:04 SHUNTREACTOR MAIALS 400 REA1 SWITCH OFF NORTHEAST
11:07 SHUNTREACTOR MAGALLON 400 REA2 SWITCH OFF NORTH
11:07 SHUNTREACTOR RUBI 400 REA1 SWITCH OFF NORTHEAST
11:07 LINE L-400 kV AGUAYO—ABANTO SWITCH ON NORTHWEST
11:07 LINE L-400 kV GUADAME-CABRA 1 SWITCH ON SOUTH
11:08 LINE L-400kV PINAR-TAIO SWITCH ON SOUTH
11:08 HVDC 320 kV STA. LLOGAIA-BAIXAS RAISE THE SETPOINTTO 413 kV SETPOINT NORTHEAST
11:08 SHUNTREACTOR PINILLA 400 REA1 SWITCH OFF EAST
11:09 LINE L-400 kV MONTEARENAS—MUDARRA 2 SWITCH ON NORTHWEST
11:10 SHUNTREACTOR CABRA400REA1 SWITCH ON SOUTH
11:10 SHUNTREACTOR GUADAME 220 REA3 SWITCH ON SOUTH
11:11 HVDC 320 kV STA. LLOGAIA-BAIXAS REDUCE THE SETPOINT TO 409 kV SETPOINT NORTHEAST
11:11 SHUNTREACTOR LA SERNA 400 REA2 SWITCH ON NORTH
11:12 SHUNTREACTOR MAIALS 400 REA1 SWITCH ON NORTHEAST
11:14 HVDC 320 kV STA. LLOGAIA—BAIXAS REDUCE THE SETPOINT TO 405 kV SETPOINT NORTHEAST
11:17 LINE L-400 kV ARCOS—CABRA SWITCH ON SOUTH
11:18 SHUNTREACTOR RUBI 400 REA1 SWITCH ON NORTHEAST
11:20 LINE L-400 kV PIEROLA-VANDELLGS SWITCH ON NORTHEAST
11:22 SHUNTREACTOR ELIANA 220 REA1 SWITCH OFF EAST
11:43 SHUNTREACTOR ELIANA 220 REA1 SWITCH ON EAST
11:43 SHUNT REACTOR ESCATRON 220 REA1 SWITCH ON NORTH
11:46 SHUNTREACTOR SENTMENAT 400 REA 1 SWITCH ON NORTHEAST
11:47 SHUNT REACTOR GUADAME 400 REA2 SWITCH ON SOUTH
11:47 SHUNTREACTOR MINGLANILLA 400 REA 1 SWITCH ON EAST
11:48 SHUNTREACTOR RUEDA400 REA2 SWITCH ON NORTH
11:48 HVDC 320 kV STA. LLOGAIA-BAIXAS REDUCE THE SETPOINTTO 401 kv SETPOINT NORTHEAST
A
\2
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HOUR ELEMENT NAME MOVEMENT ZONE
11:48 SHUNTREACTOR EALMARAZ 220 REA1 SWITCH ON SOUTH
11:48 SHUNTREACTOR MORALEJA 220 REA12 SWITCH ON CENTRE
11:50 SHUNTREACTOR PALOS 220 REA1 SWITCH ON SOUTH
11:59 HVDC 320 kV STA. LLOGAIA-BAIXAS RAISE THE SETPOINT TO 406 kV SETPOINT NORTHEAST
11:59 SHUNTREACTOR GUADAME 400 REA2 SWITCH OFF SOUTH
12:01 SHUNTREACTOR EALMARAZ 220 REA1 SWITCH OFF SOUTH
12:02 LINE L-220 kV C.PLATA-VILLAVERDE BAJO 2 SWITCH ON CENTRE
12:04 SHUNTREACTOR VILLAVICIOSA 400 REA1 SWITCH OFF CENTRE
12:04 SHUNTREACTOR GUADAME 220 REA3 SWITCH OFF SOUTH
12:05 HVDC 320 kV STA. LLOGAIA-BAIXAS RAISE THE SETPOINTTO 412 kV SETPOINT NORTHEAST
12:05 SHUNTREACTOR RUEDA 400 REA 2 SWITCH OFF NORTH
12:07 LINE L-400kV GRIJOTA-VILLARINO 2 SWITCH ON NORTHWEST
12:07 LINE L-400kV P. GUZMAN—-GUILLENA 1 SWITCH ON SOUTH
12:07 LINE L-400 kV PALMAR-CARRIL SWITCH ON EAST

12:07 SHUNTREACTOR ARAGON 400 REA1 SWITCH OFF NORTH
12:08 LINE L-400 kV LA ROBLA-MUDARRA SWITCH ON NORTHWEST
12:08 LINE L-400 kV PALMAR—ROCAMORA 2 SWITCH ON EAST

12:15 LINE L-400 kV MORATA-VILLAVICIOSA SWITCH ON CENTRE
12:17 SHUNTREACTOR CABRA 400 REA1 SWITCH OFF SOUTH
12:21 SHUNTREACTOR PENAFLOR 400 REA1 SWITCH OFF NORTH
12:21 LINE L-400kV PINILLA-ROMICA 2 SWITCH ON EAST
12:22 LINE L-400kV PINILLA-ROCAMORA 1 SWITCH ON EAST

12:24 SHUNTREACTOR PALOS 220 REA1 SWITCH OFF SOUTH
12:24 SHUNTREACTOR MORATA 400 REA 4 SWITCH OFF CENTRE
12:25 LINE L-400 kV GUADAME-CABRA 3 SWITCH ON SOUTH
12:25 LINE L-400 KVTORDESILLAS—GALAPAGAR SWITCH ON CENTRE
12:26 SHUNTREACTOR VITORIA 400 REA2 SWITCH ON NORTH
12:27 SHUNTREACTOR PENAFLOR 400 REA1 SWITCH ON NORTH
12:27 SHUNTREACTOR GUADAME 220 REA3 SWITCH ON SOUTH
12:27 SHUNTREACTOR GUADAME 400 REA2 SWITCH ON SOUTH
12:28 SHUNTREACTOR MORATA 400 REA 4 SWITCH ON CENTRE
12:32 HVDC 320 kV STA. LLOGAIA-BAIXAS REDUCE THE SETPOINT TO 409 kV SETPOINT NORTHEAST

Table 2-2: List of works and manoeuvres from RE for voltage control
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Table 2-3 provides a list of topological actions - shown in Figure 2-2 - taken for voltage control by REN:

Element type Switched-off element name Start date and time End date and time Reason

Line Fanhoes—Pegoes 400 26/0419:46 30/04 06:23 Manual voltage control
Line Panoias—Tavira 400 27/0402:18 28/0409:07 Manual voltage control
Line Ferreira do Alentejo—Panoias 400 27/0402:18 28/0409:07 Manual voltage control
Shunt Reactor RS1-S. Feira 180 Mvar 28/0409:09 29/0405:24 Manual voltage control
Shunt Reactor RS1 - S. Castelo Branco 70 Mvar 28/0409:09 29/0400:12 Manual voltage control
Shunt Reactor RS1 - S. Portimao 180 Mvar 28/0410:03 28/0423:33 Manual voltage control
Shunt Reactor RS1 - S. Pedralva 180 Mvar 28/0410:03 29/0402:41: Manual voltage control
Shunt Reactor RS1-S. Paraimo 180 Mvar 28/0410:06 29/0400:37 Manual voltage control
Shunt Reactor RS1 - S. Armamar 180 Mvar 28/0410:27 29/0402:39 Manual voltage control
Shunt Reactor RS1-S.Fanhdes 180 Mvar 28/0410:27 28/0422:51 Manual voltage control
Shunt Reactor RS2 -S. Palmela 180 Mvar 28/0412:19 28/0423:56 Trip dug to low voltage

protection

Table 2-3: List of manual topological actions taken for voltage control by REN

2.1.3 Grid Topology Snapshots at 12:00:00 and 12:32:00

The following two figures provide a view of the grid  The lines that are disconnected (either due to planned
topology in Spain at the time instants of 12:00:00 (Figure maintenance or due to voltage control) are shown on
2-3) and 12:32:00 (Figure 2-4). The figure shows allthe  grey colourin the figure.

lines that are connected in that time instance.

ARRUBAL

Figure 2-3: Grid topology in Spain at 12:00:00
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PRAGNERES

Figure 2-4: Grid topology in Spain at 12:32:00

2.1.4 Demand and Generation Forecasts

The purpose of demand and generation forecasts is
to provide the most accurate information possible to
support essential security analyses - such as adequacy
assessments and N-1 contingency evaluations - and
ensure the secure operation of the power system.

Affected TSOs publish renewable generation and elec-
tricity demand forecasts, both are carried out in-house,
incorporating external weather forecasts. In the case
of renewable generation, RE further enhances internal
forecasting models with data provided by external
suppliers.

Concerning the STA process, forecasts on demand, avail-
able generation, and all necessary inputs are provided
each D-1for adequacy analysis. In order to ensure correct
delivery, they are sent at 3:00 and again at 8:00. More-
over, a manual check of the correct delivery is performed
daily. Concerning the forecasts for the STA process, a time
lag - as mentioned in chapter 5 - was detected in the
files sent to STA, starting from the date of the hour shift
from CET to CEST (30 March).

This bug was detected at the beginning of April and was
corrected in May. It only affected STA forecast input files
and had no operational impact related to the real-time
incident of 28 April.

Concerning N-1 contingency evaluations, the time lag
had no impact on 28 April.

The following figures show forecasts estimated by TSOs
two days in advance, one day in advance, and the latest
available onthe same day at 10:00, 11:00, and 12:00:

» 1) Demand forecast, estimated as generation
minus pumping, minus exchanges with
other systems

» 2) Wind forecast
» 3) PVforecast
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2.1.4.1 Spanish Demand Forecast

Demand forecast is generated by combining several  as exogenous variables, along with real-time demand
proprietary models developed by RE, which use temper-  data.
ature, solar radiation, and labour days demand patterns
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Figure 2-5: Spanish demand forecast

2.1.4.2 Portuguese Demand Forecast
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Figure 2-6: Portuguese demand forecast
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2.1.4.3 Spanish Wind Forecast

The renewable generation potential forecast - defined
as the maximum expected renewable generation based
on weather conditions - produced by RE combines its
proprietary forecasting models with data from various
external providers. For wind generation, forecasting
models use wind speed and direction at a height of
100 metres as exogenous variables.

5,000

Subsequently, RE refines the abovementioned forecast
by applying constraints such as the unavailability of
renewable installations and network limitations, which
help approximate the potential forecast to the expected
actual production. Finally, the forecast is adjusted for the
initial time horizons using real-time renewable genera-
tion data received via telemetry by RE.
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Figure 2-7: Spanish wind forecast

RE corrects these forecasts in their initial horizons using
the latest actual production value received. At 08:00,
production increased unexpectedly, prompting an

2.1.4.4 Portuguese Wind Forecast

3,000

upward correction of the forecast. However, at 09:00,
production dropped again, whereby the upward correc-
tion made at 08:00 resulted in an error.
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Figure 2-8: Portuguese wind forecast
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2.1.4.5 Spanish PV Forecast

The aforementioned renewable generation potential forecast also applies to photovoltaic (PV) generation. In this
case, models incorporate global radiation, cloud cover, and temperature.
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Figure 2-9: Spanish PV forecast

2.1.4.6 Portuguese PV Forecast
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Figure 2-10: Portuguese PV forecast
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2.2 Market Conditions

2.2.1

After the day-ahead market, the prices for delivery
before 9:00 settled at low values in Spain and Portugal,
in comparison to France. After 9:00, the prices dropped to
near 0 €/MWh in the RE price zone.

Day Ahead Prices

2.3

2.3.1 Load Patterns

2.3.1.1 Spanish Total Load

Figure 2-12 below shows the evolution of the total load
onthe Spanish network from 9:00to 12:32 on 28 April, as
well as the total load on a similar day (24 April). The total
load is calculated as the sum of the output of all gener-
ation units with a capacity greater than 1 MW connected
to the transmission or distribution network, adjusted for
net electricity exchanges with the neighbouring TSOs.

Day Ahead prices (€/MWh)
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Figure 2-11: Day-ahead prices

Active Power Flows Before the Incident

Hence, it does notinclude the demand directly supplied
by smaller generation units connected to the distribution
network. Effectively, if small generation units disconnect,
the total load as defined here will increase.
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The following figure compares the total load on the day of the incident with the total load for on a similar day

(April 24).
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Figure 2-12: Total load in Spain on 24 and 28 April between 9:00 and 12:32

This figure shows that three significant temporary total
load increases occurred on 28 April but not on 24 April,
namely from 11:07 to 11:10, from 12:07 to 12:15, and
from 12:25 10 12:29. There is no distinguishable direct
cause explaining these patterns, although it can be
observed that these three increases in load occurred
afterthree oscillations thattook place at 11:06, between
12:03and 12:06, and between 12:19 and 12:22, respec-
tively, as described in details in Section 2.5.6.

Figure 2-13 shows the power flows between trans-
mission and distribution networks aggregated across
continental Spain on the same days (24 and 28 April).
It is calculated as the sum of the active power of all
transformers 400/132kV and lower and 220/132kV and
lower connected to the distribution.

ES Transmission-Distribution ACTIVE Power flows

14K

13K

MW

12K

11K

10K

9:00 9:30 10:00 10:30

@ 24th April
@ 28th April

ey

11:30

11:00 12:00 12:30

Figure 2-13: Spanish peninsula's transmission-distribution flows on 24 and 28 April between 9:00 and 12:32 (Source: RE SCADA)

The patterns observed in the previous graphs are also
visible in this figure, possibly indicating that the total
load increases are due to temporary disconnections of
small generation units (<1 MW) connected to the distri-
bution networks.

As a regional example, Figure 2-14 presents the power
flow in the Madrid area.
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Figure 2-14: Madrid's transmission-distribution flows on 24 and 28 April between 9:00 and 12:32 (Source: RE SCADA)

At the substation level, the active power flow through two transformers in parallel 220/132kV at “TS 1-Madrid"
(located in Madrid) is shown in Figure 2-15 below as an example, compared to the same period on Thursday, 24 April.
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Figure 2-15: Active power through the two 220/132kV transformers at “TS 1-Madrid” between 9:00 and 12:32
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2.3.1.2 Portuguese Load

Concerning the Portuguese system, Figure 2-16 provides No unusual behaviour regarding Portuguese demand at
a comparison of the demand with asimilarday (24 April).  the transmission network was observed on 28 April prior
to the incident.
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Figure 2-16: Comparison of Portuguese demand evolution on 28 April compared to 24 April between 9:00 and 12:30 (Source: REN's real-time SCADA measurements)

2.3.2 Production Patterns

2.3.2.1 Spanish Generation Mix
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Figure 2-17: Spanish generation mix on 28 April from 9:00 to 12:30
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28 April was a typical spring day in Spain, with mild
temperatures and sunshine. According to Figure 2-18,
the system's solar photovoltaic generation was similar to
previous days, while wind generation was more variable
but within the ranges observed in previous days.

This behaviour of renewable energies is characteristic of
this time of year, where favourable weather maintains
consistent solar energy production, while wind gener-
ation can fluctuate due to changes in wind speed and
direction.
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Figure 2-18: Solar PV and wind production in the two weeks in Spain prior to the incident

2.3.2.2 Portuguese Generation Mix

Portuguese generation mix on 28 April
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Figure 2-19: Portuguese generation mix on 28 April from 9:30 to 12:30

In Portugal, the temperature and wind speed were
relatively moderate on 28 April, with little cloud cover
and no precipitation observed. According to Figure 2-20,
the photovoltaic generation of the Portuguese system
remained stable and showed minimal variation during
the days leading up to 28 April.

A

Wind generation increased in the preceding days due
to periods of higher wind speeds, causing slightly more
variability in this type of generation. However, these
fluctuations remained within the typical range for this
time of year.

Y
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Figure 2-20: Solar PV and wind production in Portugal in the two weeks prior to the incident

2.3.3 Cross-Border Flows

Figure 2-21 shows physical flows through the Spain's Furthermore, the load curve is presented for reference.
interconnections with France, Portugal, and Morocco  The source is Red Electrica SCADA with a four-second
from 9:00 to 12:32, as well as the total amount. resolution.
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Figure 2-21: Spanish load and physical flows through ES—FR, ES—PT, and ES—MA between 9:00 and 12:32 (source: RE SCADA)
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Figure 2-21 above shows the behaviour of the total load
and the exchanges across the three Spanish borders, as
well as the sum of these exchanges. Coinciding with
the total load increases described above, a reduction
of approximately 1,000 MW in the exchange through
interconnections is observed during the period between
11:07 and 11:10, declining from 4,800 MW exporting
to 3,800 MW exporting (approximate values), and the
deviation continued for several minutes. This delay can
be explained by the correction value of the International
Grid Control Cooperation (IGCC), a real-time process
of imbalance netting between TSOs that aims to avoid
simultaneous activation of automatic frequency restora-
tion reserves (aFRR) in opposite directions. This process
corrects the input of the involved frequency restoration
processes accordingly. It can be seen as a transfer of
imbalance between TSOs when they are in opposite sign
(upward/downward direction).

The IGCC flow during this period increases up to the
maximum value of 1,000 MW (the available cross-border
capacity limit).

The same behaviour is also observed just after the two
subsequent total load increases described above. At
12:07, the value of the export programme with France
is 2,000 MW, while the actual exchange with France
is around 1,300 MW (see figures in Section 2.4.4). At
12:10, the programme does not change, and the value
of the export exchange with France is around 670 MW.
Including the interconnections with Portugal and
Morocco, this means that the peninsular system reduces
its exports by 600 MW (from 4,600 to 4,000 MW).

At12:24,the value of the export programme with France
is 1,000 MW, while the actual exchange with France is
866 MW. At 12:28, the programme does not change, and
the value of the export exchange with France is 190 MW
(see Figure 2-23). Including the interconnections with
Portugal and Morocco, this means that the peninsular
system reduces its exports by 513 MW.

Figure 2-22 below focuses on the window from 12:00
to12:32.

®ES->FR @ES->PT @ES->MA eTotal (EXP>0)

5.000

4.000

3.000

MW

2.000

1.000

12:00 12:05 12:10

12:20 12:25 12:30

Figure 2-22: Physical flows through ES—FR, ES—PT, and ES—MA between 12:00 and 12:32 (source: RE SCADA)
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2.3.4 Scheduled Commercial Exchanges
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Figure 2-23: Commercial schedule and physical flow through the ES—FR border (source: RE SCADA)
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Figure 2-24: Commercial schedule and physical flow through the ES—PT border (source: RE SCADA)
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® ES->MA commercial schedule ® ES->MA physical flow
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Figure 2-25: Commercial schedule and physical flow through the ES—MA border (source: RE SCADA)

2.4 Inertia

In order to estimate the total inertia of the Iberian
Peninsula power system, the following procedure was
applied.

For a system comprising N rotating generators, the total
stored kinetic energy (KE) is:

N
Ekin = Z ngn,i Sgen,i
i

Where:

» His the inertia constant of the i-th generator;
» S is the rated apparent power of the i-th

The equivalent inertia constant is given by

N

H Zi ngn,ngen,i
eq ZNS
1 gen,i

Inverter-based resources such as batteries, wind, and
photovoltaic systems do not contribute to system inertia.
Thermalsolar and certain other renewable sources have
anon-zero inertia constant.

With reference to the rated apparent power of inverter-
based resources, it is assumed that their energy contri-
bution is approximately equal to the active power P
injected into the system. We can assume that the rated

generator. power of static generation is approximately equal to the
actual delivered active power.
N
Y/
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Under these hypothesis, the equivalent inertia of a system where M inverter-based resources are connected and

operating is:
N N N
H Zi ngn,i 2 Sgen,i + Z] 0 x Sinverters,j Zi ngn,i X Ogen,i
eq N M N M
Zi Sgen,i + Z j Sinverters,j Zi Sgen,i + Z j Sinverters,j

The scientific literature® underlines that the total
inertia of the grid must consider the load contribution,
namely the effect of rotating machines on industrial and
domesticloads. Itisworth underlining that inertia calcu-
lation is affected by significant uncertainty, mainly for the
following reasons:

» The equivalent totalinertia is a linearisation of
a process affected by several non-linearities.

» The rated inertia of generators, turbines,
and other rotating parts is estimated and not
precisely calculated in several cases.

» The load's contribution canvary in a wide range
depending on the type of loads, aggregations,
etc.

Accordingly, the final value for the total inertia will be
expressed as a plausible range, rather than a single
number.

The total system inertia can thus be expressed as:

Htot= Heq + Hloads

Where the inertial contribution by loads is expressed
in the same reference basis of the system. Table 2-4
summarises the main calculated parameters for each
electrical system (Spain, Portugal, and the total Iberian
Peninsula) immediately prior to the incident at 12:30.

Spain Portugal Iberian Peninsula

KE (MWs) | H,,(s) KE (MWs) | H,,(s) KE(MWs) | H,(s)

97,590 2.17-2.67 | 21,884 2.45-2.95 | 119,474 2.21-2.71
Table: 2-4

The calculation of inertia for days preceding the incident
will be implemented in the final report.

The following figures focus on the Spanish network and
show for each day from 1 January until 28 April 2025:

» the minimum number of conventional units
coupled to the network (>30 MW);

» the number of conventional units coupled
to the network (>30 MW) in the time periods
10:00-11:00,11:00-12:00and 12:00-13:00;

» the total installed power of the connected
conventional units, each time at the hour with
the lowest number of coupled units; and

» the total installed power of the connected
conventional units, inthe time periods 10:00-
11:00,11:00-12:00 and 12:00-13:00.

3 [1]P.Kundur: Power Systems Stability and Control. Mc Graw-Hill.
[2] R. Marconato: Electric Power Systems. Second Edition. CEl Editions.

[3] Marina Elenkova, Markos Asprou, Lenos Hadjidemetriou and Christos G. Panayiotou: Estimation of Load Inertia using Ambient Measurements from

Synchrophasor Technology. 978-1-6654-8032-1/22 IEEE.

[4]Y.Bian, H. Wyman-Pain, F. Li, R. Bhakar, S. Mishra, and N. P. Padhy, "Demand Side Contributions for System Inertia in the Gb Power System,”

IEEE Trans. Power Syst., vol. 33, no. 4, pp. 3521-3530, 2018

[5]wind Energy Technology Institute (WETI), “Determining the Load Inertia Contribution from Different Power Consumer Groups”,

Henning Thiesen & Clemens Jauch, April 2020

[6] Kumar Prabhakar, Sachin K. Jain, Prabin Kumar Padhy, July 2022, “Inertia estimation in modern power system: A comprehensive review"
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Figure 2-26: Minimum number of conventional units (>30 MW) coupled to the Spanish network each day from 1 January to 28 April
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Figure 2-27: Number of conventional units (>30 MW) coupled to the Spanish network each day in the period from 10:00 to 11:00 (from 1 January to 28 April)
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Figure 2-28: Number of conventional units (>30 MW) coupled to the Spanish network each day in the period from 11:00 to 12:00 (from 1 January to 28 April)
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Figure 2-29: Number of conventional units (>30 MW) coupled to the Spanish network each day in the period from 12:00 to 13:00 (from 1 January to 28 April)
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Figure 2-30: Installed power of the conventional units connected to the Spanish network, each time at the hour with the lowest number of coupled units
(from 1 January to 28 April)
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Figure 2-31: installed power of the conventional units connected to the Spanish network during the period from 10:00 to 11:00 (from 1 January to 28 April)
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Figure 2-32: Installed power of the conventional units connected to the Spanish network during the period from 11:00 to 12:00 (from 1 January to 28 April)
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Figure 2-33: Installed power of the conventional units connected to the Spanish network during the period from 12:00 to 13:00 (from 1 January to 28 April)
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2.5 Oscillations

2.5.1

Power system stability phenomena classification
involves different branches:

Stability Main Concepts

» Frequency stability
» Voltage stability
» Rotor angle stability

The rise in the number and capacity of inverter-based
resources (i.a., generators, batteries, HVDC links) recently
required the introduction of two new families of dynamic
phenomena:

» Resonance stability
» Converter-driven stability

Figure 2-34* schematically depicts the different classifi-
cations of power system stability.

Asubcategory of rotor angle stability is small-disturbance
angle stability, defined as the ability to maintain synchro-
nism under minor disturbances. Small-disturbance angle
stability can be further divided into non-oscillatory insta-
bility (a consequence of a lack of sufficient synchronising
torque) and oscillatory instability (resulting from a lack
of sufficient damping torque). Minor disturbance rotor
angle stability problems (including oscillatory stability)
can be either local or global.

POWER SYSTEM STABILITY

l l
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stability

Converter-
driven stability

Slow
interaction

dlectiol
interaction

Rotor angle
stability

|

Voltage
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Figure 2-34: Classification of power system stability

Focusing on the oscillatory stability, we can distinguish between different cases. First, depending on the geographical
and electrical topological scope, oscillations can be categorised into:

» Inter-plant oscillations: In the same power
plant, units oscillate against each other.

» Local oscillations: In a power system, a single
generation unit oscillates against the rest of the
system.

» Inter-area oscillations: In a power system, a
cluster of generation units in one part of the
system oscillates against a cluster of generation
units in another part, covering a wide exten-
sion of the grid.

4 Stability definitions and characterization of dynamic behavior in systems with high penetration of power electronic interfaced technologies, IEEE Power and

Energy Society, Tech. Rep. PES-TR77, May 2020.
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Second, depending on the origin of oscillatory behaviour, oscillations can be:

» Forced:® Where the oscillation signal is intro-
duced into the power system by a certain
source. For example, a controller in a power
plant might malfunction or be improperly
tuned. The frequency of such oscillation will
depend on the driving source.

2.5.2 Inter-Area Oscillations

Inter-area oscillatory stability problems are caused
by the interaction among large groups of generators
and have widespread effects. They involve oscillations
between a group of generators in one area and a group
of generators in another area. In general, the frequency
range depends on the system topology and size. The
inter-area oscillations that commonly occur in the Conti-
nental Europe (CE) system are characterised by three
different modes that physically represent the continuous
conversion of kinetic energy of rotating machines into
potential energy and vice versa. Figure 2-35 shows the

East Center West mode (0.21 Hz)

North South mode (0.3x Hz)

» Natural: Where the power system is susceptible
to various intrinsic oscillatory modes due to its
characteristics, such as topology, generators
etc. (such as the 0.15-0.30Hz modes in the
Continental Europe grid explained below, or
0.3-0.9Hz modes in the Nordic grid®). These
oscillation modes are usually sufficiently
damped and characterised by low amplitude
and energy. They are permanently visible in the
system due to the continuous presence of small
perturbations owing to normal operational
events (manoeuvres, change of topology, load
or generation change of path, etc.)

geographical displacement of modes with an equiva-
lent spring mass mechanical analogy to better explain
the physics of oscillation. The typical range of inter-area
oscillatory modes in the CE system is 0.15-0.30 Hz.

It is worth underlining that in a large power system,
additional oscillatory frequencies are present with
characteristics that are specific to a certain CE system
geographic area and not dominant in the dynamics of
large parts of the system. Consequently, they are not the
object of the present investigation.

East West mode (0.15 Hz)

Figure 2-35: Inter-area modes representation with equivalent spring mass mechanical analogy

From an operational perspective, oscillatory instability
is detected when the main system variables (frequency,
voltages, angle differences, etc.) exceed a limit ampli-
tude jointly with a weak damping for a minimum refer-
ence time window.

5 IEEE PES PSDP/PSSC Task Force on Forced Oscillations

6 https://www.sciencedirect.com/science/article/pii/S0378779624012525
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As mentioned above, intrinsic oscillation modes are
always active in the grids, but stable in terms of ampli-
tude and damping. Regarding the inter-area oscillatory
stability of the CE SA, worldwide technical literature
and continuous monitoring and studies performed by
ENTSO-E experts have identified the following factors as
important:

» High power flows between two areas of the
system from the peripheral parts of the system
directed to the centre.

» Increased system impedance due to lines open
(i.e. maintenance, voltage control, etc.).

2.5.2.1

With reference to the Iberian Peninsula, a significant
oscillatory activity was experienced on 1st December
2016, when a 400kV line was unexpectedly opened at
11:18, triggering a 0.15 Hz oscillation with 0.140Hz as
the maximum amplitude of recorded frequency. The
2016 report’ concluded that the control rooms (RTE
and RE) reacted promptly (two minutes after the oscil-
lation detection), reducing the export flow from Spain
to France. The report also concluded that as dynamic
stability limits get closer to static limits, N-1 power flow
analyses might need to be complemented with dynamic
assessments close to real time.

Focusing on HVDC behaviour, after 1 December 2016
event, some studies were carried out to investigate the
maximum improvement of stability that could be given
by the Llogaia—Baixas HVDC, which led to the following
conclusions:®

» It was concluded that the Power Oscilla-
tion Damping (POD) functionality of the
Llogaia—Baixas HVDC (the functionality affects
both the active and reactive power of the HVD(C)
should always be operative. However, the POD
functionality of this HVDC alone is insufficient
to stabilise inter-area oscillations between
the Iberian Peninsula and CE, due to the grid
configuration (meshing and load distribution)
near the terminals of the link.

» Underexcitation of generators.

» Power oscillation stabilisers not effective to
damp the oscillations.

» Loads as “natural dampers” not sufficient to
smooth the oscillation.

Historically, the Iberian Peninsula participated to East
Central West mode and East West mode in a frequency
range between 0.15Hz and 0.21Hz. When higher
oscillatory frequencies are detected, it is in general
possible - based on signal analysis techniques - to eval-
uate whether these oscillations have local or inter-area
characteristics.

Oscillatory Stability Protocol Adopted Between RTE And RE

» It was also concluded that when stability needs
to be improved (i.e. damping of inter-area
oscillations needs to be increased), the active
power control of the link should be changed.
Accordingly, the active power control mode of
the link should be changed from the default
hybrid mode? (which emulates the AC line
dynamics and is typically used in voltage source
converter HVDCs) to constant power mode.

At present, a specific protocol exists between RTE and RE
that outlines all actions to be performed by the control
room Operators to increase damping of inter-area
oscillations. The relevant part of the protocol regarding
logic, conditions and remedial actions is shown in Figure
2-36. Examples of remedial actions including setting the
HVDC link to constant power mode, increasing the active
power flow through the HVDC, increasing grid meshing,
and reducing the active power export from Spain to
France.

7 https://eepublicdownloads.entsoe.eu/clean-documents/S0C%20documents/Regional_Groups_Continental_Europe/2017/

CE_inter-area_oscillations_Dec_1st_2016_PUBLIC_V7.pdf

8 “Improvement of the oscillatory behavior of the HVDC link between Spain and France": 2020 CIGRE Paris session.

9 Hybrid operation implies that active power flowing is P = P + K- A9 with typically P, = 0. K is a constant and 9 is angle between the terminals of the link.
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Inter-area oscillations Risk management

RE or RTE identifies a constraint on inter-area oscillations when the damping measurement is lower than 3%, when it is lower than 5%
and any of the following lines are open: Hernani-Argia, Argia-Cantegrit or Vic-Baixas 400 kV or when real time oscillations with an
amplitude larger than 20 mHz in oscillation modes between 0.1 Hz and 0.35 Hz are detected and the amplitude is not reduced in a few
seconds. The next diagram summarises the decision making.

—
Pmode 3
Oscillations with an amplitude larger
e
no ; . no b b
£<3% these ines opened: atleast in one Spanish or French PMU
L-400 kV Hernani-Argia :
yes L-400 kV Argia-Cantegrit
L-400 kV Vic-Baixas -
The amplitude

isreducedina
few seconds.

yes

no

Pmode 1 + up to 1GW increasement

in PSP if possible™

—

Implement any
preventive
remedial
actions left

Increase PSP 1 GW Implement them Implgment Undo_
curative curative

remedial remedial
yes yes actions actions

further i yes yes
(€<% Y& increasement evene 0 fe<2% no £54%
) (G

h remedial
B of the PSP if actions left
possible™*

no
0,
no E;pzftsgd gin ves PSP = Expected flow| MO
inPmode 3 Psp
Pmode 3>5%

yes

*Based on machine learning software.
**It reduces power flow through the ACinterconnector with increase damping, we consider it is possible when:
It does not imply static violations such as overloads or voltages out of ranges in the Spanish or French networks.

Figure 2-36: Flow chart of RTE-RE protocol for inter-area oscillation management
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2.5.3 Local Oscillations

Local oscillations concern a small part of the power
system and are usually associated with rotor oscillations
of a single power plant against the rest of the power
system. Such oscillations are generally characterised by
a frequency in the range of 0.8-2Hz and observed in a
smaller geographical area.

As described in Section 2.5.6.3, detailing the 0.63 Hz
oscillation at 12:03-12:08 on 28 April, RE explained to
the Expert Panel that the control room recognised the

2.5.4 Forced Oscillations

Some oscillation might be forced; for example, caused
by inverter-based resources (IBRs). The frequency
range for this type of oscillation is more challenging
to define, as they are generally driven by their control
systems rather than by dynamics based on the physical
characteristics of generators, as is mainly the case with

2.5.5

presence of an 0.63 Hz oscillation with a low damping
(<1%), and determined at the moment that applying
the countermeasures described in the common protocol
(described in Section 2.5.2.1) to be applied in the event
of inter-area oscillations with low damping was the
most effective action to improve the system stability.
The intention was to gain a positive effect by changing
the operating point of the system and creating again an
increase of intrinsic system damping.

synchronous generators. An inverter-based controller
that malfunctions and sustains this malfunction could
force this effect onto the grid. This might also exacerbate
inter-area oscillation modes and induce other genera-
tors into oscillation.

Focus on Automatic Stabilising Countermeasures in the Iberian Grid

The aim of this section is to describe the behaviour and status of POD functions over STATCOM and HVDC and power

system stabilisers.

2.5.5.1 STATCOMs

The only STATCOM that was in service in the Spanish grid
on 28 Aprilis Vitoria 220kV. The nominal reactive power
of this STATCOM is +150 Mvar (inductive and capacitive),
forV=1puinthe point of connection. Another 150 Mvar
STATCOM has been commissioned in Tabernas 220 kV after
28 April 2025 and two additional 150 Mvar STATCOMs are
planned*®to be commissioned in 2025 (Lousame 220kV
and Moraleja 400kV).

The steady-state voltage control modes available at
STATCOM Vitoria are Q-mode and V-mode. The V-mode
was active during the incident and means that STATCOM
injects a current proportional to the voltage deviation
from a reference value. The reference voltage set by the
RE Control Centre at the time of the incident was 222 kV.

Additionally, the POD and Fast Current Injection Controller
(FCIC) controls were enabled. The POD modulates the
reactive power supplied by the STATCOM based on the
frequency deviation to damp electromechanical oscil-
lations in the range of [0.05-1.00] Hz, while the FCIC
acts in case of large voltage deviations by generating
a supplementary reactive current proportional to the
difference between the instantaneous voltage and the
voltage one second prior to its activation. It acts if phase
voltages are outside the range of 0.85 puto 1.15pu or
voltage variations greaterthan 0.1 puin 1s.

10 Pages 203 and 205 of the Spanish Transmission network development plan for 2021-2026.
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Figure 2-37: Vitoria STATCOM POD block scheme

2.5.5.2 HVDC

There is a HVDC link on the border between France
and Spain, named INELFE-1. It has a rated power of
2x1,000MW and is a VSC-type HVDC. Station A of the
HVDC is connected to Santa Llogaia 400kV substation
(Spain) and Station B is connected to Baixas 400kV
substation (France). The HVDC is further described in
Section 2.7.

With reference to the ability of the link to damp the inter-
area oscillations, the HVDC is equipped with a flexible
POD function, as detailed in Figure 2-38 below.

POD-P .
fA_, O Af:‘lB 1 . STp,W . /_ Ap ref,POD
= 1+sT,; 1+sT,., K, /
fBT _Apmax
POD-Q .
f]t_» O Af]v 1 L STQ,W — K /_ AQ ref,POD
- 1+5Ty; 1+5Ty,, of /

A

_AQmax

Figure 2-38: INELFE-1 POD block scheme

The POD-P logic processes as input the frequency at
terminals A and B, calculating the difference Af,  for the
POD-P or the difference between the frequency in the
terminal and the nominal frequency Afj for the POD-Q,
which is filtered by a cascade of low pass and high pass
filters and multiplied by a gain K. POD-Q uses the local
frequency deviation from a reference value f0, namely
the frequency of terminal A(B) for POD-Q in terminal
A(B). The final signal is summed to the HVDC active
power and reactive power reference value, respectively.
These logics were active during the incident of 28 April
2025. Itisimportant to remark that for safety reasons and
to prevent malfunction of the POD, a selective control
implemented by the manufacturer prevents operation of
POD-Q when the instantaneous output of the controller
excessively frequently reaches its limits (+100 Mvar per
HVDC pole).

If this occurs, POD-Q is disabled, although the total
reactive power capacity of the HVDC is not affected
(+400/-600 Mvar per HVDC pole).

The POD-Q functionality on the Spanish side remained
active from 4 March at 20:03 on Link 1, and from 8 March
at 14:34 on Link 2 - the dates on which it was disabled
due to works on the links - until 28 April at 12:03:51.
After the beginning of the 12:03 episode of the 0.6 Hz
oscillation, the POD-Q of HVDC on the Spanish side was
automatically blocked., according to manufactured
design. This POD-Q remained blocked until the blackout
on the Spanish side. The remote reactivation of POD-Q on
this side was not applied due to the need to carry out a
detailed verification of the cause of the automatic deac-
tivation priorto re-enabling it to preserve the integrity of
the HVDC. On the French side, the POD-Q remained active
until the blackout.
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2.5.5.3

Power System Stabilisers

The Power System Stabilisers (PSSs) are the first line of the system defence against inter-area and local oscillations.
The installed PSSs are listed in the following Tables 5 and 6, for Spain and Portugal, respectively.

Technology PSS installed Type Note
Nuclear NO
Hydro YES PSS2A Two power plants (one with one unit and the other with six units)
CCar YES PSS2A, PSS2B, PSS3B, | Six CCGT plants (eight units in total)
IEEEST One CCGT has a single input PSS
Coal NO

Table 2-5: Availability of power system stabilisers on the main rotating generators in the Spain grid in operation during the

Technology PSS installed Type Note

Thermal YES PSS2A Only one thermal plant in service

Hydro YES PSS2A, PSS2B Three power plants (two, the largest) out of fourteen with PSSs active

Pumping storage YES PSS2A, PSS2B Nine power plants (seven, the largest) out of fourteen with PSSs active.
The PSS is also active in pumping mode

Table 2-6: Availability of power system stabilisers on the main rotating generators in the Portugal grid in operation during the event

Combined cycle. Pmax = 1,100 MW (& units, PSS active)
Coal. Pmax =350 MW (NO PSS)

Hydro. Pmax = 1,100 MW (7 units, PSS active)

Pump storage. Pmax = 910 MW (NO PSS)

Cogeneration. Production = 400 MW (NO PSS)

Thermal RES + small hydro. Production =720 MW (NO PSS)

Total production = 6,800 MW
Demand = 9,030 MW

)

Combined cycle. Pmax = 760 MW (2 units, PSS active)
Nuclear. Pmax = 1,000 MW (NO PSS)

Solar thermal. Production = 1,420 MW (NO PSS)
Cogeneration. Production = 280 MW (NO PSS)
Thermal RES + hydro. Production = 220 MW (NO PSS)

Total production = 19,350 MW
Demand = 8,260 MW

Combined cycle. Pmax = 820 MW (1 units, PSS active,
1 unit, PSS active, but itis a single input PSS)
Nuclear. Pmax = 3,030 MW (NO PSS)

Pump storage. Pmax = 1,290 MW (NO PSS)

Solar thermal. Production = 70 MW (NO PSS)
Cogeneration. Production = 520 MW (NO PSS)
Thermal RES + hydro. Production = 150 MW (NO PSS)

Total production = 5,960 MW
Demand = 7,950 MW

Figure 2-39: Geographical displacement of PSSs

Figure 2-39 represents the geographical displacement of PSSs in Spain. The effectiveness of PSSs in RE and REN grids

will be assessed in the analysis phase of the investigation.
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2.5.6 Oscillatory Stability on 28 April

2.5.6.1 Angular Displacement Before the Oscillations

The heatmaps (Figure 2-40) report the angular displace-
ment between different locations in Spain and Portugal,
taking as a reference a PMU in southeast of the intercon-
nection between Spain and France (marked as REFin the
figure). It can be observed that maximum angle spread
is in the southwest part of Spain.

There were 76 PMUs operational in Spain on 28 April.
The extensive PMU coverage in Spain enabled the Expert
Panel to establish several relevant facts and enabled
producing detailed heatmaps.

28-Apr-202512:00:00

/

Figure 2-40: Heatmap of angular displacement at 12:00 (source: PMU)

Figure 2-41 helps to interpret the heatmap of the
previous figure, aiming to divide the Spanish grid into
three equivalent geographic areas in terms of demand
and highlight the heterogeneous distribution of gener-
ation in Spain before the incident, as well as the gener-
ation mix per area. From the numbers indicated in the
figure, it can be observed that within the Spanish system,
the southwest region is “pushing” active power in the
direction of the centre-north and east.

The geographic spread of dominant production capacity
can be summarised as follows:

» Renewables (mainly photovoltaic and wind)
mainly located in the southwest

» Nuclearin the east and southwest
» CCGT spread across the three regions

Combined cycle. Pmax = 1,100 MW

Coal. Pmax = 350 MW

Hydro. Pmax = 1,100 MW

Pump storage. Pmax = 910 MW

Solar PV. Production = 2,420 MW

Wind. Production = 710 MW

Cogeneration. Production = 400 MW

Thermal RES + small hydro. Production =720 MW

Total production = 6,800 MW
Demand = 9,030 MW

)

Combined cycle. Pmax = 760 MW

Nuclear. Pmax = 1,000 MW

Solar PV. Production = 12,860 MW

Wind. Production = 2,810 MW

Solar thermal. Production = 1,420 MW
Cogeneration. Production = 280 MW
Thermal RES + hydro. Production = 220 MW

Total production = 19,350 MW
Demand = 8,260 MW

Combined cycle. Pmax = 820 MW

Nuclear. Pmax = 3,030 MW

Pump storage. Pmax = 1,290 MW

Solar PV. Production = 1,260 MW

Wind. Production =110 MW

Solar thermal. Production = 70 MW
Cogeneration. Production = 520 MW
Thermal RES + hydro. Production = 150 MW

Total production = 5,960 MW
Demand = 7,950 MW

Figure 2-41: Geographic distribution of generation in Spain at 12:32
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2.5.6.2 Oscillations

Between 09:00 and 12:00, Figure 2-42 shows some
oscillations with small amplitude. In accordance with
the common protocol between RTE and RE, no remedial
actions were taken to damp these oscillations, including
the one at 11:06, because the criteria of the procedure
RTE-RE were not met (the damping was higher than
3% and the amplitude of the oscillations was below

60
50
40

30

Amplitude (mHz)

20

10

0:00 2:00 4:00

—— Amplitude 0,133-0,237 [mHz]

20 mHz). It is also worth specifying that the amplitude
in the graphs is not exactly the amplitude of the actual
system frequency (expressed in mHz) but rather the
output of the modal analysis tool available to the RE
control room staff, which provides a value of the esti-
mate mode in a certain range (the actual amplitude in
the grid might be higher).

8:00 10:00

12:00

——— Amplitude 0,422-0,750 [mHz]

Figure 2-42: Amplitude of modes identified by the modal analysis tool in the RE control room in real time

In the 30 minutes before the blackout event, the Iberian
Peninsula was affected by two prominent oscillation
phenomena, i.e. periodic fluctuation of all electrical
quantities such as frequency, voltage magnitude, active
and reactive power. The analyses of these oscillations -
conducted by the Expert Panel - are based on two main
datasets:

» Frequency PMU measurements in some of the
main buses of the CE SA.

» Frequency and voltage PMU recorded in the
main buses of Spain, Portugal and South France
along the Spanish border grids.

Figure 2-43 depicts frequency and voltage magnitudes
from a selection of CESA PMUs, showing the dynamic
behaviour of the CE SA between 12:00 and 12:23. These
measurements reveal two distinct oscillatory events that
affected both frequency and voltage signals, which will
be analysed in detail in the following sections. As prelim-
inary remark, it is possible to observe that in terms of
amplitude, the first oscillation mainly involves voltages
and the second one frequencies.
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Figure 2-43: Frequency and voltage phasor magnitude measurements from European PMUs

2.5.6.3

Oscillation at12:03-12:08

Oscillatory behaviour with a frequency around 0.6 Hz appears visually discernible in a time series plot at around
12:00:30 in the voltage plot below from PMU in Carmona (Figure 2-44).

403
402
401[
400(
399
398
397
396
395

394 —

393
11:59:30 11:59:45 12:00:00

12:00:15 12:00:30
time

12:00:45 12:01:00

Apr 28,2025

Figure 2-44: Voltage at PMU ONA4DRO, 11:59:30-12:01:00
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The 0.6 Hz sinusoidal pattern is also visually discernible ~ HVDC. As previously explained, the HVDC link connected
in the time series plot from around 12:00:30 in the PMU atSanta Llogaiais equipped with a POD-Q control system
in Santa Llogaia in both the voltage and active power  designed to contribute to the damping of oscillations.*
signals, i.e. also in the cross-border power flow on the

410 [ I I I I
409
408(
407[
406
2405 .
404 .
403 [
402 '

401 =

400 | | | | |
11:59:30 11:59:45 12:00:00 12:00:15 12:00:30 12:00:45 12:01:00

time Apr 28,2025

Figure 2-45: Voltage at PMU LLG4ECSL bay 1, 11:59:40-12:01:00

11 This control modulates reactive power with the aim of adjusting the voltage in the area, thereby influencing local demand and electrical active power of
generators nearby to counteract the oscillation. The reactive power modulation performed by the HVDC is what causes the voltage oscillation observed
at Santa Llogaia. RE explained that the oscillation in active power through the link is caused by the angle variation that was inducing at the HVDC terminals
the 0.6 Hz oscillation. When operating in AC emulation mode, the HVDC transmits power proportionally to the angular difference between Santa Llogaia
and Baixas; therefore, any variation in angle results in a corresponding variation in transmitted power. This oscillation in active power is also influenced by
the POD-P control, which modulates the active power to mitigate the oscillation currently present in the system.
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Figure 2-46: Active and reactive power flow at PMU LLG4ECSL bay 1, 12:00:00-12:10:00
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The oscillation then appeared in all nodes of the system (sustained amplitude higherthan 20 mHz) at 12:03 and lasted
approximately five minutes, with a maximum peak-to-peak amplitude of 100 mHz in the frequency.
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Figure 2-47: Frequency and voltage phasor magnitude measurements from European PMUs

A focused view on Spanish PMU measurements is
provided in Figure 2-48, highlighting the system
behaviour during the first oscillation and the moments

immediately after. The figure displays the evolution of
frequency, oscillation amplitude, voltage, and cross-
border power exchanges.
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Figure 2-48: Characteristics data of the first oscillations (source: WAMS 100 ms sampling rate in the 6 kV Carmona (Spain) substation) and countermeasures applied
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The second box of Figure 2-48 shows the modal analysis
result, demonstrating the dominant presence ofa 0.6 Hz
component (in orange) and a less prominent component
at0.21Hz, namely East Central West inter-area oscillation
(in blue).

Voltage oscillations were also observed, primarily in
the southwestern area. In Figure 2-49, voltages from
south-west of Spain (Almaraz and Carmona), north-
west (Xove), east (Benejama) and north-east (Vic) are
shown. During the oscillation, in certain substations,
voltage levels approach the lower threshold established
by Spanish requlations of 375kV, although the highest
recorded voltage values barely exceed 410kV.

—— ALMARAZ Voltage. VM

420,00

VIC Voltage VM —— XOVE Voltage VM —— CARMONA Voltage.VM

—— BENEJAMA Voltage. VM

’ it
il

Voltage Magnitude-Line KV

il
|
|

HMMHH | Hl HH’ “WH 'TI’W Huwm,w uw ’\ WU"' i

A | | I:‘|i’\'l|('[v

|

T
12:06:00 12.07:00 12:08:00

Figure 2-49: Voltage magnitudes in several Spanish substations

Figure 2-50 displays the same voltage values, but after
applying a band-pass filter (0.55 to 0.70 Hz), which
enhances the visibility of the oscillation amplitude at

each substation. It can be seen that the voltage oscilla-
tion amplitude reaches 30 kV peak to peak at the Almaraz
400KV substation.

— ALMARAZ Voltage. VM
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Figure 2-50: Voltage oscillation alter apply a pass-band filter [0.55-0.70 Hz] in several Spanish substations
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After applying a complex principal component analysis  characteristic mode like reported below in Figure 2-51.
algorithm* to all 400 kV PMUs, it is possible to recreate  Observing the sinusoidal path, it is possible to estimate
the finding that the dominant mode is 0.63Hz. In fact,  the oscillatory frequency (i.e. measuring time between
processing a set of several time series (i.e. voltage,  two adjacent peaks).

frequency, etc.), the algorithmis able to find a dominant
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Figure 2-51: Voltage oscillation principal component analysis (PCA)

12 Complex principal component analysis is a technique that processes several time series and extracts the dominant components versus time, which enables
identifying the frequencies, damping, amplitude and mode shape of the dominant modes. Ref. "Complex Principal Component Analysis: Theory and Examples”
by J. D. Horel.
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In order to evaluate the 400 kV nodes that are the most
active in the 0.63 Hz oscillation, a complex principal
component analysis was performed, showing the
maximum activity (in this case, voltage amplitudes) in
the nodes of Almaraz and Puebla de Guzman.
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Figure 2-52: Mode shape by complex principal component analysis
on PMU voltages normalised (each colour in the polar plot represent
a different location)
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Figure 2-53: Mode shape on PMU frequencies normalised (each colourin the
polar plot represents a different location)

Figure 2-53 clearly shows how the significant amplitudes
of mode shape are located in Spain and the angle spread
is around 120°, with no phase opposition oscillations.

One minute after detecting the oscillation, the control
rooms of RE and RTE activated the common protocol
described in Section 2.5.2. In terms of event sequence,
the RE control room called the RTE control room to initiate
the activation of the protocol. The protocol is intended
to be applied depending on the damping measurement
or when oscillations in the range of 0.1-0.35Hz and an
amplitude higher than 20 mHz are detected.

RE and RTE initiated a change of the operating mode of
the HVDC (switching from hybrid mode to constant power
mode) and a countertrading procedure involving 800 MW
across the France—Spain exchange borders. The coun-
tertrading procedure was performed in the following
way: as the total imbalance in Spain was negative (i.e.
less production in comparison with consumption), there
were no need for generators to compensate for counter-
trading through RR and mFRR allocations.

The imbalance generated by countertrading was
compensated with aFRR or reduced the need for mFRR.
On the RTE side, countertrading was used to increase
French production. This production adjustment was
made at the national level, based on electricity market
prices using the merit order method. While not part of
the oscillation control protocol, four shunt reactors were
switched off by RE due to the lower voltages seen in the
system during the oscillation:

» 12:04 Villaviciosa 400kV REA1
» 12:04 Guadame 220kV REA3
» 12:05 Rueda 400kV REA2

» 12:05 Aragdn 400kVREA1

Furthermore, several topological actions were under-
taken, aiming to reduce the impedance of the grid.

Regarding the behaviour of the POD controllers of INELFE
HVDC, the POD-P controller remained active during the
whole period, while the POD-Q controller was active
at the start of the 0.63 Hz oscillation, but disabled at
12:03:51,i.e. approximately 50 seconds after the start of
the oscillation. The disabling of the POD-Q was caused by
the logicimplemented by the manufacturer to prevent
its operation when the output of the controller satu-
rates in £100 Mvar (reaching the upper and lower limit
too often).
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Figure 2-54 reports the frequency and voltage measured
at the Spanish terminal of the HVDC. In the first chart, it
can be observed that when the POD-Q is disabled, the
amplitude of the frequency oscillation does not change
Inthe second chart, it can be observed that after the disa-
bling the POD-Q, the amplitude of the local oscillation of

voltage at the Llogaia substation decreases. The increase
in amplitude of voltage during the POD-Q action is
correct, due to the action of the HVDC control aimed at
increasing damping. The voltage oscillation amplitude
did not change in other substations.
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Figure 2-54: First oscillation of 0.63 Hz frequency and voltage at Sta. Llogaia 400 kV substation
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The subsequent switch to constant power mode was
applied by the control room at 12:09, when the oscil-
lation amplitude was just decreasing. This decision
was made by RE/RTE with the aim to further improve

the damping. After the power mode was switched to
constant power, an additional action was the change of
the P set point by increasing itto 1,000 MW in the export
direction from the Spanish perspective.
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Figure 2-55: Power flows in the Spain—France interconnection (sign criterion: positive = exported from Spain to France)
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The frequency domain analysis - performed using @  The FFT results clearly indicate that this mode has a
sliding-window fast Fourier transform (FFT) on allPMUs-  predominant oscillation frequency of 0.63 Hz, most likely
shows the emergence of a distinct oscillatory mode at  corresponding to a local mode.

approximately 0.63 Hz during the first oscillation.

FFT of CE frequencies between 12:03 and 12:08
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Figure 2-56: Normalised fast Fourier transform of the frequency from various PMUs across Continental Europe between 12:03 and 12:08

To classify this 0.63 Hz oscillation, a mode shape analysis was performed, and the results are showed in Figure 2-57
below.

Figure 2-57: Mode shape of the 0.63 Hz oscillation (frequencies)
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The arrow in Figure 2-57 above indicates the direction
of the oscillation and amplitude. It can be noted that the
angular spread of frequencies between north and south
of Iberia is around 90° to 100°, with a local geographic
displacement.

Figure 2-58 displays a zoom of voltage and frequency
at various locations to estimate the angle between the
two quantities, which is approximately 143°, confirming
unstable behaviour. In fact, the more voltage in a node
thatis in phase with the frequency, the more the loads
can act as a stabilising action.
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Figure 2-58: Angle between voltages and frequencies

Regarding generation behaviour during oscillations,
based on the available data, the maximum resolution
available is insufficient to display a clear trend of active,
reactive power, and voltage fluctuations for particular
generators.

Nonetheless, based on PMU data, it is possible to under-
stand that the dominant content of energy is associated
with the reactive power and voltage. In addition, large
power fluctuations were detected in the SCADA data
of generation in the area of the nodes of Almaraz and
Puebla de Guzman. Figure 2-58 shows fluctuations of
active power with an amplitude of around 200 MW and
reactive power with an amplitude of around 180 Mvar,
occurring between 12:03 and 12:08.

All of these elements will be analysed during the inves-
tigation to clarify whether any local malfunction could
generate a forced oscillatory phenomenon. However, at
present, no generator has reported significant malfunc-
tions of reactive power regulation, and thus additional
investigations will be conducted in the next analysis
phase to confirm the hypothesis of forced oscillation.

In light of all the factors listed in the previous paragraph
and the currently available data, the Expert Panel cannot
conclude at this stage whether the oscillations were
forced or not.
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Figure 2-59: Active and reactive power generated by a power plant connected in the province of Badajoz

There have been smaller episodes of oscillatory behav-  started at 12:19, as shown in Figure 2-60 below, specifi-
iour registered on some PMUs after the first major oscilla-  cally on voltage in PMU ALD4HIN.
tion described above and before the second one, which
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Figure 2-60: Voltage at PMU ALD4HIN between 12:16:30 and 12:17:30
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Figure 2-61 shows the period from 12:16:30 to 12:20:00, showing the minor oscillations at the beginning of the
interval, as well as the beginning of the 12:19:00 oscillation.
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Figure 2-61: Reactive power at various PMUs between 12:15:30 and 12:20:00

2.5.6.4 Oscillationat12:19-12:22

The second major oscillation is considered to have begun
(anamplitude higherthan 20 mHz) on all PMUs at 12:19.

The 12:19 oscillation is considered to have lasted
for approximately three minutes, with a maximum
frequency amplitude of around 200 mHz, significantly
largerthanthe 12:03-12:08 event.

Following this event, RE and RTE initiated another
countertrading procedure involving 500 MW across the
France—Spain exchange borders. The countertrading
procedure was performed in the following way: as the
total imbalance in Spain was negative (i.e., less produc-
tion in comparison with consumption), there was no
need for generators to compensate for countertrading
through RR and mFRR allocations.

The imbalance generated by countertrading was
compensated with aFRR or reduced the need for mFRR.
0On the RTE side, countertrading was used to increase
French production This production adjustment was made
at the national level, based on electricity market prices
(MFRR and RR) using the merit order method.

In addition, further actions were adopted on shunt
reactors:

»12:17 Cabra 400kV REA 1 was disconnected
before the second oscillation

Two minutes after the beginning of the second oscilla-
tion, the following shunt reactors were disconnected
by RE:

» 12:21 Penaflor 400kVREA1
» 12:24 Palos 220kV REA1
» 12:24 Morata 400kV REA 4
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Figure 2-62: Characteristics data of the second oscillations and increasing voltage (source: WAMS 100 ms sampling rate at the 400 kV Carmona substation) and
countermeasures

From Figure 2-62, it is possible to observe the frequency
behaviour on the first graph. The second graph shows the

amplitudes of the two oscillatory frequency components,
namely the 0.21 Hz inter-area mode in blue (dominant)
and the 0.63 Hz local mode in orange (with smaller
amplitude).
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Figure 2-63 presents the system-wide trends of frequency
and voltage across CE:
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Figure 2-63: Frequency and voltage phasor magnitude measurements from European PMUs
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Unlike the first oscillation - which was confined to the  inter-area character. This is confirmed by both the modal
Iberian Peninsula in terms of very low amplitude outside  analysis estimates and the polar plot, which indicate that
the Iberian system - this second event exhibited a clear  the oscillation corresponds to the ECW mode.

07
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Figure 2-64: Spectrogram from Carmona (ES) PMU during the timeframe of 12:18 to 12:25

In particular, the polar plot in Figure 2-65 reveals a phase opposition between two geographically distinct system
clusters:

» The Western cluster (Spain and Portugal), » The Eastern cluster (including Estonia, Latvia,
oscillating coherently with a high energy Hungary, Poland, and Turkey), moving in
contribution. opposition.
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Figure 2-65: Polar plot of the Spanish and Turkish PMUs at 12:20:39.9
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The energy distribution across the clusters confirms that
the Western area contributed more strongly to this oscil-
latory mode.

The modal estimates produced using a FFT algorithm?*?
(Figure 2-66) show a progressive degradation in the
calculated damping of the ECW mode.
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Figure 2-66: Estimated frequency, amplitude, and damping ratio of the dominant oscillation mode over time, obtained using a mode estimation algorithm

Damping remained consistently low for several minutes
before becoming negative around 12:19.

This deterioration in damping is accompanied by a
marked increase in modal energy, as indicated by the

growing amplitude of the oscillation frequency.
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Figure 2-67: Mode shape by complex principal component analysis on PMU normalised voltages (colours in the polar plot represent different locations)

13 The adopted technique was based on a fast Fourier analysis on the selected PMUs time series and frequency/damping estimation with the

Tufts-Kumaresan algorithm.
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In this case, voltage oscillations are also observed,
with an amplitude of the same order as those recorded
during the 12:03 oscillation, and even slightly lower.

Once again, a decrease in the average voltage value is
observed.
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Figure 2-68: Voltage magnitudes at several Spanish substations

Figure 2-69 displays the same voltage values, but after
applying a band-pass filter (0.18 to 0.25Hz), which
enhances the visibility of the oscillation amplitude at

each substation. It can be seen that the voltage oscilla-
tion amplitude reaches 28 kV peak to peak at the Almaraz
400kV substation.
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Figure 2-69: Voltage oscillations alter applying a pass-band filter [0.18-0.25 Hz] at several Spanish substations
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2.6

2.6.1

Voltage standards in Spain are governed by Operational
Procedures 1.1, 1.2, and 1.4 from 1998. The Operational
Procedure 1.4 mentions two uppervoltage limits on the
400kV grid (420kV and 435kV).**

Following letters received from two stakeholders, the
Expert Panel has formally asked CNMC - the Spanish
National Reqgulatory Authority - to clarify whether the
420-435kVrange is only applicable in case of a contin-
gency situation. CNMC responded as follows:

P.0.1.1 "Performance and safety criteria for the
operation of the electrical system” sets the security
criteria that must be applied in the operation of the
Spanish peninsular electrical system and stablish the
limits for contingency situations. This procedure does
not set specific voltage limits in normal operation.
It refers to local (zonal) procedures that will collect
nodal values determined according to the criteria
established by P01.3 “Establishment of permissible
voltages at nodes in the network managed by the
system operator”.

The operational procedure P.0. 1.4 "Energy delivery
conditions at the border points of the network
managed by the system operator” was passed
simultaneously as the P.0. 1.3. This procedure P.O.
1.4 setsthatunder normal operating conditions, the
voltage at the 400kV level at the border points will
range from 390 and 420kV but eventually maximum
levels of 435kV may be reached. Any installation
directly connected to the transmission network must
be capable of withstanding these values without
damage or disconnection.

Reactive Power and Voltages

Voltage Standards in Spain and Portugal

Therefore, although the 435kV limit is consistent
with the value requlated in operational procedure
P.0.1.1 "Performance and safety criteria for the
operation of the electrical system" for contingency
situations, the P.0.1.4 does not only link the voltage
level of 435 kVto these contingency situations, butto
normal operating conditions. Hence 435kV have to
be considered in all type of operation and not only
limited to contingency situations.

In this regard, references in European regulations
to the possibility that the Spanish TSO may operate
the transmission grid at 435 kV (article 27.2 of Requ-
lation (EU) 2017/1485, notwithstanding provisions
under article 28) and may oblige generators subject
to article 16.2.iii of Regulation (EU) 2016/631 to
remain connected at the voltage level of 435KkV for
an unlimited time, do not condition it to a contin-
gency either.”

In Portugal, voltage standards are defined in Procedure
5 of the “Manual de Procedimentos da Gestdo Global do
Sistema,” where the upper voltage limit on the 400kV
grid is 420 kV. Note that ERSE has published a new version
of the code after the 28 April 2025, with new internal
numbering.

Interms of deviations from voltage standards reported in
the past, RE reported thirteen scale 1 and thirteen scale
0 voltage violations in the 2024 ICS report®® (related to
2023) and no voltage violations in the 2025 ICS report
(related to 2024). REN did not report any voltage viola-
tionsin 2023 and 2024.

14 InSpain, the following limits apply in accordance with the official Operational Procedure 1.4, §3.2 (fRE translation): “Voltages at the nodes - Under normal
operating conditions, the voltage at the 400 kV level at the connection nodes will be between 390 and 420 kV. At the 220 kV level, the voltage will be between 205 and
245 kV. Eventually, maximum values of up to 435 kV and minimum values of up to 375 kV may occur at the 400 kV level. At the 220 kV level, voltages may eventually
drop to 200kV. Any installation directly connected to the transmission network must be able to withstand the above values without damage or disconnection.”

15 https://www.entsoe.eu/network_codes/sys-ops/annual-reports/
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2.6.2 Voltage Profiles

2.6.2.1 Voltage Profilesin Spain

In this section, voltage evolution is analysed from
09:00 to 12:32. From 09:00, with the appearance
of PV generation in the system, voltage variability
increases, albeit without significant excursions. From
10:30, greater excursions are observed. The higher (red

lines, 420/245kV and 435kV) and lower (green line,
390/205kV and 375/200kV) voltage limits mentioned
in the Spanish Operational Procedure 1.4 from 1998 are
shown in Figures 2-70 and 2-71 (based on data from the
Red Electrica SCADA system).
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Figure 2-70: Voltage evolution at the main 400 kV transmission substations (pilot nodes) in Spain
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Figure 2-71: Voltage evolution at the main 220 kV transmission substations (pilot nodes) in Spain

16 https://www.boe.es/buscar/doc.php?id=BOE-A-1998-20053
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In the following, the voltage profile evolution of the main transmission substations are aggregated by area.
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Figure 2-73: Voltage evolution at the main transmission substations (pilot nodes) in the east of Spain
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Figure 2-74: Vloltage evolution at the main transmission substations (pilot nodes) in the centre of Spain
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Figure 2-75: Voltage evolution at the main transmission substations (pilot nodes) in the north of Spain
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Figure 2-76: Voltage evolution at the main transmission substations (pilot nodes) in the northwest of Spain
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Figure 2-77: Vloltage evolution at the main transmission substations (pilot nodes) in the northeast of Spain

In view of its final report, the Expert Panel will further analyse these voltage fluctuations and consider the voltage
behaviour observed during the days preceding the blackout.
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2.6.2.2 \Voltage Profilesin Portugal

In this section, the evolution of voltage in the REN grid is analysed from 09:00 to 12:30 in the substations equipped
with available PMU, namely Sines Substation (SSN) and Recarei Substation (SRR). The voltage level is within the
nominal values for the observed timeframe.
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Figure 2-78: Violtage measurements at Sines and Recarei substations (Portugal)

2.6.2.3 \Voltage Profilesin France

In this section, the evolution of voltage in the RTE grid is analysed from 09:00 to 12:30 at the Baixas and Saucats
substations (southern part of France). The voltage level is within the nominal values for the observed timeframe.
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Figure 2-79: Voltage measurements at Baixas and Saucats substations (France)
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2.6.3 Voltage Heatmaps of the Iberian Peninsula

In this section, the voltage heatmaps of the Iberian Peninsula are depicted every fifteen minutes from 9:00 to 12:30.
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Figure 2-80: Voltage heatmaps of the Iberian Peninsula
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2.6.4 Chronology of Voltage Control Actions

2.6.4.1

The shunt reactors connected to the 400 kV network of
Red Electrica have 150 Mvar of reactive power capacity,
and the shunt reactors/condensers connected to the
220 kV network have 100 Mvar of reactive power
capacity. The shunt reactors are three-phase.

Section 2.1.2 details the effect of connecting shunt reac-
tors and the chronology of the voltage control remedial
actions. The example in Figure 2-81 shows the impact of
connecting the shunt reactor in the Morata 400 kV substa-
tion at 12:28:01, showing the reactive power flow and
voltage.

A summary of the shunt reactors and condensers oper-

ated by RE is provided in Table 2-7 below, together with
the nominal power, location, and position at 12:32:00.

RE Shunt Reactors, Capacitors, STATCOMs, and HVDC Patterns

‘
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Figure 2-81: Reactive power flow and voltage at PMU MOR&MOT from 12:27:00
t012:30:00

SHUNT REACTORS and Nominal Location Position at SHUNT REACTORS and Nominal Location Position at
CAPACITORS power (Mvar) 12:32:00 CAPACITORS power (Mvar) 12:32:00
ALMARAZ 400 REA 3 150 SOUTH Disconnected MAGALLON 400 REA 2 150 NORTH Disconnected
ANCHUELO REA1 150 CENTRE Disconnected MAIALS 400 REA1 150 NORTH-EAST | Connected
ARAGON 400 REA1 150 NORTH Disconnected MINGLANILLA 400 REA 1 150 EAST Connected
ARANUELO 400 REA 1 150 SOUTH Disconnected MORALEJA 220 REA12 100 CENTRE Connected
BEGUES 400 REA1 150 NORTH-EAST | Disconnected MORALEJA 220 REA13 100 CENTRE Disconnected
BELINCHON 400 REA1 150 EAST Disconnected MORALEJA 400 REA1 150 CENTRE Disconnected
BIENVENIDA 400 REA 1 150 SOUTH Disconnected MORATA 400 REA & 150 CENTRE Connected
BROVALES 400 REA 1 150 SOUTH Disconnected OLMEDILLA 400 REA1 150 EAST Disconnected
CABRA 400 REA1 150 SOUTH Disconnected PALOS 220 REA1 100 SOUTH Disconnected
DRODRIGO400 REA 1 150 SOUTH Disconnected PENAFLOR 400 REA1 150 NORTH Connected
EALMARAZ 220 REA 1 100 SOUTH Disconnected PINILLA 400 REA1 150 EAST Disconnected
ELIANA 220 REA1 100 EAST Connected REQUENA 400 REA1 150 EAST Disconnected
ESCATRON 220 REA1 100 NORTH Connected ROCAMORA 400 REA1 150 EAST Disconnected
GUADAME 220 REA 3 100 SOUTH Connected RUBI400REA1 150 NORTH-EAST | Connected
GUADAME 400 REA2 150 SOUTH Connected RUEDA 400 REA2 150 NORTH Disconnected
GUILLENA 400 REA2 150 SOUTH Disconnected SENTMENAT 400 REA 1 150 NORTH-EAST | Connected
JM.ORIOL 220 REA 1 100 SOUTH Disconnected SS REYES 400 REA 3 150 CENTRE Disconnected
JM.ORIOL 400 REA2 150 SOUTH Disconnected VALDECAB 400 REA 1 150 SOUTH Disconnected
JUIA 220 CONDEN1 150 NORTH-EAST | Disconnected VALDECABALLEROS 400 REA2 | 150 SOUTH Disconnected
LA SERNA 400 REA2 150 NORTH Connected VILLAVICIOSA 220 REA 2 100 CENTRE Disconnected
LITORAL 400 REA1 150 EAST Disconnected VILLAVICIOSA 400 REA 1 150 CENTRE Disconnected
MAGALLON 400 REA 1 150 NORTH Disconnected VITORIA 400 REA 2 150 NORTH Connected
Table 2-7: Main characteristics and status of shunt reactors in RE network
A
\
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2.6.4.2 REN Shunt Reactor Patterns

In this section, the main characteristics related to shunt reactors of REN are described. The shunt reactors are
three-phase.

Substation Site ID SRID Voltage Level Nominal Power Position at 12:32:00
kv Mvar

ARMAMAR SAMM R1 400kv 150 Disconnected
CASTELO BRANCO Scc R1 220kv 70 Disconnected
FANHOES SFN R1 400kv 150 Disconnected
FEIRA SFRA R1 400kv 150 Disconnected
PEDRALVA SPDV R1 400kv 150 Disconnected
PARAIMO SPI R1 400kv 150 Disconnected
PALMELA SPM R2 400kv 150 Disconnected
PORTIMAO SPO R1 400kv 150 Disconnected
RIO MAIOR SRM R1 400kv 150 Connected
TABUA STBA R1 220kv 70 Connected
TAVIRA STVR R1 150kv 75 Connected

Table 2-8: Main characteristics of the shunt reactors in REN data

Section 2.1.2 details the chronology of manoeuvres of
shunt reactors by REN. The shunt reactors were gradually
disconnected by the control room operator as a normal
operation during the observed timeframe, and at 12:19,
the Palmela shunt reactor tripped due to undervoltage
(the registered voltage value was 379.80kV, and the

protection setting was U=380kV and t=25s). After the
system collapse at 12:33:30, the three remaining shunt
reactors of Tabua, Tavira, and Rio Maior were also discon-
nected. Figure 2-82 depicts the gradual decrease in the
amount of inductive reactive power provided by REN's
shunt reactors.

1,800

1,600 —

1,400 —

1,200 —

1,000 J

800 —

600 —

Total reactive power (MVATr)

400 —

200 —

0 —

09:00:00 09:15:00 09:30:00 09:45:00 10:00:00 10:15:00 10:30:00

SR-SAMM SR-SCC SR-SFN SR-SFRA SR-SPDV

10:45:00 11:00:00 11:15:00 11:30:00 11:45:00 12:00:00 12:15:00 12:30:00

SR-SPI SR-SPM SR-SPO SR-SRM SR-STBA SR-STVR

Figure 2-82: Trend of the total reactive power of the shunt reactors in the REN grid
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2.6.5 Voltage Regulation Schemes

2.6.5.1 Voltage Reqgulation Scheme in Spain

In Spain, the voltage regulation at the time of the
blackout was governed by the Operating Procedure 7.4’
from March 2000, which was subsequently amended in
June 2025.

Operating Procedure (P.0.) 7.4'® “Ancillary Voltage
Control Service of the Transmission Network” applies
to conventional generators with an installed capacity
equalto or greater than 30 MW connected to buses of the
transmission network, transmission operator, consumers
connected to the transmission grid with a contracted
power equal to or greater than 15 MW, and DSOs.

Below, some literal extracts from Operational Procedure 7.4 are included:

“3. Definition

Voltage control consists of a set of actions involving
resources for the generation and absorption of reactive
power (generators, reactors, capacitors, etc.) and other
voltage control elements, such as transformers with tap
changers. These actions are aimed at maintaining voltage
levels at the nodes of the transmission network within
specified margins to ensure compliance with safety and
quality criteria for electricity supply.”

“4. Service providers
The service providers shall be:

a) All generating units operating under the ordinary
regime, with a registered net capacity equal to
or greater than 30 MW and directly connected, or
connected through a dedicated evacuation line, to
nodes of the transmission network. [...]

b) Transmission companies.

¢) Qualified consumers not covered by a tariff (1),
directly connected or connected through a dedicated
line to nodes of the transmission network (hereinafter
referred to as “service-providing consumers”), with a
contracted power equal to or greater than 15 M.

d) Distribution System Operators [...]"

“6. Service provision

[...]
6.1 Mandatory Requirements

As a technical condition for connection to the transmis-
sion network, and to ensure proper operation and system
security, providers of this ancillary service must deliver the
following minimum services:

6.1.1 Generators

Generators must have a mandatory minimum margin of
reactive power capacity, both for generation and absorp-
tion, to provide the service. They must adjust their reactive
power production and absorption within these limits to
help maintain voltage levels at the plant busbars within
the variation margins defined by the voltage setpoint and
the acceptable variation band established by the System
Operator.

For generators, the required minimum reactive power
margin at plant busbars at nominal transmission network
voltage is defined based on the installed net active power,
as recorded in the Administrative Register of Electricity
Production Facilities, and the following power factor
values:

a) Capacitive power factor (cos ¢) of 0.989 (reactive
power generation equivalentto 15 % of maximum
net active power).

b) Inductive power factor (cos ¢) of 0.989 (reactive
power absorption equivalent to 15 % of maximum
net active power).

17 Notpublic
18 https://www.boe.es/buscar/doc.php?id=BOE-A-2000-5204
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This reactive power generation/absorption margin must
be deliverable by the unit across the entire range of
active power variation, from its technical minimum to its
maximum net active power.

These requirements will vary depending on the voltage
value at the corresponding node of the transmission
network, according to the linear function graphically
showninAnnex6[...]."

“10. Measurement and Monitoring
of Service Compliance

To monitor compliance with the service, the System Oper-
ator will use telemetry data received through the CECOEL
real-time energy control system. [...]

10.1 Generators

The System Operator will perform sampling every five
minutes of the voltage values at the control node and the
active and reactive power generated/absorbed by the unit
at the plant busbars.

To assess service compliance, an acceptable deviation band
of +2.5kV around the voltage setpoint established by the
System Operator for the control node is defined.

The service will be considered properly delivered when at
least 75 % of the sampled values within each hour meet
one of the following two conditions:

a) The voltage at the control node assigned to the unit
remains within the acceptable variation margins.

b) The unit has reached the mandatory reactive power
limit or, where applicable, the mandatory limit plus
the additional assigned resources, in the appropriate
direction.

To verify this, it will be checked that the voltage telem-
etry from the control node - or, if unavailable, the values
resulting from state estimation - are within the acceptable
band (£2.5kV around the voltage setpoint established by
the System Operator for the control node) in at least 75 % of
the sampled values within each hour. If so, the service will
be considered properly delivered.

Ifthe voltage has been outside the acceptable band in more
than 25 % of the sampled values during the hour, the active
and reactive power values at the plant busbars will be
analysed. For each set of active power and busbar voltage
values, the reactive power limit that the unit should have
delivered or absorbed in that situation will be determined,
taking into account both the mandatory minimum require-
ments and, where applicable, the additional assigned
resources.

In this latter case, even if the voltage setpoint for the
corresponding control node (plant busbars) was not met,
as long as the unit has reached the corresponding reactive
power limit (mandatory requirements + assigned addi-
tional resources) in that situation, in at least 75 % of the
samples taken during each hour in which the voltage was
out of limits, the service will be considered properly deliv-
ered.[...]"

ANNEX 6: Variation of Mandatory Requirements for Units
Based on the Voltage of the Node of the Transmission
Network
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Following a presentation shared by a stakeholder, the Expert Panel formally asked CNMC - the Spanish National
Regulatory Authority - to explain the figure above ("Annex 6"). More specifically, the Expert Panel asked which of the

following two options is correct:

» Option 1

- <405KkV: Q has to be at least Qmax (Qmax as
minimum generation of reactive power).

- 405-410KkV: No requirement.

- >410kV: Q has to be at least Qmin (Qmin as
minimum absorption of reactive power).

CNMC responded as follows:

"0P 7.4 defines a minimum mandatory capability of reac-
tive power control expressed as a margin both in gener-
ation and absorption for the provision of the service.
Generators must be able to modify their production and
absorption of reactive power within these limits (Qmax,
Qmin), so that they contribute to maintain the voltage
within the variation margins defined by the voltage
setpoint value (400kV) and the permissible variation
band around it established by the System Operator
(405-410kV).

The terms of the service provision are complemented
in article 10 of P.0. 7.4. According to article 10.1 of the
P.0. 7.4, the service is considered to have been provided
adequately if at least 75 % of the values sampled each
hour meet one of these two conditions:

a) The voltage is maintained within the permissible
variation margins (405-410KkV for the voltage level
of 400kV).

b) The group has reached the mandatory reactive
power limit or, where applicable, the mandatory
limit plus the additional limit assigned, in the appro-
priate direction.

» Option 2

- Q has to be within the range of Qmin and
Qmax.

Based on the above, for an adecuate compliance with
the requirements of the service, when the voltage level s
under 405 kV generators must generate a reactive power
of at least the generation limit of its reactive capacity (the
appropiate direction in this case), when the voltage level
is over 410kV they must absorb at least the absortion
limit of its reactive capacity (the appropiate direction in
this case), and there is no special requeriment of reactive
power when the level voltage is between 405-410KkV.

Grey area in the figure below shows the right area, that
is, Option 1 in your question, without prejudice that
compliance allows a time margin of 25 % outside that
area.”
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Document: “Voltage Setpoints in the Transmission Network"” (PCT-0-006: submitted to voltage control service

providers in December 2011):

Below some literal extracts from PCT-0-006 are included:

"ANNEX 2:

The purpose of this document is to publish the voltage
setpoints applicable for the provision of the Voltage Control
Service on the transmission network, which will be in
effect from January 1, 2012, until further notice from Red
Eléctrica.

GENERAL SETPOINTS

The voltage setpoints to be used as reference®® during the
different peak, flat, and off-peak periods are as follows:"

400KkV
PEAK FLAT OFF-PEAK
405-410 405-410 405-410
220kv
PEAK FLAT OFF-PEAK
225-230 225-230 225-230

[..]"

Royal Decree 413/2014 applies to electricity generation
facilities using renewable energy sources, cogeneration,
and waste-to-energy (RCR). Section 7 of the regulation
establishes the following mandatory voltage control
requirements:

1. Facilities must maintain a power factor within the range
of 0.98 inductive to 0.98 capacitive on an hourly basis.
Accordingly, they must inject or withdraw reactive
power depending on their active power output within
this range, which can be modified annually by resolu-
tion of the Secretary of State for Energy, upon proposal
by the 7SO according to system needs®.

2. Facilities with an installed capacity equal to or greater
than 5 MW must follow the instructions issued by the
7SO to adjust their power factor within the established
range, based on system requirements. The TSO gives
inductive power factor instructions by email to these
facilities so that they absorb as much reactive power
as possible, respecting the maximum inductive limit of
0.98 set by the Royal Decree, which corresponds to 20 %
reactive power relative to the active power generated.
The TSO can update its instructions when necessary and
requests the facility owner to implement the change
within a few days.

3. In cases where the facility is connected to the distri-
bution network, any modification to the power factor
range must take into account the limitations that might
be established by the distribution system operator for
the safety of its network. For this purpose, the distribu-
tion network operator may propose specific instructions
to the TSO that must be considered.

It is worth noting that Royal Decree 413/2014 includes a
penaltyof 0.261 c€/kWh (2.61 €/MWh) for non-compliance
with the hourly obligations established for RCR generators.

Article 9, Section 5 of CNMC Circular 3/2020 - which estab-
lishes the methodology for calculating electricity transmis-
sion and distribution tariffs - includes a billing term for
reactive energy applicable to all consumers, except those
connected at low voltage with a contracted power of 15 kW
or less.

The reactive power billing term applies to all time periods
except period 6, provided that reactive energy consump-
tion exceeds 33 % of active energy consumption during the
billing period (i.e., power factor < 0.95) and only affects
such excesses. During period 6, consumers must maintain
a power factor greater than 0.98 capacitive, although no
penalty is currently associated with non-compliance for this
period.

19 Thereis aspecific setpoint applicable to Sabon and Meirama.

20  This has never happened
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2.6.5.2 \Voltage Reqgulation Scheme in Portugal

The voltage reqgulation in the Portuguese transmission
system is nodal.

Reactive power compensation and voltage control
are provided by synchronous generation (hydro and
thermal) and pumping hydro power plants. The setpoints
are communicated by phone by the TSO.

The old wind power plants provide reactive power
compensation (predefined tan(¢) between-0.2 and 0.2,
which that means the ratio between reactive and active
power outputs is predefined).

2.6.5.3 Voltage Reqgulation Scheme in France

Figure 2-83 provides an overview of the voltage requla-
tion system in France. The reactive power requirement of
each control zone - calculated by the secondary voltage
regulator (SVR) - is expressed as a per-unit value K,
ranging from -1 to +1. This value is transmitted from the
control centre to the local requlating units. The commu-
nication delay of approximately ten seconds is deter-
mined by the SCADA system's sampling rate.

In accordance with French grid connection requirements,
all generation units with an installed capacity above
50 MW are mandated (with remuneration) to participate
in the SVR scheme. This ensures a broad and distributed
contribution to voltage requlation across the transmis-
sion network.

At the unit level, a reactive power control loop (RPCL)
receivesthe Kvalue from the SVR and computes a voltage
reference Usref(t), which is then sent to the automatic
voltage regulator (AVR). The RPCL can be modelled as
a proportional-integral (PI) controller, which requlates
the generator’s terminal reactive power output Qs(t) to
follow a time-varying reference Qcs(t), defined as:

Q. =K(®) x Q,(V)

Solar power plants with an installed capacity larger than
1MW (as do new wind power plants) provide automatic
voltage/reactive power control, receiving real-time
setpoints sent by REN's SCADA for voltage control or
reactive control (the voltage control setpoint is the most
commonly used). Note that service is provided during the
daylight period and in night operation mode.

REN uses the measure of the connection point of the
power plant as a reference. The power plants have a
closed-loop voltage requlation on the high voltage side.

Here, Qr(t) represents the unit's maximum reactive
power capability (either injection or absorption) at a
given time, acting as a participation factor.

For thermal units, Qr is typically considered constant
and proportional to the nominal reactive power of the
alternator (e.g., Qr=1.4xQnom). However, in practice,
the actual reactive power capability can vary depending
on the unit's operating conditions, such as terminal
voltage and active power output. This discrepancy can
lead to situations where the reactive power output Qs(t)
does not reach the theoretical maximum even when K
=+1, due to physical limitations such as rotor current or
internal angle constraints.

In terms of dynamic response, each control block in
Figure 2-83 operates on a different time scale:

» The AVR is the fastest, with a response time in
the order of seconds.

» The RPCL follows, with a typical response time
of approximately 10 seconds.

» The SVRis the slowest, with a response time on
the order of 100 seconds.
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Figure 2-83: SVR principle diagram

2.6.5.4 \Voltage Regulation by the HVDC Baixas Santa Llogaia

See Section 2.7.
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2.6.6 Aggregated Data from Power Plants Connected to the Spanish

Transmission Network

Figures 2-84-2-88 show perregion, the aggregation of
the reactive power provided by all conventional genera-
tion units with an installed capacity larger than 100 MW
(0)%, as well as the aggregation of their reference reac-
tive power (Qreference), where Qreference corresponds
to the minimum reactive power that a generation unit
must generate or absorb, based on CNMC's explanation
of Operating Procedure 7.4 applicable at the time of the

incident (see Section 2.6.5.1), without prejudice to the
factthatitis permissible for each unit not to comply with
this requirement up to 25 % of the time per hour.

In view of its final report, the Expert Panel will further
analyse these data and consider the reactive power
behaviour observed in the past, as well as the measures
taken following these observations.
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Figure 2-84: Reactive power provided (Q) and the reference reactive power (Qreference) aggregated for conventional generation units larger than 100 MW of power

installed capacity in the north/north-west area of Spain

21 Thereactive power provided by each generation unitis measured by the TSO with a time interval that varies from 4 to 20 seconds between two measurements.
To build the curves Q in these graphs, a linear interpolation has been undertaken between two consecutive measurements.
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Figure 2-85: Reactive power provided (Q) and the reference reactive power (Qreference) aggregated for conventional generation units larger than 100 MW of power
installed capacity in the centre/south-west area of Spain

800

600

400

200

-200

Mvar

-400
-600
-800
-1,000

-1,200

=
By,

)

Se=

T—_—

A

vy

=) —

9:00

—0

9:30

—Qreference

10:00

10:30

11:00 11:30 12:00

Figure 2-86: Reactive power provided (Q) and the reference reactive power (Qreference) aggregated for conventional generation units larger than 100 MW of power
installed capacity in the east/north-east area of Spain
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Figure 2-87: Aggregated P and Q of PV generation (facilities or aggregations with installed capacity >1 MW). The green line corresponds to a 0.98 inductive power
factor, which is the lowest limit of the generic range defined by the RD 413/2014.

® P aggregated — Q aggregated —— Q=20%P

. " v 3 . . .- 400
4000 :39_50 3847 ; .......................... : ......................... : TR ‘ ...................... : :
3719 : : 3689
3518 E ¢ : :
: : : E : 200
: : : 3322
: 3165
2977
3000 || ||| 2868 2852 o III|||||||||| |||||| ||||||||| “IH“" | 0
-105
-qss .
-207 -21 ‘ >
-200 ©
i 313 3
LT P
£ 2000 366 ¥ =357 E
>
=
| -574 -570 I -600
1000 || || U 633 664
it i
:;;g | II“‘““ “N‘“ u“ﬂi“lrs -
I
9:00 9:30 10:00 10:30 11:00 11:30 12:00

Figure 2-88: Aggregated P and Q of wind generation (facilities or aggregations with installed capacity >1 MW). The green line corresponds to a 0.98 inductive power
factor, which is the lowest limit of the generic range defined by the RD 413/2014.
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2.6.7
Transmission NetworkA

Data from Relevant Power Plants Connected to the Portuguese

Figure 2-89 shows the aggregation of the reactive power provided by relevant generating power plants with a power
installed capacity of more than 100 MW in the south area of Portugal, as well as the aggregation of their reference

reactive power.
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Figure 2-89: Provided reactive power (Q) and reference reactive power (Qreference) for generating relevant power plants with more than 100 MW of power installed

capacity in the south area of Portugal (REN's SCADA measurements)

2.6.8 Technical Constraints in Spain

The technical constraints solving process in Spain is
described in Operational Procedure 3.2 “Technical
restrictions” (the latest amendment was published on
17 March 2025 and includes adjustments for a fifteen-
minute market timeframe). This process has two differ-
entiated parts, one of which is undertaken after the
day-ahead market gate closure time, and another is
performed continuously in real time to solve remaining
issues. The objective is to guarantee security with the
minimum and more economical number of changes to
the results that come out of the daily market This process
allows the Spanish TSO to introduce any change that it
considers justified to guarantee the security of supply in
the scheduling of the generation and storage units (and
consumers on voluntary bases), connected to both trans-
mission and distribution networks, including the dispatch
of any power plant not scheduled by the market but
needed by the system to provide services such as voltage
control or balancing. Needs for maintaining security in
distribution are assessed and communicated to the TSO
by the DSO. The process has two differentiated parts:
one of them taken care after the day ahead market, with

AN

the aim of guaranteeing the physical feasibility of the
economic dispatch of the market, and another one under
continuous bases to solve any constraint found in real-
time operation. The TSO must choose the group of actions
that solves the security issues (mainly congestion and
voltages out of range) at the lowest possible cost. The
cost of this process is daily transferred to the consumers
(directly to consumers for those who buy directly in the
wholesale market and through suppliers for the rest), in
proportion to their consumption, as part of the cost of
energy. However, the TSO is financially neutral and has
no budget limit, so it has no direct economic impact if it
reduces the costs.

After the D-1 results are published, situations such
as unexpected unavailability or changes in the fore-
casts can occur that need to be solved in the real-time
constraint resolution process. In general, this process
implies continuous monitoring and adjustment, and it
offers the advantage of less uncertainty due to being
closertoreal time.

Y
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Even if there was not a remunerated voltage control
servicein place, power plants scheduled by the TSO under
P03.2 to solve situations of lack of dynamic voltage
control receive the technical constraints remuneration
(pay as bid) for their active power redispatch. In security
studies conducted on 27 April, for 28 April, the combined
cycle “Thermal 4-Centre /South-West" was scheduled for
the entire day to requlate voltage in Western Andalusia.
At 19:52 on 27 April, the unit was declared unavailable
due to an internal problem, initially until 22:00 on 27
April and later extended to 00:00 on 30 April.

The connection of “Thermal 5-Centre/South-West" was
extended during the night to secure voltages. During the
morning of 28 April, RE considered that the "Thermal 5-
Centre/South-West" plant was not needed.

2.6.9 Short Circuit Power

There is no operational procedure approved in Spain
where a minimum number of generation units coupled
isrequired, and there is also no maximum limit. The crite-
rion to decide the coupling of an additional generation
unit is the fulfilment of Operational Procedure 1.1 with
foreseen scenarios (generation, demand, and network).

At 12:20 on 28 April, RE ordered the connection of an
additional thermal power plant equipped with PSS,
following the detection of system oscillations. The
selected group was a combined-cycle gas plant in
centre/south-west, which indicated that it could be
connected in 90 minutes. At 12:26, the confirmation was
issued to the power plantto connect at 14:00. Due to the
blackout occurring before 14:00, this connection never
occurred. In general, RE is aware of the start-up times of
the combined-cycle gas plants in its control area.

Figures 2-90 and 2-91 plot the calculated short circuit power over time, demonstrating that most trends appear to be

uniform during the observed timeframe.
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Figure 2-90: Short circuit power evolution in the Spanish 220 kv network (pilot nodes)
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Figure 2-91: Short circuit power evolution in the Spanish 400 kV network (pilot nodes)

2.6.10 Reactive Power Flows with Neighbouring TSOs

Figures 2-92 - 2-94 plot profiles of the reactive power flows with the neighbouring TSOs.

L ——
Puntos de medida

® /ARKALE /220 /ARGIA /Q

@ /BIESCAS /220  /PRAGN /Q
190 95 @ /HERNANI /400 /ARGIA /Q

250 242

200
ONIC /400 /BAIXA /Q

100

50

9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30

Figure 2-92: AC interconnectors reactive power flow from Spain to France [Mvar]
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Figure 2-93: ACinterconnectors reactive power flow from Spain to Portugal [Mvar]
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Figure 2-94: AC interconnectors reactive power flow from Spain to Morocco [Mvar]
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2.7

The Santa Llogaia—Baixas HVDC link is a VSC-type HVDC
with transmission capacity of 2x 1,000 MW commis-
sioned in 2015. In 2019, it was the VSC HVDC with the
highest transmission capability.?

A VSC-type HVDC is a relatively new HVDC technology,
as opposed to the classic LCC. VSC can control active and
reactive power independently, provide black start capa-
bility, and work as a STATCOM.

This HVDC connects the substations of Santa Llogaia
400kV (in Spain) and Baixas 380KkV (in France). It runs
almost in parallel with the Vic—Baixas 400 kV AC inter-
connection line, forming an AC-DC corridor.

2.7.1 HVUDC Control

The operator of 3 VSC-based HVDC independently controls
the active and reactive power at both HVDC terminals,
with a priority assigned to one of these controls if
needed in extreme operating points.

In terms of active power control, the operator of a
VSC HVDC sets the active power reference point. This
active power setpoint is achieved based on either the
desired real power flow, desired DC voltage, or desired
frequency. For each momentin time, in one of the two
terminals, Psetpoint will be determined. In the other
terminal, the DC line voltage depends on the Psetpoint
and will be set in accordance. The maximum active
power capability is 2x 1,000 MW.

Behaviour of the HVDC Link

L1111
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VIC STA. LLOGAIA
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Figure 2-95: 400kV grid in the area of the HVDC Baixas—Santa Llogaia

0On the Santa Llogaia—Baxias HVDC, the active power
setpoint is determined for the Spanish and French ends
and based on one of the three modes. In PMODEL, a
fixed active power transmission value and its direction
are determined. In PMODEZ2, the HVDC active power
setpoint depends on an external analogue signal, which
isintended to be the active power flow on several lines.
This mode is not used in operation. The third mode -
PMODE3 - is an AC emulation mode, where the active
power setpoint is calculated based on the difference in
angles between the HVDC terminals. Effectively, in this
mode, the flow on the HVDC will resemble the flow on
anAC line.

22 See ENTSO-E's 2019 report " HVDC links in system operations” available at

https://eepublicdownloads.entsoe.eu/clean-documents/SOC documents/20191203_HVDC links in system operations.pdf.
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The function for PMODE3 on the Santa Llogaia—Baixas
HVDC s as follows:

=P, + (K/ (1 +5sT)* (5, —5,)

setpoint

The values for P, K and T are as follows: PO =0,
K=360 MW/, T =50s.The angles §, and &, are meas-
ured at substations 400 kV Baixas in France and 400 kV
Santa Llogaia in Spain.

In terms of reactive power control, the operator of a
VSC HVDC sets the reactive power reference point. This
reactive power setpointis achieved based on either the
desired reactive power flow or desired AC voltage.

For each moment in time, in each of the terminals inde-
pendently, the reactive power setpoints Qsetpoint will
be determined.

Each HVDC link is capable of generating up to 400 Mvar
and absorbing up to 600 Mvar in each of the terminals.
Working both links together can generate up to 800 Mvar
and absorb up to 1,200 Mvar in each of the terminals.
These maximum capabilities can be limited by the active
power transmitted by the link. The maximum capability
of Q depending on the transmitted P is shown in the guar-
anteed operation area curve in Figure 2-96. This implies
thatin terms of control priority, the Santa Llogaia—Baxias
HVDC prioritises active over reactive power.
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Figure 2-96: Guaranteed operation area curve

On the Santa Llogaia—Baxias HVDC, the reactive power
setpoints on the French and Spanish sides vary. On both
sides, the reactive power setpoint is determined based
onav

setpoint”

0On the French side, the V etpoint! is controlled by the
secondary voltage control. This means that measure-
ments from several substations in the French power
systems are collected, and a voltage setpoint at the
HVDC terminal calculated based on a pre-determined
approach.
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Onthe Spanish side, the Vsetpointis manually inserted by
the control room. The management of the HVDC voltage
setpointis integrated within the northeast area to ensure

coordination with other voltage control devices oper-
ating in that region. On 28 April, the setpoint was set as
outlined in Figure 2-97.
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Figure 2-97: Reactive power and voltages at the Santa Llogaia converter station on 28 April (source: RE SCADA)

2.7.1.1 Voltage and Reactive Power Flows at HVDC Terminals

This section describes the behaviour of the HVDC link,
with a focus on voltage and reactive power at the termi-

nals on both the French and Spanish sides.

The observed timeframe is 11:30:00-12:00:00, with a
focus on 11:35:20-11:36:20 (a minor oscillation with
amplitude around 0.6 Hz can also be observed in this

latter timeframe).
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2.7.1.1.1 Frenchside

Itis observed thatin the period 11:30:00-12:00:30, the
reactive power ata HVYDC node (Baixas 1) varies between
+340 and +443 MVar (both generating). The voltage is a
minimum of 388kV and a maximum of 394 kV.

It is observed that in the period from 11:35:20 to
11:36:20, the reactive power at a HVDC node (Baixas 1)
varies between +372 and +395 MVar (both generating).
The voltage is @ minimum of 389 kV and a maximum of
392kV.

Reactive power
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Figure 2-98: Reactive power flow measured by a set of PMUs in France, 11:30:00-12:00:00
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Figure 2-99: Voltage measured by a set of PMUs in France, 11:30:00-12:00:00
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Figure 2-100: Reactive power flow measured by a set of PMUs in France, 11:35:20-11:36:20
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Figure 2-101: Voltage measured by a set of PMUs in France, 11:35:20-11:36:20
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2.7.1.1.2 Spanishside

It is observed that in the period from 11:30:00 to
12:00:00, the reactive power at a HVDC node (Santa
Llogaia 1) varies between -51.6 MVAr (absorbing) and
+128.4 MVar (generating). The voltage is minimum
398kVand maximum 411.0kV.

It is observed that in the period from 11:35:20 to
11:36:20, the reactive power at a HVDC node (Santa
Llogaia 1) varies between -43.6 MVAr (absorbing) and
+35.7 MVar (generating). The voltage is @ minimum
400.5kV and maximum 408.6 kV.

It is observed from Figures 2-98 and 2-100 that the
variation of reactive power is the highest at the PMU
corresponding to the HVDC node. Figure 2-102 shows
that in the Spanish HVDC node, reactive power fluctu-
ates between positive and negative values. It is also
observed from Figure 2-105 that the variation of voltage
in the PMU corresponding to the Spanish HVDC node is
higher than the variation of voltage in adjacent PMUs
(Vicand Rubi).
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Figure 2-102: Reactive power measured by a set of PMUs in Spain, 11:30:00-12:00:00

‘Sum of Value_phase_to_phase by Seconds and Attribute

Attribute 430K
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@ LLGAECSL/Bays/LLG4ECSL2/V +/Am [V]
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Figure 2-103: Voltage measured by a set of PMUs in Spain, 11:30:00-12:00:00
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Sum of Value by Seconds and Attribute

Attribute 150M
@ ALZ4BVE/Bays/ALZ4BVE/Stot/Im [var]
@ HEN4RGI/Bays/HEN4RGI/Stot/Im [var]

100M
@ LLGAECSL/Bays/LLGAECSL1/Stot/Im [...
@ LLG4ECSL/Bays/LLGAECSL2/Stot/Im [... o
@ MOR4MOT/Bays/MORAMOT/Stot/I...
® PTCAMLL2/Bays/PTCAMLL2/Stot/Im ... 4,
2 oM
© RUB4MAI/Bays/RUBAMAI/Stot/Im [v... 3
@ TJE4ARH/Bays/TIEAARH/Stot/Im [var] “g
@ VIC4BAI/Bays/VICABAI/Stot/Im [var] 3 M
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Figure 2-104: Reactive power measured by a set of PMUs in Spain, 11:35:20-11:36:20

Sum of Value by Seconds and Attribute
Attribute 238K
® LLGAECSL/Bays/LLGAECSL1/V+/Am [...

@ LLG4ECSL/Bays/LLGAECSL2/V+/Am [...
® RUB4MAI/Bays/RUBAMAI/V+/Am [V]
® VIC4BAI/Bays/VICABAI/V+/Am [V]
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Figure 2-105: Voltage measured by a set of PMUs in Spain (the HVDC node and two nodes in the geographical vicinity), 11:35:20-11:36:20
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2.7.1.2 Active and Reactive Power Flows and Voltage at HVDC Terminals

This section describes the behaviour of the HVDC link, with a focus on active power, reactive power, and the ACvoltage
atthe Spanish end. Figures 2-106 - 2-108 show the time series from 12:00:00 to 12:16:00.

500,000,000
400,000,000
300,000,000
200,000,000

3,600 3,800 4,000 4200 4,400 4,600
Seconds

Figure 2-106: Active power flow, Llogaia bay 1,12:00-12:16

390K

3,600 3,800 4,000 4,200 4,400 4,600
Seconds

420K

415K

410K

405K

400K

395K

Figure 2-107: AC voltage, Llogaia bay 1,12:00-12:16

0.1bn

0.0bn

-0.1bn

3,600 3,800 4,000 4,200 4,400 4,600
Seconds

Figure 2-108: Reactive power flow, Llogaia bay 1,12:00-12:16
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Figures 2-109-2-111 show the data from 12:16:00 to 12:32:00.
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Figure 2-109: Active power flow, Llogaia bay 1,12:16-12:32
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Figure 2-110: ACvoltage, Llogaia bay 1,12:16-12:32
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Figure 2-111: Reactive power flow, Llogaia bay 1,12:16-12:32
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2.7.2 HVDC Oscillation Damping

The output of active and reactive power of the HVDC
can be altered by the output of POD control loops. The
final voltage and current signals produced by the HVDC

2.7.3 Additional functionalities

Besides the functionalities mentioned earlier in the
chapter, the Santa Llogaia—Baxias HVDC is also capable
of the following functions:#

» special protections scheme run-back/run-up
(meaning arapid decrease orincrease in power
flow to stabilise grids during emergencies);

» providing frequency containment reserves in
case of a system split;

» island detection.

The HVDC has the capability to automatically adjust
the active power flow or active power parameters in
response to an external signal. This functionality is
referred to as modulation modules (power run-up/
run-down). The modulation modules (MMs) are a
station control functionality, meaning that they are
independently defined in each converter station (Santa
Llogaia and Baixas).

In normal operation, MMs are only used on the Spanish
side, and the external signal is associated with prede-
fined contingencies. The MMs considered at Santa Llogaia
end have the following features:

» MM1: Switch to Pmodel underthe contingency
of double circuit 400 kv Santa Llogaia—Bescano/
Santa Llogaia—La Farga

» MM2: Switch to Pmodel underthe contingency
N-1 400kV Bescand—Sentmenat

» MM3: Switch to Pmodel underthe contingency
of double circuit 400 kV Bescan6—Sentmenat/
Vic—Pierola

» MM4&: Switch Pmodel under the contingency
N-1 400kV Bescand—Vic

depend on all inner control loops and how they are
prioritised. Section 2.5.5.2 describes the POD function-
alities of the HVDC.

» MM5: Switch to Pmodel underthe contingency
of double circuit 400 kV Bescand—Sentmenat/
Bescand—Vic

» MM6: Limiting Operating Power Range (OPR)
underthe contingency of double circuit 400 kV
Bescand—La Farga/Bescano—Santa Llogaia

» MM7: Limiting OPR under the contingency of
double circuit 400kV La Farga—Santa Llogaia/
Bescand—Santa Llogaia

The HVDC control system automatically activates the
relevant MM and adjusts the active power transmitted
through the link when both of the following conditions
are satisfied:

» The relevant MM is enabled.
» The line(s) for this MM tripped.

In real-time operation, MMs are enabled depending
on network conditions. Because enabling or disabling
them affects power levels, these actions are coordinated
with RTE.

At12:32,the MMs enabled at the Santa Llogaia end were:

» MM1
» MM3
» MM5
» MM6

None of the aforementioned MMs were activated during
the day.

23 PerTable 3 of https://eepublicdownloads.entsoe.eu/clean-documents/SOC documents/20191203_HVDC links in system operations.pdf
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2.8

Annex

2.8.1 Detailed List of All Planned Outages
Elementtype | Hour(from-to) | Switched off element name Elementtype | Hour(from-to) | Switched off element name
Tie-line All Day 400 kV BROVALES—ALQUEVA Line 09 to 24 220kV CAN JARDI CERVELLO
Line All Day 400kV BUNIEL GRIJOTA 1 Line 09to 18 220 kV ACECA PRADILLOS
Line 09to0 18 400KV ALMARAZ CN MORATA 2 Line All Day 220KV ALDAIA QUART DE POBLET
Line 09 to 24 400 kV CATADAU MUELA 1 Line All Day 220 kV CASA DE CAMPO NORTE
Line All Day 400kV CARRIL LITORAL 1 Line All Day 220kV ANTONIO LEYVA PARQUE INGENIEROS
Line All Day 400KV FUENTES DE LA ALCARRIATRILLO Line 09to 18 220 kV LA PLANA EL SERRALLO 1
Line All Day 400 kV LOECHES SS.REYES Line 09to 24 220 kV LEGANES T DE LEGANES
Line All Day 400kV SAN FERNANDO SS.REYES 1 Line 09 to 24 220kV LUCERO T DE LEGANES
Line All Day 400 kV BROVALES ALQUEVA Line 09to 24 220kV PRADO VILLAVICIOSA
Line 09to 24 400 kV PALOS GUILLENA 2 Line All Day 220 kV LA TORRECILLAVILLAVERDE BAJO
Line All Day 400 kV CARMONA VALDECABALLEROS Line 09 to 24 220 kVVILLAVERDE BAJO T DE LEGANES
Line 09to 18 220 kV ATIOS PAZOS DE BORBEN Line 09 to 24 220 kV ALCORES SANTAELVIRA 2
Line 09to 24 220kVHARO LAGUARDIA Line 161018 220KV CARTUJA DON RODRIGO
Line All Day 220kV ITXASO ORCOYEN 2 Line 09t018 220kV DON RODRIGO ALIARAFE
Line 09to 18 220 kV ORTUELLA SANTURCE Line 09to13 220kV DON RODRIGO DOS HERMANAS 2
Line 09to 24 220KV VALLADOLID NUEVQ ZARATAN 2 Line All Day 220 kV MERIDATRUJILLO
Line All Day 220 kV BADALONA GUIXERES 1 Line 16t018 220 kV ALIARAFE CHUCENA 1
Line 09to 18 220 kV ABRERA GIS RUBI Line 09to 15 220 kV ALJARAFE SANTIPONCE
Line All Day 220 kV BEGUES CAN JARDI Line All Day 132 kV IRUN ERRONDENIA
Line All Day 220KV BIESCAS PRAGNERES Transformer 09to 24 AT ESCATRON 400/220 kv
Line 09 to 24 220 kV EIXAMPLE VILANOVA Transformer 09 to 24 AT PALOS 400/220kV
Line All Day 220 kV LA ESPLUGA JUNEDA Transformer All Day ATLITORAL 400/132kV
Line 09to 24 220KVLAFARGAJUIAL

Table 2-9: RE planned outages
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Element type Switched off element name Start date/time CET End date/time CET Reason

Line Paraimo—Pereiros 1 220 kV 06/0109:10 14/0818:35 Upgrade line capacity

Line Fernao Ferro—Ribatejo 400 kv 07/0308:53 11/07 18:00 Upgrade line capacity

Line Palmela—Ferndo Ferro 2 150 31/0316:02 24/0514:18 Palmela substation remodulation

Transformer Auto Transformador 4 400/150 kV Subestacdo Ferreira do 07/04 09:39 31/1018:00 Ferreira Alentejo substation
Alentejo remodulation

Line Recarei—Vermoim 3 400 kv 14/0409:12 22/0918:00 Recarei substation remodulation

Line Tunes—Estoi 150 kV 16/0418:01 22/0918:00 Tunes substation remodulation and

line maintenance

Tie-line Brovales—Alqueva 400 kV 24/04 09:04 29/0413:40 Corrective maintenance, installing
bird diverters after a protected
species collision

Line Fanhdes—Carriche2 220 28/0407:59 02/0518:12 Creation of safety conditions for
other company work near the line

Line Alto Mira—Carriche/Trajouce 220 28/04 08:02 29/0418:58 Substation maintenance

Line Chafariz-Vila Cha 1/Ramal Gouveia 220 kV 28/0409:52 29/0409:15 Other company works

Table 2-10: REN planned outages

Element type Switched off Element name Start date End date Reason

Tie-line 225 kV Biescas Pragneres 22/04 02/05 PST maintenance

Line 400kV Eguzon Valdivienne 2 08/04 06/06 Switch replacement

Line 400KV Braud Cubnezais 4 28/04 05/05 Preventive and curative maintenance
Line 440 KV Breuil Marmagne 28/04 30/04 Curative maintenance

Busbar Valdivienne 2A 08/04 02/05 Development of the grid

Busbar Granzay 1B 22/04 28/04 Preventive maintenance

Busbar Marsillon 1 14/04 28/04 Development of the grid

Table 2-11: RTE planned outages
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2.8.2 Detailed List of Open Lines for Voltage Control

Element name Date start Time Hour start time Date end time Hour End Time Zone
L-400 kV MORELLA—MUDEJAR 1 15/03 23:49 29/04 20:32 NORTH
L-400 KV ARAGON —-PENALBA 2 31/03 23:12 29/04 20:37 NORTH
L-400 kV CASTEJON—-MURUARTE 1 07/04 22:27 29/04 19:38 NORTH
L-400 kv PALMAR-ROCAMORA 2 13/04 00:20 28/04 12:08 EAST
L-400 kV PALMAR—CARRIL 13/04 02:59 28/04 12:07 EAST
L-400 kV CARTELLE-TRIVES 1 14/04 23:21 28/04 21:30 NORTH WEST
L-400 kv LA ROBLA-MUDARRA 1 14/04 23:24 28/04 12:08 NORTH WEST
L-400 kv BAZA—CAPARACENA 2 16/04 01:53 29/04 21:04 EAST
L-220 kV TALAVERA-VILLAVERDE 16/04 15:55 28/04 16:54 CENTRE
L-400 kv N.ESCOMBRERAS—PALMAR 2 17/04 01:55 28/04 18:55 EAST
L-400 kV PINILLA—ROMICA 2 17/04 23:44 28/04 12:21 EAST
L-400 kv MONTEARENAS—MUDARRA 1 19/04 03:07 30/04 06:52 NORTH WEST
L-400 kV PINILLA-ROCAMORA 1 19/04 23:59 28/04 12:22 EAST
L-400 kV MONTEARENAS—MUDARRA 3 20/04 00:38 28/04 05:20 NORTH WEST
L-400 kV TORDESILLAS—GALAPAGAR 20/04 01:37 28/04 12:25 CENTRE
L-220 kV RUBI-GRAMANET 2 20/04 13:55 28/04 15:38 NORTH-EAST
L-220 kV MARAGALL-TRINITAT1 20/04 13:55 02/05 11:36 NORTH-EAST
L-400 kv BOIMENTE—PESOZ 2 21/04 16:09 29/04 01:58 NORTH WEST
L-400 kV SALAS—PES0Z 21/04 16:12 29/04 01:59 NORTH WEST
L-400 kV BROVALES-GUILLENA1 21/04 18:43 28/04 10:33 SOUTH
L-400 kv GUADAME—-CABRA 1 23/04 00:21 28/04 11:07 SOUTH
L-220 kV GURREA-VILLANUEVA 1 23/04 03:57 28/04 09:13 NORTH
L-400 kv ARCOS—CABRA 23/04 19:23 28/04 11:17 SOUTH
L-400 kv MUDARRA-S. SEBASTIAN 23/04 23:00 30/04 06:30 NORTH WEST
L-400 kV PINAR-TAIO 23/04 23:48 28/04 11:08 SOUTH
AN
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Element name Date start Time Hour start time Date end time Hour End Time Zone
L-400 kV GUADAME-CABRA 3 24/04 19:47 28/04 12:25 SOUTH
L-400 kV GUADAME—-VALDECABALLEROS 2 24/04 19:52 28/04 10:35 SOUTH
L-400 kv BELINCHON—-MORATA 1 24/04 23:55 29/04 20:35 CENTRE
L-400 kv AGUAYO—ABANTO 25/04 16:16 28/04 11:07 NORTH WEST
L-400 kV P.GUZMAN—-GUILLENA 1 25/04 20:09 28/04 12:07 SOUTH
L-400 kv OLMEDILLA-ROMICA 2 25/04 23:57 28/04 11:03 EAST
L-400 kv MORATA-VILLAVICIOSA 26/04 00:52 28/04 12:15 CENTRE
L-400 kv DON RODRIGO—ARCOFRONT 2 26/04 01:01 28/04 10:06 SOUTH
L-400 kv MONTEARENAS—MUDARRA 2 26/04 15:59 28/04 11:09 NORTH WEST
L-400 kv HERRERA-LOMBA 26/04 18:06 28/04 06:14 NORTH WEST
L-400 kV GRIJOTA-VILLARINO 2 26/04 19:51 28/04 12:07 NORTH WEST
L-400 kv ALMARAZ-MORATA 2 26/04 19:56 28/04 09:54 CENTRE
L-400 kV GUILLENA—-PALOS 2 27/04 00:15 28/04 08:19 SOUTH
L-220 kV AENA—SS REYES 2 27/04 00:26 14/05 15:08 CENTRE
L-400 KV RUBi—VANDELLOS 27/04 01:14 28/04 07:37 NORTH-EAST
L-400 kV COFRENTES—LA MUELA 1 27/04 03:06 28/04 14:01 EAST
L-400 kv CATADAU-LA MUELA 1 27/04 03:10 28/04 09:38 EAST
L-400 kV PIEROLA—SENTMENAT 2 27/04 11:28 28/04 15:20 NORTH-EAST
L-400 KV PIEROLA-VANDELLOS 27/04 12:40 28/04 11:20 NORTH-EAST
L-400 kV SALLENTE—CALDERS 27/04 12:47 28/04 09:17 NORTH-EAST
L-400 kv ABANTO-ICHASO 1 27/04 15:14 28/04 06:20 NORTH
L-400 kV BRAZATORTAS—MANZANARES 1 27/04 15:17 28/04 09:13 CENTRE
L-220 kv BESOS NUEVO-VILANOVA 27/04 17:09 28/04 06:39 NORTH-EAST
L-400 kV BROVALES—SAN SERVAN1 27/04 19:55 28/04 10:02 SOUTH
L-400 kv ALMARAZ-S.SERVAN 1 27/04 19:56 28/04 09:02 SOUTH
L-400 KV ARANUELO—MORATA 2 27/04 20:02 28/04 07:29 CENTRE
A
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Element name Date start Time Hour start time Date end time Hour End Time Zone

L-400 kv ARANUELO—VALDECABALLEROS 2 27/04 20:07 28/04 07:23 SOUTH
L-400 kV FUENDETODOS—-MEZQUITA 27/04 20:09 28/04 20:29 NORTH
L-400 kv MEZQUITA-MORELLA 1 27/04 20:09 29/04 20:33 NORTH
L-400 kV ALMARAZ -VILLAVICIOSA 2 27/04 22:48 28/04 07:17 CENTRE
L-400 kV BIENVENIDA—GUILLENA 27/04 23:01 28/04 07:48 SOUTH
L-400 kv ARCOS—RODA 27/04 23:03 28/04 06:14 SOUTH
L-400 kv ALMARAZ-GUADAME 27/04 23:29 28/04 07:09 SOUTH
L-220 kV CERRO PLATA-VILLAVERDE BAJO 2 28/04 00:45 28/04 12:02 CENTRE
L-220 kv ACECA—-PICON 28/04 00:46 28/04 10:32 CENTRE
L-220 kV PICON—PUERTOLLANO 28/04 00:46 28/04 22:00 CENTRE
L-400 kV LA CEREAL-SEGOVIA 28/04 00:47 28/04 06:59 CENTRE
L-400 kV SALLENTE—SENTMENAT 28/04 01:14 28/04 06:47 NORTH-EAST
L-400 kv ALMARAZ-C. RODRIGO 28/04 03:39 28/04 05:28 SOUTH
L-400 kv ALDEADAVILA-HINOJOSA 28/04 03:40 28/04 05:27 NORTH WEST

Table 2-12: RE list of open lines for voltage control
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3 SYSTEM CONDITIONS DURING

THE INCIDENT

Subchapter 3.1 presents the dynamic behaviour of the system during the incident.
For the purposes of this report, the incident began at 12:32:00.

In Section 3.1.1, a sequence of events is provided in
both tabular and graphical form. They are grouped in
so-called "event clusters” for easier geographical iden-
tification on maps presented later in the section. The
next section (3.1.2) presents the evolution of the main
electrical quantities in the affected TSO networks that
characterised the event, including voltage magnitude,
frequency, rate of change of frequency (RoCoF), and

3.1

This subchapter provides a factual representation of the
evolution of the system during the event. As described
above, this section deals with all the events that occurred

3.1.1

This section describes the sequence of events that led to
the separation of the Iberian Peninsula power system
from the Continental Europe Synchronous Area and
Morocco, and to the subsequent blackout.

Sequence of Events

Table 3-1 lists the following types of events: generation
loss (including type of generation), line trip, hydro Pump
trip, and load shedding, along with the estimated value
of lost power (country abbreviations used in Table 3-1:
ES=Spain, PT=Portugal, IP=Iberian Peninsula). Causes
are not included in the table as they are unknown in
most cases. The known causes are reviewed in Section
3.2.1n the final report, causes will be estimated in cases
where no factual information is available.

The events in Table 3-1 are grouped according to geo-
graphical, temporal, event-type, and energy-source
criteria. The resulting clusters are displayed on the
network map (Figure 3-1), showing either the specific
location of the affected plant or substation, or the
centroid when events within the same cluster occurred
across different geographical areas.

active power. Section 3.2 covers protection behaviour,
including an analysis of generation trips, and is preceded
by a summary of general requirements for generators
to ensure grid code compliance. Section 3.3 provides
information on system defence plans for the affected
TSOs. Where PMU measurements are considered in this
chapter, it should be noted that PMUs have a temporal
accuracy of approximately £30 ms.

Dynamic Behaviour of the System During the Incident

between 12:32:00 and 12:34:00. The time before this
period is covered in the previous chapter.

It is worth noting that many events occurred within a
very short time frame, making it difficult to determine
their exact sequence, as not all data is time-synchro-
nised with sufficient accuracy. In addition, some of these
events occurred in parts of the system that are not fully
observable?®* from the TSO perspective, requiring esti-
mation of the imbalance caused by the disconnection of
certain power plants. Therefore, the events listed in Table
3-1represent the best available measurements and esti-
mations at the time of publication.

24 InSpain and Portugal, all generation facilities greater than 1 MW must send production in real time to the TSO. Smaller facilities do not have this obligation.
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Event Country Time (CEST) Event Type Description Electrical Power
Cluster Imbalance (MW)
1 ES 12:32:00.000 - Net load increase Disconnection of small embedded generators and/ 317.30
12:32:57.000 or actualincrease of load at the distribution level
23 ES 12:32:05.000 Generation loss Wind 2.57
23 ES 12:32:09.000 Generation loss Wind 21.62
23 ES 12:32:09.000 Generation loss Wind 5.89
23 ES 12:32:25.000 Generation loss Wind 19.21
23 ES 12:32:29.000 Generation loss Wind 22.42
23 ES 12:32:29.000 Generation loss Wind 55.63
2a ES 12:32:45.000 Generation loss PV 0.59
23 ES 12:32:49.000 Generation loss Wind 13.35
2a ES 12:32:49.000 Generation loss PV 1.14
23 ES 12:32:53.000 Generation loss PV 11.94
23 ES 12:32:53.000 Generation loss Wind 19.98
2b ES 12:32:09.000 Generation loss Wind 4.79
2b ES 12:32:09.000 Generation loss Wind 2.86
2b ES 12:32:25.000 Generation loss Wind 3.43
2b ES 12:32:29.000 Generation loss Wind 2.26
2b ES 12:32:53.000 Generation loss Wind 4.78
2b ES 12:32:53.000 Generation loss Wind 10.01
2b ES 12:32:53.000 Generation loss Wind 5.99
3 ES 12:32:57.220 Generation loss due to PV, wind, and thermo-solar 355.00
power transformer trip
4a ES 12:33:16.460 Generation loss PVand thermo-solar
4b ES 12:33:16.820 Generation loss PV 145.00
5al ES 12:33:17.368 Generation loss Wind 22.87
5a2 ES 12:33:17.780 Generation loss PV
5a3 ES 12:33:17.940 Generation loss Wind 94.00
5b1 ES 12:33:17.520 Generation loss PV 118.00
5b2 ES 12:33:17.547 Generation loss Wind and PV 33.73
5b3 ES 12:33:17.975 Generation loss PV 37.50
5b4 ES 12:33:18.020 Generation loss PV 71.90
6al ES 12:33:18.102 Generation loss PV 3.00
6a2 ES 12:33:18.220 Generation loss PV 20.00
6a3 ES 12:33:18.360 Generation loss PV 16.00
6ak ES 12:33:18.410 Generation loss PV 41.00
6a5 ES 12:33:18.540 Generation loss PV 63.00
6a6 ES 12:33:18.630 Generation loss PV 25.70
6a7 ES 12:33:18.680 Generation loss PV 127.50
6a8 ES 12:33:18.846 Generation loss PV 154.00
639 ES 12:33:19.000 Generation loss PV 16.00
6b ES 12:33:18.951 Generation loss PV
7a PT 12:33:19.000 Load shedding Pump -221.00
7b PT 12:33:19.090 Load shedding Pump -124
7c PT 12:33:19.332 Load shedding Pump -113.00
8a ES 12:33:19.095 Generation loss PV 150.00
8a ES 12:33:19.320 Generation loss PV 0.71
AN
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Event Country Time (CEST) Event Type Description Electrical Power
Cluster Imbalance (MW)
8a ES 12:33:19.339 Generation loss Wind 11.17
8a ES 12:33:19.380 Generation loss Wind 6.21
8b ES 12:33:19.252 Generation loss Wind 364.00
8b ES 12:33:19.260 Generation loss PV 70.00
8b ES 12:33:19.396 Generation loss PV
8b ES 12:33:19.407 Generation loss PV 63.30
8b ES 12:33:19.920 Generation loss PV 72.00
8b ES 12:33:19.951 Generation loss PV 12.00
8b ES 12:33:19.960 Generation loss PV 22.30
8b ES 12:33:19.973 Generation loss PV 24.60
9 ES 12:33:19.971 Line trip Loeches (RE)-Arganda (RE) 220 kv -
10 ES 12:33:20.000 Pump disconnection Pump -102.00
11 PT 12:33:20.000 Load shedding Pump -219.00
11 PT 12:33:20.000 Load shedding Pump -219.00
11 PT 12:33:20.102 Load shedding Pump -207.00
11 PT 12:33:19.520 Load shedding Pump -18
11 PT 13:33:19.780 Load shedding Pump -18
11 PT 12:33:20.540 Load shedding Pump -14
11 PT 12:33:20.660 Load shedding Pump =75
12a ES 12:33:20.020 Generation loss PV 313.00
12a ES 12:33:20.040 Generation loss PVand thermo-solar 50.30
12a ES 12:33:20.100 Generation loss Wind 48.90
123 ES 12:33:20.100 Generation loss Combined cycle 165.00
12b ES 12:33:20.175 Generation loss PV 75.80
12b ES 12:33:20.200 Generation loss PV 305.00
12b ES 12:33:20.235 Generation loss PV 139.50
12b ES 12:33:20.300 Generation loss PVand thermo-solar 35.00
12b ES 12:33:20.420 Generation loss PV 131.00
12b ES 12:33:20.476 Generation loss PV 212.40
13a ES 12:33:20.133 Load shedding Pump -69.00
133 ES 12:33:20.180 Load shedding Pump -129.00
13a ES 12:33:20.193 Load shedding Pump -139.00
133 ES 12:33:20.320 Load shedding Pump -26.00
13a ES 12:33:20.367 Load shedding Pump -25.00
133 ES 12:33:20.405 Load shedding Pump -201.00
13a ES 12:33:20.416 Load shedding Pump -131.00
133 ES 12:33:20.418 Load shedding Pump -130.00
13a ES 12:33:20.423 Load shedding Pump -130.00
133 ES 12:33:20.506 Load shedding Pump -69.00
13b ES 12:33:20.224 Load shedding Pump -89.00
13b ES 12:33:20.243 Load shedding Pump -414.00
13b ES 12:33:20.254 Load shedding Pump -79.00
13b ES 12:33:20.259 Load shedding Pump -192.00
13b ES 12:33:20.285 Load shedding Pump -51.00
13b ES 12:33:20.306 Load shedding Pump -192.00
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Event Country Time (CEST) EventType Description Electrical Power
Cluster Imbalance (MW)
13b ES 12:33:20.480 Load shedding Pump -78.00
14 ES 12:33:20.353 Load shedding Pump -103.00
14 ES 12:33:20.476 Load shedding Pump -53.00
15 ES 12:33:20.370 Load shedding Pump -75.00
16a ES 12:33:20.229 Tie-line trip Puerto de la Cruz (RE)-Beni Harchane (ONEE) -
400 kv
16b ES 12:33:20.473 Tie-line trip Puerto de la Cruz (RE)—Mellousa (ONEE) 400 kv -
17 ES 12:33:20.561 Load shedding Pump -181.00
17 ES 12:33:20.605 Pump disconnection Pump -30.00
18 P 12:33:20.574 Load shedding 49.0 Hz Distribution
19 ES 12:33:20.650 Generation loss PV ‘ 167.70
20 ES 12:33:20.650 Load shedding Demand
20 ES 12:33:20.810 Load shedding Demand -181.70
21 ES 12:33:20.740 Generation loss PV 89.00
21 ES 12:33:21.080 Generation loss PV 170.67
21 ES 12:33:21.254 Generation loss PV 129.00
22 IP 12:33:20.788 Load shedding 48.8 Hz Distribution
23 ES 12:33:20.800 Load shedding Pump
24 PT 12:33:21.000 Generation loss Distributed generation on DSO side (estimate)
25 PT 12:33:21.048 Net load disconnection Unexpected trip due to improper activation of load 110.00
shedding function
26 ES 12:33:21.060 Load shedding 48.7 Hz Distribution -71.03
27 PT 12:33:21.155 Load shedding Pump -337.00
28 ES 12:33:21.168 Load shedding Demand -250.70
29 P 12:33:21.300 Load shedding 48.6 Hz Distribution
30 PT 12:33:21.390 Net load disconnection Unexpected trip due to improper activation of load 17.00
shedding function
31a ES 12:33:21.407 Line trip Baixas (RTE)-Vic (RE) 400 kv -
31b ES 12:33:21.437 Line trip Arkale (RE)—Argia (RTE) 220 kv -
31b ES 12:33:21.535 Line trip Argia (RTE)—Hernani (RE) 400 kv -
32 ES 12:33:21.440 Generation loss PV 26.00
32 ES 12:33:21.503 Generation loss PV 140.00
33 P 12:33:21.537 Load shedding 48.4 Hz Distribution
34 PT 12:33:21.562 Load shedding Pump -30.00
34 PT 12:33:21.782 Load shedding Pump -329.00
35 IP 12:33:21.838 Load shedding 48.2 Hz Distribution
36a ES 12:33:21.872 Generation evacuation Pinar del Rey (RE)—San Roque 1 220 kV -
line trip
36b ES 12:33:21.980 Generation evacuation Olmedilla (RE)-Sabinar 400 kv* -
line trip
37 P 12:33:22.080 Load shedding 48.0 Hz Distribution
38a ES 12:33:22.160 Generation loss PV 55.00
38a ES 12:33:22.460 Generation loss PV 52.00
38a ES 12:33:22.470 Generation loss Wind and PV 114.00
38a ES 12:33:22.860 Generation loss PV 57.00
38b ES 12:33:22.600 Generation loss PV 117.50

25 Atthetime of the trip, the line's active power flow was null.
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Event Country Time (CEST) Event Type Description Electrical Power
Cluster Imbalance (MW)
39 PT 12:33:22.213 Load shedding Pump -114.00
40 ES 12:33:22.330 Generation loss Wind and PV 54.00
40 ES 12:33:22.900 Generation loss PV 170.50
4la ES 12:33:22.702 Generation loss Nuclear

41b ES 12:33:23.460 Generation loss Combined cycle

41c ES 12:33:23.515 Generation loss Nuclear

42 ES 12:33:23.076 Line trip Maguilla (RE)-Valdecaballeros (RE) 400 kv -
433 ES 12:33:23.140 Generation loss PV 125.00
433 ES 12:33:23.360 Generation loss PV 117.50
433 ES 12:33:23.360 Generation loss PV 167.50
43b ES 12:33:23.400 Generation loss PV 380.00
433 ES 12:33:23.260 Generation loss PV 57.00
b4 PT 12:33:24.519 Generation loss Hydro 86.19
45 ES 12:33:23.520 HVDC block HVDC Iberian Peninsula (RE)-Majorca (RE) -
46 ES 12:33:23.590 Generation loss Nuclear
47 ES 12:33:23.648 Generation loss Combined cycle 87.00
48 PT 12:33:23.644 Generation loss Combined cycle 330.69
48 PT 12:33:23.790 Generation loss Hydro 64.76
49 PT 12:33:23.837 Generation loss Hydro 40.12
49 PT 12:33:23.845 Generation loss Hydro 39.62
50 ES 12:33:23.883 Pump disconnection? Pump -78.00
50 ES 12:33:23.888 Pump disconnection” Pump -78.00
51 ES 12:33:23.960 HVDC block HVDC Iberian Peninsula (RE)—France (RTE) -
52 PT 12:33:23.954 Line trip Mogadouro (REN)-Central da Valeira (REN) 220 kv

53 PT 12:33:24.195 Generation loss Hydro 65.34
54 ES 12:33:24.230 Generation loss Combined cycle 78.00
54 ES 12:33:24.725 Generation loss Combined cycle 83.00
54 ES 12:33:24.800 Generation loss Combined cycle 140.00
55a ES 12:33:25.060 Tie-line trip Aldeadavila (RE)-Lagoaqa (REN) 400 KV

55b ES 12:33:25.144 Tie-line trip Cartelle (RE)-Lindoso (REN) (ckt 2) 400 kv

55¢ ES 12:33:25.183 Tie-line trip Cartelle (RE)-Lindoso (REN) (ckt 1) 400 kv

55d ES 12:33:25.325 Tie-line trip Cedillo (RE)—Falagueira (REN) 400 kv

55e ES 12:33:25.410 Tie-line trip Saucelle (RE)-Pocinho (REN) 220 kv

55f ES 12:33:26.165 Tie-line trip Aldeadavila (RE)-Pocinho (REN) (ckt 1) 220 kv

56 PT 12:33:24.434 Line trip Lagoaca (REN)—Armamar (REN)

57 PT 12:33:26.078 Generation loss Hydro 45.81
57 PT 12:33:26.080 Generation loss Hydro 45.82
57 PT 12:33:26.081 Generation loss Hydro 45.96
58 PT 12:33:27.154 Generation loss Hydro 24.10
59 PT 12:33:29.225 Generation loss Hydro 39.36
59 PT 12:33:29.317 Generation loss Hydro 61.40
60 PT 12:33:37.800 Generation loss Hydro 49.04

Table 3-1: Sequence of events (imbalances shown in red for >500 MW, in orange for >50 MW, and in yellow for the remainder)

26
27

This pumping unit was tripped by the undervoltage protection function, without the underfrequency protection function having been triggered beforehand.

This pumping unit was tripped by the loss of synchronism protection function, without the underfrequency protection function having been triggered

beforehand.

A
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Figure 3-1: Temporal and spatial representation of the events in the Spanish and Portuguese power system. The events noted on the left side of the map refer to
distributed resources. The events mentioned on the top-right corner of the map are not precisely located on the map for confidentiality reasons: their approximate
location is indicated by the circled area in the corresponding colour (e.g. event 2b is located in the area outlined in blue)
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The sequence of the main events can be summarised as follows:

»

M

From 12:32:00.000 to 12:32:57.000, there was
a net load increase of approximately 317 MW on
the distribution grids (event 1) as well as a loss of
approximately 208 MW of distributed wind and solar
generation facilities >1 MW, in both northern (event 2a)
and southern (event 2b) Spain.

At the time of writing, the cause and exact location
of these events remain unknown, due to the TSQ's
limited observability?® at the medium/low voltage
level. Estimates were made using phasor measurement
units (PMU) measurements at the interconnections,
along with known variations in generation (aFRR).
In particular, the Expert Panel has not yet determined
whethertheincrease in netload (event1)is dueto the
disconnection of small embedded generators <1 MW
(mainly rooftop PV) or to an actual increase in load or
to a combination of both.

Some milliseconds (ms) after 12:32:57, a generation
evacuation power transformer owned by a third party A
and operated by third party B in the 400 kV transmission
substation (TS) 1—Granada tripped (event 3). This
transformer transfers power from several wind and
solar power plants to the Spanish transmission system.
At the moment of the trip, the active power flow on
this transformer was approximately 355 MW, from the
220kVside to the 400kV side.

The owner reported the cause of the trip as the
overvoltage function on the 220kV side of the
transformer. As reported by the owner, at 12:32:57.155,
the protection equipment on the 220kV side recorded
a voltage of 242.9kV on phase B and tripped (the
protection setting for the overvoltage protection relay
was Ut=110% Un (242kV), t=05). At 12:32:57.215,
coinciding with the transient associated with the circuit
breaker opening, phases Aand Ctripped (at registered
voltage 244.3kV).

The owner provided no voltage measurement for the
400kVside of the transformer. ACOMTRADE recording is
available at the 400 kV TS 1—Granada, coinciding with
the tripping of the 220 kV transformer circuit breaker.
This recording was captured by a transmission line
protection system at the aforementioned substation:
the voltage value observed in this record at the moment
of the transformer trip was 417.9kV.

>

7

In a facility connected downstream of the 400/220kV
transformer that tripped, and linked via a 500-metre
line to the 220 kV Generation substation 1—Granada,
an oscillography record is available with voltage
measurements at the 220 kV level, showing that the
voltage was 237.5kV at the moment of the transformer
trip. According to SCADA data, the reading at 12:32:56
was 233.4kV (1.061 pu) at the transformer on the
220kV voltage side.

Inthe 12:33:16-12:33:17 time frame, an additional
725 MW of thermo-solar and PV generation tripped
in 400kV TS1—Badajoz and 400kV TS2—Badajoz in
central-southern Spain (event 4).

Inthe 400kV generation substation (GS) 1-Badajoz, an
evacuation line tripped at 12:33:16.460 for unknown
reasons. GS1—Badajoz is a collector substation for
generation evacuation, with its connection point
located at the 400kV TS1—Badajoz. At the time,
the disconnected generation plants were injecting
582 MW into the grid. Immediately afterwards, the
generation connected downstream of the transformer
disconnected due to overfrequency.

The transmission line monitored by the PMU at 400 kV
TS1—-Badajoz was out of service during the event;
therefore, no PMU measurements from this substation
are available. The last SCADA voltage reading in
substation 400 kV TS 1—-Badajoz (at an unknown phase)
at12:33:10 was 434.0kV at evacuation bay, 430.5kV at
busbar 1, and 429.9kV at busbar 2.

At 12:33:16.420, the positive sequence voltage in the
PMU at 400 kV TS 3—Caceres was 431.72kV, and the
voltage measure in phasesA, B,and Cinthe same PMU
were 428.1, 436.8, and 430.2kV, respectively.

At 12:33:16:460, the positive sequence voltage at
400kV TS3—Caceres was 435.4kV, while the power
flow was 851.7 MW towards a substation in the north.
These values already reflected the changes caused
by the generation loss. At 12:33:16.680, the positive
sequence voltage at this substation reached 440.0kV.
The voltage measured by the PMU then remained above
440kVuntil 12:33:23.600.

APV power plant connected to it, 400 kV TS 2—Badajoz,
tripped at 12:33:16.820 for unknown reasons. At the
time, the plant was injecting 145 MW into the grid.

The PMU located in the substation was out of service at
the time of the event. The last SCADA voltage readingin
the substation was 436.1kVat12:33:16.

28

Generation larger than 1 MW must send real-time data on production with a granularity of 12 seconds to the TSO through the SCADA.
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»Inthe 12:33:17-12:33:18 time frame, approximately
930 MW of wind and solar generation disconnected
in the 400kV TS1—Segovia, 400kV TS 1—Seville (event
53), 400kV TS1—Badajoz, 220kV TS 1—Huelva, 220kV
TS1—Caceres, and 220kV TS 3—Badajoz (event 5b).

After event 5b, the high voltage and low frequency
profiles in the Spanish transmission system led to
cascading tripping of many other generators, both
conventional and renewable.

3.1.2

This subchapter describes the evolution of the main
quantities that characterise the event in the main high
voltage (HV) buses of the affected TSO networks (i.e.
voltage magnitudes and phases, frequency, and active
power in the minute before the blackout event).

The data used for these factual analyses are collected
from PMUs installed across the affected TSOs grid.

» At 12:33:20.473, the AC interconnection to Morocco
tripped due to underfrequency (the frequency threshold
of the protection is 49.5Hz). At the same time, pump
storages disconnected both in Spain and Portugal in
line with the underfrequency defence plan schemes.

» At 12:33:21.535, the ACinterconnection to France was
lost, leading to a system split between the Iberian
Peninsula and the CE SA due to a loss of synchronism
relay intervention.

» After the AC separation of the Iberian Peninsula caused
by the AC synchronism loss, the power imbalance
continued to increase, causing the frequency to drop
further. The HVDC link between Santa Llogaia and Baixas
tripped at 12:33:23.960, completing the electrical
separation of the Iberian Peninsula from France.

Evolution of Electrical Quantities During the Incident

Figure 3-2 shows voltage magnitude heat maps at
various moments in the Iberian Peninsula and southern
France. The figure clearly shows the increase of voltage
magnitudes starting in the Spanish network. At 12:32:58,
the positive sequence voltage magnitudes were over
1.05pu. At 12:33:17, maximum voltage magnitudes
reached 442.5kV (1.106 pu) in the Spanish grid. One
second later, at 12:33:18, voltage magnitudes reached
451.4kV (1.128 pu), with higher values in the southern
part of Spain.

28-Apr-2025 12:32:58
v

28-Apr-2025 12:33:A7
v

28-Apr-2025 12:33:18
v

Figure 3-2: Heat map of the Iberian Peninsula for the temporal instant (a) 12:32:58, (b) 12:33:17, and (c) 12:33:18 showing voltage magnitudes

at different substations

29 Thisisthe total amount of power that could be estimated based on measurements. However, the effects on frequency deviation suggest that this trip could have

beenupto 1,100 MW.
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3.1.2.1 Spain

The dataset used for the analysis reported in this section comes mainly from Spanish PMU devices located as shown
in Figure 3-3.
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Figure 3-3: Location of PMU devices in the Spanish power system
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Figure 3-4 shows the evolution of the electrical quantities in the main buses of the Spanish power system from
12:32:00t012:33:25 on 28 April 2025.
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Figure 3-4: Evolution of the electrical quantities in the Spanish power system during the event
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3.1.2.1.1 Voltage

Admissible voltage ranges in the Spanish transmission system

More detailed explanation of voltage limits in Spain is
included in Chapter 2, Section 2.6. According to these
prescriptions, voltage in Spain can range:

Voltage profiles in the Spanish transmission system

Unless otherwise specified, references to PMU voltage
values in this section refer to the positive symmetrical
voltage component, defined as V, =1/3x (V,+ax V,+
a?x V., where a=ei’?%,

Voltage protection of transmission lines is based on
the measurement of phase-to-ground voltage. Voltage
magnitude profiles, shown in Figure 3-5, indicate that
voltages at the measuring points on the transmis-
sion system remained within operational limits until
12:33:16 (event 4) at all buses in the observed perim-
eter, both on the 400kV and 220kV voltage levels. At
12:32:00, voltage began to increase rapidly, possibly
also due to the progressive disconnection between
12:32:00 and 12:32:55 of 208 MW of wind and solar
generation connected to the distribution grids, along
with an increase of 317 MW in net load that cannot be
directly identified but possibly involve rooftop PV gener-
ation (total disconnection of roughly 525 MW). The
Expert Panel made this preliminary assessment based on
the flows measured by PMUs at the borders with neigh-
bouring countries.

» from 375 to 435 kV for the 400 kV network
» from 200 to 245 kV for the 220 kV network

At 12:32:57, the trip of a power transformer in the
"400kV TS1—Granada” (event 3) caused the discon-
nection of 355 MW generation from PV, wind, and
thermo-solar power plants. The reactive power being
absorbed through this transformer was 165 Mvar. At that
time, the voltage in the HV network further increased
almost instantaneously, while remaining below 435 kV
(i.e. within operational limits).

At 12:33:16.680, after the disconnection of genera-
tion connected to "400kV TS1—Badajoz", the positive
sequence voltage in at least one bus in the Spanish
system exceeded 440kV (1.10 pu). The disconnections
inthe "400kV TS 2—Badajoz" substation at 12:33:16.820
(completing event 4) led to voltage beyond operational
limits at several buses in the Spanish transmission
system. The loss of reactive power absorption at those
two substations was 165 and 38 Mvar, respectively.

At12:33:17,the disconnection of approximately 930 MW
of PV, and wind power plants connected to several 400 kV
and 220KkV substations led to voltages exceeding 440 kV
in several substations.
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Figure 3-5: Evolution of the voltage in the Carmona substation and of the net active power exchange position between Spain and neighbouring countries between
approximately 12:32:00 and 12:33:00 (source: PMU data from Red Eléctrica)
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Figure 3-6: Voltage in the Spanish power system during the incident

Atthis stage, voltage control was fully lost, with cascading
disconnection of further power generators leading to the
loss of synchronism of the Iberian Peninsula with conti-
nental Europe. The low frequency (49.5Hz) triggered
underfrequency protection in Morrocco, and the border
was opened at 12:33:20.4.

The loss of synchronism triggered DRS (Débouclage suite
a Rupture de Synchronisme, translated in this document as
loss of synchronism protection - see Section 3.2.2.4) on
the France—Spain border, leading to the AC separation
ofthe Iberian Peninsula from the French power transmis-
sion system at 12:33:21.5, disconnection of the ES—FR
HVDC at 12:33:23.960, and blackout at 12:33:27.
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Figure 3-7 depicts the overall accumulated generation loss®® in the Iberian Peninsula system and the maximum
voltage profile on the 400 kV network.

5,000 - — 450

4,500

4,000

w
3
38

435
3,000

2,500

Voltage (kV)

~
=)
3
3

=
3

Cumulative sum of tripped generation (MW)

=3
=]
3

—410

w
S
3

I I I N [

0 405
12:32:00 12:32:15 12:32:30 12:32:45 12:33:00 12:33:15 12:33:30
Apr 28,2025

18,000

16,000

14,000

12,000

10,000

Voltage (kV)

8,000

6,000

Cumulative sum of tripped generation (MW)

4,000

2,000

1 1 1 L ! ! !
12:33:10 12:33:12 12:33:14 12:33:16 12:33:18 12:33:20 12:33:22 12:33:24
Apr 28,2025

Figure 3-7: Accumulated generation loss in the Iberian Peninsula system vs 400 kV maximum voltage. Dotted lines represent the three main generation
disconnection events (event 3, event 4, and event 5).

30 Accumulated generation loss is based on the events reported in Table 3-1. It is important to note that this is to the best of the Task Force's and affected TSOs'
knowledge; some additional generation or load trips may be missing, as the events occurred within a very short time frame, and the grid is not fully observable
with high-resolution monitoring systems.
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3.1.2.1.2 Frequency and Rocof

The sequence of events caused the frequency in Spain to rapidly deteriorate after the loss of generation. Figure 3-8
shows the frequency measurements and RoCoF in the last minute before the blackout. The RoCoF was calculated using
a 500mssliding window accordingly to the best practices suggested by ENTSO-E.
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Figure 3-8: Frequency and RoCoF in the Spanish power system during the incident

In the minutes before the event, the frequency in Spain
was stable, with typical fluctuations for a large, inter-
connected system. Before 12:32:00, the frequency
was around the nominal value of 50 Hz. Following the
progressive increase in net load (event 1) and loss of
generation (events 2a and 2b) at distribution level, the
frequency began to decrease, dropping to 49.98 Hz from
12:32:00t0 12:32:55.

At 12:32:57, the sudden disconnection of 355 MW of
generation (event 3) caused the frequency to drop
further, t0 49.94 Hz.

At 12:33:16, the loss of an additional 725 MW of gener-
ation (event 4) led the frequency to further decrease, to
around 49.9 Hz. From that point onwards, the frequency
in Spain and Portugal began deviating from that of conti-
nental Europe and did not return to synchronism.

At 12:33:17, the disconnection of at least 930 MW of
generation (event 5) led to frequency values of around
49.8Hzin Spain and Portugal.

Before 12:33:20, at least 2,600 MW more generation was
disconnected, and the frequency in the Iberian Peninsula
dropped to 48.5 Hz. At the same time, the frequency in
continental Europe reaccelerated towards 50 Hz. The AC
interconnection lines between France and Spain were
still in service at that time, but the Iberian Peninsula
lost synchronism with continental Europe at around
12:33:19.62. The loss of synchronism caused large
amplitude swings in electric power across the AC inter-
connection lines between Spain and France, as shownin
Figure 3-10 (middle).
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In the following five seconds, cascading events caused Type of energy source Aggregated disconnected power (MW)

a further ~-8,000 imbalance within the Iberian Penin- Combined Cycle 7190

sula transmission system, ;aused by the d.isconnect'ion Load 85043

of ~7,000 MW of generation and the disconnection !

of ~15,000 MW of loads and pumping hydro from the ~ NudearPowerPlant P

defence system. Table 3-2 shows a breakdown of the Pumped Hydro -2,756.0

disconnected power by type of energy source. PV 3,198.1
PV and Thermo-Solar 85.3
Wind 48.9
Wind and PV 168.0
Total generation 7,609.3
Total demand + Pump -11,260.3

Table 3-2: Focus of power disconnection from 12:33:20 to 12:33:25

Figure 3-9 depicts the overall generation loss in the Iberian Peninsula system and the frequency trajectory during the
incident.
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Figure 3-9: Cumulative power imbalance in the Iberian Peninsula system vs average frequency.

Figure 3-10 shows frequency and RoCoF in the Spanish transmission system estimated over a 500 ms sliding window,
as suggested by the most relevant scientific literature and ENTSO-E best practices on the topic.

It can be observed that immediately after 12:33:20, the absolute values of RoCoF were well beyond 1 Hz/s.

AN

Y
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Figure 3-10: Frequency and RoCoF in the Spanish transmission system

Figure 3-10 shows how in certain substations near the
France—Spain border, high RoCoFs were observed during
the transient caused by the loss of synchronism. During
the transient associated with the loss of synchronism,
significant frequency drops were recorded in the border
area when power was flowing from Spain to France;
conversely, when power was flowing from France to
Spain, sharp frequency increases were observed. There-
fore, the RoCoFs observed near the France—Spain border
were not only caused by the demand generation imbal-
ance within the Iberian Peninsula but were also strongly
influenced by the transient associated with the loss of
synchronism. This occurred due to the loss of a massive
amount of generation in the Iberian Peninsula, which led

to such a high level of active power import from France
that the stability angle (90°) in the border was exceeded.
Beyond this angle difference, any further increase results
inadecrease inimported power ratherthan anincrease,
thereby worsening the generation-demand imbalance
in the system. When the angle difference reaches 270°,
at which point electricity exports from Spain to France
reach their maximum level, power exports from Spain
to France begin to decrease. This leads to a reversalin the
direction of cross-border flows, with power starting to be
imported from France into Spain. This process continues
to repeat with increasing speed due to the growing
frequency difference between systems, until the systems
are fully separated.
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To more accurately assess the impact of the demand
generation imbalance on frequency during the early
stages, Figure 3-11 shows the frequency and RoCoF at
the La Cereal substation, located in the north of Madrid -
therefore nearthe centre of the Iberian Peninsula - along
with the total power exchange between the Iberian
Peninsula and France and Morocco.

Figure 3-11 shows that the RoCoF of -1 Hz/s was reached
at12:33:20.560. At that moment, Spain had experienced
the disconnection of at least 5,750 MW of generation and
the load shedding of nearly 2,500 MW from pumped-
storage facilities. In Portugal, 2,100 MW of pumped-
storage load had also been shed. Additionally, due to the
loss of synchronism, the Iberian Peninsula was exporting
5,440 MW - representing a difference of approximately
5,000 MW compared to the value at 12:33:16.460 - thus
further increasing the existing demand generation
imbalance in the Iberian Peninsula. Therefore, at the
moment when the rate of change of -1 Hz/s was first
reached, the demand generation imbalance in the
Iberian Peninsula amounted to at least 6,150 MW.

The actual imbalance at that moment may have been
even greater, as the precise disconnection times for
most of the generation could not be determined, and it
is also possible that rooftop PV were disconnected at that
time Figure 3-11 also shows that the RoCoF threshold of
-2 Hz/s - established in the Spanish TED 749/2020 Order
and Portuguese regulation Portaria 73/2020 as the value
that generation units should withstand - is reached at
approximately 12:33:23.360, nearly seven seconds
after event 4a occurred (it should be noted that only
power generation modules (PGMs) connected after the
regulation’s entry into force are required to comply with
this threshold). Following the disconnection of a large
amount of generation triggered by the overvoltage
event in the system, the estimated RoCoF value during
the transient exceeded the withstand capabilities for
which the large new generators were designed.
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Figure 3-11

: RoCoF and frequency in the La Cereal 400 kV substation and total exchange between the Iberian Peninsula and France and Morocco.
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3.1.2.1.3 Active Power Flow on the Border

Figure 3-12 depicts the evolution of active power flows
onthe Spanish power system borders to France, Portugal,
and Morocco. Positive values are exports from Spain.

The connections with Morocco and Portugal did not
experience any changes - the flows remained constant
throughout the pre-event period at a stable value of

750 MW and 2,100 MW, respectively. On the border with
France, active power flows exhibited a visible change (a
decrease of 1,500 MW) between 12:32:00 and 12:33:00.

After the 4a event, Spain began importing until the lines
with France and Morocco tripped due to the intervention
of loss of synchronism relays.
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Figure 3-12: Active power on the Spanish power system borders.
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Figure 3-13 shows the correlation between voltage
magnitude and angle with respect to the net position
of the Spanish grid (which is mainly influenced by the
exchange with France). The graphs show that as soon as
exchange began to decrease - due to the events 1, 23
and 2b - the voltage increased noticeably.
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Figure 3-13: Voltage phasors vs physical net position of Spain (the reference angle is indicated in the maps as REF)
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3.1.2.2 Behaviour ofthe HVDC link

This section presents the behaviour of the HVDC link Santa Llogaia—Baixas. At the time the incident began (12:32:00),
the HVDC was set to the following setpoints:

» Active power: 2 x 500 MW in the Spainto France » ACvoltage setpoint at the Spanish end: 405 kV
direction » ACvoltage setpoint at the French end: 395kV

Figure 3-14 shows the power flow and AC voltage on the PMU in Santa Llogaia from 12:32:00t0 12:33:25.
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Figure 3-14: Active power through the both HVUDC links and voltage at Santa Llogaia 400 kV

With regard to the power flow on the France—Spain  the AClines dropping to 0 MW at 12:33:21 following the
border, Figure 3-15 complements Figure 3-12, showing line trips triggered by the loss of synchronism protections.
the active power flow on the wo HVDC pole and inthe 3 The HVDC continued exporting energy from Spain to France
AClinesinservice (2 of 400kVand 1 of 220 kV) forthetime  until 12:33:24, when the flow on the HVDC line dropped
frame 12:33:15-12:33:25. The chart shows the flow on  to zero as well, after the voltage collapse in Santa Llogaia.
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Figure 3-15: Active power through France—Spain interconnections (positive indicates power flow from Spain to France)

At12:33:00, the voltage at the HVYDC nodes was 393 kVin Baixas and 410kVin Santa Llogaia. The HVYDC was absorbing
2 x 440 Mvar of reactive power on the French side and injecting 7.7 Mvar of reactive power on the Spanish side.
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3.1.2.3 Portugal

The dataset used for the analysis reported in this section  electrical quantitiesinthe main buses of the Portuguese
comes from five PMU devices located in the Portuguese  power system during the event.
power system. Figure 3-16 depicts the evolution of the
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Figure 3-16: Evolution of the electrical quantities in the Portuguese power system during the event

Looking at the voltage magnitude profiles on the trans- Regarding frequency and RoCoF, the same considerations
mission system, it can be observed that from 12:32:00  for Spain apply. Portuguese requlation Portaria 73/2020
t0 12:32:57, voltages rose on average by 3% at 400kV ~ of 16 March, which corresponds to the national imple-
buses and 5.5% at 220 kV buses within the observed  mentation of the EU Requirements for Generators (RfG
perimeter, while remaining within normal operating  2016/631), establishes the same RoCoF limit of 2 Hz/s.

limits.
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3.1.2.4 France

The dataset used for the analysis reported in this section comes from PMU devices located as shown in Figure 3-17.
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Figure 3-17: Location of PMU devices in the French power systems
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Figure 3-18 depicts the evolution of the electrical quantities in the main nodes of the French power system during
the incident.
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Figure 3-18: Evolution of the electrical quantities in the French power system during the incident

At 12:35, at least six 400 kV substations were above More than 10 225 KkV substations were above 260 kV
430kV (the uppervoltage limitonthe RTE grid is 420kV),  (the uppervoltage limit on the RTE grid is 245 kV) on the
and one substation was above 435kV (Baixas 440kV).  southwest part of the RTE network.

Loss of voltage control capacities (value)

» Golfech 1 nuclear power plant was absorbing 426 Mvar
at12:33.

» One unit out of the four Montezic hydraulic power
pumps was absorbing 27 Mvar at 12:33.

» HVDC Baixas Santa Llogaia was absorbing 870 Mvar at
12:33:29 (based on measurements from French PMU).
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3.2
the Incident

The objective of designing, setting up, and maintaining
a protection system is to prevent dangerous situations
for people, limit damage to electrical system compo-
nents when an anomaly or failure occurs, minimise the
consequences of service discontinuities in any network
situation, and reduce the risk of transient instability in
the transmission network.

Reconstructing system operation actions, comparing
them with operational planning results, and assessing

3.2.1

3.2.1.1

In Spain, the technical requirements for generation
facilities regarding voltage and frequency depend on
their commissioning date, with the following main
categories:

» Facilities commissioned before the application
date of the EU RfG (i.e. before 27 April 2019),
which are subject to the technical requirements
published in 1998 in Operating Procedure 1.4
for voltage requirements and to the System
Operation Guideline.

» Facilities commissioned after the application of
the EU RfG (27 April 2019) and before the entry
into force of Order TED 749/2020 (8 January
2021), which are subject to the exhaustive
requirements of the RfG.

» Facilities commissioned after the entry into
force of Order TED 749/2020 (8 January 2021).

» Renewable energy production facilities
commissioned after the entry into force of
Royal Decree 413/2014 (11 June 2014).

Accordingly, the following operating voltage ranges are
distinguished (labelled for the purpose of this report
with V1-V5). For voltage values that are not listed in any
of the ranges listed for each category, generators are
allowed to disconnect:

Performance of the Protection System During

the utilisation of system elements are essential for anal-
ysis. Events such as the blackout on 28 April 2025 must
be thoroughly analysed and investigated to understand
their causes and the sequence of events, and to identify
corrective actions that could help prevent similar inci-
dents in the future.

This section analyses the protection’s operation (trip-
ping) using the available data: mainly the SCADA event
lists and the disturbance fault recordings (DFRs).

Generation Protection Behavior During the Incident

Requirements for Generators for Grid Code Compliance in Spain

» Category V1: Facilities commissioned prior to
27 April 2019 (Operating Procedure 1.4 and
System Operation Guideline apply):

- Generator connected to a voltage of 400 kV:

- 390-420kV: Normal operation, generators must
stay connected for an unlimited time

- 375-390kVand 420-435KkV: Occurs eventually,
generators must stay connected for an unlimited
time

- Generator connected to a voltage of 220 kV:

- 205-245kV: Normal operation, generators must
stay connected for an unlimited time

- 200-205 kV: Occurs eventually, generators must
stay connected for an unlimited time

» Category V2: Facilities commissioned after
27 April 2019 (exhaustive RfG criteria apply)
that are type D electricity generation modules
must be able to remain connected to the grid
and operate within the voltage ranges (at the
connection point and expressed in per unit
values relative to the base) for the minimum
time periods listed below:

- Type D electricity generation module
connectedto 110kV <V < 300KkV:

- 0.85-0.90 pu: 60 minutes
- 0.90-1.118 pu: Unlimited time

- 1.118-1.15pu: Minimum 20 minutes,
maximum 60 minutes
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- Type D electricity generation module
connected to 300kV <V < 400KkV:

- 0.85-0.90 pu: 60 minutes

- 0.90-1.0875 pu: Unlimited time
(including the Spanish exception)

- 1.0875-1.10 pu: Minimum 20 minutes,
maximum 60 minutes

» Category V3: Facilities commissioned after 8
January 2021 (Order TED 749/2020 applies)
that are type D electricity generation modules
must be able to remain connected to the grid
and operate within the voltage ranges (at the
connection point and expressed in per unit
values relative to the base) for the minimum
time periods listed below:

- Type D electricity generation module
connectedto 110kV <V < 300KkV:

- 0.85-0.90 pu: 60 minutes
- 0.90-1.118 pu: Unlimited time
- 1.118-1.15pu: 60 minutes

- Type D electricity generation module
connected to 300kV <V < 400kV:

- 0.85-0.90 pu: 60 minutes
- 0.90-1.0875 pu: Unlimited time
- 1.0875-1.10pu: 60 minutes

» Category V4: Facilities commissioned after 8
January 2021 that are type B, C, and D electricity
generation module connected to a radial distri-
bution network with a voltage below 110kV
(note: the operator of the distribution grid
has the right to define different disconnection
times in accordance with the TSO):

- <0.85pu: 1.5 seconds

- 0.85-1.10pu: Unlimited time
- 1.10-1.15pu: 1 second

- >1.15pu: 0.2 seconds

»

»

X

¥

M

Category V5: Facilities commissioned prior to
27 April 2019 that are connected to voltages
lower than 220kV (hence out of scope of cate-
goryV1).Thereis no national voltage withstand
requirement for generators in this category.

The required operating frequency ranges are (labelled
for the purpose of this report with F1-F4):

Category F1: Facilities priorto 11 June 2014:
Protection settings are based on the character-
istics of each facility, considering their technical
capabilities.

Category F2: Renewable energy facilities
commissioned after 11 June 2014 (Royal
Decree 413/2014 applies):

- <48Hz: 3 seconds
- 48-51Hz: Unlimited time
- 51Hz: 0.5 seconds

Category F3: Facilities after 27 April 2019
(exhaustive RfG criteria apply) that are type A,
B, C, and D electricity generation modules must
be able to remain connected to the grid and
operate within the frequency ranges referred
to below:

- 47.5-48.5Hz: Non-exhaustive time
(minimum 30 minutes)

- 48.5-49.0Hz: Non-exhaustive time
(minimum 30 minutes)

- 49.0-51.0Hz: Unlimited time
- 51.0-51.5Hz: 30 minutes

Category F4: Facilities after 8 January 2021
(Order TED 749/2020 applies) that are type A,
B, C, and D electricity generation modules must
be able to remain connected to the grid and
operate within the frequency ranges referred
to below:

- 47.5-48.5Hz: 30 minutes
- 48.5-49.0Hz: Unlimited time
- 49.0-51.0Hz: Unlimited time
- 51.0-51.5Hz: 30 minutes
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Additionally, Order TED (749/2020) establishes that for type A, B, C, and D electricity generation modules commis-
sioned after 8 January 2021, the requirements for combined frequency and voltage variations are defined such that
the frequency ranges indicated in the previous point are modified according to the voltage. The following figures
show, for each combined frequency-voltage range, the minimum time that an electricity generation module must

remain connected to the grid.
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Figure 3-19: Minimum time periods during which an electricity generation
module must be able to operate without disconnecting from the grid, for

different combined values of frequency and voltage, when the nominal voltage

of the connection point is equal to or greater than 300 kV and equal to or less
than 400 kv
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Figure 3-20: Minimum time periods during which an electricity generation
module must be able to operate without disconnecting from the grid, for
different combined values of frequency and voltage, when the nominal voltage
of the connection point is equal to or greater than 110 kV and less than 300 kv
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Likewise, Order TED/749/2020 established that electricity generation modules of types B, C, and D, with a commis-
sioning date later than 8 January 2021, must comply with requirements to withstand temporary overvoltages. They
must remain connected to the grid and continue operating stably during temporary overvoltage events, in accordance
with Figure 3-21 and Figure 3-22.

U(pu) U(pu)

1.20 1.20

Vnax 1.10
0 50 1,000 t(ms) 0 1,000 t(ms)

Vmax: Highest admissible voltage considered within the voltage ranges and minimum durations that must be withstood without
disconnection, in accordance with Regulation (EU) 2016/631 of 14 April 2016, or, if this regulation is not applicable, the highest
admissible voltage considered within the normal operating ranges.

Figure 3-21: Minimum overvoltage durations at the point of connection (RMS
voltage to ground in one or all phases, expressed in per unit of the voltage
base at the point of connection) that a type D power park module connected to
the transmission network must be capable of withstanding without
disconnection

Figure 3-22: Minimum overvoltage durations at the point of connection (RMS
voltage between any pair of phases, expressed in per unit of the voltage base
at the point of connection) that a type B, C, or D power park module not
connected to the transmission network must be capable of withstanding
without disconnection

Regarding the requirement to maintain and provide records enabling the analysis of generation dynamics and the
operation of protection systems, Spanish regulations establish the following:

» Spanish Operating Procedure 9 (P.0. 9) stipu- » Furthermore, Regulation EU RfG 2016/631

P

7

lates that when an incident occurs, as defined
in Section 10.3 thereof, the owner of the facil-
ities or the party responsible for the affected
supply must provide the system operator (SO)
with a preliminary report of the event based on
the best available information. Additionally, the
SO may request further clarification regarding
the contents of the report and gather the infor-
mation outlined in Annex V that has not yet
been received and is deemed necessary.

Annex V of P.0. 9 specifies the requirement
to provide oscillographic records, protection
event logs, and chronological records from
the control systems of substations affected by
the incident, as well as the complete configu-
ration files of the protection devices that were
triggered. The same procedure establishes that
oscillographicdata must be submitted in elec-
tronic format, preferably in COMTRADE format
(as defined in IEEE Standard C37.111).

»

states: "power-generating facilities shall
be equipped with a facility to provide fault
recording and monitoring of dynamic system
behaviour. This facility shall record the
following parameters: voltage, active power,
reactive power, and frequency”.

Spanish Order TED 749/2020 establishes: “In
the case of type C and D power-generating
modules, the activation of any protection relay
must be recorded along with the oscillographic
data. The owner of the power-generating
module shall be obliged to provide to the
relevant system operator the fault record and
oscillographic data upon request”.
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3.2.1.2

In Portugal, generator requirements are aligned with the
EURfG 2016/631, complemented by national legislation,
specifically Portaria No. 73/2020 from 16 March covering
the non-exhaustive requirements for grid connection.

Regarding frequency range withstand capability require-
ments, these two regulations define the operational
frequency ranges that generating modules must be
capable of supporting:

» 47.5Hz-48.5Hz: 30 minutes
» 48.5Hz-49.0Hz: Unlimited time
» 49.0Hz-51.0Hz: Unlimited time
» 51.0Hz-51.5Hz: 30 minutes

Similarly, regarding voltage range withstand capability
requirements, the operational voltage ranges that
generating modules must be capable of supporting are
as follows:

Forvoltage base values from 110kVto 300 kV

» 0.85pu-0.90pu: 60 minutes
» 0.90pu-1.118 pu: Unlimited time
»1.118 pu-1.15pu: 20 minutes

Requirements for Generators for Grid Code Compliance in Portugal

For voltage base values from 300 kV to 400 kV

» 0.85pu-0.90pu: 60 minutes
» 0.90 pu-1.05pu: Unlimited time
» 1.05pu-1.10pu: 20 minutes

Without prejudice to the above voltage levels required
to be supported, type D power park modules (PPMs)
shall be capable of withstanding transient overvoltages
and must remain connected to the grid for at least the
following values of transient overvoltage amplitude and
duration:

» 1.25pu during 100 ms and 1.20 pu during 5s

Facilities commissioned before the application date of
the EU RfG and Portaria No. 73/2020 must comply with
requirements established in Portaria No. 596/2010 from
30 July, which approved and published the national
Transmission Grid Requlation and Distribution Grid Regu-
lation. In those cases, the applicable requirements for
the frequency and voltage withstand capability ranges
are similar to the current requirements.
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3.2.1.3 Generation Disconnection in Spain During the Incident

The generation disconnections in Spainuntil 12:33:19.000 are listed in Table 3-3. The identification of the eventsisin

line with the sequence of events provided in Table 3-1.

These events will be analysed in the following subchapters.

Event ID Time Substation Voltage Level (kV) Technology Production

(CEST) disconnected (MW)
3 12:32:57.220 400kVTS1-Granada 400 PV, wind and 355

thermo-solar

43 12:33:16.460 400kVTS1-Badajoz 400 PV, thermo-solar 582
4b 12:33:16.820 400kVTS2-Badajoz 400 PV 145
5al 12:33:17.368 400kVTS1-Segovia 400 wind 22.87
5b1 12:33:17.520 400kVTS1-Badajoz 400 PV 118
5b2 12:33:17.547 220kVTS1-Huelva 220 Wind and PV 33.73
532 12:33:17.780 400kVTS1-Sevilla 400 PV 550
5a3 12.33:17.940 400kVTS1-Segovia 400 Wind 94
5b3 12:33:17.975 220kVTS1-Caceres 220 PV 371.5
5b4 12:33:18.020 220kVTS3-Badajoz 220 PV 719
6al 12:33:18.102 220kVTS2-Sevilla 220 PV 3
6a2 12:33:18.220 220kVTS3-Badajoz 220 PV 20
6a3 12:33:18.360 220kVTS3-Badajoz 400 PV 16
6a4 12:33:18.380 400kVTS2-Caceres 400 PV 41
6a5 12:33:18.540 400kVTS1-Murcia 400 PV 63
636 12:33:18.630 220kVTS1-Cadiz 220 PV 25.7
6a7 12:33:18.680 220kVTS1-Cadiz 220 PV 127.5
6a8 12:33:18.846 400kVTS1-Malaga 400 PV 154
6b 12:33:18.951 400kVTS1-Cuenca 400 PV 530

Table 3-3: Generation disconnection in Spain

3.2.1.3.1 EventID 3:"400kVTS1—Granada" 355 MW disconnection

At 12:32:57.220, in GS1—Granada (Spain), the genera-
tion evacuation transformer 400/220kV tripped at the
220KkV level. This caused the loss of 355 MW of active
power generation and 165 Mvar of reactive absorption.

During the investigation, the loss of this generation was
identified based onthe alarms available to Red Eléctrica.
This identification was confirmed to be consistent with
observations from PMU measurements, and an oscillo-
graphicrecord on the 400 kV substation coinciding with
the tripping was also available. However, this oscillog-
raphy is from a line within the substation and there-
fore does not include direct measurements from the
transformer itself. Nonetheless, it is possible to observe
changes in the substation voltage, and in the current
flowing through the line, resulting from the generation
loss.

The tripped 400/220kV evacuation transformer does
not belong to the transmission grid, as it is owned by a
consortium of companies comprising several entities that
inject power through the transformer. There are various
facilities downstream of this transformer. Some are not
required to comply with either the TED Order or the RfG,
meaning that they belong to Category V1 (523 MW).
However, there are also several facilities (total: 127 MW)
downstream that must comply with TED Order 749/2020
(they belong to category V3). This is outlined in the last
paragraph of this subsection.

No oscillographic records from the protection system that
operated were delivered to the Expert Panel. However,
the owner of this transformer reported that the cause of
the trip was overvoltage and that the trip occurs when
the 220 kV side of the 400/220kV transformer reaches
242kV (1.10 pu), with no delay (t=05). This trip setting
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was set by the owner. The trip setting was not reviewed
by the TSO because it was not needed to coordinate with
transmission protection (short-circuit protections).

The owner of the transformer provided an event record
showing that the voltage exceeded the setting threshold
(70 secondary volts or 140kV primary phase-to-ground

or 242 kV primary phase-to-phase). Five ms later, the
activation of the output contact was issued, which
means that the trip signal was initiated. At that moment,
the voltage was already below the tripping threshold.
Fifty-five ms after this activation, new operations of the
overvoltage function were observed, which may coin-
cide with the breaker opening transient.

LISTADO DE SUCESOS
. HORA SUCESO Va Vb Vc Vn Frec
11:32:05.716 Arraq temp Fase A tension #2 4864 5261 58.96 0.61 49.22
02:51:14.924 Arraq temp Fase C tension #2 62.06 5896 49.33 1.07 51.03
07:40:06.328 Arraq temp Fase A tension #2 50.80 62.06 5896 057 50.85
12:32:57.155 Arraq temp Fase B tension #1 68.60 70.14 6821 0.69 49.99
12:32:57.160 Act sal temp Fase B tension #1 68.60 £9.77 6821 0.54 49.99
12:32:57.215 Arraq temp Fase A tension #1 70.53 6939 7053 0.17 49.80
12:32:57.215 Arraq temp Fase C tension #1 70.53 69.39 70.53 0.17 49.80
12:32:57.220 Act sal temp Fase A tension #1 70.53 7166 70.53 0.57 49.80
12:32:57.220 Act sal temp Fase C tension #1 70.53 7166 7053 0.57 49.80
12:33:21.929 Arraq temp (Un. Frec #1) 7459 7600 7459 044 47.98
12:33:23.616 Arraq temp Fase A tension #1 70.53 6821 66.23 021 4434
12:33:23.621 Arraq temp Fase C tension #1 65.83 6860 70.14 041 4411
12:33:23.627 Arraq temp Fase A tension #1 70.14 6860 6541 029 4411
12:33:23.632 Arraq temp Fase C tension #1 66.63 66.63 70.53 041 44.08
12:33:23.632 Act sal temp Fase A tension #1 66.63 6663 7053 041 44.08
12:33:23.642 Arraq temp Fase C tension #1 66.63 6583 70.14 047 4397

Figure 3-23: Event record of GS 1-Granada transformer protection

An oscillographic record corresponding to this trip is
available, captured by one of the line protection relays
at the 400kV TS1—Granada, the point of connection.
This record (see Figure 3-24) shows that the maximum

phase-to-ground voltage prior to the trip was 241.3kV,
which corresponds to a phase-to-phase voltage of
417.9kV (1.045 pu). The same voltage was measured in
phases A and B.
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Figure 3-24: Oscillographic record from a line protection in 400 kV TS 1-Granada

132 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



Although no oscillographic records are available from
the relay that caused the trip at the 220 kV level, a record
is available from a plant located downstream from
this substation, approximately 500 meters from 220 kV
GS1-Granada, where the voltage atthe 220kV level can
be observed. Figure 3-25 shows this record, indicating
that the phase-to-ground voltage was 137.1kV, which
corresponds to a phase-to-phase voltage of 237.5kV
(1.079 pu).

The secondary voltage values of phases A and Cin
this COMTRADE record (68.55V secondary in phase A
and 68.05V secondary in phase () are consistent with
those observed in the event log shown in Figure 3-23.
However, the 5ms transient in phase B that triggered
the transformer overvoltage protection is not observed.
Following the upstream circuit breaker trip, an increase
in voltage is observed at the register due to the loss of
the evacuation path.

Trigger
28/04/25
12:32:56.993
|
IIA Upstream
breaker trip A
100 - i *
/
50 - /’J
-0.15 0,10 -0,05 0,10 0,15 Us
0 } f t J {
1A 1B IC
U/kv

1450 o
1425 o
140,0 o f’.}\

1375

1350
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Figure 3-25: Oscillographic record of a generation evacuation line connected downstream of 220 kV GS 1-Granada

The breakdown of the installed capacity of the genera-
tion connected downstream of the tripped element, in
terms of the voltage withstand capabilities (described in
Section 3.2.1.1) is as follows

» CategoryV1: 523 MW
» Category V2: 0 MW
» CategoryV3: 127 MW
oMW
0 MW

» (Category V4
» Category V5:
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3.2.1.3.2

At12:33:16.460, at 400kV GS1—Badajoz, the evacuation
line to 400 kV GS 2—Badajoz tripped. This caused the loss
of 582 MW of active power generation and 165 Mvar of
reactive absorption.

Several oscillographic records from one downstream
operator indicate that, at this moment, an upstream
collectorinstallation was lost, as evidenced by the occur-
rence of overfrequency immediately afterwards. Addi-
tionally, a chronological log provided by another down-
stream operator shows the opening of circuit breakers on
aline atthe 400kV GS1—Badajoz, which connects to the
substation where the generation loss occurred.

Although there are facilities that were commissioned
prior to the entry into force of the RfG, there are two
facilities whose commissioning took place afterwards,
and which also obtained certification as compliant with
TED Order 749/2020.

No oscillographic records from the protection system that
operated, nor the settings of that relay, were delivered
to the Expert Panel. It is unclear whether the relay that
tripped was the one located at 400 kV GS 1—Badajoz or
the one atthe remote end in GS2—Badajoz, which could
have sent a transfertrip signalto GS 1—-Badajoz. However,
what is available is an event log showing the opening
of circuit breakers 521-1 and 520-2 at 400kV GS1—
Badajoz at that moment.

There is no high-resolution voltage data available at
the connection point, 400kV TS1—Badajoz. The only
data available is from the SCADA system. The SCADA
voltage value registered at 12:33:10 atthe TS1—Badajoz
generation evacuation bay was 434.0kV, 430.5kV at
busbar 1, and 429.9kV at busbar 2. An examination of

Event ID 4a: 400kV TS 1—Badajoz 582 MW Disconnection

PMU measurements from four nearby substations shows
that from 12:33:04 - corresponding to the moment of
lowest voltage around 12:33:10 - the maximum voltage
increase up until the moment of the trip was 3.3 kV.

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1: 556 MW
» V2. oMw
»V3:. 69MW
» V4. oMw
» V5: oMw

Transmission substation 1 - Badajoz
(Point of Connection)

400 kV Generation substation 1 - Badajoz

400kv
521-1 Generation
substation 2
- Badajoz
520-1 @D 520-2

[] 5221

Figure 3-26: Single line diagram of generation evacuation substation
400kV GS 1-Badajoz
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Figure 3-27: Voltage measurements from PMUs at 400 kV substations in the vicinity of TS 1-Badajoz
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3.2.1.3.3

At 12:33:16.820, a PV plant connected to 400kVTS2-
Badajoz tripped. This PV plant was generating 145 MW
and absorbing 37 Mvar. This PV plant was certified as
compliant with Order TED 749/2020.

The last voltage values registered by the SCADA system
were 427.7kVat12:32:52and 436.1kVat 12:33:16.

A file containing samples with a refresh rate of one
second was delivered to the Expert Panel by a third
party. The samples cease to update at time stamp
12:33:17. A COMTRADE record was also received from
the line connecting the collector substation, which is
part of the generation evacuation network, to the PV
plant. This record corresponds to the end located at
the collector substation. The record shows that the trip
occurred when the system frequency was approximately
49.85Hz, which corresponds approximately to the
time stamp 12:33:17.920. At that moment, and during
the 200 ms prior as recorded in the COMTRADE file, the
current through the position was already zero, indicating
that the trip must have occurred before 12:33:17.720.
A PMU is available on one of the lines of the substation
but located at the opposite end (400 kv TS 2—Caceres bay
t0 400kVTS2—Badajoz). A change in active power on this
line was identified at time stamp 12:33:16.820, around
the time when the samples ceased to update. A power
system simulation confirmed that the power change
observed in the PMU was consistent with a generation
loss of 145 MW at 400 kv TS 2—Caceres.

Event ID 4b: 400 kV TS 2—Badajoz 145 MW Disconnection

No oscillographic records from the protection system that
operated were delivered to the Expert Panel. The oscil-
lographic record received from the collector substation
end indicates that the initial trip must have occurred at
the PV plant end. The settings received from the collector
substation end indicate that two thresholds are config-
ured for the overvoltage protection function. The first
threshold is set at 435.6 kV phase-to-phase (1.089 pu),
with a time delay of 1.5 seconds, and the second
threshold is set at 455.4 kV phase-to-phase (1.1385 pu),
with a time delay of 0.2 seconds.

The COMTRADE record shows that, at the moment imme-
diately prior to the circuit breaker opening, the voltage
was 449.0kV. Furthermore, considering the timing
configuration of this protection, it is known that the
voltage threshold of 435.6 kV was exceeded 1.5 seconds
before the opening of this position, at approximately
time stamp 12:33:16.420, which corresponds to 400 ms
prior to the trip of the PV plant.

Figure 3-27 shows the oscillographic record of the line
protection that tripped at the collector substation end
before the trip of the other line end.

e il

uj

2
Liiiiiiiiid

. 2
200
2m0
2
20
20
2900
10

e
(11}

i

TilisunuNusMDTNSRARNe 111

EMESION EVITADA DI CO;

o
ammei1zs4serssmwn BRUBUDRBRARBG 113

Grid Incident in Spain and Portugal on 28 April 2025 // Factual Report // 135



H L1 W iL2 mi3

‘AIAIA,‘AII.‘IIA\ Ii'l'ﬂ ‘ﬂm'l‘ll ‘A‘Ilu‘ﬂll‘kml‘l-
V VI v [ "W VAN T

0 7 7 7
VWV VA VT AV AAR TV -q Vi T/ W
-10
20 -
T T T T T T T T T T
0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0225 0.250 "
s
W uL1 W ul2 B uL3
Ukv
2600
)
\/
2575 o
2550 a\/
2525
I I I I I I I I I I
0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0225 0.250 "

s
>INT.P.aux.L1 L ———
>INT.P.aux.L2 —————
>INT.P.aux.L3 —
Arranque Relé —

ARR gen. L1 —
ARR gen. L2 —
ARR gen. L3 —
DISP gen. L1 {
DISP gen. L2
DISP gen. L3
DISP.gen Relé
T T T T T T T T T T
0.025 0050 0.075 0.100 0.125 0.150 0.175 0.200 0225 0.250 y
s

Figure 3-28: Oscillographic record of the protection system for the line connecting the PV plant to the collector substation at the collector substation end

The distribution over voltage withstand requirements »V1: 0MW
for generation connected downstream of the tripped » V2 0 MW
element s as follows:
»V3:150 MW
» V4 0 MW
»V5: 0 MW
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3.2.1.3.4

At12:33:17.368, three wind farms connected toa 132 kV
evacuation grid thatis connected to 400 kVTS 1—Segovia
were disconnected due to the tripping of an element
in the upstream section of the generation collector
netwaork. This caused the loss of 22.9 MW of active power
generation and the loss of 12.3 Mvar in reactive power
absorption. These three wind farms were commissioned
before the RfG entered into force.

The generation loss was identified through the oscillo-
graphicrecord of a collector transformer. The synchro-
nisation of the recording was verified by analysing the
frequency of the voltage signal.

EventID 53al: 400kV TS 1—-Segovia 22.9 MW Disconnection

No oscillographic records from the protection system that
operated, nor the settings of that relay, were delivered to
the Expert Panel. However, an oscillographic record was
received from the 400/132 kV generation transformer at
TS1-Segovia, in which the voltage levels at both 400 kV
(connection point) and 132kV can be observed at the
time of the trip. The phase-to-ground voltage measured
atthe 400kV level atthe time of the trip is 252.0 kV, which
corresponds to a phase-to-phase voltage of 436.5kV. The
phase-to-ground voltage measured at the 132kV level
was 83.3kV, corresponding to a phase-to-phase voltage
of 144.3kV.
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Figure 3-29: Voltage at the 400 kV and 132 kV voltage levels of the TS 1- Segovia generation transformer and transformer current at the 400 kV level

The distribution over voltage withstand requirements »\V1: 49 MW

for generation connected downstream of the tripped V2. OMW

elementis as follows:
» V3. OMW
»V4: OMW
»V5: OMW

AN
Y
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3.2.1.3.5

At 12:33:17.520, the evacuation line to 400kV TS1-
Badajoztrippedin 400kV GS 1—Badajoz. This generation
evacuation network has its point of connection at 400 kV
TS1—Badajoz. This caused the loss of 118 MW of active
power generation and the loss of 22 Mvar in reactive
power absorption.

The generation loss was identified through an oscillo-
graphicrecord from the transformers at the GS 1—Badajoz
and an event log.

It is inferred that the relay that operated was the line
relay, as the circuit breaker that opened is the one shared
between the line and Transformer 1 (520-1, see Figure
3-26). However, the circuit breaker shared between Trans-
former 1 and Transformer 2 is 522-1 (see Figure 3-26),
which was recorded to have opened approximately 1.5
seconds later due to the undervoltage function.

EventID 5b1: 400 kV TS 1—Badajoz 118 MW Disconnection

The disconnected facility must comply with Order TED
749/2020.

No oscillographic records from the protection system
that operated, nor the settings of that relay, were deliv-
ered to the Expert Panel. The owner of the transformers
sent oscillographic records from the transformers,
which show that the overvoltage function only initiates
during the trip transient, and that it is the undervoltage
function that triggers 1.5 seconds after the line circuit
breaker opens. In this record, there is a voltage channel
that, although identified as phase-to-ground voltage,
appears to correspond to phase-to-phase voltage,
which measured 443 kV at the moment of the trip. This
voltage was measured at the 400 kV GS 1—-Badajoz, not
the 400kV TS 1—Badajoz, which is the connection point
to the transmission grid.
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Figure 3-30: Oscillographic record from Transformer 1 at GS 1-Badajoz

The distribution over voltage withstand requirements »Vl: O0MwW
for generation connected downstream of the tripped »V2:  OMW
elementis the following:

» V3. 206 MW

» V4. 0MwW

» V/5: 0MwW

A
\
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3.2.1.3.6

At12:33:17.547,two PV plants connected to 220kVTS1-
Huelva were disconnected.

These two disconnected facilities must comply with
OrderTED 749/2020.

To determine the timing of the generation loss, events
provided by the control centre were used. It was verified
that, at that moment, a voltage step is observable in the
PMU measurements from 400kV TS1—Huelva.

No oscillographic records from the protection system that
operated, northe settings of that relay, were delivered to
the Expert Panel.

The control centre associated with this connection point
indicated that the cause of the trip was the overvoltage
protection function, and that the voltage reached
was 267 kV at the 220kV level and 76 kV in the 66 kV

3.2.1.3.7

At 12:33:17.780, the generation-transmission interface
line tripped at the end corresponding to the generation
evacuation network and additionally sent a remote
trip signal to the transmission network substation end
(400 kV TS 1—Seville). This caused the disconnection of
several PV plants, resulting in the loss of 550 MW of active
power injection and absorption of 195 Mvar of reactive
power.

All PV plants connected to this point of connection must
comply with Order TED 749/2020.

An oscillographic record was available from the evacua-
tion facility at the transmission network end, which was
used to identify the generation loss.

EventID 5b2: 220 kV TS 1—Huelva 33.7 MW Disconnection

evacuation network. However, since no oscillographic
data were provided, it is not possible to determine
whether this voltage was reached before the trip, during
the trip transient, or after the trip. For instance, the 220 kv
level remained connected for several seconds after the
event, and significant overvoltage was recorded in this
voltage level following that moment.

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
element s as follows:

»V1: 17 MW
»Ve2: 0OMW
»V3: 42MW
»V4: 0OMW
» V5. 0OMW

EventID 5a2: 400kV TS 1—Seville 550 MW Disconnection

Figure 3-31 shows the oscillographic record captured by
the line protection system at the transmission substa-
tion (400 kV TS 1—Seville), which received the remote
trip signal from the opposite end. It shows that the
maximum phase-to-ground voltage recorded atthe time
of the trip was 252.7 kV, which corresponds to 437.7 kV
phase-to-phase.
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Figure 3-31: Oscillographic record from 400 kV TS 1-Seville substation, 400 kV GS 1-Seville bay (TPX1: breaker 1 trip of each phase, TPX2: breaker 1 trip of each phase,
SPOX: Single pole open of each phase, 87R02P1: transfer trip received through communication channel 1, 87R02P2: transfer trip received through communication

channel 2
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No oscillographic records from the protection system that
operated atthe generation end were provided. However,
oscillographic data were delivered to the Expert Panel
fromthe other line protection system, where the voltage
at the generation end can be observed at the time of
the trip. It has also been indicated that the overvoltage
protection function was the cause of this trip. The over-
voltage settings of this protection function, as reported,
are 436.6kV (1.09 pu) one second.

Figure 3-32 shows the oscillographic record from one
of the line protection systems at the 400 kV GS 1—Seville
end. It can be observed that the maximum phase-to-
ground voltage measured at the time of the trip was
251.4kV, which corresponds to 435.4 kV phase-to-phase.
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Figure 3-32: Oscillographic record from 400 kV GS 1-Seville substation TS 1-Seville Bay

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

» V1: oMw
» V2. oMw
» V3. 698 MW
» V4. oMw
» V5: oMw
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3.2.1.3.8

At 12:33:17.940, at 400kV TS 1—Segovia, the generation
evacuation transformer 400/132 kV tripped in the 132kV
level. This caused the loss of 94 MW of generation and
the loss of 26.5 Mvar in reactive power absorption.

All facilities downstream from this installation were
commissioned prior to the entry into force of the RfG.

No oscillographic records from the protection system that
operated were provided. However, an oscillographic
record was delivered to the Expert Panel from the
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EventID 533: 400kV TS 1—-Segovia 94 MW Disconnection

400/132kVtransformer at 400 kV TS 1—Segovia, in which
the voltage levels at both 400 kV (connection point) and
132kV can be observed at the moment of the trip. The
phase-to-ground voltage measured at the 400 kV level at
the moment of the trip was 256.0 kV, which corresponds
to 443.4kV phase-to-phase. The phase-to-ground
voltage measured at the 132 kV level was 84.7 kV, which
corresponds to 146.7 kV phase-to-phase. The settings
received for the overvoltage function include a voltage
threshold of 1.1 pu with a time delay of 0.5 seconds.
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Figure 3-33: Voltage at the 400 kV and 132 kV voltage levels of the TS 1-Segovia generation transformer and transformer current at the 400 kV level

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1: 230 MW
»Ve: 0MW
»\V3:  OMW
»V4:  OMW
»V5: OMW
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3.2.1.3.9

At 12:33:17.975, one PV plant connected to 220kV
TS1—Céaceres was disconnected. This caused the loss
of 37.5 MW of generation and 7 Mvar in reactive power
absaorption.

This PV plant must comply with Order TED 749/2020.

To determine the timing of the generation loss, events
provided by the responsible control centre were used.
It was verified that approximately at that moment, a
voltage step is observable in the PMU measurements
from 220 kV TS 4—Caceres. This is the closest PMU avail-
able, although it is located slightly less than 100 km
away.

No oscillographic records from the protection system that
operated were delivered to the Expert Panel.

EventID 5b3: 220 kV TS 1—Caceres 37.5 MW Disconnection

According to the information received, the trip was
caused by an overvoltage condition. The setting of this
protection function atthe time of the incidentwas 110%
of 220kV, with a time delay of 1.5 seconds. Likewise,
the owner has reported that the voltage reached at the
moment of the trip was 250.39 kV.

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1l: 0MW
»Ve: 0MW
»V3: 106 MW
»V4:  OMW
»V5:  O0MW

3.2.1.3.10 EventID 5b4 220kVTS3—Badajoz 71.9 MW Disconnection

At 12:33:18.020, three PV plants connected to 220 kV
TS3—Badajoz were disconnected due to the tripping of
an upstream element. This caused the loss of 71.9 MW of
generation and 16 Mvar in reactive power absorption.
All PV plants connected to this point of connection must
comply with Order TED 749/2020.

No oscillographic records from the protection system that
operated, northe settings of that relay, were delivered to
the Expert Panel.

However, oscillographic records were received from the
PV plants coinciding with the trip of the upstream facility.
These records were likely synchronised using the nearest
PMU frequency to time-align data. They show that the
phase-to-ground voltage at the plant's location reached
147.2kV, which corresponds to 254.9 kV phase-to-phase.
High-resolution records are not available at the connec-
tion point (220 kV TS 3—Badajoz).

| —
Upstream element trip

ts

Figure 3-34: Oscillographic record from one PV plant with a point of connection in 220 kV TS 3—-Badajoz

The distribution over voltage withstand requirements »Vl: O0MwW

for generation connected downstream of the tripped V2. OMW

elementis as follows:
»V3: 124 MW
»V4:  OMW
»V5:  O0OMW

AN
Y/
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3.2.1.3.11 EventID 6al 220kVTS2—Seville 3 MW Disconnection

At 12:33:18.102, the generation-transmission interface
facility tripped at the end corresponding to the genera-
tion evacuation network and additionally sent a remote
trip signal to the transmission network substation end
(220 kV TS 2—Seville). This caused the disconnection of
3 MW of PV plants. This plant must comply with Regula-
tion (EU) 2016/631 (RfG).

No oscillographic records from the protection system that
operated, nor the settings of that relay, were delivered
to the Expert Panel. However, an oscillographic record
is available from the end connected to the transmission
network, where it can be observed that the voltage at
the moment of the trip was 142.3 kV, which would corre-
spond to a phase-to-phase voltage of 246.5kV.
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Figure 3-35: Oscillographic record from “220 kV TS 2—Seville" collector bay

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1l: OMW
»V2: 100 MW
»V3: O0MW
»V4:  0OMW
»V5:  O0MW

3.2.1.3.12 EventID 6a2 220kVTS3—Badajoz 20 MW Disconnection

At 12:33:18.220, 20 MW of power injection reduction
was observed due to a link facility at a 220 kV substation
located in the province of Badajoz.

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

All PV plants connected to this point of connection must »V1l: 0MW
comply with Order TED 749/2020. V2. OMW
No oscillographic records from the protection system that » V3 292MW
operated, nor the settings of that relay, were delivered to »V4:  OMW
the Expert Panel. V5. OMW
A
\2
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3.2.1.3.13 EventID 6a3 400kVTS3—Badajoz 16 MW Disconnection

At 12:33:18.360, a 16 MW reduction was observed due
to a link facility at substation 400 kv TS 3—Badajoz and
a 4 Mvar absorption reduction. This was measured by a
PMU thatis connected at the transmission end of the line,
but there is no information on which exact plant was
disconnected.

All PV plants connected to this point of connection must
comply with Order TED 749/2020.

No oscillographic records from the protection system that
operated, nor the settings of that relay, were delivered to
the Expert Panel.

Figure 3-36 shows the power and voltage measured
by the PMU installed at that line position. Subsequent
reductions in power injection down to zero can also be
observed. The phase-to-phase voltage atthe moment of
the first observed disconnection was 447.7 kV.
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16s 18s

Figure 3-36: PMU measurements at the 400 kV TS 3—Badajoz collector bay

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1l: 0OMW
»V2: O0MW
»V3: 369 MW
»V4:  0OMW
»V5: O0MW

Grid Incident in Spain and Portugal on 28 April 2025 // Factual Report // 145



3.2.1.3.14 EventID 6a4 400kV TS 2—Caceres 41 MW Disconnection

At 12:33:18.410, a PV plant connected to 400kVTS2—
Caceres tripped. This PV plant was generating 41 MW. This
plant must comply with Order TED 749/2020.

No oscillographic records from the protection system that
operated, northe settings of that relay, were delivered to
the Expert Panel.

The phase-to-phase voltage at the moment of the
first observed disconnection was 443.7 kV at 400 kV
TS2—Caceres.

443.75793 kv

455

450

435

Trer = 12:33 PM -

185 12:33:18.420000000 55

Figure 3-37: PMU voltage measurement at 400 kV TS 2—Caceres

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1:
» V2.
»V3:
» V4.
» V5:

0Mw
0Mw
42 MW
0MW
0MW
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3.2.1.3.15 EventID 6a5 400kVTS1—Murcia 63 MW Disconnection

At 12:33:18.540, a PV plant connected to a 132 kV distri-
bution network close to 400 kV TS 1—Murcia tripped

The cause of the trip was overvoltage. The phase-to-
phase voltage at the 132 kV substation was 147.3kV.

when it was generating 63 MW. This plant must comply
with the Spanish Operational Procedure 1.4.The settings
of that relay have not been received.
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Figure 3-38: Oscillographic record from the PV plant

The distribution over voltage withstand requirements
for generation connected downstream of the tripped
elementis as follows:

»V1l: 0MW
»Ve: 0MW
»V3: O0MW
»V4:  O0OMW
»V5: 74 MW
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3.2.1.3.16 EventID 6a6220kVTS1—Cadiz26 MW and ID 6a7 220kV TS 1—Cadiz 128 MW Disconnection

At 12:33:18.630, a transformer connected to 220 kV
GS 1-Cadiz tripped, and 25.7 MW were lost. After 50 ms,
the evacuation line to 220kV TS 1—Cadiz tripped at the
generation end, and an additional 127.5 MW were
disconnected. There are wind farms and PV plants
connected to 220 kV TS 1—Cadiz through this evacuation
line. Some of these plants were commissioned before
the RfG came into force, others afterwards, and some
after the entry into force of the TED 749 Order.
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No oscillographic records from the protection system that
operated, nor the settings of that relay, were delivered to
the Expert Panel. However, an oscillographic record was
received from the bay protection system at the circuit
breaker corresponding to the evacuation line towards
the transmission network.

There are no high-resolution records from the transmis-
sion substation that is the point of connection. However,
the phase-to-ground voltage recorded at the generation
substation was 143.3kV, which corresponds to a phase-
to-phase voltage of 248.0kV.
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Figure 3-39: Oscillographic record from the 220 kV GS 1-Cadiz bay to TS 1-Cadiz
The distribution over voltage withstand requirements »V1: 100 MW
for generation connected downstream of the tripped V2. 8MW
elementis as follows:
» V3. 88MW
» V4. 0MwW
» V/5: 0MwW
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3.2.1.3.17 EventID 6a8 400kVTS1—Malaga 154 MW Disconnection

At 12:33:18.846, the generation-transmission interface
line tripped at the end corresponding to the generation
evacuation network and additionally sent a remote
trip signal to the transmission network substation end
(400 kv TS1—Malaga). This caused the disconnection of
several PV plants with a total production of 154 MW.

All PV plants connected to this point of connection must
comply with Order TED 749/2020.

The received settings indicate that the overvoltage
function is configured at 439.56 kV phase-to-phase
(1.0989 pu) with a time delay of one second. Addition-
ally, the oscillographic record from the tripping relay
was delivered to the Expert Panel, showing that at the
moment of the trip, the voltage of all three phases was
above 1.1 pu. Figure 3-40 shows the oscillographic
record that tripped the line at the generation end.
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Figure 3-40: Line protection oscillographic record from the generation end
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Figure 3-41 shows the oscillographic record obtained at the transmission end. The phase-to-phase voltage at the time
of the trip was 448.6 kV.
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Figure 3-41: Oscillographic record from 400 kv TS 1—Malaga, collector bay (TPx1: breaker 1 trip of each phase, TPx2: breaker 2 trip of each phase, SPOX: Single pole
open of each phase, 87R02P1: transfer trip received through communication channel 1, 87R02P2: transfer trip received through communication channel 2)

The distribution over voltage withstand requirements »V1l: O0MwW
for generation connected downstream of the tripped V2. OMW
elementis as follows:
»V3: 174 MW
»V4:  OMW
»V5:  OMW

150 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



3.2.1.3.18 EventID 6b 400kVTS1—Cuenca 530 MW Disconnection

At 12:33:18.951, the generation-transmission interface
line tripped at the end corresponding to the generation
evacuation network and additionally sent a remote
trip signal to the transmission network substation end
(400kVTS1—Cuenca). This caused the disconnection of
several PV plants with a total production of 530 MW.

All PV plants connected to this point of connection must
comply with Order TED 749/2020.

The settings delivered to the Expert Panel for these relays
show two stages for the overvoltage protection func-
tion: a first stage with a voltage threshold of 1.088 pu
and a time delay of 60 minutes, and a second stage with
a voltage threshold of 1.11 pu and a time delay of 1.2
seconds. The COMTRADE record of the relay that tripped at
the generation substation end shows that the maximum
phase-to-ground voltage measured at the time of the
trip was 257.8kV (1.116 pu), which corresponds to a
phase-to-phase voltage of 446.6kV

Figure 3-42 shows the record of the generation side.

W |A 739.63367 A
1000 1B -951.76575 A | A
\ W |C 244.65895 A 1B
500 ) [ Wl
< 0
-500
-1000
Trer = 12:33:18 PM .~
850 ms 900 ms 12:33:18.931000000 950 ms 19s
B VAMag
260 B VB.Mag
P R —— - —o—0—0— ® >0 By W VCMag
255 (oo =< = ———> ————— <
>
-2
200 W VAMag 257.77206 kv
W VB.Mag 257.84146 kv
W VC.Mag 254.95734 kV
245
Trer = 12:33:18 PM o
850 ms 900 ms 12:33:18.931000000 950 ms 19s
TRIP
591P1T
TPA
TPB
TPC H e
Trer = 12:33:18 PM -
850 ms 900 ms 12:33:18.931000000 950 ms 19s

Figure 3-42: Oscillographic record from 400 kV GS 1-Cuenca, TS 1-Cuenca bay (591P1T: overvoltage trip)
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Figure 3-43 shows the oscillographic record corre-
sponding to the transmission substation end. It shows
that the phase-to-ground voltage measured at the
moment of the trip was 259.0kV, which corresponds to a
phase-to-phase voltage of 448.6 kV.

It should be noted that the ripple observed in the image
in the RMS voltage values is caused by the fact that the

A

system frequency at that moment was not 50 Hz, but
approximately 49.8 Hz. This necessitated adjusting the
time window used for filtering and calculating this value
to align with the actual system frequency. However, the
visualisation software is not capable of performing this
adjustment. The same behaviour has been observed in
previous records.
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Figure 3-43: Oscillographic record from 400 kV TS 1—Cuenca transmission substation, GS 1-Cuenca bay (TPx1: breaker 1 trip of each phase, TPX2: breaker 1 trip of
each phase, SPOx: Single pole open of each phase, 87R02P1: transfer trip received through communication channel 1, 87R02P2: transfer trip received through

communication channel 2)

The distribution over voltage withstand requirements for
generation connected to the 400kV TS 1—Cuenca substa-
tionis as follows:

» V1: oMw
» V2. 0oMw
»\V3: 664.85MW
» V4. 0oMw
» V5: oMw
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3.2.1.4 Generation Disconnections in Portugal

In Portugal, the disconnection of generating units
connected to the transmission grid that occurred
between 12:33:23 and 12:33:37 was caused by a

frequency drop below 47.5Hz.

3.2.1.5

Generation Disconnections in France

This response was compliant with the requlations
outlined in the previous chapter.

Concerning generating units connected to the distribu-
tion grid, some of them disconnected before 12:33:23,
and the total amountis under evaluation.

Below is a detailed list of impacts on generation units and network elements.

Tripping time Generation unit Type P lost (MW) Q lost Voltage level | Cause of the trip
(Mvar) (kv)
12:33:19.850 Hydro 1 South-West of France Hydro 3.5 0 63 Under investigation
12:33:19.850 Hydro 2 South-West of France Hydro 3.5 0 63 Under investigation
12:33:19.850 Hydro 3 South-West of France Hydro 3.5 0 63 Under investigation
12:33:20.900 Hydro 4 South-West of France Hydro -35 0 225 Under investigation
12:33:23.307 Hydro 5 South-West of France Hydro 28 -17 225 Under investigation
12:33:23.460 Hydro 6 South-West of France Hydro -210 27 400 Under investigation
12:33:23.863 Hydro 7 South-West of France Hydro 6 ? 150 Under investigation
12:33:23.857 Hydro 8 South-West of France Hydro 1.8 0 63 Under investigation
12:33:23.857 Hydro 9 South-West of France Hydro 18 0 63 Under investigation
12:33:30 Hydro 10 South-West of France Hydro 5 -2 63 Under investigation
12:33:35.759 Nuclear 1 South-West of France Nluclfar power 1,290 -430 400 Internal Protection trip
plan

12:33:36 Hydro 11 South-West of France Hydro 7 0 63 Under investigation
12:35:53.189 Hydro 12 South-West of France Hydro 17 -2 63 Under investigation

Table 3-4: List of production tripping in France

3.2.1.5.1

Nuclear 1 South-West of France

The nuclear reactor one of Golfech power plant (1,290 MW) disconnected at 12:33:35.759 due to the trip of an internal

protection.
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3.2.1.5.2 Solar 1 South-West of France
Production decreased from 16 to 7 MW. As the voltage increased, production progressively recovered.
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Figure 3-44: Solar 1

3.2.1.5.3 Solar 2 South-West of France

There was a decrease in production from 23 to 4 MW, along with an increase in the voltage (see Figure 3-45).
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Figure 3-45: Solar 2a (blue) and Solar 2b (red)
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3.2.1.5.4 Battery 1 South-West of France

Arise in voltage was seen at 12:33:26, as shown in Figure 3-46.
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Figure 3-46: Battery 1
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3.2.2

Transmission System Protection Behaviour During the Incident

The events that will be analysed are listed in Table 3-5. The identification of the events is in line with the sequence of
the events presented in Table 3-1.

Event | Time Substation A Substation B Voltage Level | Asset Relay Cause of Tripping Tripped Relay
(CEST) (150) (150) (kv) Type Trigger Phases Parameter
Settings
9 12:33:19.971 | Arganda (RE) | Loeches (RE) 220 OHL ov Incorrect measurement 3 phase V>120%
from phase B voltage Vnominal time
transformer in Loeches delay=1s
substation
16a 12:33:20.229 | Puertodela Beni Harchane | 400 OCHL-TIE | UF Low frequency functionat | 3 phase f<49.5Hz
Cruz (RE) (ONEE) Morocco side and transfer
trip to Spain
16b 12:33:20.473 | Puertodela Melloussa 400 OCHL-TIE | UF Low frequency functionat | 3 phase f<49.5Hz
Cruz (RE) (ONEE) Morocco side and transfer
trip to Spain
31a 12:33:21:407 | Baixas (RTE) Vic (RE) 400 OHL-TIE 0sT Loss of synchronism 3 phase 2 beats
31bl | 12:33:21.437 | Argia (RTE) Arkale (RE) 220 OHL-TIE 0ST Loss of synchronism 3 phase 2 beats
31b2 | 12:33:21.535 | Argia (RTE) Hernani (RE) 400 OHL-TIE 0ST Loss of synchronism 3 phase 2 beats
42 12:33:23.076 | Valdecaballe- | Maguilla (RE) | 400 OHL ov Overvoltage 3 phase
ros (RE)
52 12:33:23.954 | Mogadouro Central da 220 OHL DIST Distance Z1 trip due to 3 phase Z.<80%line
(REN) Valeira (REN unstable voltage
conditions protection
55b 12:33:25.144 | Cartelle (RE) Lindoso (REN) | 400 OHL-TIE DIST Z1tripduetovoltageand | 3 phase 7.<80% line
(ckt2) frequency collapse
55¢ 12:33:25.183 | Cartelle (RE) Lindoso (REN) | 400 OHL-TIE DIST Z1tripduetovoltageand | 3 phase Z<80%line
(ckt1) frequency collapse
55d 12:33:25.325 | Cedillo (RE) Falagueira 400 OHL-TIE DIST Z1trip duetovoltageand | 3 phase Z.<80% line
(REN) frequency collapse
55e 12:33:25.410 | Saucelle (RE) Pocinho (REN) | 220 OHL-TIE DIST Z1tripduetovoltageand | 3 phase 7.<80% line
frequency collapse
56 12:33:25.434 | lagoaca (REN) | Armamar 400 OHL DIST Distance Z1 trip due to 3 phase 7.<80% line
(REN) unstable voltage
conditions
55f 12:33:26.165 | Aldeadavila Pocinho (REN) | 220 OHL-TIE DIST Z1trip duetovoltageand | 3 phase Z.<80% line
(RE) (ckt1) frequency collapse

Table 3-5: Performance of the protection system of lines in the sequence of events, abbreviations: OHL: overhead line, OCHL: overhead-cable hybrid line, OHL-TIE:
overhead line tie line, OCHL-TIE: overhead-cable hybrid line tie line, DIST: distance protection, UF: under frequency protection, OST: Loss of synchronism protection,

0V: over voltage protection
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3.2.2.1

At 12:33:19.971, the Arganda (RE)—Loeches (RE) 220 kV
overhead line (OHL) tripped. The overvoltage function
caused the trip; during the high voltage situation, an
incorrect measurement from the phase B voltage trans-
former in the Loeches substation was the cause of the
overvoltage function trip. The relay protection system
of the OHL operated according to its settings (1.2 pu,
one-second delay).

Event ID 9: 220 kV Arganda (RE)—Loeches (RE)

In Figure 3-47, the upper chart shows the voltage meas-
ured at the Loeches substation, where the overvoltage
was detected, and the lower chart shows the voltage
measured at the Arganda substation. Arganda relays did
nottrip, butthe breaker opened because they received a
transfer trip signal.
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Figure 3-47: RMS Voltages in Loeches substation (upper chart) and in Arganda substation (lower chart)

Figure 3-47 shows that the voltage measurementsin the
different phases at the Loeches substation vary signifi-
cantly from one phase to another. This anomaly suggests
that the voltage transformer was exhibiting abnormal

3.2.2.2

behaviour. Additionally, the fact that no otherlines in the
substation tripped, when all have the same overvoltage
settings, leads to the conclusion that the voltage meas-
urement at the Loeches substation was not correct.

Event ID 16a: 400 kV Puerto de la Cruz (RE)—Beni Harchane (ONEE)

At 12:33:20.229, the Puerto de la Cruz (RE)—Beni Harchane (ONEE) 400KkV tie-line opened in Beni Harchane due to
an underfrequency protection and also sent a direct transfer trip to the Spanish side (Puerto de la Cruz) that opened

161 ms later.
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Figure 3-48: Beni Harchane bay at Puerto de la Cruz 400 kV substation relay recording (IN102, IN103, and IN104: breaker position, IN204: direct transfer trip

reception)

3.2.2.3 OutageID 16b: 400kV Puerto de la Cruz (RE)—Melloussa (ONEE)

At 12:33:20.473, the Puerto de la Cruz—Melloussa 400 kV
line opened in Melloussa due to an underfrequency
protection and also sent a direct transfer trip to the
Spanishside (Puerto de la Cruz) that opened 91 ms later.

Figure 3-50 shows the recording of the protection
installed in the Melloussa bay at the Puerto de la
Cruz 400kV substation. The recording shows how the

Moroccan end of the line tripped and indicates that it
sent a direct transfer trip to the Spanish end. In addi-
tion, Figure 3-49 shows a trip signal, but this operation
occurred when the breaker was already opened. This
relay operation was caused by the discharge of the
submarine cable on the reactor, as there was current
with a low voltage.
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Figure 3-49: Melloussa bay at Puerto de la Cruz 400 kV substation relay recording (IN102, IN103, and IN104: breaker position, IN204: direct transfer trip reception)

A

\2

158 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



3.2.2.4 EventID 31a: 400 kV BAIXAS (RTE)—Vic (RE)

At 12:33:21.407, the Baixas (RTE)—Vic (RE) 400kV line  Figure 3-50 shows the oscillography recorded by the
opened in Baixas (RTE) due to the tripping of the loss of ~ distance protection of Baixas bay atVic 400 kV substation
synchronism protection. The Vic (RE) end tripped 35ms  because loss of synchronism protections are not able to
later. The loss of synchronism protections on both sides  record oscillography.

are set for two beats (swing), which means that they trip

after two swings (see Figure 3-50 and the explanation

accompanying Figure 3-52).
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Figure 3-50: Baixas bay at Vic 400 kV substation distance relay recording (IN102, IN103 and IN104: breaker position).
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Figure 3-51 illustrates the impedance evolution
observed at Baixas bay at the Vic 400 kV substation using
PMU data. It depicts the initial conditions, the changes

following the first and second generation loss (events 3
and 4a, respectively), and the subsequent evolution at
one-second intervals after the second generation loss.
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Figure 3-51: Baixas bay at the Vic 400 kV substation: Impedance evolution using PMU data

Explanation of the Operation of DRS Loss of Synchronism Protection

DRS loss of synchronism protection permanently meas-
uresthe voltage peak values. When the relay measures at
least 10 consecutive decreasing peaks followed by four
consecutive increasing peaks, it detects one beat if the

minimum voltage reached is below a configured voltage

threshold. After detecting the configured number of
beats, the relay is ready to trip, and it will trip aftera time
delay that starts when the average RMS voltage during
the oscillation is exceeded, as seen in Figure 3-52.
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Figure 3-52: DRS loss of synchronism protection operating principle
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3.2.2.5 EventID 31b1: 220kV ARGIA (RTE)—Arkale (RE)

At 12:33:21.437, the Argia (RTE)—Arkale (RE) 220kV line
opened in Arkale (RE) due to the tripping of the loss of
synchronism protection. The Argia (RTE) end did not trip

because of the voltage fall (trip on the Spanish side);
therefore, the loss of synchronism protection lost the
count of the pulse (see Figure 3-53).
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Figure 3-53: Argia bay at Arkale 220 kv PMU data

Figure 3-54 illustrates the impedance evolution observed
at Argia bay at the Arkale 220kV substation using PMU
data. It depicts the initial conditions, the changes

following the first and second generation loss (events 3
and 4a, respectively), and the subsequent evolution at
one-second intervals after the second generation loss.
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Figure 3-54: Argia bay at Arkale 220 kV substation: Impedance evolution using PMU data
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3.2.2.6

At 12:33:21.535, the Argia (RTE)—Hernani (RE) 400 kV
line opened in Hernani (RE) due to the tripping of the
out-of-step function of the distance protection, whose
operating principle is based on monitoring the trajectory

Event ID 31b2: 400 kV ARGIA (RTE)—Hernani (RE)

of the impedance seen by the relay. The Argia (RTE)
end did not trip because of the voltage fall (trip on the
Spanish side); therefore, the loss of synchronism protec-
tion lost the count of the pulse.

10000

5000

< 0

-5000

-10000

+|o0|8|x

(U (I m‘ ‘N ‘H‘ H” W H M Il ”‘ ‘m i M,

i
(I

195s

2055 215s

kv

19s 1955 20s

215s

205s 21s

185s

20s

205s

Figure 3-55: Argia bay at Hernani 400 kV substation recording (IN102, IN103, and IN104: breaker position)

Figure 3-56 shows the voltage drop due to the trip on the other end of the line.
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Figure 3-56: Hernani bay at Argia 400 kV substation recording
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Figure 3-57 illustrates the impedance evolution observed  following the first and second generation loss, and the
at Argia bay at the Hernani 400 kV substation using subsequent evolution at one-second intervals after the
PMU data. It depicts the initial conditions, the changes  second generation loss.
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Figure 3-57: Argia bay at Hernani 400 kV substation: Impedance evolution using PMU data
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3.2.2.7 OtherTransmission Trips in Spain

After 12:33:23.750, with the frequency already below
44 Hz, several transmission network lines tripped due
to the operation of zone 1 of the distance protections.
Two main factors caused the operation of these protec-
tions: very low system frequency, sometimes even
outside the limits established for their correct opera-
tion, and low voltages, in some cases almost zero while
there was still current through those lines. When these
protection systems tripped, the system conditions were
so degraded that, although there was no short circuit

in these elements, the operation of the protections
cannot be considered incorrect. In addition, these trips
did not contribute to aggravating the incident because,
at that moment, the Iberian electrical system was not
recoverable.

As an example of this, there are the trips on the Spanish
side of six tie-lines with Portugal, as shown in Table 3-5.
Figure 3-58 shows the trip of the Lindoso 2 bay in the
Cartelle 400 kV substation.
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Figure 3-58: Lindoso 2 bay at Cartelle 400 kV substation relay recording (IN102, IN103, and IN104: breaker position, Z1T: distance zone 1 trip, 3P0: 3 pole open)

After 12:33:27, all circuit breakers belonging to the
transmission network in Spain tripped due to the
undervoltage function. This function trips all the circuit
breakers with a time delay of four seconds when the
voltage drops below 65 % of the nominal voltage. The
purpose of this function is to open all circuit breakers in

3.2.2.8 OtherTransmission Trips in Portugal

Within the Portuguese transmission network, the
protection systems do not have the following protection
functions enabled at the transmission level: out-of-step,
over/underfrequency (except at 60kV), and over/under-
voltage (except for undervoltage protection applied to
shunt reactors). As a result, during the blackout event, no
trips were initiated by these functions.

an area when a blackout occurs in that area to facilitate
a faster and more orderly service restoration. In some
circuit breakers, this function is disabled because of the
design of the service restoration plans; in those cases,
these circuit breakers remained closed.

Two transmission lines tripped due to the operation of
zone 1 of the distance protection function. This trip was
caused by unstable voltage conditions. Under these
circumstances, the distance protection algorithm was
unable to maintain a reliable voltage reference, which
compromised its ability to operate correctly.
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Although no fault was detected in the system, the behav-
jour observed does not indicate a malfunction of the
protection system. Instead, it reflects a limitation in the
algorithm's performance under low-voltage dynamic
conditions.

As illustrated in Figure 3-59, voltage and current oscilla-
tions were recorded prior to the trip. These oscillations

differ from a typical power swing. In this case, the
voltage drop is accompanied by a simultaneous current
drop, and the same pattern is observed during current
increases. The affected lines were Lagoaca—Armamar
400KV (trip at 12:33:25.434) and Mogadouro—Central
daValeira 220 kV (trip at 12:33:23.95). These trips did not
contribute to the deterioration of system conditions, as
they occurred after the voltage collapse.

]
Trigger
28/04/2025
11:33:25.110
I
GEL1 @EIL2 @ WL
A o I Ay
- lz[ ‘ 1 ‘ Hu‘r‘i}; 1 i’ ]‘ F ] {l
00 4 44 Ii‘ Lo htand el il h ]
By it ll‘ﬁ‘ ikl [
-1.0 - i g L ‘)” "L‘ A ¥ II b‘ g l l |14 j 'n
I I I
0.00 0.25 0.50 0.75
@Eu @EUL2 @ EuUus
UlkV
= .‘ M fifl H A o L ) )
0 A ‘A‘«J{:Rm'ﬂ{q il | il '. ll‘: *l i ‘ II "'. 'A‘. .‘ _’ -4 -._ ‘w“‘.\ ﬁ \ J ; “\,'
50 ’Wn‘ ) ‘]ld LY Iu It J‘, .-‘ ' *L | ,J‘ Wl VI ek .‘u‘ MARAAAG SNBSS A Wil A
I I I
0.00 0.25 0.50 0.75
DISP GERAL 1
DISP FO | —]
DISP F4 1
DISP F8 1
Q51 COUPLING
Q53 COUPLING
ZMO1-START fi —]
ZM02-START = e
ZMO3-START —] e — R—]
ZM04-START | e ——]
ZMO5-START

Figure 3-59: Z1 Trip of Lagoaca—Armamar line in the Lagoaca 400 kV substation due to unstable conditions

The remaining transmission network circuit breakers that
were energised prior to the blackout were opened by a
control logic known as “zero voltage cut-off, top=65"
This function issues a trip command to the circuit breaker
if the measured voltage remains below 30 % of the
nominal value for a continuous duration of six seconds.
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3.2.2.9 OtherTransmission Trips in France

Time Substation A Substation B Voltage | Asset Relay Cause of Tripping Tripped | Relay Parameter
(CEST) (150) (150) Level (kv) | Type Trigger Phases | Settings
12:33:20:298 Mousserolles (RTE) Borderes et Lamesant 63 | OHL DIST Distance protection 3phase | overreachzone
(RTE) tripped the line incorrectly. Z.<120% line
12:33:20:518 Mouguerre (RTE) Lussagnet (RTE) 63 | OHL 0sT Loss of synchronism 3phase | 1beat
12:33:20:551 Dax (RTE) Transformer 1 63 | OCHL 0sT Loss of synchronism 3phase | 1beat
400/63kV
12:33:20:572 Aire-Sur-Adour (RTE) Transformer 3 63 | OHL 0sT Loss of synchronism 3phase | 1beat
400/63kV
12:33:20:583 Midour (RTE) Usson (RTE) 63 | OCHL 0sT Loss of synchronism 3phase | 1beat
12:33:21:280 Issel (RTE) Marsillon (RTE) 400 | TR 0sT Loss of synchronism 3phase | 2beats
12:33:21:280 Issel (RTE) Orlu (RTE) 400 | TR 0ST Loss of synchronism 3phase | 2beats
12:33:21:382 Lavelanet (RTE) Bus coupler 63 | OHL 0ST Loss of synchronism 3phase | 2beats
12:33:21:404 Berge (RTE) Porta (RTE) 225 | OHL 0ST Loss of synchronism 3phase | 2beats
12:33:21:410 Nentilla (RTE) Cantegrit (RTE) 150 | OHL 0sT Loss of synchronism 3phase | 2beats
12:33:21:418 Argia (RTE) Berge (RTE) 225 | COUPLER | OST Loss of synchronism 3phase | 2beats
12:33:21:423 Latour-de-Carol (RTE) PORTA (RTE) 63 | OHL 0sT Loss of synchronism 3phase | 2beats
12:33:21:427 Marsillon (RTE) CANTEGRIT (RTE) 225 | OHL 0ST Loss of synchronism 3phase | 2beats
12:33:21:451 Marsillon (RTE) BERGE (RTE) 225 | OHL 0sT Loss of synchronism 3phase | 2beats

Table 3-6: List of tripped lines in France

3.2.2.9.1 63kVMOUSSEROLLES (RTE)—LE BOUCAU (RTE)
At 12:33:20:298, the Mousserolles (RTE)—Le Boucau
(RTE) 63 kV line opened in the Mousserolles substation.
The distance protection tripped the line because the
measured impedance crossed the characteristic. In this

3.2.2.9.2 63kVMOUGUERRE (RTE)—GUICHE (RTE)

At 13:33:20.518, Mouguerre (RTE)—Guiche (RTE) 63 kV
OHL opened in the Mouguerre substation due to the
loss of synchronism protections function trip. The loss of
synchronism protection function is set to trip on the first

case, the protection should have been in blocking state
(power swing blocking) and not tripped. The malfunc-
tion of the distance relay is currently under investigation
at RTE.

beat (swing) of voltage if the voltage dip reaches the
preset value. The protection system of the OHL tripped
according to its settings.
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Figure 3-60: DRS loss of synchronism protections operating principle
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Explanation of the operation of the loss of synchronism
protection: the loss of synchronism protection perma-
nently measures the voltage peak values. When the
relay measures at least 10 consecutive decreasing peaks
followed by four consecutive increasing peaks, it detects
one beat if the minimum voltage reached is below a

3.2.2.9.3 63kV DAX (RTE)—ARRIOSSES (RTE)

At 13:33:20.551, Dax (RTE)—Arriosses (RTE) 63 kV OHL
opened in the Dax substation due to the loss of synchro-
nism protection function trip. The loss of synchronism
protection function is set to trip on the first beat (swing)

configured voltage threshold. After detecting the config-
ured number of beats, the relay is ready to trip, and it
will trip after a time delay that starts when the average
RMS voltage during the oscillation is exceeded, as seen
in Figure 3-60.

of voltage if the voltage dip reaches the preset value.
The protection system of the OHL tripped according to its
settings.

3.2.2.9.4 63kVAIRE SURADOUR (RTE)—BORDERES ET LAMESANT (RTE)

At13:33:20.572, Aire sur Adour (RTE)—Borderes et Lame-
sant (RTE) 63 kV OHL opened in the Aire sur Adour substa-
tion due to the loss of synchronism protection function
trip. The loss of synchronism protection function is set to

3.2.2.9.5 63kVMIDOUR (RTE)—LUSSAGNET (RTE)

At 13:33:20.583, Midour (RTE)—Lussagnet (RTE) 63 kV
OHL opened in the Midour substation due to the loss
of synchronism protection function trip. The loss of
synchronism protection function is set to trip on the first

trip on the first beat (swing) of voltage if the voltage dip
reaches the preset value. The protection system of the
OHL tripped according to its settings.

beat (swing) of voltage if the voltage dip reaches the
preset value. The protection system of the OHL tripped
according to its settings.

3.2.2.9.6 400kV/63kV Transformer 1 at ISSEL (RTE) substation

At 12:33:21:290, the 400kV/63 kV Transformer 1 at Issel
(RTE) substation tripped on 400kV due to the loss of
synchronism protection function operation. The protec-
tion tripped on the second beat (swing) of voltage on

400KV because at the first beat, there was not enough
voltage dip according to the settings, as shown in Figure
3-61 the protection system of the transformer operated
according to its settings.

Tension/kV
55 /\ ~
. N
) e e
40
-ld.O —7‘.5 -5‘.0 -2‘.5 0:0 2‘.5 5‘0

“t/s

Figure 3-61: The voltage dip in the first and second swing on the Transformer 1 at Issel (RTE) substation.
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3.2.2.9.7

At 12:33:21:310, the 400/63 kV Transformer 3 at Issel
(RTE) substation tripped on 400kV due to the loss of
synchronism protection function operation. The protec-
tion tripped on the second beat (swing) of voltage on

3.2.2.9.8 63KV LAVELANET (RTE)—USSON (RTE)

At 13:33:21.382, Lavelanet (RTE)—Usson (RTE) 63 kV
OHL opened in the Lavelanet substation due to the loss
of synchronism protection function trip. The protection
tripped on the second beat (swing) of voltage because

400kV/63kV Transformer 3 at Issel (RTE) substation

400kV because at the first beat, there was not enough
voltage dip according to the settings. The protection
system of the transformer operated according to its
settings.

at the first beat, there was not enough voltage dip
according to the settings, as shown in Figure 3-62.The
protection system of the OHL tripped according to its
settings.

Tension/kV
60
( -
55 /\ \J//k/ \/-\v_
50
First swing: \)
i Depth: approximately 84 % Second swing: .
Depth: approximately 79 %
40
| | | | I | | t/s
-10.0 -1.5 -5.0 -2.5 0.0 2.5 5.0
Figure 3-62: The voltage dip in the first and second swing at Lavelanet (RTE) substation.
A
\

168 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



3.2.2.9.9 225kV BERGE (RTE)—MARSILLON (RTE)

At 13:33:21.404, Berge (RTE)—Marsillon (RTE) 225 kV
OHL opened in the Berge substation due to the loss of
synchronism protection function trip. The protection
tripped on the second beat (swing) of voltage at 65 %
voltage dip. The beats (swings) are much deeperin the

Berge substation than on the other end of the line. Figure
3-63 shows that the first beat was not deep enough
to trigger the protection. The protection triggered on
the second beat, which is much deeper, in line with its
settings.

E— f /
50
40 // \\ /
30
Firstswing: |l \/
Depth around 44 % A
20
First swing:

10 Deptharound42% |
0

| | | | | | |

-1.5 -1.0 -0.5 0.0 0.5 1.0 15

Figure 3-63: Voltage pulse on the Berge—Marsillon lines

3.2.2.9.10 150KV NENTILLA (RTE)—ORLU (RTE)

At 13:33:21.410, Nentilla (RTE)—0Orlu (RTE) 150kV OHL
opened in Nenti substation due to the loss of synchro-
nism protection function trip. The protection tripped on
the second beat (swing) of voltage because at the first

3.2.2.9.11 225kVARGIA (RTE)—Bus Coupler

At 13:33:21.418, Argia (RTE) 225 kV bus coupler circuit
breaker opened due to the loss of synchronism protec-
tion function trip. The protection tripped on the second
beat (swing) of voltage. The protection system of the OHL
tripped according to its settings.

beat, there was not enough voltage dip according to
the settings. The protection system of the OHL tripped
according to its settings.
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3.2.2.9.12 63kVLATOUR-DE-CAROL (RTE)—PORTA (RTE)

At 13:33:21.423, Latour-de-Carol (RTE)—Porta (RTE)
63kV OHL opened in the Latour-de-Carol substation due
to the loss of synchronism protection function trip. The
protection tripped on the second beat (swing) of voltage

3.2.2.9.13 225kV MARSILLON (RTE)—CANTEGRIT (RTE)

At 13:33:21.427, Marsillon (RTE)—Cantegrit (RTE) 225 kV
OHL opened in the Marsillon substation due to the loss
of synchronism protection function trip. The protection
tripped on the second beat (swing) of voltage. The

3.2.2.9.14 225KkV MARSILLON (RTE)—BERGE (RTE)

At 13:33:21.451, Marsillon (RTE)—Berge (RTE) 225 kV
OHL opened in the Marsillon substation due to the loss
of synchronism protection function trip. The protection

3.3 System Defence Plan

Commission Reqgulation (EU) 2017/2196 of 24 November
2017 established the Network Code on Electricity Emer-
gency and Restoration (NC ER). This regulation outlines
the rules for (i) safequarding operational security, (ii)
preventing the propagation and deterioration of an
incident, (iii) avoiding widespread disturbance and the
blackout state, and (iv) allowing the efficient and rapid

3.3.1

The Spanish defence plan for a situation involving a
sudden drop in system frequency due to an imbalance
between production and consumption includes the
following two strategies, in accordance with Article 15
ofthe NCER:

Spanish System Defence Plan

» 1. Automatic low frequency pump-storage
disconnection plan

» 2. Automatic low frequency demand discon-
nection strategy.

The first strategy consists of two steps, with activation
thresholds of 49.5Hz and 49.3 Hz. The second strategy
defines six frequency thresholds, beginning at 49 Hz
and decreasing in 0.2 Hz intervals down to 48 Hz. At each
threshold, portions of demand are progressively discon-
nected, as shown in Table 3-7 and Figure 3-64.

because at the first beat, there was not enough voltage
dip according to the settings. The protection system of
the OHL tripped according to its settings.

protection system of the OHL tripped according to its
settings. The loss of synchronism protection of Cantegrit
had tripped previously, but subsequently opened the
breakerat12:33:21:437.

tripped on the second beat (swing) of voltage. The
protection system of the OHL tripped according to its
settings.

restoration of the electricity system from emergency
and/or blackout states.

Section 2 of the requlation establishes the require-
ments for the design and implementation of the System
Defence Plan. In particular, Article 15 sets out the require-
ments for the automatic underfrequency control scheme.

Step Threshold (Hz) Demand disconnected

(% of total load)
1 49.0 6
2nd 48.8 9
3v 48.6 8
AL 48.4 8
5th 48.2 7
6 48.0 7

Table 3-7: Low Frequency demand disconnection plan
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Figure 3-64: Activation of the Low Frequency Demand Disconnection Plan for RE.

The Spanish defence plan has incorporated demand
across different frequency steps, taking into account its
geographical location to ensure a balanced impact on
both congestion and voltage levels. The plan does not
have specific measures related to voltage; it is primarily
designed to maintain the balance between genera-
tion and demand, which is reflected in the change of
frequency.

Per the Spanish defence plan, the LFDD demand discon-
nected at each frequency level is, in some cases, phys-
ically disconnected at the connection point of specific
load units, while in others, it is physically disconnected
at the distribution connection points. This means that a
specificsection of the distribution system is disconnected
in its entirety, regardless of whether active/reactive
power is being injected or absorbed by that section.

3.3.1.1 Automatic Low Frequency Disconnection of Pump Storage

Before the incident, the total power from pumping units
was 3,031 MW, of which 2,365 MW came from pumping
associated with the first frequency threshold (49.5 Hz)
and 666 MW with the second frequency threshold
(49.3Hz).

At 12:33:20.180, the system frequency fell below
49.5Hz, triggering the first step of the automatic low
frequency disconnection of pump-storage units. The
disconnection associated with this initial threshold was
effective between 12:33:20.133 and 12:33:20.800. At
that time, 24 pumping units were available, 20 of which
were tripped. However, two of these were disconnected
due to unrelated causes, before the operation of the
underfrequency relay. Of the remaining four units,
one was disconnected at 12:33:23.888 due to loss of

AN

synchronism. No information is available for the discon-
nection of the remaining three. The total pump-storage
power disconnected at this frequency threshold amounts
t0 2,168 MW out of 2,365 MW (91 %).

At 12:33:20.500, the frequency fell below 49.3 Hz, trig-
gering the activation of the second step. At this stage, six
pump units were available. However, one pump-storage
unit disconnected at 12:33:24.000 due to undervoltage
issues. At this frequency threshold, the total power
disconnected amounts to 588 MW.

Considering both frequency thresholds, the pump
storage disconnection amounts to 2,756 MW.

Y
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Table 3-8 shows the pump storage disconnection for both steps.

Pump-storage Step [Hz] P Tripped Pump-storage Step [Hz] P Tripped
Pump1 49.5 Y Pump 18 495 Y
Pump 2 495 Y Pump 19 495 Y
Pump 3 49.5 Y Pump 20 49.5 Y
Pump 4 49.5 No information Pump 21 49.5 Y
available
Pump 5 49.5 No information Pump 22 49.5 Y
available
Pump 6 49.5 Y Pump 23 49.5 Y
Pump 7 49.5 Y Pump 24 49.5 Y
Pump 8 49.5 Y TOTAL at 49,5 Hz (MW) 2,168
Pump 9 49.5 Y Pump 25 493 Y
Pump 10 49.5 Y Pump 26 49.3 Y
Pump 11 49.5 Y Pump 27 493 Y
Pump 12 49.5 Y Pump 28 49.3 failed
Pump 13 49.5 No information Pump 29 49.3 Y
available
Pump 14 495 Y Pump 30 493 Y
Pump 15 49.5 Y TOTAL at 49,3 Hz (MW) 588
Pump 16 49.5 Y TOTAL (both steps) (MW) 2,756
Pump 17 49.5 Y

Table 3-8: Pump storage disconnection for the Spanish system
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3.3.1.2

0n 28 April 2025 at 12:30:00, the total consumption in
Spain reached 25,184 MW, as shown in Figure 2-5 of
Chapter 2, representing the total load estimate closest
to the instant of LFDD activation. It is currently not clear
whether distributed generation was also disconnected
inany LFDD step (this will be assessed in the final report).
From 12:33:20.600 onwards, the six frequency steps of
the low frequency automatic demand disconnection
plan were activated as follows:

» At12:33:20.600, the system frequency dropped
below 49.0Hz, triggering the activation of the
first step of load shedding. During this step, a
total of 1,175.9 MW of load was disconnected.

» At12:33:20.760, the system frequency dropped
below 48.8Hz, triggering the activation of the
second step of load shedding. The total load
shed in this step was 1,669.1 MW,

» At12:33:21.000, the system frequency dropped
below 48.6 Hz, triggering the activation of
the third stage of load shedding. The total
amount of load disconnected in this stage was
1,574.6 MW.

» At12:33:21.380, the system frequency dropped
below 48.4 Hz, triggering the activation of the
fourth step of load shedding. The total load
shed in this step was 1,523.9 MW,

» At12:33:21.820, the system frequency dropped
below 48.2 Hz, triggering the activation of the
fifth step of load shedding. The total load shed
in this step was 1,294.3 MW.

» At12:33:22.040, the system frequency dropped
below 48.0Hz, triggering the activation of the
sixth step of load shedding. The total load shed
in this stepwas 1,267.1 MW.

Low Frequency Automatic Demand Disconnection

Notably, two DSOs reported that a few underfrequency
relays had not yet been adapted to the agreed low
frequency demand disconnection scheme. As a result,
71.03 MW were disconnected at 48.7 Hz, although they
are currently programmed to activate at 48.6 Hz. There-
fore, the 71.03 MW at 48.7 Hz were added to the 48.6 Hz
frequency threshold.

The total disconnected demand was 8,504.9 MW, repre-
senting approximately 34 % of the prior total consump-
tion. This value falls short of the theoretical target set
by the defence plan, which establishes a range with a
minimum of 38 %. This includes the load from consumers
connected atthe transmission grid and at the distribution
grid. Table 3-9 presents the net demand disconnected
during the six steps.

Step Threshold Load Real Plan
(Hz) | disconected (% of total (% of total

(Mw) load) load)

1 49.0 1,176 4.7 6
2 48.8 1,669 6.6 9
3 48.6 1,575 6.3 8
AL 48.4 1,524 6.1 8
5th 48.2 1,294 5.1 7
6" 48.0 1,267 5.0 7
TOTAL 8,505 33.8 45.0

Table 3-9: Demand disconnection for the Spanish System (preliminary
estimation)
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3.3.2 Portuguese System Defence Plan

The frequency drop activated the underfrequency
defence plan of the Portuguese electrical system, in
accordance with Article 15 of Requlation (EU) 2017/2196
issued by the Commission on Emergency and Restora-
tion. The plan foresees progressive load shedding based
on frequency thresholds, described as follows:

» From 49.8Hz to 49.3Hz, the defence plan
automatically shed the hydroelectric units in
pumping mode.

» At 49.2 Hz, the defence plan shed the electro-in-
tensive industrial load at the TSO and DSO level.

» From 49.0 Hz to 48.0 Hz, the defence plan shed
distribution-connected consumers.

According to REN and E-REDES data, the total shed active
power was:

» Hydroelectricunits in pumping mode: 2,098 MW
» Electro-intensive industrial consumers: 218 MW
» Distribution network consumers: 1,955 MW.

0On 28 April 2025 at 12:33:00, the total consumptionin
Portugal amounted to 5,865 MW.

The preliminary estimation of the total demand discon-
nected as part of LFDD, between 49.0Hz and 48.0 Hz,
amounted to 1,955 MW, representing 33.3 % of the prior
total consumption. Considering the 218 MW of electro-in-
tensive industrial consumers disconnected at 49.2 Hz, the
total disconnected demand represents 37.1 % of prior
total consumption. This value falls short of the theoret-
ical target set by the defence plan, which establishes a
range with a minimum of 38 %. Details can be found in
Table 3-10, Table 3-11, Table 3-12, and Figure 3-65.

The Portuguese defence plan is designed to shed
consumption in different frequency steps. Geograph-
ical dispersion of the consumption to be shed in each
frequency step is assured, mitigating the impacts of
congestions and voltages in the grids.

Per the Portuguese defence plan, the LFDD demand
disconnected at each frequency level is, in some
cases, physically disconnected at the connection point
of specific load units, while in others, it is physically
disconnected at the distribution grid and at transmission
connection points with the distribution grid. This means
that a specific section of the distribution system is discon-
nected in its entirety, regardless of whether active/reac-
tive power is being injected or absorbed by that section.

Pump-storage Step (Hz) | Pprevious (MW) | P tripped (MW)
Pump 1 49.8 18 18
Pump 2 49.8 18 18
Pump 3 49.8 124 124
Pump &4 49.8 0 0
Pump 5 49.8 0 0
Pump 6 49.8 221 221
Pump7 49.8 0 0
Pump 8 49.8 0 0
TOTAL at 49.8 Hz 381 381
Pump9 49.7 0 0
Pump 10 49.7 113 113
Pump 11 49.7 337 337
TOTAL at 49.7 Hz 450 450
Pump 12 49.6 0 0
Pump 13 49.6 0 0
Pump 14 49.6 219 219
Pump 15 49.6 219 219
TOTAL at 49.6 Hz 438 438
Pump 16 49.5 0 0
Pump 17 49.5 114 114
Pump 18 49.5 14 14
Pump 19 49.5 75 75
Pump 20 49.5 207 207
TOTAL at 49.5Hz 470 470
Pump 21 49.4 0 0
Pump 22 49.4 0 0
Pump 23 49.4 0 0
Pump 24 49.4 0 0
TOTAL at 49.4 Hz 0 0
Pump 25 49.3 30 30
Pump 26 49.3 0 0
Pump 27 49.3 329 329
TOTAL at 49.3Hz 359 359
TOTAL (all steps) 2,098 2,098

Table 3-10: Pump storage disconnection for the Portuguese system
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Threshold (Hz) Electro-intensive load disconnected Threshold (Hz) Load Real Planned
(Mw) disconnected | (% oftotalload) | (% of total load)
(Mw)
49.2 218
49.0 315 5.3 6.7
Table 3-11: Disconnection of electro-intensive industrial consumers for the 48.8 293 5.0 66
Portuguese System 48.6 315 53 6.9
48.4 323 5.5 6.6
48.2 282 4.8 6.4
48.0 427 1.3 9.7
TOTAL 1,955 33.3 429
Table 3-12: Demand disconnection as part of the LFDD plan for the Portuguese
system (preliminary estimation)
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Figure 3-65: Activation of the low frequency demand disconnection plan for REN
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3.3.3 French System Defence Plan

The French defence plan of RTE includes the following mechanisms:

» Aload shedding plan on a frequency criterion aimed at ~ » Local relays called DRS (Débouclage suite a Rupture
fighting frequency collapses, which sheds 45 % of the de Synchronisme - see Section 3.2.2.4), a French
total load in six steps between 49 and 48 Hz. acronym for area islanding protections in case of loss

of synchronism, should detect any loss of synchronism
| |

and immediately isolate the ill network portion from
Step | Threshold Demand Step | Threshold Demand . .
(Hz) | disconnected (Hz) | disconnected the healthy one. To accomplish this, the defence plan
(% °flt°at3]l (%Ofltotg)l defines a synchronism zone, with loss of synchronism
0 04 . . .
protection (DRS) installed at the border of this zone.
1 49.0 5 4 48.4 8
2 48.8 8 5" 48.2 8 As presented in Section 3.2, the French defence plan
3 48.6 8 6 48.0 8 worked as expected. Many losses of synchronism

protection (DRS) were triggered at the boundary of the
synchronism zone defined in the defence plan, as shown
in Figure 3-66.

Table 3-13: Low Frequency demand disconnection plan
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Figure 3-66: Defence plan synchronism zone on the southwest of France

On the other hand, some load shedding based on the frequency criterion occurred in the Basque Country, in accord-
ance with the plan.

3.3.4 Overview of Pump-Storage Shedding

Before the incident, 5,129 MW of pump-storage units X
were connected: 3,031 MW in the Spanish network System Frequency threshold (Hz) Disconnected load (MW)
and 2,098 MW in the Portuguese network. As a result "1 %8 381
of the underfrequency condition, 2,756 MW of pump PT 49.7 450
storage disconnected in Spain and 2,098 MW of pump PT 49.6 438
storage disconnected in Portugal, with a total power of ES 495 2,168
4,854 MW, to support the restoration of the generation- - 495 470
demand balance.

PT 49.4 0
Table 3-14 shows the frequency thresholds and the B i 2
pump storage disconnected in each step. Notably, the PT 49.3 359
load shedding relays of some units experienced delays TOTAL 4,854

in their proper operation.
Table 3-14: Pumped storage tripped per frequency threshold

A

\2
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3.3.5

Due to the underfrequency condition in the Iberian
Peninsula, all the frequency thresholds defined in
the system defence plan in Portugal and Spain were
reached, and the pump-storage and load shedding were
activated to try to restore generation-demand balance.
In particular:

Overview of Load Shedding

»In Spain, 8,505 MW of consumption were
disconnected, including 1,402.5 MW from
industrial consumers connected to the trans-
mission grid and 7,102.4 MW of load in the
distribution network.

The effective load shedding in Portugal and Spain
reached 10,678 MW, as shown in Table 3-15 and Figure
3-67.

The values for the transmission load shedding in the
Spanish system were obtained mainly from COMTRADE
files and verified against previous SCADA values. There
are no COMTRADE files available from load shedding in
the distribution network in the Portuguese and Spanish
systems. Distribution load shedding values were
provided by the DSOs.

» In Portugal, 2,173 MW of consumption were
disconnected, including 218 MW from indus-
trial consumers and 1,955 MW of load in the
distribution network.

Electro-intensive Industrial Consumers (MW) Other Load (MW)

Threshold (Hz) PT ES PT ES TOTAL
49.2 218 218
49.0 315 1,176 1,491
48.8 293 1,669 1,962
48.6 315 1,575 1,890
48.4 323 1,524 1,847
48.2 282 1,294 1,576
48.0 427 1,267 1,694
TOTAL 218 1,955 8,505 10,678

Table 3-15: Load shedding for ES and PT

Threshold DSO1 (ES) DSO02 (ES) DSO03 (ES) DSO4 (ES) DSO5 (ES) E-REDES (PT) Total DSO
(Hz) (Mw) (Mw) (Mw) (Mw) (Mw) (Mw) (Mw)

49.0 85.1 23.7 97.0 315.0 520.8

48.8 529.9 190.0 7615 293.0 1,780.4
48.7 49.6 214 71.0

48.6 423.9 195.7 5.2 628.1 315.0 1,567.9
48.4 633.8 216.8 21.6 651.7 323.0 1,846.9
48.2 4123 2203 60.4 12.2 589.1 282.0 1,576.3
48.0 544.1 218.2 0.7 11.6 492.5 427.0 1,694.1
TOTAL 2,678.7 1,064.7 61.1 50.6 3,241.3 1,955.0 9,057.4

Table 3-16: Distribution load shedding per frequency threshold
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Figure 3-67: System defence plan threshold, grid tripping, load and pump-storage shedding
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Figure 3-68: Activation of the low frequency demand disconnection plan for the Iberian Peninsula.
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3.4
on the French Network

The blackoutincident of 28 April had a significant impact
on multiple system users connected to the French power
grid. The impact was related to overvoltage incidents,
as well as the observed oscillations when the loss of
synchronism occurred.

This impact was mainly concentrated in the southwest
area of France.

Regarding the load impact, two substations at the distri-
bution levelin the Basque Country were impacted by the
dynamic phenomena during the collapse phase.

The first substation was shed due to the frequency load
shedding defence plan.

The second substation lost supply due to the activation of
the loss of synchronism protection.

The total unsupplied power amounted to 7 MW. System
users were restored within 15-20 minutes.

Regarding the impact on industrial system users, approx-
imately 15 experienced total or partial process inter-
ruptions due to the activation of their own protections
(related to voltage or oscillations).

Some suffered equipment damage, while others experi-
enced a slow restart following necessary cleaning proce-
dures. Additional users experienced voltage dips.

Impact of the Blackout on System Users

0On the generation side, one nuclear power plant expe-
rienced an automatic interruption of the reactor, and
around 20 other generation facilities connected to the
transmission grid, as well as additional power plants on
the distribution grid, tripped.

This was related either to:

» Low transient frequency
» High current level on the stator side

» Loss of synchronism

Other generation facilities tripped due to high voltage
levels. This was the case for two hydraulic power units, as
well as some PVand wind turbines. The two hydropower
pumps were consuming around 200 MW.

Generation facilities connected to networks below 45 kV
were disconnected due to the activation of protections,
primarily related to overvoltages.

Finally, a few batteries that were connected before the
event were disconnected very briefly. The total loss
of supplied power was minor (around 5 MW), and the
restart took between one and three minutes.
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4 RESTORATION PROCESS

The objective of this chapteristo explain
the restoration process in the systems
affected by the incident, namely the
Portuguese and Spanish systems. In the
case of the French system, the incident
only impacted a local area, as described
in Section 4.3.

4.1

Restoring electrical grids in continental Europe after
significant disruptions occur is a3 complex and coordi-
nated process. TSOs work collaboratively in accordance
with Regulation (EU) 2017/2196, which established the
Network Code on Electricity Emergency and Restoration
(hereinafter NC ER) to re-establish electricity supply
through a mixture of "top-down" and "bottom-up”

4.1.1
for the restoration process

The restoration process in Spain used a combination of
top-down and bottom-up restoration strategies. For the
top-down strategy, support was activated through the
neighbouring countries, creating three zones with stable
frequency and voltage that progressed and subsequently
synchronised with the remaining areas. Specifically, the
following supports were activated:

» Support from France through the interconnec-
tions via the Pais Vasco

» Support from France through one of the inter-
connections via Cataluia

» Support from Morocco through one of the inter-
connections via Andalucia

In parallel, the bottom-up strategy was implemented by
initiating re-energisation through hydropower plants
(HPP) with black-start capability.

This chapter is divided into five sections:
» 4.1 Preconditions and strategies
for the restoration process
» 4.2 Restoration sequences
» 4.3 Generation and load recovery
» 4.4 Steps after system restoration
» 4.5 Market restoration

Preconditions and strategies for the restoration process

approaches. The top-down approach utilises voltage
from neighbouring, healthy parts of the network, while
the bottom-up approach relies on the black-start capa-
bility of power plants. Black-start capability enables
certain power plants to start up independently without
an external power supply, which is vital for gradual
restoration when no external voltage is available.

Red Eléctrica preconditions and strategies

The restoration plan for the Spanish peninsular (i.e.
mainland) electrical system divides the network into
seven specific areas, as shown in Figure 4-1. Each area
contains at least two HPPs with black-start capability,
with one serving as backup to the other. This designiis in
accordance with Article 23(4)(f) of the NCER.
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Figure 4-1: Specific restoration plans for the Spanish system - Red Eléctrica
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Restoration process timeline

» At 12:33, restoration service plans were activated in all
seven areas.

» At 12:34, REN was contacted to confirm that the entire
Portuguese electrical grid was without voltage,
as indicated by the Red Eléctrica control system.
Additionally, it was confirmed that they had initiated the
process of restoring the Portuguese electrical system.

» At 12:36, Red Eléctrica communicated the situation
in its control area to the rest of the European system
operators (TS0s), changing the system state from
normal to blackout via the ENTSO-E Awareness System
(EAS). Almost immediately, the state was changed again
to restoration state.

» At 12:36, RTE was contacted to confirm that their
transmission network had not experienced any
incidents, as indicated by the Red Eléctrica control
system. Additionally, RTE was requested to send support
to Red Eléctrica through the 400 kV Argia—Hernani and
Baixas—Vic lines.

4.1.2

Plan “Plano Nacional de Reposicdo de Servigo". This
procedure establishes the restoration strategies
following a generalised blackout of the Portuguese
system. The strategies used differ depending on whether
the generalised shutdown is national (top-down resto-
ration, with support from the Spanish system) or Iberian
(bottom-up restoration, without support from the
Spanish system).

In line with Article 23(4)(f)NCER, the Portuguese
system has two power plants with black-start capa-
bility, one serving as backup to the other. The National
Service Restoration Plan foresees the restoration of the
Portuguese system from one of these power plants, or
from the start-up of both, depending on operational
conditions.

Therefore, Red Eléctrica could provide no support during
the first hours, and the restoration had to be started by
the two power plants with black-start system capability
in Portugal (bottom-up strategy): Combined Cycle Gas
Turbine Powerplant (CCGT) 1-Norte, located near the
Oporto area, and HPP 1-Centro near Lisbon.

» At 12:44, market activities were suspended in
accordance with Article 35 of Requlation (EU) 2017/2196
and Operating Procedure 3.9. In coordination with the
NEMO (OMIE-Operador del Mercado Ibérico de Energia),
intraday markets and adjustment services markets were
suspended.

» At 12:47, L'Office National de l'Electricité et de I'Eau
potable (ONEE) in Morocco was contacted to confirm
that their transmission network had not experienced
any incidents, as indicated by the Red Eléctrica control
system. It was also agreed to provide support up to
100 MW through one of the submarine cables that
connects Morocco with Spain.

REN: preconditions and strategies for the restoration process

To restore the system as soon as possible, the dispatch
centre operators (located in Sacavém) and network
operation centre operators (located in Vermoim) were
divided into two teams: the first team was in charge of
establishing an electrical island with HPP 1-Centro, and
the second team was in charge of establishing an elec-
trical island with CCGT 1-Norte.

Ina phone call at 12:34, it was verified with Red Eléctrica
that the blackout affected the entire Iberian Peninsula.

At 12:38, the Portuguese system state was changed
from normal to blackout state in the EAS. At 17:04, it was
changed to the restoration state.

As a result of this incident, REN requested that the NEMO
(OMIE):

» Cancel "in advance" the first intraday auction
for 29 April

» Haltthe negotiation on the continuous intraday
market

» Cancel "in advance" the second intraday
auction for 29 April

» Cancel "in advance" the third intraday auction
for 29 April
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Additionally, REN suspended the transactions on:

» TERRE (Trans European Replacement Reserves » National aFRR capacity market and national
Exchange): The hour between 13:00 and 14:00 redispatch markets for the remaining periods
on 28 April was the last period during which on 28 April and all periods on 29 April.

transactions were established on TERRE.

» MARI (Manually Activated Reserves Initiative):
The quarter-hour between 12:45 and 13:00
on 28 April was the last period during which
transactions were established on MARI.

4.1.3 RTE preconditions and strategies for the restoration process

There was only one 63 kV substation (SS) withoutvoltage  The nuclear power plant that tripped also had a limited
on the RTE grid (Arriosse), as shown in Figure 4-2, which impact. Therefore, the restoration plan was not acti-
had a limited impact on customers, as they were already ~ vated, and the plant was re-energised on the next day,
supplied via the DSO network at 12: 49. Therefore, the 29 April, at 16:15.

restoration plan was not activated, and this SS was

re-energised at 13:57.
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4.2 Restoration sequences

This section describes the restoration sequences in detail, from the first actions until the total restoration of the

Spanish, Portuguese, and French systems.

4.2.1

Restoration process timeline

» At 12:43, the L-400kV Argia—Hernani interconnection
was energised, initiating the top-down re-energisation
strateqgy, as established in the procedure for mutual
support of the Spanish and French systems after
incidents. This marked the beginning of the restoration
of the Northern zone with voltage from France.

» At 12:55, the HPP Extremadura3! 1, with black-start
capability, was started to supply auxiliary services to
a nuclear power plant and stabilise the load at the
220kV Talavera SS. At 13:56, the group tripped, losing
the created electrical island.

» At 13:00, HPP Duero®? 1, with black-start capability,
was started, initiating the Duero 1 electrical island to
supply critical loads, other HPPs, and synchronisation
with the Northern zone. At 13:12, the group tripped. It
was started up again at 14:20.

» At 13:04, voltage was received from Morocco, initiating
the restoration of the Southern zone. It was agreed
with ONEE to provide support up to 100 MW through one
of the submarine cables connecting the two systems.
After the disconnection,®® caused by an underfrequency
relay trip at 14:27, voltage was restored from Morocco
at 14:34. The network energisation from the 400 kV
Tarifa SS was restarted to enable voltage supply to the
thermal groups in the area.

At 13:06, HPP East Asturias, with black start-up
capability, was started. At 13:20, the group tripped,
preventing the initiation of the East Asturias electrical
island from the start-up of this HPP.

At 13:26, HPP Galicia, with black-start capability, was
started, initiating the Galicia electricalisland to supply
load in Galicia and critical loads, and to attempt to
energise the auxiliary services of several thermal power
plants (TPPs).

>

7

>

7

Spanish system restoration by Red Eléctrica

» At 13:35, the L-400kV Baixas—Vic interconnection
was switched on in Cataluia, starting the top-down
re-energisation strategy in the Catalufa area, as
established in the procedure for mutual support of the
Spanish and French systems after incidents. This marked
the beginning of the restoration of the Eastern zone
with voltage from France. The main objectives were to
supply auxiliary services for TPPs, supply critical loads,
and synchronise with the other areas.

» At 13:52, HPP Levante, with black-start capability, was
started, initiating the Levante electrical island to
attempt to energise the auxiliary services of the TPPs
in the northern Levante area.

» At 14:11, HPP Duero®? 2, with black-start capability,
was started, initiating the Duero 2 electrical island to
supply critical loads, other HPPs, and synchronise with
the otherislands.

» At 14:11, HPP Cantabria, with black-start capability,
was started, initiating the Cantabria electrical island
to supply load in the Cantabria area, supply auxiliary
services for several TPPs, and synchronise with the
islands created in the Asturias area.

At 14:22, HPP Extremadura®' 2, with black-start
capability, was started using a soft-start process®* to
supply the auxiliary services of a nuclear power plant
and create the Centro electrical island, enabling load
stabilisation and the connection of the remaining HPPs
and TPPs.

At 14:28, HPP West Asturias, with black-start capability,
was started, initiating the West Asturias electrical
island in the 132 kV distribution network to supply
load in the Asturias area, connect other HPPs, and
synchronise with the East Asturias and Cantabria
electricalislands. At 15:01, HPP Aragdn, with black-start
capability, was started, initiating the Aragdn electrical
island to connect other nearby HPP and supply the
auxiliary services of several TTPs.

>
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31  HPPExtremadura 1 and Extremadura 2 are in the same area, with one serving as backup for the other.

32 HPPDuero1landDuero 2 are in the same area, with one serving as backup of the other.

33 The cause of underfrequency situation is still to be determined. Load restoration in the Spanish system had been halted a few minutes before the trip.

34 The process of energising the grid with gradually increasing voltage.
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» At 15:07, all nuclear power plants confirmed having » At 15:16, HPP Madrid, with black-start capability,

external supply for their auxiliary services. started. After several attempts, it was not possible to
create the island, whose objective was to supply the
auxiliary services of a TPP and some stabilisation loads
inthe Toledo area.

» At 15:25, an attempt was made to start the available
HPP with black-start capability of Andalucia without
success. Taking into account the proximity and progress
of the Southern zone, the re-energisation of the
Andalucia area from the zones with stable voltage and
frequency was prioritised to speed up the restoration
of the zone.

West Asturias
.~ 14:28h

~ E Hernam 400 kv
12:43h

o

"'"";_-}13:52h = 2

4= Support from France

4= Support from Morocco
P . HPP with back start capacibility

. HPP with black start.
Unsuccessful start

Hassamecs Ee N 4

Figure 4-3: Starting time of HPP with black-start capability and supports from interconnections with France and Morocco - Red Eléctrica
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To speed up the restoration process, re-energisation Figure 4-4 shows the evolution of the restoration in the
from the zones with stable voltage and frequency tothe  transmission network and black-start islands through
others was prioritised as much as possible. 15:30.

At 15:14, the first TPP was connected in the Southern
zone.
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Figure 4-4: Evolution of the restoration in the transmission network and black-start islands through 15:30 (1,952 MW of load supplied) - Red Eléctrica
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Restoration process timeline

» At 15:59, one link of the HVDC Baixas—Sta. Llogaia » At 16:34, the L-400kV La Plana—Masdenvergue was

interconnection was switched on. switched on to initiate the restoration process in the
Levante zone with stable voltage and frequency from
the Eastern zone. Subsequently, the auxiliary services
of the TPPs in the northern Levante area were supplied.

» At 16:03, the HPP Levante tripped, losing the Levante
electricalisland.

» At 16:06, the HPPs Cantabria tripped, losing the
Cantabria electrical island. Taking into account the
proximity and progress of the Northern zone, the
re-energisation of the Cantabria area from the zones
with stable voltage and frequency was prioritised to
speed up the restoration of the zone.

» At 16:20, the first TTP was connected in the Northern > At 16:54, the Northern zone was synchronised with
zone. the Aragon electrical island through the L-220 kv

Escatron—Villanueva. The situation is represented in

Figure 4-5.

» At 16:43, a new attempt was made to create the
Levante electrical island from HPP Levante, without
success. At 17:23,the 400 kV SS La Muela was energised
from the Eastern zone, and the HPPs were connected
toit.

» At16:21, L-400 kV Aguayo—Abanto was energised from
the Northern zone. Subsequently, the HPPs of Cantabria
were re-connected. From this point, once synchronised
with continental Europe's frequency, the restoration of
the Cantabria area and the supply of auxiliary services
to TTPs in the area were resumed.

@ Evolution of areas with
European frequency

@ Evolution of areas with
frequency from Morocco

‘ Evolution black start islands
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Figure 4-5: Evolution of the restoration in the transmission network and black-start islands through 16:54 (3,303 MW of load supplied) - Red Eléctrica
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» At 17:01, after several failed attempts to synchronise  » At17:49, the Duero 1 electricalisland was synchronised

the Duero 1 electricalisland and the Duero 2 electrical with the Northern zone through the L-220kV
island, it was decided to disconnect the HPP Duero 2. Arroyadas—Tordesillas, connecting the Duero area
Synchronisation was not possible due to the frequency to continental Europe's frequency. The situation is
difference between the islands and the inability of the represented in Figure 4-6.

groups to requlate it.
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Figure 4-6: Evolution of the restoration in the transmission network and black-start islands through 17:49 (5,565 MW of load supplied) - Red Eléctrica
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» At 18:16, the L-400kV Bienvenida—Almaraz was
switched on, synchronising the Southern zone with the
Centro electricalisland. At that time, several HPPs were
connected within the Centro electrical island and had
extended their supply to the Madrid area. The situation
is represented in Figure 4-7.
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Figure 4-7: Evolution of the restoration in the transmission network and black-start islands through 18:16 (6,809 MW of load supplied) - Red Eléctrica
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» At 18:36, from the Northern zone, the L-220kV  » At 18:43, the West Asturias electrical island, initiated

Aldeaddvila—Pocinho 1 interconnection was switched in the Asturias distribution network, was synchronised
on, sending voltage to the Portuguese electrical system with the Northern zone through the ATP1 220/132kV
for the first time in the restoration process. From this Siero. The situation is represented in Figure 4-8.

point, REN received voltage with continental European

frequency.
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Figure 4-8: Evolution of the restoration in the transmission network and black-start islands through 18:43 (7,470 MW of load supplied) - Red Eléctrica
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» At 19:15, the Galicia electricalisland tripped. Dueto  » At 19:18, the 220 kV Tordesillas-Valparaiso—Arbillera
the proximity of voltage from the Northern zone, it was was switched on to initiate the re-energisation of
decided not to restart the island. the Galicia area from the Northern zone, with stable

voltage and frequency to speed up the restoration of
the zone. The situation is represented in Figure 4-9.
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Figure 4-9: Evolution of the restoration in the transmission network and black-start islands through 19:18 (8,612 MW of load supplied) - Red Eléctrica
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» At 19:32, L-400kV Almaraz—C.Rodrigo was switched
on, synchronising the Northern zone, which at the
time primarily comprised Pais Vasco, Navarra, La Rioja,
Castilla Ledn, Cantabria, Asturias, and Galicia, with the
Southern zone, composed of Andalucia, Extremadura,
Castilla la Mancha, and Madrid. The synchronisation

B i

was accomplished without problems thanks to the
use of a synchro-check device, which assesses the
synchronisation conditions for three parameters:
difference of voltage magnitude, difference of
frequencies, and difference of phase angles. The
situation is represented in Figure 4-10.
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Figure 4-10: Evolution of the restoration in the transmission network through 19:32 (8,827 MW of load supplied) - Red Eléctrica
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» At 19:53, L-400kV Pefiaflor—Aragdn was switched on,
connecting the Northern and Eastern zones and creating
a single restoration area in the Spanish peninsular
electrical system. The situation is represented in
Figure 4-11.

» At 19:57, L-220 kV Saucelle—Pocinho was switched
on, reinforcing the interconnection in the Northern
zone of Portugal with Spain. At 19:58, the L-220kV
Aldeadavila—Pocinho 2 was also switched on.
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Figure 4-11: Evolution of the restoration in the transmission network through 19:58 (9,566 MW of load supplied)

With all the areas of the Spanish peninsular system
connected to the European synchronous system, the
restoration process of the transmission network accel-
erated substantially. The transmission network equip-
ment's autonomy ensured proper functioning of the
voice communication system, telemetry, and remote
control until the completion of the restoration process.

Cooperation among Red Eléctrica, REN, and RTE, as well
as distribution and generation control centres, was
continuous throughout the entire restoration process.

It should be noted that the restoration of the load in
some areas of the Spanish system progressed more
slowly due to voice communication system problems at
some distribution and generation control centres, which
made it difficult to contact them from the Red Eléctrica
control centres. Additionally, some of these distribution
companies experienced issues receiving telemetry and
remote-control signals at their facilities.

From this moment on, the rest of the available TPPs and
HPPs were progressively connected to the system.
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Below are some of the most notable milestones:

» At 21:20, 13 TPPs were connected to the Spanish
peninsular electrical system.

» At 21:58, the second link of the HVDC Baixas—Sta. Llogaia
interconnection began to exchange power in AC
emulation mode.

» At 21:34, the L-400kV Tavira—Puebla de Guzman was
switched on to reinforce the interconnection between
Spain and Portugal in the southern zone.

Figure 4-12 shows the evolution of the restorationin the
transmission network through 22:33.
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Figure 4-12: Evolution of the restoration in the transmission network through 22:33 (14,760 MW of load supplied)

» At 23:32, 21 TPPs were connected to the Spanish
peninsular electrical system.

» At 00:06 on 29 April, the master aFRR controller was
started, initiating load-frequency control.

» From 01:38, the Renewable Energy Control Center
(CECRE) progressively sent instructions to allow the
production of renewable, cogeneration, and waste
(RCW) generation units. At 07:05, instructions were
released to all RCW generation units.

» At02:18, it was agreed with ONEE to end the emergency
energy transfer from Morocco.

» At 02:59, in coordination with REN, the EAS state was
changed from restoration to emergency.

» At 03:09, 31 TPPs were connected to the Spanish
peninsular electrical system.

» At around 04:00, 100 % of the transmission network
was restored.

» At 10:56, voltage was sent to Andorra through the
double circuit 132 kV Margineda—Adrall.
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» At 11:39, market participants were informed through
the markets information system (eSI0S) that, in
coordination with the NEMO, market activities were to
be restored.

» At 14:13, the Peninsula—Balearic interconnection was
energised.

» At 14:34, the result of the daily market for 30 April was
published.

» At 14:36, in coordination with REN, the EAS state was
changed from emergency to alert.

4.2.2 Portuguese system restoration by REN

At 12:35, REN requested the black-start mode start-up
of HPP 1-Centro. At 12:43, REN requested the black-start
mode start-up of CCGT 1-Norte. Following the restoration
plan, the black-start operation mode was carried out
with one generation unit in each of these power plants
to establish electrical islands. At 12:45, HPP 1-Centro
was operating in black-start mode with voltage on
the 220kV Busbar of Zézere SS. When connecting the
220/60kVTransformer 4 of Zézere SS with a rated power
of 170 MVA, HPP 1-Centro tripped at 12:49, which also

Restoration process timeline

» At 15:40, HPP 1-Centro started and propagated voltage
tothe 220kV Busbar of Zézere SS, leading to the creation
of the first restoration area.Then at 15:51, the first load
in the Zézere SS were connected, with HPP 1-Centro
tripping at 15:55 with 5 MW.

» At16:13, HPP 1-Centro started and propagated voltage
to the 220 kV Busbar of Zézere SS, re-establishing the
first restoration area. At 16:26, there was a progressive
load restoration in Zézere SS (60 kV) and propagation
of voltage to HPP 2-Centro and HPP 3-Centro HPPs at
150kV.

caused a complete failure of the auxiliary services of
the power plant. Subsequently, the producer initiated
several attempts to start the auxiliary services of HPP
1-Centro. These efforts were unsuccessful due to prob-
lems starting up auxiliary small hydro units.

In the first hours, CCGT 1-Norte was unsuccessful in
closing the generator circuit breaker to energise the unit
transformer due to unexpected problems in the control
and command systems in the power plant SS.

» At 16:38, CCGT 1-Norte started and propagated voltage
to the 220 kV Busbar of the power plant SS.

» At 16:54, voltage was propagated to Canelas and
Recarei SSs, and there was a progressive load supply.
Thenat17:23, a synchronous compensator was started
using Unit 2 of Torrdo HPP to support voltage control
in the island, as foreseen in the National Service
Restoration Plan, coinciding with the tripping of CCGT
1-Norte.

» At 17:26, CCGT 1-Norte started again and propagated
voltage to the 220 kV Busbar of power plant SS, leading
to the creation of the second restoration area.
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Figure 4-13: Starting time of power plants with black-start capability and later-stage support from interconnections with Spain - REN
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» At 18:32, the Oporto region had voltage available in a
relevant set of injection SSs of the distribution network,
allowing E-Redes (the Portuguese DSO) to continue
with the progressive load supply in this geographic
area.
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Figure 4-14: Evolution of the restoration in the black-start islands through 18:32 (120 MW of load supplied) - REN
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» Then, at 18:36, voltage was propagated to the 220kV ~ Atthetime, the Portuguese system was being restored in
busbar of Pocinho SS from the Spanish AldeadavilaSS  three different electrical islands:
(Pocinho—Al.deadévila 1 t'!e-line at 2;0 kV), leadin.g ~ First by HPP 1-Centro
to the creation of the third restoration area. This
constituted the first synchronous connection with the - Second by CCGT 1-Norte
continental European system through the Spanish - Third by interconnection with Spain
electrical system. (synchronous restoration)
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Figure 4-15: Evolution of the restoration in the transmission network and black-start islands through 18:36 (120 MW of load supplied) - REN
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» At19:00, voltage was propagated, enabling progressive
load supply and generation restoration along the
corridors leading to the Zézere SS, extending the
third restoration area (synchronous with the Spanish/
continental European region).

» Then at 20:01, the electric island powered by HPP

1-Centro was synchronised with the Spanish system,
leading to the successful synchronisation of the firstand
third restoration areas with the continental European
region. The synchronisation was accomplished without

problems with the use of a synchro-check device, which
assesses the conditions for synchronization (difference
of voltage magnitude, difference of frequencies and
difference of phase angles). At this point, there were
18 HPP units connected to the grid: 10 in the third
restoration area, two in the first restoration area, and
six in the second restoration area.

» At 19:58, the connection with the Spanish system was
reinforced, connecting both the Pocinho—Aldeadavila 2
and Pocinho—Saucelle lines at 220 kV.
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Figure 4-16: Evolution of the restoration in the transmission network and black-start islands with the synchronisation of the electric island powered by HPP 1-Centro
through 20:01 (376 MW of load supplied) - REN
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» At 20:22, the synchronisation of the electrical island
powered by CCGT 1-Norte with the Spanish/continental
European region was achieved, leading to the
successful synchronisation of the second restoration
area with the first and third areas, which were already
synchronous with the continental European region. The
synchronisation was accomplished without problems
with the use of a synchro-check device.
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Figure 4-17: Evolution of the restoration in the transmission network with the synchronisation of the electric island powered by CCGT 1-Norte through 20:22 (457 MW
of load supplied) - REN
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With all areas of the Portuguese system connected to
the Spanish/European synchronous system, the resto-
ration process of the transmission network accelerated
substantially. The transmission network equipment’s
autonomy ensured proper functioning of the voice
communication system, telemetry, and remote control
until the restoration process was completed. Perma-
nent coordination and cooperation were established
between REN, Red Eléctrica, E-REDES, (Portuguese DSO)
and all national producers, namely significant grid users
(SGU), during the Portuguese restoration process.

» At 20:25, automatic generation control (AGC) was
activated, following an interconnection schedule
program of 0 MW (as agreed with Red Eléctrica) to
balance the Portuguese system by automatically
adjusting generation to match load.

» At 20:26, voltage propagation, progressive load supply,
and generation restoration were occurring nationwide
in the northern and central regions of Portugal.

» At 20:47, the interconnection with the Spanish grid was
strengthened with the connection of the Lagoaca—
Aldeadavila tie-line at 400 kV.

» At 20:57, the restoration of the main loads in the Lisbon
region began, with voltage propagated to the Sacavém
SS (REN's National Control Centre).
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Figure 4-18: Evolution of the restoration in the transmission network through 20:57 (715 MW of load supplied) - REN
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» By 21:11, the Lisbon region had voltage available » At 21:35, the 400 kV Tavira—Puebla de Guzman tie-line

in a relevant set of injection SSs in the distribution was connected, initiating voltage propagation and
network, allowing E-REDES to continue progressive progressive load supply in the Algarve and Alentejo
load restoration in this geographic area. areas, leading to the creation of the fourth restoration

area through synchronous connection with the
continental European region (through the Spanish
system).
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Figure 4-19: Evolution of the restoration in the transmission network through 21:35 (1,244 MW of load supplied) - REN
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» At 21:37 and 22:23, the interconnection with the
Spanish system (synchronous with the continental
European region) was strengthened with the
connection of the 400kV Alto Lindoso—Cartelle and
Falagueira—Cedillo tie-lines, respectively.

» At 22:28, there was voltage propagation and
progressive load supply in the Set(ibal peninsula area
from the extension of the 400 kV for the Lisbon region.

» At 23:19, the Algarve and Alentejo region was
connected with the rest of the network, leading to a
successful merge of the main grid area with the fourth
restoration area.

» By 00:22, TS0 grid restoration was completed with the
connection of the last delivery point, the Divor SS.
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Figure 4-20: At 00:22, the restoration of the transmission network was completed (4,237 MW of load supplied) - REN

» At 02:13, in coordination with Red Eléctrica, the
Portuguese system state in the EAS was changed from
restoration to emergency.

» At 14:37, in coordination with Red Eléctrica, the
Portuguese system state in the EAS was changed from
emergency state to alert state.

» At 14:43, validation of the results of the daily market for
30 April was concluded from the REN side.

» At 16:23, market participants were informed through
a statement and the publication of an urgent market
message that market activities were to be resumed for
the delivery periods relating to 30 April.
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4.2.3 French local area restoration by RTE

At 12:35: Operators from the Nantes control room checked that every shunt reactor available was in operation and
asked every generation unit available to absorb maximum reactive power.

» At 12:38: Three 400 kV overhead lines were » At 15:03: The HVDC unit at Baixas was
opened to control voltage. energised.

» At 12:45:Two more 400kV overhead lines were » At15:15: The HVDC unit at Baixas was absorbing
opened to control voltage. enough reactive powerto clear the remaining

high voltage constraints, marking the end of
the voltage-limitviolation on the RTE network.
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Figure 4-21: Violtage for 400 kV Baixas on 28 April
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Voltage heat map evolution

» 12:30
Situation before the separation of the Iberian Peninsula from the rest

of continental Europe.

» 12:35

After the tripping of the Golfech 1 power plant and the HVDC Baixas—
Santa Llogaia, high voltages spread through all of southwest France.

» 12:40
Seven minutes after the separation, and after several mitigation
actions, the high-voltage episode was under control, except for close

to the Spain—France border.

» 15:20
After the connection of the HVDC in voltage control, voltage was back

within normal range.

Legend
400kv 225kv 150 kv 90kv 63kv
404<Us412 2271<Us236 153<U<159 91<Us<9%4 64<U<66
165<U 97<U 68<U

420<U 245<U

Figure 4-22: Voltage heat map evolution in France

0On the eastern part of the border, the 400kV Baixas Vich

Power was available on the west part of the border
tie-line was energised at 13:35.

via the 400kV Argia—Hernani and 225kV Argia—Arkale
tie-lines. In coordination with Red Eléctrica, these
tie-lines were brought into service at 12:43 (400kV
Hernani—Argia) and 12:54 (220KkV Arkale—Argia).
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Restoration process timeline

» At 13:27, a maximum transit of 950 MW on the
border was agreed upon with Red Eléctrica.

» At 14:41, a maximum transit of 1,200 MW on
the border was allowed.

» At 15:59, the HVDC Baixas—Santa LLogaia 1 link
was put into operation, followed by link 2 at
21:58.

» At 17:30, a maximum transit of 1,500 MW on
the border was allowed.

» At 18:19, a maximum transit of 2,000 MW on
the border was allowed until 23:59.

» At 22:33, an agreement was reached for a
cross-border exchange from France to Spain of
1,400 MW, scheduled from 00:00 to 03:00.

» At 07:00 on 29 April, the maximum transit on
the border rose to 1,500 MW for 08:00.

» At09:37, an agreement was reached to reduce
the cross-border exchange from France to Spain
to 800 MW from 10:00 to 11:00.

» At 10:05, an agreement was reached to reduce
the cross-border exchange from France to Spain
to 0MW as of 11:00. This value was maintained
until 23:00.

» At 22:00, an agreement was made to open the
Spain-to-France intraday allocation (XBID) at
23:00.
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Figure 4-23: Physical flow from France to Spain (MW) in 10-minute average values
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4.3

The restoration of electrical grids after a total blackout
is a3 complex and demanding coordinated process.
TSOs worked collaboratively to re-establish electricity
supply through a mixture of top-down and bottom-up
approaches. Generation and load recovery occurred
simultaneously as the grid was being restored. This
sub-chapter describes the generation and load recovery
once system balance was achieved.

4.3.1 Spain

Generation and load recovery

In the following sections, it is noted that several islands
tripped during the restoration process and/or that black-
start attempts were unsuccessful. Unless otherwise spec-
ified, the reasons for the trips are not yet known to the
Expert Panel and will be investigated in the final report.

The restoration of the Spanish transmission system from the Red Eléctrica side was concluded at 04:00 on 29 April.
The restoration continued at the distribution system level, concluding at 07:00 on 29 April.

Evolution of the generation and load during and after restoration

The restoration of the interrupted power supply began
at 12:43 with the support received through the Spain—
France interconnection. Additionally, as noted in the
previous sections, in the minutes following the incident,
islands were created from hydroelectric plants with
autonomous start-up across different electrical zones.

35,000

From 13:04, support was established through the
Spain—Morocco interconnection. Subsequently, starting
at 15:14, combined-cycle plants progressively connected
to contribute to the restoration of power supply.
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Figure 4-24: Evolution of generation and load of the Spanish system during the restoration phase - Red Eléctrica
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Figure 4-25: Evolution of generation and load of the Spanish system until the end of 29 April - Red Eléctrica

Evolution of renewable generation during restoration

Supervision and control of RCW in the Spanish electrical
system is carried out by CECRE, commissioned in June
2006.

Under Spanish requlation established in Royal Decree
413/2014, all single RCW facilities, or clusters sharing
the same connection point with a total installed power
greaterthan 1 MW, are required to send real-time telem-
etry of active power produced to CECRE. Additionally,
all single RCW facilities, or clusters with a total installed
capacity greater than 5 MW, receive active power
setpoints from CECRE, with which they must comply.

Therefore, CECRE receives real-time telemetry from RCW
facilities and can issue real-time limits for maximum
production of RCW facilities connected to both the trans-
mission and distribution network.

This real-time information is collected from the plants
by the Renewable Energy Control Centres (RESCCs) and
channelled via the ICCP links connecting these control
centres to CECRE.

To minimise the number of points of contact with CECRE,
the RESCC serves as the sole real-time interface with the
Spanish TSO. In other words, RESCCs act as intermediaries
between CECRE and the RCW facilities. Each RCW facility
is free to choose its preferred RESCC, regardless of the
technology it uses orits connection point to the network.

Generation controlis managed by CECRE, which sets indi-
vidual limits for each facility through its RESCC.

Therefore, on one hand, RESCCs collect real-time infor-
mation from RES facilities and send it to CECRE (supervi-
sion), and on the other hand, they collect the setpoints
established by CECRE and send them to the facilities
(control).

Afterthe incident, at 13:38, CECRE sent a setpoint of 0 MW
to all RCW facilities.
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Once it was determined that RCW generation could be  were released as follows. It is important to note that
safely incorporated into the Spanish electrical system setpoints referto the installed power of RCW generation:
without affecting the restoration process, the setpoints

Time Setpoint for maximum production for RCW % of total installed power
generation (MW)

01:38 1,000 14
01:55 2,000 2.9
02:50 3,000 43
03:37 4,000 5.7
04:06 5,000 7.1
04:33 6,000 8.6
05:02 7,000 10
05:29 8,000 114
05:59 10,000 12.8
06:08 12,000 17.1
06:13 15,000 214
06:16 19,000 21.1
06:18 24,000 34.2
06:28 29,000 41.4
06:36 34,000 48.6
06:43 41,000 58.5
06:51 49,000 70.0
06:58 57,000 813
07:04 limitations released 100

Description of the evolution of balancing compensations from neighbouring TSOs
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Figure 4-26: Active power exchange on the Spain—Portugal interconnection
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» 1.

» 2.

» 3.

» 4,

» 5.

At 18:36, the L-220kV Aldeadavila—Pocinho
1interconnection was switched on, sending
voltage to the Portuguese electrical system
for the first time during the restoration
process. From this point, REN received conti-
nental European frequency.

At 19:57, the L-220kV Saucelle—Pocinho
interconnection was switched on.

At 19:58, the L-220 kV Aldeadavila—Pocinho
2 interconnection was switched on.

At20:47,the L-400kV Aldeaddvila—Lagoaca
interconnection was switched on.

At 21:34, the L-400kV Puebla de Guzman—
Tavira interconnection was switched on.

» 6.

» 7.

» 8.

At 21:37, the L-400KkV Cartelle—Lindoso 1
interconnection was switched on.

At 22:33, the L-400kV Cedillo—Falagueira
interconnection was switched on.

At 02:37, the L-400kV Cartelle—Lindoso 2
interconnection was switched on.

The interconnection between Spain and Portugal
through the 400kV Brovales—Alqueva line was unavail-
able due to maintenance work at the time of the inci-
dent. The return of the line was requested, ending the
outage. This interconnection was switched on at 13:39
on 29 April.

1,000
800
600
400
200

MW
o

-200
-400
-600
-800
-1,000

ES-MA Interconnection

SoRQrfgResg

R R R R R R e T = e e e Rt R i R R R B S I o e

== ES-MA (negative indicates power transfer from Morocco to Spain)

Figure 4-27: Active power exchange on the Spain—Morocco interconnection

» 1.

» 2.

» 3.

» &4,

At 13:04, support was received from
Morocco through the L-400 kV Pto. de la
Cruz—Mellousa 2 (ESMA 2) interconnection.

At 14:27,theinterconnection with Morocco
was disconnected due to an underfre-
quency relay trip, causing the disconnection
of allthe load supplied up to that moment.

At 14:34, voltage was resumed from
Morocco through the L-400 kV Pto. de la
Cruz—Mellousa 1 (ESMA 1) interconnection.

At 15:14, the first TTP was connected in the
Southern zone.

» 5.

» 6.

» 7.

At18:16,the L-400kV Bienvenida—Almaraz
was switched on, synchronising the
Southern zone with the Centro electrical
island.

At 20:59, the L-400 kV Pto. de la Cruz—
Mellousa 2 (ESMA 2) interconnection was
switched on.

At 02:18, itwas agreed with ONEE to discon-
tinue emergency support from Morocco.
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4.3.2 Portugal

Evolution of generation and load during and after restoration

As mentioned in the previous sections, the restoration of
the supply began at 15:40 with the successful start-up
of the first power plant in black-start mode. No support
from the Spanish system was possible at that moment.

At 18:36, support was established through the 220 kv
Spain—Portugal interconnection to synchronise the two

islands with the continental European power system,
significantly increasing network stability, which enabled
accelerated restoration of the Portuguese system. No
energy support was needed between the Spanish and
Portuguese systems, and the interconnection capacity
between Portugal and Spain was set at MW in import
and export directions.
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Figure 4-28: Evolution of generation and load of the Portuguese system during the restoration phase - REN
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Figure 4-29: Evolution of generation and load of the Portuguese system until the end of 29 April - REN

The restoration of the Portuguese transmission system from the REN side was concluded at 00:22. At the distribution
system level, the restoration continued, ending at 04:00 on 29 April.
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Evolution of renewable generation (wind and solar) during restoration

» According to established Portuguese regula-
tions, all renewables single power plants, or set
of power plants sharing the same connection
pointwith a totalinstalled power greater than
1MW, should have observability and controlla-
bility (by setpoints) from REN's National Control
Centre. However, no setpoint was sent to limit
renewable production during the restoration
phase.

» According to the National Service Restoration
Plan, the connection points of the renewable
power plants (solar and wind generation)
connected to the transmission system were
not energised during transmission system
restoration. They were energised by REN after
the restoration throughout the day on 29 April,

4.3.3 France

and instructions for production permission
were provided by phone. For the wind gener-
ation connected to the transmission system
(2,774 MW of installed capacity), production
permissions were given from 16:00, while solar
generation (1,767 MW of installed capacity)
received permission from 21:00 on 29 April.

» The renewable power plants connected to
the distribution system began to be energised
shortly before the end of the transmission
system restoration, in coordination between
REN and E-REDES. For the wind and solar gener-
ation connected to the distribution system
(2,634 MW and 2,620 MW of installed capacity,
respectively), production permissions were
given from 23:00 on 28 April.

The D-1 commercial nomination on the Spain—France  As RTE supplied Red Eléctrica in the afternoon and
border for business day 28 August was scheduled from  evening of 28 April and in the morning of 29 April, RTE
France to Spain (up to 1,688 MW) between 13:00 and activated bids on the French balancing mechanism (up
15:00, and then from Spain to France between 16:00and  to 4,500 MW, total activated energy for 28 and 29 April:
21:00 (1,800 MW from 16:00 to 18:00, then 3,000 MW). 51.9GWh) and sought support from other TSOs (up to

500 MW, 3,000 MWh from Swissgrid on 28 April and

8,850 MWh from Amprion on 28 and 29 April).

N

RRR R

PR Y
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4.4

Steps after system restoration

This section describes the steps taken to ensure system balance after the network restoration.

4.4.1 Spain

The day-ahead market session for 29 April was
conducted, but its results were not applied in system
operation. The remaining electric market activities for 29
Aprilin the Spanish system were suspended. They were
re-established for 30 April. As the system restoration
progressed, orders were given to synchronise all avail-
able hydraulic and thermal generators in the system. As
they were synchronised, instructions were given to each
of these generators by phone to adjust their generation
to demand.

The master aFRR controller was connected at 00:06 on
29 April, and the synchronised hydraulic and thermal
generators with secondary regulation capacity were
included in this system, thereby providing a significant
volume of secondary regulation to manage demand and
generation variations.

From 01:38 to 07:00, the limitations on RCW generation
were progressively removed to allow their inclusionin
the system as described in section 4.3.

4.4.2 Portugal

The day-ahead market session for 29 April was
conducted, but the results were not applied in system
operation. The remaining electric market activities for
29 Aprilin the Portuguese system were suspended. They
were re-established for 30 April.

As the system restoration progressed, HPPs and TPPs
were given instructions by phone (non-market-based
central dispatch). As they were synchronised, each of
these generators received instructions by phone to adjust
its generation to demand.

Throughout 29 April, synchronised hydraulic and thermal
generators were instructed by phone to adjust their
generation to demand and maintain adequate levels of
secondary reserve.

From 00:00 to 24:00 on 29 April, export capacities with
France, Portugal, and Morocco were reduced to 0 MW to
enable all system demand to be supplied with the avail-
able generation.

From 06:30 to 11:00, due to insufficient synchronized
generation to supply the demand, a support import
program was requested from France (800 MW from 06:30
to 08:00 and from 10:00 to 10:30, 1,500 MW from 08:00
10 10:00, and 400 MW from 10:30 to 11:00).

In the last hours of 29 April, hydraulicand thermal gener-
ators were instructed to adjust their generation to their
market programs starting from 00:00 on April 30.

During the afternoon of 29 April, the production limi-
tations on renewable generation (wind and solar)
connected to the transmission grid were progressively
removed to allow their inclusion in the system as
described in section 4.3.

Throughout 29 April, instructions were issued by phone
to the synchronised hydro and thermal generators
to adjust their generation to demand and maintain
adequate secondary reserves. The AGC was put into
service at 20:25 on 28 April, following aninterconnection
schedule program at 0 MW, as agreed with Red Eléctrica.
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4.5 Market restoration

This section describes the restoration of market activities in Spain and Portugal after the restoration and stabilisation

of the systems.

4.5.1 Spain

0n the morning of 29 April, the Iberian NEMO was
informed by phone of the forecast for completing the
system restoration and the resumption of market activ-
ities, starting with the clearing of the daily market for
energy delivery on April 30.

At 11:39 on 29 April, in coordination with the Iberian
NEMO, the Spanish system operator published a state-
ment in the System Operator Information System (ESIOS)
to all actors indicating that the restoration state would
last until 23:59 that same day:

Following the incident in the peninsular electricity
system that occurred at 12:33 p.m. yesterday, April 28,
and until 11:59 p.m. today, April 29, market activities
are suspended in accordance with Operating Procedure
P.0.3.9. Therefore, no energy or capacity schedules or
allocations made through market mechanisms for the
periods within this time frame will be considered valid.

The energy settlement will be carried out in accordance
with sections 5 and 6 of the aforementioned procedure.

The system operator has already informed the NEMO that
market activities will resume starting with the day-ahead
market for energy delivery April 30.

This information was also published on the privileged
information platform of the system operator.

Due to the incident in the Spanish Peninsular electrical
system at 12:33 PM on April 28", market activities for
delivery April 29" are suspended, following both Article
35 of Commission Regulation (EU) 2017/2196 and
Spanish Operational Procedure 3.9. Market activities for
delivery April 30™ have been restored.

In particular, the following milestones are highlighted:

» Participation in the single day-ahead coupling
took place on 29 April at 12:00 for energy
delivery on 30 April. For 30 April, the intercon-
nection capacity between Spain and France,
as well as between Spain and Portugal, was
limited.

» The intraday market for 30 April was enabled
at23:00 on 29 April.

» Connection to the European platform for mFRR
(MARI) at 00:15 on 30 April.

» Connection to the European platform for RR
(TERRE) at 00:26 on 30 April.

» Connection to imbalance netting platform
(IGCC) at 11:55 on 30 April.
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4.5.2 Portugal

0n 29 April at 16:23, REN published a statement and an
urgent market message indicating that the restoration
and stabilisation of the system would last until 23:59
that same day:

Following the blackout situation that occurred on 28 April
2025, in the Portuguese electrical system and the subse-
quent, ongoing process of restoration and stabilisation that
is taking place on 29 April, it is reported that:

» The interconnection capacity between Portugal
and Spain will be set on 30 April (CEST - Central
European Summer Time), at 0MW in the import
and export direction.

» Transactions will resume in the day-ahead
market, intraday market sessions, and the contin-
uous intraday market for the delivery periods
relating to 30 April (CEST)

» Contracts will resume, inclusive from 30 April
(CEST), in the various markets and processes
managed by REN - Rede Eléctrica Nacional, S.A.,
namely the processes for resolving technical
restrictions, the replacement reserve (RR) market,
the frequency restoration reserve market with
manual activation (mFRR) and the secondary
regulation band market

Additionally, on 29 April at 18:26, a notification was sent
to all market players stating that the restoration state
would last until 23:59 that same day.

REN reconnected to the balancing platforms on:

» 1GCC: The reconnection occurred on 30 April at
19:08.

» TERRE: REN started to submit needs for RR for
the delivery periods between 03:00 and 04:00
on 30 April.

» MARI: The reconnection occurred on 30 April for
the quarter-hour from 19:30 to 19:45.
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5 RCCANALYSIS BEFORE

THE INCIDENT

5.1 Introduction

5.1.1

In Europe, there are five Regional Coordination Centres
(RCCs) and one Regional Security Coordinator (RSC), each
performing their prescribed tasks in their designated
geographical regions. The RCCs are Baltic RCC, TSCNET,
SEleNe CC, Coreso, and Nordic RCC, while the RSC is SCC.
The RCC tasks are listed in the Electrical Requlation (EU
Reg 2019/943 Art.37). In this report, both RSCs and RCCs
will be referred to as RCCs for ease of reading the docu-
ment, and the term "RCC task” will be used for both RSC
services and RCC tasks.

Relevant to this investigation, RCCs are required to
conduct post-operation and post-disturbances anal-
ysis and reporting tasks (also known as regional inci-
dent analysis and reporting or RIAR) per EU regulation
2019/943, Article 37.1(i), based on the methodology
approved by ACER on 31 March 2022. As with all RCC tasks,
the RIAR investigation is carried out independently of
both individual national interests and those of transmis-
sion system operators (TSOs) (Art. 35 (4) of EU Regulation
2019/943) and interacts with the investigation executed
by the Incident Classification Scale (ICS) Expert Panel.

Role and Scope of RCCs in Incident Investigations

An RCC Investigation Subgroup is created within the ICS
Expert Panel when the RCC investigation threshold is
met. The RCC investigation threshold has been met as per
ICS classification, as detailed in Chapter 7. The following
sections provide an overview of the different RCC tasks
and their outcome connected with thisincident. The final
report will also include an assessment, recommenda-
tions, and a conclusion from the RCC perspective.

The incident in question concerned the South West
Europe (SWE) capacity calculation region (CCR) which
includes Portugal, Spain, and France. The RCC responsible
for this CCR, and therefore the affected RCC, is Coreso.
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5.1.2 High Level Description of RCC Tasks

RCCtasks are relevantto the operational planning phase  Article 37.1 of the EU Requlation 2019/943 prescribes the
and focus on steady state analysis rather than dynamic  following RCC tasks:
analysis of the European power system.

EU REGULATION 2019/943 TASK
ARTICLE 37.1
a Coordinated capacity calculation (CCC)
b Coordinated security analysis (CSA)
C Common grid model (CGM)
d Consistency assessment of defence and restoration plans
Short-term adequacy (STA)
f Outage planning coordination (OP()
g Training and certification of staff working for RCCs (TCI)
h Supporting the coordination and optimisation of regional restoration as requested by TS0s
i (arrying out post-operation and post-disturbances analyses and reporting
j Regional sizing of reserve capacity
k Facilitating the regional procurement of balancing capacity
l Supporting TSOs, at their request, in the optimisation of inter-transmission system operators' settlement
m (arrying out tasks related to the identification of regional electricity crisis scenarios if, and to the extent,
they are delegated to the R(Cs
] Carrying out tasks related to the seasonal adequacy assessments if, and to the extent, they are delegated to the RCCs
0 (alculating the value for the maximum entry capacity available for participation of foreign capacity in capacity mechanisms
p (arrying out tasks to support TSOs in identifying the need for new transmission capacity, upgrades to existing capacity,

or suitable alternatives

Table 5-1: List of mandated RCC tasks

Of these tasks, the ones carried out for the SWE region are listed in Section 5.1.3. RCC tasks identified as relevant for
this incident are outlined in Section 5.2.
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5.1.3

The SWE system operation region (SOR) includes
Portugal, Spain, and France, and the RCC responsible
is Coreso. The region covers southwest France and the
Iberian Peninsula, as its geographical characteristics
impact the electrical grid's layout and operation.

Both Spain and Portugal have significant installed
renewable generation capacity, meaning that cross-
border electricity flows are highly dependent on renew-
able generation patterns, particularly wind and solar,
including their forecasts. Due to the intermittent nature
of these energy sources, it is common for intraday (ID)
markets to alter the conditions initially anticipated
during the planning stages, such as the day-ahead
(DA) market. In scenarios with high renewable output,
Renewable Energy Sources (RES) curtailment is often
necessary. When this occurs alongside low demand
periods (like Sundays, holidays, or nighttime), REN or
RE may report a forecast of tight downward generation
margins, which is provided to Coreso at the beginning
of the security analysis (SA) DA SWE process or in weekly
calls between TSOs hosted by Coreso. Furthermore,
since generation centres in Spain are usually far from
consumption hubs due to demographic and industrial
factors, these circumstances introduce an additional
challenge: voltage and reactive power management.
Under low loading conditions, the extensive 400kV lines
tend to exhibit capacitive behaviour, which increases the
voltage. To counteract this effect, RE and REN apply reme-
dial actions (RAs) by opening internal lines to redistribute
loading andincrease the loading on the remaining lines,
thus reducing the voltage in the transmission grid. This
can resultin more lines out of service in DA grid models
than those initially reported as planned outages in the
week-ahead (W-1) models (exchanged in the context of
outage planning coordination (OP()).

Regional Coordination for South West Europe

The two borders within the SWE region (PT-ES and
ES-FR) are analysed separately from a capacity calcu-
lation perspective, as the impact of one border on the
other is minimal due to the Spanish grid lying between
them. This results in a different approach compared to
other European regions: Capacity calculation in SWE is
based on net transfer capacity (NTC) rather than flow-
based methods. From an SA standpoint, the interaction
between the two borders remains limited. However, the
worst-case scenarios typically occur when energy flows
from Portugal to France through Spain during periods of
high wind generation - or conversely, when wind gener-
ation in both Spain and Portugal is low. In these cases,
certain transmission corridors within Spain and along
the western segment of the Spain-France border may
experience congestion.

RCC activities usually focus on specific areas of the three
TSOs' grids. For SA and regional OPC services, these
areas are defined in Table 5 2. Based on its cross-border
relevance, each element will be included in each list
(interest, observability or none). The elements within
each list are treated differently during SA and regional
OPC processes, as described in Table 5 2. The table also
provides an overview of key indicators related to the
elements included in these lists.

The concept of interest/observability areas is actively
used during interactions with TSOs and is part of existing
procedures. Coreso does not assess security of all the
national grids, but instead focuses on an agreed area
close to the borders. Thus, grid elements are assigned to
interest/observability areas based on their cross-border
relevance. More details about Interest Areas will be
provided in the final report.

Interest Observability
400 kV Substations 220KkV Lines 400 kV Substations 220KkV Substations 220kV Lines
RTE 8 7 11 16 0
RE 45 23 (all other 400 kv 0 2
substations)
REN 28 17 0 0 0
Impact® ) o Report constraints when loading >100 %.
Report constraints and find remedial actions when o . . .
loading >100% If loading is above 120 % for RTE or 115 % for RE, simulate the tripping, and if the
cascading effect has consequences on the area of interest, find remedial actions.

Table 5-2: Number of elements included in interest and observability lists in the scope of SA and regional OPC services

35 Impact with regards to considering these elements in OPC and SA task

AN

Y
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5.2 RCCTasks Relevant to the Investigation

For this investigation, this report will focus on the tasks
relevant to the specific hour of the event, which occurred
on 28 April 2025 at around 12:33. These tasks are listed in
Table 5-3 and further detailed in Sections 5.2.1 through

5.2.6.In all processes, no issues were forecasted in the
SWE region concerned. A schematic of the time horizons
for the relevant RCC tasks is shown in Figure 5-1.

Task RCC Area Time frame Result References to the
chapters in this
document

0PC SeleneCC Europe Week-Ahead 0K

(SCQ) 25.04.2025 13:00
Coreso SWE (Regional) Week-Ahead
25.04.2025
11:30
STA Nordic RCC Europe Week-Ahead 0K
(S¢Q) (27.04.2025 09:50)
(GM Coreso, SCC Europe, CGMES format D-2,D-1, NOT OK, No Impact 5.23.1
N/A
TSCNET, Baltic RCC Europe, CGMES format Intraday 0K
28.04.2025
07:51 (Baltic)
11:12 (TSCNET)
Coreso SWE, CGMES format D-2,D-1 (0] 4
(26.04.2025 18:30,
27.04.2025 18:00)
Coreso Continental Europe, D-1,ID (0] 4
UCTE DEF (27.04.2025 18:30,
28.04.2025 03:30)
ccc Coreso SWE (regional) D-2,D-1 NOT OK, No impact 5.2.4
(27.04.2025 08:00,
27.04.2025 22:00)
CSA Coreso SWE (regional) D-1 0K
(27.04.2025 23:00)

E&R Coreso SWE region Every five years, 0K

completed in
October 2024

Crisis Scenarios Coreso SWE region Every four years, (0] 4

completed in
September 2024
RIAR ALLRCCs Europe Upon demand N/A

Table 5-3: Overview of the status from RCC tasks (according to the rotational calendar®)

36 The common grid model (CGM) (common grid model exchange specification (CGMES) format), OPC, and short-term adequacy (STA) tasks are carried out at the
pan-European (PE) level, with RCCs executing them in rotation according to a pre-agreed calendar that designates a main and backup RCC for security purposes.
OPC and STA tasks are executed using a centralised PE tool, whereas for CGMES format CGMs, each RCC deploys its individual European merging function (EMF)

tool.

A
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Figure 5-1: Relevant RCC tasks and their time horizons

5.2.1

The OPC process is designed to support the planning of
grid element outages while ensuring the operational
security of the interconnected European power system.
This is achieved through procedures carried out at both
the pan-European (PE) and regional levels.

Building on the PE OPC process, RCCs also conduct
regional OPC processes, commonly referred to as

5.2.1.1 Pan-European OPCProcess

The PE OPC tool supports the coordination of outages
by enabling the exchange of unavailability asset plans
(UAPs) and maintaining a database of relevant assets.
Relevant assets are grid elements that TSOs deem crit-
ical for regional coordination. A standardised procedure
ensures data quality and consistency through the valida-
tion of planned statuses for cross-border lines managed
by TSOs. AlL RCCs carry out the PE OPC process on a rota-
tional basis. During the week of this incident, the RCC
acting as merge operator was SEleNe CC.

The W-1 OPC cycle covers Saturday to Friday, with TSOs
required to submit preliminary disconnection plans by
Wednesday at 12:00. After a series of validations and
merges (first at 12:00, second at 16:00), RCCs perform
security assessments. TSOs can adjust plans and request
further analysis until Thursday at 16:00 (third merge).
Final plans are reviewed in the weekly operational
teleconference (WOPT) on Fridays at 10:25 for the Core,

AN

Outage Planning Coordination

regional outage planning incompatibility (OPI) assess-
ments. These aim to evaluate whether the outage
plans of European TSOs are feasible from a grid security
perspective. If potential congestions are identified, the
process involves proposing RAs, verifying the feasibility
of the coordinated unavailability plan with respect to
security limits, and issuing recommendations to address
any detected incompatibilities in outage planning.

Italy North (IN), and SWE regions, moderated by TSCNET.
Final changes must be submitted by Friday at 13:00
(fourth merge), which defines the official plan. Outages
submitted after that are deemed unplanned. RCCs use
common grid models (CGMs) to evaluate outage impacts
and propose RAs or cancellations if operational security
limits are at risk.

The W-1 merges for BW18, which includes business
day 28 April 2025, were performed successfully as
follows:

23.04.202512:00
23.04.202516:00
24.04.2025 16:00
25.04.202513:00

» First Merge:
» Second Merge:
» Third Merge:
» Fourth Merge:

Y
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The latest UAP updates were submitted by RE, REN,
and RTE on 25 April 2025 after the fourth merge was
performed. Remaining tie-line inconsistencies (TLIs)
were not related to the event, as outage inconsistencies
were due to end after 28 April. The list of the outages
declared in the PE OPCtool as relevant to the SWE region

The PE OPC tool currently considers only transmission
assets in UAPs and not generation and demand assets.
TSOs do not own these assets and cannot submit outage
details for them. Further refinement of the PE OPC tool
would be required to process such assets.

is presented in Table 5-4.

150 Voltage level Name 0PC From To RT

ES 220 Badalona—Guixeres 1 outT LT (Long Term) out
ES 220 Itxaso—0rcoyen 2 out 21.04.2025 02.05.2025 out
ES 400 Puentes G.R.—Xove out 21.04.2025 15.05.2025 our¥’
ES/FR 220 Biescas—Pragnéres out 22.04.2025 02.05.2025 out
ES/PT 400 Brovales—Alqueva out 24.04.2025 30.04.2025 out
ES 400 Almaraz C(N-Morata 2 out 28.04.2025 28.04.2025 IN

FR 400 Braud-Cubnezais 4 ourt 28.04.2025 05.05.2025 ouTt
PT 400 Fernao Ferro—Ribatejo out 07.03.2025 11.07.2025 out
PT 220 Chafariz-Vila Cha 1/Ramal Gouveia ourt 28.04.2025 28.04.2025 out

Table 5-4: Outage list relevant for the SWE region (Source: PE OPC UAP)

5.2.1.2

Regional Outage Planning Incompatibility (OPI) Assessment for SWE

As explained in Section 5.2.1.1, the PE OPC process merges individual UAPs four times. Once the second merge UAP is
available, regional OPI assessment starts at Coreso for all relevant regions.

The main steps performed by the OPC operator at Coreso include:

» Building the single OPCscenario to be analysed
in detail for all regions. This is based on two
main factors: the level of exchanges from refer-
ence cases provided by TSCNET and the volume
of simultaneous relevant planned outages
from TSOs. The operator selects a time stamp
(TS) that reflects the most critical scenario -
typically with the highest exchanges and most
outages.

» ldentifying any outage planning security
constraints (OPSC) or OPIs at the regional
level by running an SA using a contingency list
supplied by TSOs (the same list used in SA DA
SWE).

» Proposing solutions to TSOs when constraints
are found, prioritising non-costly RAs (e.q.
Phase Shifting Transformer (PST) tap changes
or outage rescheduling). Costly measures like
generation redispatch or commercial exchange
adjustments are considered only when neces-
sary. The key distinction is that OPIs may involve

costly measures and could even result in the
cancellation of planned outages by the respec-
tive TSO.

» Sharing results during the WOPT and coordi-
nating with other RCCs/TSOs when issues affect
multiple regions, ensuring transparency and
third-party awareness.

» Publishing regional OPSC/OPI reports for each
region. These reports summarise the analysed
outages, cross-border physical flows, contin-
gency outcomes, and proposed solutions. They
are also shared internally to support upcoming
Capacity Calculation (CC) and SA processes,
especially for tracking postponed outages or
agreed RAs.

The W-1 process is repeated weekly and remains flexible
to accommodate last-minute changes, including urgent
outage notifications requiring ad hoc analysis.

37 Theline feeds anindustrial consumer that was forecasted to demand 0 MW across all time frames (W-1, D-2, and D-1), so the line was in service with 0 MW flow
at all times. However, according to RE, in real time, the line carried 70 MW but was not reflected in RTSN due to an issue in SCADA.

A
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Focus on Business Day 28 April, TS 12:30

The W-1 regional OPI assessment for Week 18 was carried
out on Thursday and Friday, 24-25 April 2025. Results
were distributed to all participating TSOs immediately
after completion.

For week 18, the RCC identified Monday BD 28/04 at TS
12:30 as the single (most critical, see bullet point 1 in
the list above) scenario for the CORE, IN and SWE regions.
This was based on the level of exchanges (considering
those of BD 21/04, TS 18:30) and the amount of rele-
vant planned outages across all 3 regions. All important
parameters were within limits in the assessment.

The exchanges in the SWE region used during the
regional OPI assessment process are displayed in Table
5-5, including details on the actual physical cross-border
flows in real time for comparison purposes.

OPC: commercial schedules (MW)

Real-Time physical flows (MW)

FR>ES

2,271

-960

ES>PT

1,243

2,453

Table 5-5: Commercial exchanges in the SWE region in the grid model used
during the OPC regional process. Real-time physical cross-border flows are
displayed for comparison purposes (Source: RTSN, BD 28/04 at TS 12:30)

The location of relevant outagesisillustrated in Figure 5-2.
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Figure 5-2: Visualisation of planned outages in the SWE region for BD 28/04 (Source: PE OPC tool)

The W-1 regional OPI SA revealed no major violations
arising from the planned outages requiring costly RAs;

thus, the OPCreport forthe SWE region recorded no OPIs.
The only OPSC detected is displayed in Table 5-6.

150 Contingency Constraint Remaining after RA
U (kv) Substation1 | Substation2 | U(kv) Substation1 | Substation2 | Overload
RTE/RE 400 Hernani Argia 220 Arkale Argia 172% 96%

Remedial action:

220KkV PST Arkale (Tap change): 179

Table 5-6: OPSC detected during the regional OPC process for the SWE region
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5.2.2

The short-term adequacy (STA) service investigates
whether the reliable available expected production
capacity can meet the expected consumption using both
upward and downward regulations. The calculation
takes place daily, with a time horizon of D-7 to D-1 for
the process. Although this incident was not related to any
adequacy issues, a summary of the STA data and results is
provided in the following sections.

Short-Term Adequacy

ALl SWE TSOs (RTE, RE, and REN) and RCCs participate in
the PE (also known as cross-regional) STA process. For
the daily process, all TSOs are required to submit input
data for the calculations. The process is then executed
automatically and monitored by the main or backup RCC.

5.2.2.1 Inputdata

The input data (net transfer capacity (NTC) files, W-1
generation, and W-1 load files) relevant for all affected
and neighbouring TSOs were received before the STA
calculations were performed on 27 April 2025 (the day
before the incident). These files successfully passed vali-
dation and were used in the calculation.

It is worth mentioning that the first file uploaded by RE
for the W-1 generation was rejected, as it lacked infor-
mation oninstalled generation for biomass, oil, pumped
storage, water reservoir, other renewable, and waste.
The reason was related to a time series for a specifictype
of generation. The files sent subsequently passed valida-
tion, resulting in no issues with the process.

To verify the quality of some of the input data provided
by the affected TSOs, the STA input data was compared
to the realised values obtained from the ENTSO-E Trans-
parency platform. The quality of two data groups was
assessed: forecast solar and wind generation.

The regional STA process can also be triggered if the
results of the deterministic calculation indicate inad-
equacy, for a time horizon of D-3 or shorter. This is a
situation that rarely occurs. Nordic RCC was the main
adequacy assessment agent (AAA) for the PE process
in the week when the incident happened. No regional
process was triggered in the days preceding the incident,
and the focus of the analysis will be the process of the
previous day. The process did not detect any adequacy
issues for the day of the incident.

The comparison results for the affected regions are
presented in Figure 5-3. The yellow area represents
the forecasted probability range, where:

» the lower bound corresponds to the P05 value
(5% probability the real value will be below
this threshold)

» the higher bound corresponds to the P95 value
(95 % probability the actual value will be below
this threshold),

» The centre line corresponds to the P50 (median
forecast; 50 % probability of being above or
below)

The forecasted values were used as input for the PE STA
tool and formed the basis for the STA calculations. The
observed values (blue line) are based on data retrieved
from the ENTSO-E Transparency platform and represent
average power values for each corresponding hour. Due
to Portugal's data being reported on an hourly basis,
the final data point shown at 12:30 reflects the average
for12:00-13:00, which includes the time frame during
which the blackout occurred.
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In general, the forecasted values for solar generation
display narrow confidence ranges, indicating high
certainty in unverified predictions. In contrast, the wind
generation forecasts for Spain and France show broader
confidence intervals, suggesting greater uncertainty.
Across all TSOs and both forecast types, there is a discrep-
ancy between observed values and forecasted ranges.

Specifically for solar generation in Spain, there appears
to be a consistent one-hour time lag between the fore-
casted and actual values. The influence of data quality
on the process outcomes shall be explored furtherin the
final report for this incident. However, it is important to
clarify that the real-time incident is not associated with
adequacy.
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Figure 5-3: Graphs comparing forecasted input data of STA with observed values (average hourly values for Portugal), according to the ENTSO-E Transparency

platform, for solar and wind generation in the affected regions (PT-ES-FR)

5.2.2.2 (alculation Results

STA calculations were completed within the standard
time frame typical for the daily STA process. The auto-
matic deterministic and probabilistic calculations
were triggered at 09:00, finishing at 09:05 and 09:20,
respectively.

The entire STA process was completed successfully, with
no system failures or issues reported through the STA
tool's ticketing system. The deterministic results for the
period did not reveal any adequacy issues in affected
and neighbouring TSOs after the STA calculation. Final
exchanges between affected TSOs and remaining capac-
ities (RCs) after the calculation are presented in Figure
5-4. As part of the daily procedures, the Nordic RCC
operator on duty reviewed the deterministic results and
emailed the rest of the RCCs along with the TSOs facing
adequacy issues. RE, REN, and RTE were not among the
countries identified as having adequacy concerns.

Regarding the probabilistic calculations from the PE tool,

no inadequacy was identified for the SWE region during
the relevant time frame.
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Figure 5-4: Final exchanges and remaining capacities
in SWE 28/04/25 @ 12:30
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Itis worth noting that, based on the input data received,
the STA calculations showed a scenario with cross-border
power flows between PT and ES and ES and FR that did
not align with the real-time conditions. This will be
investigated furtherin the final report.

STA prevision (MW) Real-time physical flows (MW)
FR>ES 2,200 -960
ES>PT 0 2,453

Table 5-7: Benchmarking between forecast and real time flows

Nevertheless, the results for all the SWE TSOs showed
considerably high RCs, as shown in Figure 5-5. RC repre-
sents each TSO's ability to meet its load using the avail-
able generation. These results indicate no adequacy
issues and no reliance on imports from neighbouring
areas.

X Min @ 10% quantile = Mean 90% quantile X Max
34,000
Z 19,500
]
11,500 m
X
3,500 ; :
I ——————————
ES FR PT
X Min 11,583 4,387 4,068
® 010 17,856 6,562 4,431
m Mean 22,377 12,347 6,238
90 26,678 20,382 8,327
X Max 30,559 24,873 9,431

Figure 5-5: Remaining capacity statistic - final state per BDZ in SWE for the period 28/04/25 to 03/05/25

Arecently developed feature in the STA process allows
the assessment of potential curtailment at the bidding
zone level. This assessment is optional for TSOs, and only
some currently use it. This analysis depends on input data
classified as inflexible generation - generation that must
run. The calculations then assess whether curtailment
might be needed and identify any surplus inflexible
generation that cannot be consumed, while also consid-
ering the capacity to export this excess.

Among the SWE TSOs, only RE does not provide data
compatible with this feature. For RTE, the results indi-
cated no need for curtailment, as the inflexible gener-
ation remained below the expected load. In the case
of REN, the tool encountered a calculation error, so no
meaningful results were available.
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5.2.3 Common Grid Model

As outlined in Table 5-1, the creation of CGMs is a respon-
sibility assigned to RCCs under EU Reqgulation 2019/943,
Article 37(d). This task must be carried out in accordance
with the methodologies and procedures established
under the System Operation Guidelines (SO GL), devel-
oped pursuant to Regulation (EC) No 714/2009, as well
as capacity allocation and congestion management
(CACM) and forward capacity allocation (FCA). CGMs serve
as the foundation for regional and PE processes such as
coordinated security analysis (CSA), OPC, and coordinated
capacity calculation (CCC), and are produced by merging
the individual grid models (IGMs) provided by TSOs.

An IGM is a detailed model of a TSO's control area,
containing information on network topology, load,
generation, and relevant operational data. Each TSO is
responsible for creating and maintaining its own IGM
using a standardised format to ensure compatibility with

5.2.3.1 Pan-European CGM

The PE CGM is created by merging the IGMs of European
TSOs while considering reference data programs (Pan
European Verification Function (PEVF) or Common Grid
Model Alignment (CGMA) files) and boundary sets (BDSs).
Itis created for four different time horizons (ID, D-1, D-2,
and year-ahead (YA)).

In accordance with System Operation Committee (SOC)
Decision Number 11 dated 4 December 2019, the CGM
is developed based on a rotational principle. Under
this approach, CGM creation responsibilities are divided
into groups based on time frames: Group 1 handles the
DA and two-day-ahead (D-2) time frames, Group 2 is
responsible for the ID time frame, and Group 3 manages
the YA time frame. Each group operates with two roles:
main and backup.

At any given time, one RCC assumes one role within a
specific group and carries out the CGM creation accord-
ingly. The rotation among RCCs occurs every four weeks -
except for the YA time frame, which rotates annually
following a predefined schedule. The use of both main
and backup roles ensures redundancy, as two RCCs work
in parallel on the same time frame, ensuring that at least
one CGM will always be available even when the main
RCCis facing issues.

The CGMES merging process is still facing challenges,
primarily related to the required quality and complexity
of input data. As such, convergence issues are often
encountered, and certain CGMs are not published. During
the development phase, a tactic to identify problematic

AN

otherTSOs' models. Currently used standards include the
Union for the Co-ordination of Transmission of Electricity
data exchange format (UCTE DEF) and common grid
model exchange standard (CGMES). UCTE DEF is a legacy
standard created by UCTE, which was the predecessor
organisation to ENTSO-E, while CGMES is an International
Electrotechnical Commission (IEC) technical specifica-
tion based on the IEC CIM (Common Information Model)
family of standards.

Insum, a CGM is a consolidated network model produced
by merging multiple IGMs from different TSOs. This
provides a representation of a larger, interconnected
portion of the power system, which is then utilised for
system-wide processes. The CGM merging processes for
different time horizons and regions are described in the
following subsections.

input files entailed excluding them, allowing the quality
assessment of the process with the remaining files. To
comply with the CGM methodology, RCCs jointly decided
to discontinue this practice in the production environ-
ments as of Q3 2024. Discontinuing this pre-emptive
exclusion practice resulted in low publication rates for
CGMES CGMs. However, the published CGMs were consid-
ering all input data and European merging function
(EMF) requirements.

According to the Common Grid Model Methodology
(CGMM) and following the adopted timings in the CGM
building process (implemented on 21 April 2025), the
day-ahead congestion forecast (DACF) CGMES process
begins at 18:00 - by which time all IGMs should be
submitted - and concludes by 18:30, when validated
CGMs for the relevant scenario become available via
Operational Planning Data Environment (OPDE). Simi-
larly, the D-2 Congestion Forecast; DA (D2CF) CGMES
process starts at 19:50 and ends at 20:10, with vali-
dated CGMs also made available through OPDE. For both
processes, according to the rotation calendar, Coreso
acted as the main RCC responsible forthe merging, while
SCCserved as the backup RCC.

The Intraday Congestion Forecast (IDCF) process operates
on an hourly basis, with validated CGMs released every
hourvia OPDE. TSCNET served as the main RCC for the IDCF
CGMES process, and Baltic RCC acted as the backup.

Y
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For the 28 April 2025 business day, all three SWE TSOs
submitted valid D-2 and D-1 IGMs on time. However,
11 TSOs from other regions did not provide D-2 IGMs,
and five TSOs did not provide D-1 IGMs. Coreso's D-1
merge was successful for eight out of 24 TSs, while the
remaining 16, including the 12:30 TS, were non-conver-
gent. The backup D-1 model from SCC for 12:30 was also
non-convergent. For the D-2 process, neither Coreso's
nor SCC's models converged forany TS.

For the ID merge, RTE and RE delivered three packages
of eight IGMs, while REN delivered twice 24 IGMs and
once 12 IGMs. The transition to more frequent ID models
is pending. Seven other TSOs did not deliver any valid
ID IGMs for this business day. TSCNET, as the main merge
operator, performed hourly merges for the business day,
which were all non-convergent. Inthe 11:12 merge, the
last merge before the incident occurred, the IGMs from
all but two TSOs were older than one hour. The Baltic
RCC, as the backup merge operator, was able to create a

5.2.3.2 Regional CGMES CGM

In addition to the PE CGMs, Coreso carries out a regional
merge of the D-2 and D-1 CGMES IGMs from REN, RE, and
RTE on a daily basis, producing CGMs that are mandatory
inputs for the DA and ID capacity calculations, respec-
tively. These CGMs are produced each evening for six TSs
(02:30,05:30, 09:30, 12:30, 15:30, and 19:30) and are

5.2.3.3 Continental Europe UCTE CGM

The UCTE DEF is a legacy standard previously used for
data exchange in various processes. One major differ-
ence between the UCTE DEF and the CGMES-based PE
CGM implementation lies in the modelling approach:
in UCTE DEF, models are built for all of continental
Europe, with each RCC additionally generating CGMs for
their specific regions. For example, for the DACF, Coreso
produces a DA CGM for the SWE region (including applied
model improvements), while Selene CC creates CGMs for
Southeast Europe. In this way, each RCCis responsible for
developing CGMs tailored to its specific region.

convergent model at 07:51 by substituting models based
on additional validation rules, which still needed to be
aligned on a European level. This was the latest conver-
gent PE CGMES CGM before the incident.

Overall, the PE CGMES merging process is stillundergoing
improvements, and the resulting models were of limited
use. Since all regional and cross-regional assessments
are still either based on the legacy UCTE DEF merge or
aregional CGMES merge, this did not directly impact the
incident. All security assessments could be performed
using other models. The missing input data from other
regions had no relevant impact on SWE.

In conclusion, while there were no available D-1 and D-2
CGMs in CGMES format for the time of the incident, this
would not have made a difference unless they had been
used for SA and OPC purposes. The same applies to the
CGMES format ID CGM, which was available but outdated,
having been produced hours before the incident.

shared with the TSOs as part of the process outputs. The
latest regional SWE CGMES merge was completed before
19:30 on Sunday. All required input data was valid and
delivered on time. The merge and load flow simulations
were successfully executed for both time horizons.

The process of submitting and merging these individual
models includes data validation. Detected issues are
categorised by severity, which impacts the data’s suita-
bility for analysis:

» Informational: Indicates minor data conditions
or deviations that do not prevent the use of the
model.

» Warning: Signifies data inconsistencies or
potential inaccuracies. Models with warnings
may be used, but the associated data should
be treated with caution.

» Fatal Error: Denotes a data issue that makes
the model unusable forits intended purpose.
Processing is typically halted until the error is
rectified.
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Currently, UCTE CGMs are merged by synchronous area;
for example, the UCTE CGM containing Spain, Portugal,
and France does not include Nordic or Baltic countries.
This subsection presents the availability, validation of
the affected TSO IGMs, and the merge for the continental
Europe UCTE CGM.

Since IGMs serve as the starting point, the delivery of IGMs
across different time horizons is shown in Table 4-7. Each
process has a different expected frequency of IGM crea-
tion: for D-1 and real-time snapshot (RTSN), one IGM per
TS is expected, whereas for ID, delivery can occur hourly
before real time. For example, after 12:30, new ID IGMs
for 12:30 are not expected.

As shown in Table 5-7, most IGMs were valid, indicating
that no fatal errors were present. The missing values
occur because REN does not provide ID or RTSN IGMs, and
RE does not provide RTSN 1GMs, as the provision of RTSN
files is not mandatory. From the valid IGMs, both infor-
mational and warning messages are included. The only
invalid IGM was submitted by RE for the ID time horizon
one hour before real time; the model for TS 12:30 was
generated at11:16, which was the last ID IGM submitted
for TS 12:30, as RE does not provide IGMs hourly.
Regarding RTSN, both REN and RE provided RTSN models
generated on demand for the incident investigation.

150 D-1 D RTSN
REN 11 = =
RE 11 4/5 -
RTE 11 19/19 11

Table 5-8: Delivery of valid IGMs for the D-1, ID, and RT time horizons for
business day 28.04.2025, TS 12:30 during the processes

convergence in RE's legacy power system analysis tool
and, consequently, in the UCTE IGM model either.Dueto a
malfunction in the RE tool responsible for modelling the
status of reactors, high voltage shifts were provided (e.q.
a 400kVbusbar operating at 280kV). Therefore, UCTE IGM
load flow results are no longer valid for operational SA.
Similar problems were observed on three separate days
in the month: on 4 April (one ID IGM), 14 April (two ID
IGMs), and 28 April (five ID IGMs). On 28 April, out of the
five affected models, four corresponded to the 10:30 TS
and one tothe 12:307TS.

Concerning the CGMs, the DA IGMs are utilised for the
DACF process. Coreso is the RCC performing the SA for the
SWE region, which is further described in Section 5.2.5.
During the DACF process, four CGMs were created, at
18:00,18:27,19:57,and 20:10.

CGMs were created based on all the provided ID IGMs. All
(GMs created that day for the TS 12:30 were convergent.
Invalid IGMs were excluded, and the latest provided IGM
was used instead - for example, for the last ID CGM3®
reated at 12:15, the ES IGM generated at 10:16 was
utilised.

38 According to TSCNET merging.
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5.2.4 Coordinated Capacity Calculation

The capacity calculation process described in this section
refers to the regulated task that follows the CACM
Guideline EU 1222/2015. As explained in Section 5.1.3,
the SWE region has some specificities that define how
cross-border capacities are calculated. Coreso performs
the NTC-based capacity calculation using a coordinated
methodology developed by SWE TSOs (REN, RE, and RTE),
approved by ACER and the NRAs. This task is currently
performed for the following time frames:

» CCC Long Term (LT) SWE: Currently performed
ontheTSOside. Under development at Coreso.

» CCC DA SWE: Performed two days ahead, calcu-
lates total transfer capacities (TTC) for six TSs for
the DA market.

» CCCID SWE: Two different runs apply:

- First run: Performed one day ahead; calcu-
lates TTC for six TSs for ID market.

- Second run: Performed on the same day;
calculates TTC for three TSs in the afternoon
forthe remaining ID market gates. Currently
in parallel run, therefore results are not being
sent to the market and thus not applicable.

Additional Contraints (CRACs), all in CGMES format),
Coreso calculates TTC for a limited number of TS (02:30,
05:30, 09:30, 12:30, 15:30, and 19:30) and for each
border and direction independently. The calculated
TTCs are sent as a proposal to the TSOs, which validate

Focus on Business Day 28 April, TS 12:30

the proposal and allocate capacities for the 24-hour
period by extrapolation. Coreso then processes the TSOs'
feedback to determine the final TTC for each border and
direction. To calculate the final output sent to markets,
NTC, the following formula and parameters are applied:

» NTC =TTC - transmission reliability margin (TRM)

» TRM is 7.5 % of TTC for the Spain-France border,
with a minimum of 200 MW.

» TRM is 10 % of TTC for the Portugal-Spain border,
with a minimum of 100 MW.

The calculated TTC values are compared with the param-
eters above. In cases where fallbacks are applied, it
might result in the following:

» If CCC DA SWE cannot compute TTC,
orif TTC < TRM: LT TTC values are applied

» If CCC ID SWE cannot compute TTC,
orif TTC < TRM: DATTC values are applied

introduction of a new tool for the CCC DA process,
replacing the previous technology. The former tool is
maintained as a backup and is used when the main tool
fails to publish all the required results.

In contrast, for the CCC ID process, the new tool was
launched in March 2025. Unlike the DA process, no
backup toolis currently in place for ID.

Table 5-9 below provides an overview of the proposed capacities for the market directions observed on 28 April.

Process Direction Calculated TTC (MW) CNEC Proposed TTC (MW) and reason

CCCDA ES>FR 0 N-1 Braud—Prequillac 1 led to divergence 2,500 (LTTTC values applied)

CCCDA ES>PT 3,900 N-2 Alto Lindoso—Cartelle 400 kV overloads 3,900
Aldeadavila—Lagoaca 1 400 kv

ccci ES>FR 100 N-1 Braud—Preguillac 1 overloads 2,500 (D2 TTC values applied due to TTC < TRM)
Braud-Preguillac 2

cccip ES>PT 4,050 N-2 Alto Lindoso—Cartelle 400 kV overloads 4,050
Aldeadavila—Lagoaca 1 400 kv

Table 5-9: Overview of proposed TTC (MW) per process and direction. Only the real-time market directions are depicted; all calculated capacities refer to the

dedicated subchapters 5.2.4.2. and 5.2.4.3.
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5.2.4.1 Long-term Capacity Calculation

The LT capacity calculation process for yearly, quarterly,
and monthly time frames is currently being developed.
The go-live of this process is expected in Q1 2026 (at the
time of reporting).

Until then, the LT values used as backup for the CCC DA
SWE process are inputs received from RE based on a
bilateral monthly process among SWE TSOs (RE and REN
for the ES—PT border, RE and RTE for the ES—FR border).
Table 5-10 shows the provided values by RE for this busi-
ness day for 12:30.

5.2.4.2 Day-ahead Capacity Calculation

ES>FR 2,300 MW
ES>PT 3,500 MW
FR>ES 2,400 MW
PT>ES 2,200MW

Table 5-10: Long-term NTC values provided for 28/04 TS 12:30 (Source: RE)

The DA capacity calculation for business day 28 April was performed on the evening of 26 April and concluded on
27 April at 08:00 with the validation from TSOs. The results are presented in Table 5-10.

TIC (MW) Contingency CNE (Limiting element)
PT>ES 3,785 N-2 Alto Lindoso—Cartelle 400 kV Angle constraint
ES>PT 3,900 N-2 Alto Lindoso—Cartelle 400 kV Aldeadavila—Lagoaca 1,400 kV
FR>ES 2,500 N-1 Argia—Arkale 1,220 kV Argia—Hernani 400 kv
ES>FR 2,500 N-1 Braud—Preguillac 1 led to divergence LTTTCvalues applied

Table 5-11: Proposed TTC for TS 12:30 after CCC DA SWE calculation for BD 28/04, with limiting element and reason

Further analysis was conducted to determine the final
direction of exchanges observed in real time on 28 April
at 12:30. Regarding the ES~> FR direction, with 0 MW
exchange, there was a violation in the model after N-1
Braud—Prequillac 1. Therefore, no TTC was computed
with either tool (live or backup), and the LT TTC value
(2,500 MW) was applied for this direction and TS. During
the validation phase, TSOs did not decrease the proposed
value, so it was confirmed as the final TTC value.

Regarding the ES > PT direction, the limiting element is
Aldeadavila—Lagoaca 1 400kV after N-2 Alto Lindoso—
Cartelle 400kV, resulting in a TTC value of 3,900 MW.
During the validation phase, TSOs did not decrease the
proposed value, so it was confirmed as the final TTC
value.

Focusing on the capacities provided in the directions
taken by markets in the ID time frame and to provide
some context, the final TTC provided during CCC DA SWE
were within normal values relative to those provided
during 2025 so far, as illustrated in the figures below.
In the Spain-to-France direction, the provided 2,500 MW
belongs to the 16™ percentile (see Figure 5-6), while for
the Spain-to-Portugal direction, the provided 3,900 MW
belongs to the 22" percentile (see Figure 5-7) of this
year's distribution.

Grid Incident in Spain and Portugal on 28 April 2025 // Factual Report // 229



ES>FR

4,500

4,000

\

3,500

3,000

2,500 o~

TTC (MW)

2,000 -"""/

1,500 /
1,000

500 ‘(

0 12 24 36 48 60 72 84 96
Percentile
Figure 5-6: Proposed TTC values for the DA process and the ES - FR direction since January 2025, sorted from lowest to highest
ES>PT
7,000
6,000 /
5,000
= 4000
= /—r
J
= 3,000
2,000
1,000
0
0 12 24 36 48 60 72 84 96
Percentile

Figure 5-7: Proposed TTC values for the DA process and the ES - PT direction since January 2025, sorted from lowest to highest
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5.2.4.3

Intraday Capacity Calculation, First Run

The ID capacity calculation is performed in D-1, so for business day 28 April, the calculation was performed in the
evening of 27 April, providing results by 22:00. The results can be observed in Table 5-12.

T1C (MW) Contingency CNE (Limiting element)
PT>ES 3,050 N-2 Alto Lindoso—Cartelle 400 kV Angle constraint
ES>PT 4,050 N-2 Alto Lindoso—Cartelle 400 kV Aldeadavila-Lagoaca 1,400 kv
FR>ES 2,600 Base case Argia—Hernani 400 kv
ES>FR 2,500 (D2 TTC values Base case divergence D-2TTCvalues applied

applied due to TTC < TRM)

Table 5-12: Proposed TTC after CCC ID SWE calculation for BD 28/04, with limiting element and reason.

Regarding the ES~>FR direction, the computed TTC
was 100 MW (i.e. lower than TRM) due to N-1 Braud—
Prequillac 1 overloading Braud—Preguillac 2. Therefore,
DATTC values (2,500 MW) were applied. During the vali-
dation phase, TSOs did not decrease the proposed value,
so it was confirmed as the final TTC value.

5.2.5

The implementation of the CSA methodology via the
ROSC (regional operational security coordination)
process will eventually replace the current SA service;
however, it is still under development, with a Q1 2027
expected go-live for the SWE region. SA for the SWE
region is conducted by Coreso daily using the DACF grid
models in the DA time frame. This analysis is based on
coordinated procedures and relies on the continental
Europe CGM in UCTE format, as described in Section 5.2.3.
0On these models, security analyses are run for the whole
day, and RAs are proposed by Coreso operators for the
worst TS for each constraint, in close coordination with
the SWE TSOs. Currently, security analyses in the ID time
frame are not operational for the SWE region.

Coordinated Security Analysis

Regarding the ES~»PT direction, the limiting element
is Aldeadavila—Lagoaca 1 400kV, considering the N-2
Alto Lindoso—Cartelle 400kV, resulting in a TTC value
of 4,050 MW. During the validation phase, TSOs did not
decrease the proposed value, so it was confirmed as the
final TTC value.

The DA Security Analysis process for the Core, IN, and
SWE regions unfolded in a tightly coordinated sequence
beginning the day before 16:00 and concluding by
midnight

» It started with the delivery of IGMs from the
TSOs and the availability of market results,
which serve as the foundational inputs for the
process. By 18:00, the first version of the CGM
(CGM V1) was generated. This version was then
refined through several targeted improvements
per region. For the SWE region, for example,
Coreso adapted the tap position of the PSTs on
the FR-ES border depending on N-state loading
and TSO operational guidelines to ensure the
base case reflected a realistic scenario.

» At 18:15, a second, enhanced version of the
CGM (CGM V2) was produced, incorporating
these improvements. The process continued
at around 18:30-18:45 with the launch of
the security analysis for all regions and 24 TSs,
where the system's robustness was assessed
against potential contingencies.
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» 0nce the security analysis results were avail-
able, the operator interpreted them and
identified the most relevant constraints within
the interest and observability area for the
SWE region, as detailed in Section 5.1.3. Once
selected, the worst-case TS for each constraint
was analysed, addressing N-1 violations
through the implementation of RAs. The appli-
cability of these proposed actions was then
verified through direct communication with
the relevant TSO operators. If confirmed, the
actions were documented in the report; if not,
the Coreso operator sought and proposed alter-
native solutions.

P

7

By 21:00, Coreso, in collaboration with the
TSOs, evaluated and coordinated RAs to address
any identified issues. At 21:00, the Daily Oper-
ational Planning Teleconference (DOPT) was
used to exchange and consolidate relevant
cross-border data. The process then moved into
the impact and deviation assessment phase at
22:00, which included a specific study for the
Central Eastern Europe (CEE) region.

5.2.51

Forthe 12:30 TS on 28 April, the DA CGM used was the last
one created around 18:00 on the previous day, following
the standard procedure for DA SA activities. The study

5.2.5.2

The study concluded that critical constraints were
detected on the France—Spain (FR—ES) border, requiring
countertrading of up to 300 MW at 05:30, along with
extreme curative tap positionsin the Arkale PST to resolve
the issue. Additional constraints were identified on the
Spain—Portugal (ES—PT) border and within the internal
Spanish grid. These were manageable through the usual
topological RAs and internal redispatch.

Additional relevant information used during the SA of
the DA SWE were the planned outage of 220 kV Biescas—
Pragnéres (ES—FR) and 400 kV Brovales-Alqueva (PT—ES)
tie-lines, and the tight downwards generation margin
announced by REN. There was no specific request to
study N-2 contingencies, as the weather forecast was
favourable.

» A combined DACF CGM was built with the
CGMs of Coreso and TSCNET that included all
the agreed preventive RAs from the study. At
22:30, the proposed RAs were confirmed with
the TSOs, ensuring alignment and readiness.

» Finally, before midnight, the comprehensive
DA report (summarising the entire SA, including
all assessments and confirmed actions) was
published, marking the conclusion of the SA
DA process.

As mentioned earlier, for the SWE region, no SA ID process
is operational on the RCC side; instead, it is performed
solely on the TSO side. These are used to reassess the
security situation with updated inputs, thus enabling
more accurate results and solutions. Coreso provides SA
ID services for the Core and IN regions and supports TSOs
from these regions in the close-to-real-time time frame
as part of continuous monitoring and when requested.
However, these services are not provided for the SWE
region, as IDCF and RTSN are not available. The potential
impact of these services in the scope of the event of busi-
ness day 28 April will be addressed in the final report.

Conclusion for Business Day 28 April, TS 12:30

reveals that TS 12:30 was a non-stressed TS, meaning
that no need for RA coordination was forecasted in the
DA time frame.

Overview of the Study for Business Day 28 April

TS0 Generation margins Peak load (MW) and time
RE Sufficient 30,800 at 21:30

REN Tight-Downward 6,820 at 21:30

RTE Sufficient 48,800 at 13:00

Table 5-13: Load and generation margin forecast declared by SWE TSOs at the
start of the SA DA SWE process
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Day-ahead commercial exchanges overview
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Figure 5-8: Commercial exchanges in the DA time frame for BD 28/04 (MW)

0n 28 April, the commercial exchanges in DA showed
Spain mostly exporting to France, except around midday,
when it briefly imported up to 2,300 MW. Portugal
exported to Spain overnight, but flows reversed in the
morning, with Spain exporting up to 3,531 MW during
the afternoon before Portugal resumed exports in the
evening.

00:30 | 01:30 | 02:30 | 03:30 | 04:30 | 05:30 | 06:30 | 07:30 | 08:30 | 09:30 | 10:30

11:30

Some deviations between DA commercial flows and
physical cross-border flows in the DA CGM were fore-
seen, particularly during the midday hours. On the
Portugal-Spain border, key interconnectors such as
Cedillo—Falagueira and Puebla de Guzman—Tavira were
expected to play a central role in the midday export to
Portugal (mostly due to the planned outage of Brovales—
Alqueva), while Aldeadavila—Lagoaca and Cartelle—Alto
Lindoso were forecasted to handle the bulk of the export
flows from Portugal during the night and early morning.

12:30 | 13:30 | 14:30 | 15:30 | 16:30 | 17:30 | 18:30 | 19:30 | 20:30 | 21:30 | 22:30 | 23:30

ARKALE | 17 17 17 17 17 17 17 17 17 17 17

17 17 17 17 17 17 17 17 17 16 17 17 17

PST

[1-33] | -316 -309 | -306 | -301 | -306 | -319 | -174 | -180 | -175 | -132 | -68

-66 | 50 | 220 | 214 | -24

-161 | -179 | -262 | -302 | -265 | -116 | -284 | -308

56.2 | 54.9 | 53.8 | 53.1 | 54.1 | 56.6 | 34.3 | 345 | 33.6 | 21.9 | 20.7

20.4

141 | 373 | 36.5 | 14.9 | 30.2 | 33.6 | 47.5 | 545 | 48.9 | 28.9 | 52.8 | 55.7

Figure 5-9: N-state overview for Arkale PST, with details of tap (top row), active power in MW (middle row) and loading in % (bottom row). Positive values of active

power mean flow from FR to ES. Yellow cells indicate loading over 50 %.

N-state physical flows

As explained earlier, the SWE region consists of two
borders that interact with each other to a lesser degree
than in other regions, such as Core. The main conse-
quence is that typically there is a lower difference
between commercial and physical flows. Consistent with
the previous section, the highest N-state flows observed
on the main corridors of the Spain—France border were
all in the Spain-to-France direction, either in the early
morning or evening (see Table 5-14).

AN

Y
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Tie-line Highest N-state loading Time stamp Direction

400 kv Argia—Hernani 1,395 MW (91 %) 20:30 Spain to France
220kV Argia—Arkale 316 MW (74%) 05:30 Spain to France
220 kV Biescas—Pragneres - - -

400 kv Baixas—Santa Llogaial&2 | 2x 620 MW (63 %) 18:30 Spain to France
400 kV Baixas-Vic 514 MW (32%) 18:30 Spain to France

Table 5-14: Highest level of N-state loading on the Spain-France tie-lines, sorted from west to east (note that the 220 kV Biescas—Pragneres tie-line was in

planned outage)

on Arkale PST. Since the capacity calculation processes
took this planned outage into account, however, the
given capacities did not require high tap adaptation
to manage flows on Arkale PST, and could be kept at a
stable tap position of 17 (neutral tap) except for a brief
adjustmentto tap 16 at 20:30 (see Figure 5-9).

The Spain-Portugal border has a high level of transfer
capacity due to the nine tie-lines in operation. However,
their distribution along the border is uneven, with
denser meshinginthe north thanin the south. Table 5-15
presents the highest N-state loading for each tie-line,
including the details of the TS and flow direction.

Tie-line Highest N-state loading Time stamp Direction

400 kv Alto Lindoso—Cartelle 1 & 2 2 x532MW (35%) 07:30 Spain to Portugal
400 kv Aldeadavila-Lagoaga 1,374 MW (86 %) 06:30,07:30 Portugal to Spain
220 kV Aldeadavila—Pocinho 1 & 2 159 MW (39 %) 06:30 Portugal to Spain
220 kv Saucelle-Pocinho 157 MW (45 %) 08:30 Portugal to Spain
400 kV Cedillo—Falagueira 1,087 MW (78 %) 17:30 Spain to Portugal
400 kV Brovales—Alqueva - - -

400 kV Puebla de Guzman-Tavira 673 MW (54 %) 18:30 Spain to Portugal

Table 5-15: Highest level of N-state loading on the Spain-Portugal tie-lines, sorted from north to south (note that the 400 kV Brovales—Alqueva tie-line was in

planned outage)

The lower meshing in the southern part of the border
means that the planned outage of 400 kV Brovales—
Alqueva (located in the south) is quite impactful both for
the N-state and N-1 loadings of tie-lines nearby (400 kV
Cedillo—Falagueira and 400kV Puebla de Guzman—
Tavira). Additionally, itis worth mentioning the apparent
loop in physical flows in the northern part of the Spain-
Portugal border during the morning, with some tie-lines

SA DA study results

Constraints were detected either in the morning or
evening hours, mainly on the FR-ES (Argia—Hernani,
Arkale—Hernani, Hernani—Itxaso) and ES-PT borders
(Falagueira—Cedillo, Aldeadavila—Lagoaca). They were
resolved using 300 MW countertrading (FR™, ESv), PST
tap changes at Arkale (from 17 to 1 in steps), transformer
disconnections at Argia, and internal redispatch by RE
(400 MW) and REN (800 MW).

exporting while others import. This behaviour is quite
common in this part of the border due to the high level
of meshing.

Since none of the values in Table 5-14 or Table 5-15
involve hours close to 12:30, the main conclusion is that
this period was indeed less constrained in the DA time
frame.

Coreso proposed that RAs bring all N-1 loadings below
the 100 % threshold. For each of the detected contin-
gency constraints for business day 28 April, the following
figures show an overview of the N-1 loading for all 24
TSs, while the tables show the proposed solution for the
worst TS.

234 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



N-1 400KkV Argia—Hernani on 220 kV Argia—Arkale
L —

260

240

220 7y

200

180

N-1 Loading (%)

160

140

120

100 ?

ORI S T S L L S ST SR T SN O IR MR SR L L S S S
NEENEENGRN NN R RN R R R SR U A N N T SR i e Rl S

Timestamp

Figure 5-10: Overview of loading as % of PATL of 220 kV Argia—Arkale after the trip of 400 kV Argia—Hernani (before application of RAs)

TS0 Contingency Constraint Max. constraint | Remaining
(%, TS) afterRA
U (kv) Element U (kv) Element
RTE/RE 400 Argia—Hernani 220 Argia—Arkale 245%,05:30 98%

Remedial actions:

PRA: Countertrading (RE, RTE) 300 MW [FR™ ESv]

CRA: 220 kV Arkale PST: Tap change (17->15) [To avoid PST block]
CRA: 220 kv Arkale PST: Tap change (15-5) [Automatic]

CRA: 220 kv Arkale PST: Tap change (5~>1) [Manual]

Table 5-16: Proposed RAs to solve the constraint on 220 kV Argia—Arkale after the trip of 400 kV Argia—Hernani
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N-1 220KkV Argia—Arkale on 400 kV Argia—Hernani
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Figure 5-11: Overview of loading as % of PATL of 400 kV Argia—Hernani after the trip of 220 kV Argia—Arkale (before application of RAs)

TS0 Contingency Constraint Max. Remaining after RA
Overload (%,
U (kv) Element U (kv) Element T5)
RTE/RE 220 Argia—Arkale 400 Argia—Hernani 105%,20:30 | 99%

Remedial actions:
PRA: Countertrading (RE, RTE) 150 MW [FR ESv]
CRA: 400/220 kVTF Argia 1, 2: Switch Off

Table 5-17: Proposed RAs to solve the constraint on 400 kV Argia—Hernani after the trip of 220 kV Argia—Arkale
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N-1 400KkV Grijota—Villarino on 400 kV Valdecarretas—Villarino
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Figure 5-12: Overview of loading as % of PATL of 400 kv Valdecarretas—Villarino after the trip of 400 kV Grijota—Villarino 1 (before application of RAs)

TS0 Contingency Constraint Max. Overload Remaining
(%, TS) after RA
U (kv) Element U (kv) Element
RTE/RE 400 Grijota-Villarino 2 400 Valdecarretas—Villarino 1 115%, 05:30 86%

Remedial actions:
CRA: 400 kV Grijota-Villarino 1: Switch On

Table 5-18: Proposed RAs to solve the constraint on 400 kV Valdecarretas—Villarino after the trip of 400 kV Grijota—Villarino 2 (in this case, note that the 400 kV
Grijota—Villarino 1 line was sent out of service for reactive power control)
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N-2 400 kV Arafiuelo—Aldeadavila and Hinojosa—Aldeadavila on 400 kV Cedillo—Falagueira
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Figure 5-13: Overview of loading as % of PATL of 400 kV Cedillo—Falagueira after the double trip (N-2) of 400 kV Arafiuelo—Aldeadavila and Hinojosa—Aldeadavila
(before application of RAs)

TS0 Contingency Constraint Max. Overload Remaining
(%, TS) after RA
U (kv) Element U (kv) Element
REN/RE 400 Araiiuelo—Aldeaddvila and 400 Cedillo—Falagueira 108%,17:30 99%

Hinojosa—Aldeadavila (N-2)

Remedial actions:

CRA: Internal Redispatch (RE) 400 MW [ReduceGen on J.M.Oriol]

Table 5-19: Proposed RAs to solve the constraint on 400 kV Cedillo—Falagueira after the double trip (N-2) of 400 kV Arafiuelo—Aldeadavila and Hinojosa—Aldeadavila.
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N-2 400 kV Alto Lindoso—Cartelle (1, 2) on 400 kV Aldeadavila—Lagoaca
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Figure 5-14: Overview of loading as % of PATL of 400 kv Aldeadavila—Lagoaca after the double trip (N-2) of 400 kV Alto Lindoso—Cartelle (before application of RAs)

TS0 Contingency Constraint Max. Overload Remaining
(%, TS) after RA
U (kv) Element U (kv) Element
REN/RE 400 Alto Lindoso—Cartelle (N-2) 400 Aldeadavila-Lagoaca 121%,07:30 99 %

Remedial actions:
CRA: Internal Redispatch (REN) 800 MW [Dec Gen Bemposta and Picote]

Table 5-20: Proposed RAs to solve the constraint on 400 kV Aldeadavila—Lagoaca after the double trip (N-2) of 400 kv Alto Lindoso—Cartelle (before application of RAs)

5.2.6 Other RCC Tasks

5.2.6.1

In accordance with Article 6 of the Network Code on
Electricity Emergency and Restoration (NC ER), TSOs
shall review their defence and restoration plans at least
every five years with a subsequent consistency assess-
ment. RCCs are responsible for evaluating the coherence
of specific measures, including inter-TSO assistance,
frequency management, active power support, and
top-down re-energisation. Following this consulta-
tion, the relevant RCC will prepare a technical report
assessing the consistency of the measures implemented
by the TSOs.

Emergency and Restoration Plans Consistency Check

This task was last performed and completed in 2024, for
the second time since it was established. Coreso evalu-
ated the defence and restoration plans of the SWE region
and verified the existence of the necessary agreements
outlining the relevant procedures to be applied in emer-
gency, blackout, or restoration states by Red Eléctrica,
REN, and RTE. TSOs have provided Coreso with the refer-
ences to the most recent versions of these documents,
and no inconsistencies were identified between RTE and
Red Eléctrica, or between Red Eléctrica and REN.
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5.2.6.2

Regional Incident Analysis and Reporting (RIAR) is the
RCC task based on the requirement from Article 37(1) (i)
of EU Regulation 2019/943 and the ACER decision
04/2022. In this task, all RCCs jointly investigate the role
of RCC tasks connected with incidents above a specific
threshold. Since the establishment of the RCCs in 2022,
the only incident before April 2025 that was above the
threshold was the Scale 3 incident (blackout) in South
East Europe (SEE) on 21 June 2024. The system split on
24 July 2021 occurred before the establishment of RCCs.

The investigation into the SEE blackout was completed
on 25 February 2025 with the publication of the final
report. With this report, the RCCs issued two recom-
mendations for all ENTSO-E TSOs connected to the RCC
tasks, one aiming at a more frequent update of ID IGMs,
the other addressing the voltage accuracy of the grid
models. Both recommendations are also applicable to
SWE but expected only until mid-2026. Until 28 April
2025, they were still pending - in line with the recom-
mended timeline.

5.2.6.3 (Crisis Scenarios

The RCCs have a defined role in ENTSO-E's process of iden-
tifying regional crisis scenarios. This role is described in
therisk preparedness regulation and further elaborated
in the methodology for identifying regional electricity
crisis scenarios, which was amended in 2023 by ENTSO-E
and the RCCs and submitted to ACER. The amended
methodology was approved by ACER on 8 March 2024
and clarifies the role of RCCs in the various stages of
updating the regional crisis scenarios. It outlines four
stages in updating regional electricity crisis scenarios:

» Establishing a list of regional electricity crisis
scenario candidates, using the previous list of
regional electricity crisis scenarios as a starting
point and providing updates

» Compiling a list of regional electricity crisis
scenarios for evaluation

» Evaluating and ranking electricity crisis
scenarios

» Reporting on the most relevant regional
electricity crisis scenarios

Regional Incident Analysis and Reporting

The TSOs added an additional recommendation affecting
the RCC tasks, aimed at resolving tie-line rating incon-
sistencies in the SWE area. Generally, such inconsisten-
cies are not limited to SEE but are also present in SWE.
However, the recommendation only addressed the
affected TSOs and did not include other TSOs. Contrary
to the system split on 4 November 2006 in Germany, the
tie-line rating inconsistencies did not contribute to the
incident in SEE. Since RCCs generally consider the lower
limitsin regional processes, the impact of such inconsist-
encies is limited to local processes and not considered
critical for RCC processes.

In addition to the mandatory RCC task of RIAR, Coreso
offers its shareholders an additional voluntary service: a
“post-event analysis” that provides basic investigations
forincidents below the threshold and may also include
the use of post-operational data such as RTSN.

In all stages, RCCs support ENTSO-E, and TSOs are
consulted or informed. ENTSO-E has the final respon-
sibility for the report and various process steps. This
process delivers the most severe regional electrical
crisis scenarios every fourth year. The TSOs are required
to include the regional electrical crisis scenarios in their
risk preparedness plans.

The regional electrical crisis scenarios were updated in
2024, which resulted in the analysis of 23 scenarios with
different root causes, including natural (weather, earth-
quakes, etc.), anthropogenic (physical attack, etc.), or
others. So far, the investigation has identified no corre-
lation between the incidents listed and the scenarios
analysed.
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6 COMMUNICATION OF SYNCHRO-
NOUS AREA MONITORS AND
BETWEEN T50s

This chapter outlines the key communications between synchronous area monitors
(SAMs) and the affected Transmission System Operators (TSOs) during the incident,
highlighting the exchanges that supported situational awareness and operational
coordination. In addition to these interactions, it also includes messages exchanged
via the ENTSO-E Awareness System (EAS) platform, as well as email correspondence
between SAMs and the TSOs related to this event.

To maintain conciseness, the focus is on communications between TSOs; however,
communications with significant grid users were also reviewed and considered
during the analysis, despite not being detailed in this section.

6.1 Communication between TSOs

Within the Synchronous Area Continental Europe, control
actions and reserves are organised in a hierarchical
structure with scheduling areas, monitoring areas,
load-frequency control (LFC) areas, LFC blocks, and the
synchronous area with two coordination centres. The
coordination centres facilitate communication and
cooperation among TSOs, helping solve inter-TSO issues,
and coordinate responses to potential disruptions or
changes in power demand and generation. The coordi-
nation centres' role is carried out simultaneously by the
TSOs Swissgrid and Amprion, with each responsible for
a specific geographic portion of the synchronous area,
ensuring that each TSO communicates with only one
coordination centre. The TSOs affected by the incident on
28 April 2025 are all serviced by Swissgrid.

In continental Europe, coordination centres also fulfil
SAM obligations according to Article 133 of the System
Operation Guidelines (SO GL). In this role, they monitor
the synchronous area's frequency and other parameters
and initiate international coordination, if needed. The
SAM role is performed by Swissgrid in even-numbered
months and by Amprion in odd-numbered months;
therefore, Swissgrid was the active SAM during the event.

In the following, calls shown in blue are those with the
SAMs designated for the Continental Europe Synchro-
nous Area, namely Swissgrid or Amprion.

» 28 April, 09:08:

RTE informed Swissgrid of notable frequency fluctu-
ations observed in their network prior to the hourly
change. No alarms were triggered at Swissgrid's
control centre, and the oscillations were not clearly
communicated by RTE, resulting in no immediate
action.

» 28 April, 12:05:

RE asked RTE to reduce cross-border exchange due
to oscillations. Net transfer capacity (NTC) was set to
1,500 MW until 13:00.

» 28 April, 12:08:

RE asked RTE to switch the HVDC interconnection
Baixas (RTE)—Santa Llogaia (RE) system from PMode3
[ed. emulating an AC line] to PModel [ed. constant
power set point] due to oscillations. RTE accepted.
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» 28 April, 12:08:

RE and REN coordinated on managing voltage oscil-
lations and cross-border power flows. Initially, RE
requested countertrading between 13:00 and 15:00
to reduce Portuguese imports, which REN accepted.

» 28 April, 12:11-12:13:

RE contacted REN to request the cancellation
of the previously agreed countertrading. Both
parties agreed that REN would operate in TERRE
(Trans European Replacement Reserves Exchange)
while maintaining current import levels. REN then
requested and received approval from RE to place
700 MW of replacement reserve needs in TERRE for
the 13:00-14:00 period.

» 28 April, 12:14:

RTE called RE to confirm the NTC value of 1,500 MW,
which had not been updated via the tools.

» 28 April, 12:17:

RE called REN to reinstate a countertrading request
from 13:00 to 14:00 to reduce imports and alle-
viate power flows in Spain's 400 kV corridors. REN
accepted.

» 28 April, 12:19:

RE requested that RTE reduce NTC from 1,500 MW to
1,000 MW due to newly observed oscillations, with
the reduction to remain in effect until 14:00. RTE
accepted.

» 28 April, 12:20-12:27:

RE requested that REN bring forward the coun-
tertrading originally scheduled for 13:00-14:00
[ed. final values activated were 13:00-13:15 with
507 MW, 13:15-13:30 with 590 MW, 13:30-13:45
with 531 MW, 13:45-14:00 with 538 MW] by adding
quarter-hourly countertrading for the periods
12:30-12:45 with 247 MW and 12:45-13:00 with
88 MW to reduce Portuguese imports and alle-
viate power flows in Spain’s 400 kV corridors. REN
accepted both requests.

» 28 April, 12:34:

RE informed RTE of a total blackout in the Iberian
Peninsula and the initiation of system restoration.
RE requested a gradual supply of 400 MW, which
RTE agreed to, and both parties decided to set cross-
border exchanges to 0 MW temporarily.

» 28 April, 12:34:

Amprion reported a system split to Swissgrid and
initiated discussions on coordinating with RE and
REN, who were initially unable to communicate
due to the blackout. It was noted that Swissgrid had
attempted to reach the affected TSOs.

» 28 April, 12:34-12:36:

RE called REN to confirm that both systems were in
a blackout situation. RE and REN agreed to set cross-
border exchange schedules to 0 MW and initiate
restoration with black-start units and the assistance
of the French system.

» 28 April, 12:37:
RE requested RTE to energise the 400 kV TIE Baixas

(RTE)—Vic (RE). RTE Toulouse was required to consult
RTE Paris.

» 28 April, 12:39-12:40:
RE requested RTE to restore voltage at the Hernani
substation from the Argia substations. RTE success-

fully put the 400 kVTIE Argia (RTE)—Hernani (RE) into
service.

» 28 April, 12:39:

Amprion confirmed to Swissgrid that they, as SAM,
would also issue the RG CE system split announce-
ment within the EAS according to the system split
procedure.

» 28 April, 12:41:

Swissgrid contacted RTE for updates on the blackout;
RTE confirmed plans to supply up to 400 MW to RE.
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» 28 April, 12:41:

RE asked RTE to initiate the agreed 400 MW exchange
from France to Spain via AC, and both parties
committed to expediting the process.

» 28 April, 12:47:
TERNA called RTE to offer help.

» 28 April, 12:47:

RE contacted ONEE and agreed to receive up to
100 MW of power from Morocco via one of the
submarine cables connecting the two systems.

» 28 April, 12:47:

RE informed Swissgrid of a blackout situation and
shared initial restoration plans. No additional
support was needed at that time.

» 28 April, 12:49:

RE requested RTE to close the 400kV TIE Baixas
(RTE)—Vic (RE), but RTE clarified that the operation
fell under the responsibility of their Paris control
centre and not the control centre of Toulouse, which
was called.

» 28 April, 12:49-12:54:

Swissgrid and Amprion confirmed the blackout in
Spain and Portugal. They defined RE as the frequency
leader for the Iberian Peninsula, Swissgrid for the
rest of continental Europe, and RTE as the resynchro-
nisation leader according to the role definitions of
the system split procedure.

» 28 April, 12:51:

RTE informed RE that staff were being dispatched to
Baixas to restore the HVDC interconnection Baixas
(RTE)—Santa Llogaia (RE), which could not be
restarted automatically due to protection system
constraints.

» 28 April, 12:57:

Swissgrid confirmed to RTE the role assignments and
that LFC controllers would remain unchanged.

» 28 April, 13:20:

RE asked RTE about any issues or incidents on the
tie-lines. RTE confirmed that no anomalies or inci-
dents were observed. RE suggested that RTE send
staff to close these tie-lines in case of remote-control
failure.

» 28 April, 13:24:

RTE informed Swissgrid that it had received too little
information from Spain to assess the extent of the
blackout. RTE reported Iberian frequencies around
50.3-50.4Hz. It was still unclear to the RTE operator
whether the French supply of power would be via
ACorDClines.

» 28 April, 13:27:

RE asked RTE about the issue related to the lack
of voltage transmission on the 400 kV TIE Baixas
(RTE)—Vic (RE). RTE was seeing high voltages. It was
agreed to energise the line. RE would adjust a load
of 100 MW to help reduce the voltage. Additionally, it
was agreed to increase NTC to 950 MW.

» 28 April, 13:36:

RE provided an updated assessment, confirming a
total blackout across the Iberian Peninsula, with all
regions affected. The cause remained unknown.

» 28 April, 13:40:

RTE contacted Swissgrid to request information on
available capacity to support their system.

» 28 April, 13:40:

RTE reported to RE that the HVDC interconnection
Baixas (RTE)—Santa Llogaia (RE) could be started and
voltage requlated, requesting a switch to PMode3
[ed. emulating an AC line]. However, RE indicated
that the mode change was not feasible due to the
network’'s weakened condition.
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» 28 April, 13:41:

REN enquired if RTE had already started the Spanish
grid restoration. RTE confirmed that it was in
progress.

» 28 April, 13:45:

REN informed Swissgrid that Portugal was experi-
encing a nationwide blackout. REN attempted grid
restoration using two black-start units, with no
immediate support from Spain. One unit had failed
multiple times. The cause of the blackout was still
unknown.

» 28 April, 13:50:

Swissgrid informed Amprion that RE was energised
by RTE and REN was restoring bottom-up.

» 28 April, 14:02-14:04:

RE informed RTE of their ability to regulate voltage
via the HVDC interconnection Baixas (RTE)—Santa
Llogaia (RE) at Baixas and planned to activate the
STATCOM function at Santa Llogaia. To support this,
RE requested switching Link-2 from “Standby” to
“Decoupled”, which RTE approved.

» 28 April, 14:14:

Swissgrid asked RTE about the grid situation in
France, Spain, and Portugal. RTE reported a 600 MW
exchange with Spain, with two interconnections
[ed. 400KV TIE Argia (RTE)—Hernani (RE) and 400kV
TIE Baixas (RTE)—Vic (RE)] already in service, and a
third line expected to follow. RTE wanted to send
400 additional MW through the HVDC line.

» 28 April, 14:17:

RTE asked RE if the 220kV TIE Biescas 2 (RE)—Prag-
neres (RTE) could be put into service. RE answered
that it would try to find out and then inform RTE.

» 28 April, 14:20:

RE informed RTE about the closing of a switch at
the converter and notified them of the move to
“Stopped” and then "Decoupled” mode to regulate
voltage as STATCOM.

» 28 April, 14:34:

In response to the request made at 14:17, RE
informed RTE that it was not possible to put the
220KkVTIE Biescas 2 (RE)—Pragneres (RTE) into service
due to ongoing work.

» 28 April, 14:35:

RE contacted ONEE and requested renewed voltage
from the Moroccan electrical system.

» 28 April, 14:41:

RE requested RTE to increase the cross-border
exchange from 950 to 1,200 MW. RTE agreed with a
1,200 MW NTC.

» 28 April, 14:54:

RE informed RTE that they could move Link-2
to “Stopped”, which required a coordinated
manoeuvre. RTE performed the manoeuvre first,
followed by RE. RE and RTE then agreed to change to
“"Decoupled” mode without needing to coordinate
operation in "STATCOM" mode.

» 28 April, 15:00:

TERNA asked RTE about the situation at the Spanish
border.

» 28 April, 15:01:

RE asked if REN already had generation in service.
REN reported that black-start capacity power plants
were experiencing issues and that it was waiting for
these power plants to be successfully started up and
connected to the grid.

» 28 April, 15:06:

Swissgrid informed Amprion that two tie-lines
between France and Spain were back in opera-
tion and 600 MW were being exchanged. Amprion
informed Swissgrid in its role as frequency leader
that the Temelin power plant tripped in the Czech
Republic, but that this was probably not linked to
the blackout.
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28 April, 15:13:
Swissgrid enquired with RTE about a missing file
with the scheduled exchange. There were misunder-

standings between SG and RTE during the call. RTE
confirmed that it would send the missing file.

28 April, 15:20:
RTE reported to RE an exchange of 1,391 MW with an
NTC of 1,200 MW. RE suggested increasing the cross-

border exchange to 1,400 MW and NTC to 1,500 MW
until 17:00.

28 April, 15:31:
RTE informed RE that the 400kV TIE Argia (RTE)—
Hernani (RE) N-1 was causing an overload on the

220KV TIE Argia (RTE)—Arkale (RE) due to the 220 kV
PST Arkale (RE) being out of service.

28 April, 15:32:
RE requested RTE to connect Link-1 from HVDC inter-

connection Baixas (RTE)—Santa Llogaia (RE) for
power transmission. Coordination was confirmed.

28 April, 15:35:
RE informed RTE that the 220kV PST Arkale (RE)

[ed. and the 220kV TIE Argia (RTE)—Arkale (RE)]
would be putinto service, establishing tap 17.

28 April, 15:37:

REN reported issues with starting black-start plants
to RE. RE could not assist REN at the time.

28 April, 15:39:

RE informed RTE that they had found issues with
docking the 220 kV PST Arkale (RE) and indicated that
it may be necessary to open the line [ed. 220kV TIE
Argia (RTE)—Arkale (RE)].

28 April, 15:43:

Swissgrid informed Amprion that three tie-lines
between France and Spain [ed. 220kV TIE Argia
(RTE)—Arkale (RE), 400 kV TIE Baixas (RTE)—Vic (RE)
and 400kV TIE Argia (RTE)—Hernani (RE)] were back
in operation.

» 28 April, 15:50:

Amprion questioned RTE about a 2,500 MW demand
on PICASSO. RTE mentioned a negative price and said
that 500 MW would be coming back online soon.
RTE noted that there would be an excess of power
after 16:00. Amprion asked RTE about the situation
in Spain, but RTE had no furtherinformation.

» 28 April, 15:52:
RE requested power from RTE via the HVDC intercon-
nection Baixas (RTE)—Santa Llogaia (RE) Link-1 in
PMode3 [ed. the line was switched back to PModel
after 1 min]. RE took the master control to make the
changes.

» 28 April, 15:56:

REinformed RTE thatthe 220 kVTIE Argia (RTE)—Arkale
(RE) had to be decoupled to connect the PST.

» 28 April, 16:02:

RTE reported to RE that the flow through Santa
Llogaia was moving from Spain to France.

» 28 April, 16:04:

RE informed RTE of the intention to change the
flow direction at the HVDC interconnection Baixas
(RTE)—Santa Llogaia (RE). RTE confirmed and agreed
to open the 220 kV TIE Argia (RTE)—Arkale (RE).

» 28 April, 16:09:

Swissgrid asked RTE about the current grid situation
and offered support. France did not require assis-
tance at that time.

» 28 April, 16:13:

RE informed RTE that the 220kV TIE Argia (RTE)—
Arkale (RE) and 220kV PST Arkale (RE) were now
operational. RE reported that power transmission
had stopped due to an anqular difference issue.
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» 28 April, 16:13:

Swissgrid asked RE about the current status of the
system reposition and whether all transmission
interconnection lines with France had been recon-
nected. RE confirmed that restoration efforts were
ongoing and all interconnection lines with France
were operational. The network was radial, and
efforts were being made to create a mesh config-
uration. The exchange capacity stood at 1,500 MW.
Swissgrid further enquired if any black-start power
plants were in operation. RE said that one unit was
activeinthe southern region, and more groups were
expected to start up shortly. RE reported that an area
had been connected to Morocco. Swissgrid asked
about the situation at the border with Portugal, and
RE conveyed that REN had reported issues with black-
start plants. RE had several isolated zones, and once
these were connected, RE would be able to provide
voltage support to REN.

» 28 April, 16:39:

Swissgrid enquired with RTE regarding the current
grid situation, and there was no news to report.

» 28 April, 16:55:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 16:56:

ONEE called RE and offered to provide up to 200 MW
of support from its system. The offer was accepted on
the same call.

» 28 April, 16:58:

RTE informed RE their intention to couple busbars in
ARGIA 220 kV. Approval was given.

» 28 April, 17:30:
RTE informed RE that from 20:00, the cross-border
exchange would proceed as scheduled before the

incident, with 3,000 MW. RTE suggested informing its
balance team to extend the 1,500 MW until midnight.

» 28 April, 17:35:
Swissgrid provided Amprion with clarification

regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 18:06:
RTE informed Swissgrid that as of 19:00, they would
no longer be able to balance themselves due to a

lack of energy from Spain and requested a counter-
trade of 500 MW.

» 28 April, 18:07:

ONEE contacted RE to ask if the Spanish electricity
system was divided into several electrical zones or
if all electrical zones were connected. RE explained
that it was divided, with the northern zone of the
Spanish system connected to the European grid via
the French grid, and the southern zone connected to
the Moroccan grid.

» 28 April, 18:09:

RTE reported a flow of 1,900 MW instead of 1,500 MW
to RE. RE would regulate it.

» 28 April, 18:11:

RTE informed RE that 1,700 MW was available until
midnight.

» 28 April, 18:19:

RTE reported to RE that the flow was 2,000 MW. RE
would adjust it. RTE proposed increasing NTC to
2,000 MW.
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» 28 April, 18:23:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 18:34:

RE called REN and offered to energise the 220 kV TIE
Aldeadavila I (RE)—Pocinho (REN), providing voltage
support from its system (up to 20 MW of power
support). The offer was accepted on the same call.

» 28 April, 19:08:

ONEE contacted RE to request that no more load be
taken from Morocco via ESMA1 due to low frequency.
RE asked ONEE if it could continue taking 300 MW,
and ONEE agreed, but instructed them not to exceed
300 MW.

» 28 April, 19:21:

ONEE contacted RE to enquire about the progress
of the restoration of the Spanish electricity system,
specifically whether generation had been restored
and whether the load on ESMA 1 would rise above
370 MW. RE advised that generation was gradually
being restored and that the load on ESMA 1 was not
expected to exceed that value.

» 28 April, 19:22:

Swissgrid enquired with REN about the current grid
situation. REN reported that there were three resto-
ration areas, one of which was being supported by
RE. Atthattime, 170 MW of load was being supplied.

» 28 April, 19:45:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 19:49:

REN requested that RE reconnect the 220 kV tie-lines,
specifically the 220 kVTIE Aldeadavila Il (RE)—Pocinho
(REN) or the 220kV TIE Pocinho (REN)—Saucelle
1 (RE), with a preference for including both if
feasible. RE suggested the reconnection of the
400KV TIE Cedillo (RE)—Falagueira (REN). REN indi-
cated that the reconnection of the 400 kV TIE Cedillo
(RE)—Falagueira (REN) would occur at a later stage,
and that they preferred to connectthe 220 kV lines at
that time. RE accepted.

P

7

28 April, 20:00-20:11:

RTE requested emergency reserves from Amprion.
It was agreed to deliver 400 MW from Germany to
France from 21:00 until midnight.

>

4

28 April, 20:23:

RE requested that RTE change the state of Link-2
from "Decoupled” to “Coupled” to enable power
transmission. RE indicated a preference for receiving
power through the HVDC interconnection Baixas
(RTE)—Santa Llogaia (RE) rather than charging the
400 kV TIE Baixas (RTE)—Vic (RE). RTE agreed.

>

4

28 April, 20:31:

RE reported to RTE that they had changed the power
setpoint (PSP) from 600 MW to 300 MW for the HVDC
interconnection Baixas (RTE)—Santa Llogaia (RE)
Link-1. RE confirmed no exchange variation, only
the recovery of Link-2. RTE noted a 1,300 MW devi-
ation [ed. Between the 2,000 MW schedule and the
700 MW physical flow] that may affect frequency.

P

4

28 April, 20:35:

RE requested RTE to adjust the cross-border exchange
to 800 MW from that moment on due to the existing
deviation to maintain frequency stability. RTE
approved the change.
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» 28 April, 20:49:

RE requested RTE to adjust the cross-border exchange
to 1,400 MW due to the reduced imbalance. RTE
approved.

» 28 April, 20:53:

RE requested ONEE to reduce the cross-border
exchange to the 300 MW agreed in the initial
program. ONEE reported frequency issues as the
reason for the higher flow and agreed to reduce
generation.

» 28 April, 21:01:

RE requested ONEE to close the second Spain—
Morocco tie-line. RE energised the line and
ONEE closed the line, reducing load on the other
interconnection.

» 28 April, 21:02:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 21:08:

ONEE informed RE that 900 MW was too much for
their system and it was experiencing overloads.

» 28 April, 21:11:

RE requested RTE to change the HVYDC interconnection
Baixas (RTE)—Santa Llogaia (RE) from “Decoupled” to
“Stopped", waiting for 20 minutes, and then moving
itto "Coupled” to put it into service. The manoeuvre
was completed.

» 28 April, 21:13:

ONEE asked RE about the interconnection between
Spain and France. RE requested ONEE to requlate the
300 MW cross-border exchange, while ONEE asked RE
to reduce production.

» 28 April, 21:14:

Swissgrid contacted RTE for an assessment of the
current situation. RTE reported that the frequency
was stable and the situation at the border with Spain
was under control. It confirmed that activation of the
remaining power from Spain could continue.

» 28 April, 21:18:

RTE informed RE that they planned to set the sched-
uled exchange to zero to regulate imbalances. They
noted that increasing cross-border exchange could
cause overloads when connecting two zones in a
loop. RTE asked for cross-border exchange values for
29 April, suggesting 2,000 MW from France to Spain
and 0 MW from Spain to France. RE confirmed these
values.

» 28 April, 21:19:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 21:25:

REN requested RE to connect the 400 kV TIE Puebla
de Guzman (RE)—Tavira (REN) to begin supplying
consumption in the Algarve (southern region of
Portugal). RE accepted.

» 28 April, 21:26:

ONEE asked RE about the deviation in the 300 MW
exchange.

» 28 April, 21:31:

RTE reported to Swissgrid that they had set the
scheduled export value to Spain to 0 MW to better
regulate with secondary control because otherwise,
the scheduled cross-border values would change
too frequently. The original scheduled exchange
(without incident) with Spain was 3,000 MW from
Spain to France, but with Spain now importing about
1,000 MW, RTE was buying 4,000 MW from Germany
and Switzerland. Amprion and Swissgrid remained
available to assist with any balancing issues.
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28 April, 21:41:

Swissgrid asked RE about nuclear plant issues or
safe mode status. RE confirmed they were all in
safe mode. Regarding the exchange with France, RE
reported 1,400 MW. Swissgrid asked if RE was still in
restoration mode and if assistance was needed. RE
answered that the restoration was still ongoing and
that no assistance was needed.

28 April, 21:41:

RE requested RTE for information regarding the
Link-2 manoeuvre. The waiting period had elapsed,
and ready status could be applied. The manoeuvres
were executed, and power transmission began.
HVDC interconnection Baixas (RTE)—Santa Llogaia
(RE) was normalised in PMode3 [ed. emulating an
AC line], but PODP (power oscillation damping P)
remained disabled.

28 April, 21:43:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

28 April, 21:47:

Swissgrid asked REN to confirm the existence of a
synchronous connection from FR to PT.

28 April, 21:48:

RE requested Coreso to validate the value provided
by RTE, with an export of 0MW and an import of
2,000 MW. Coreso confirmed.

28 April, 21:49:

Swissgrid asked RE to verify if Portugal was
connected to France through Spain and if Portugal
was operating at the European frequency. The
affected TSOs confirmed the existence of a synchro-
nous connection from France to Portugal.

28 April, 21:50:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 28 April, 21:52:

ONEE asked RE about the need for additional energy.
RE responded that no further energy was currently
required.

» 28 April, 22:03:

ONEE asked RE about the connection between Spain
and France. Information was provided, along with
frequency measurements.

» 28 April, 22:10:

REN informed RE that grid conditions were fulfilled
for the connection of the 400kV TIE Cedillo (RE)—
Falagueira (REN) and requested the connection.
RE accepted.

» 28 April, 22:28:

RE informed REN that they would change their LFCto
peninsular mode. REN agreed.

» 28 April, 22:33:

RTE enquired with RE about cross-border exchange
capacities for 29 April. RE confirmed that the capacity
from Spain to France was 0 MW and reported
readiness to reconnect secondary regulation. RTE
requested information about the schedule to
achieve balance. Both parties agreed ona 1,400 MW
exchange from France to Spain between 00:00 and
03:00.

» 28 April, 22:34:

RTE requested Amprion to extend and increase emer-
gency power. It was agreed to continue with 400 MW
from 00:00 until 01:00 on 29 April and then 650 MW
from 01:00 to 10:00.

» 28 April, 22:50:

RTE informed Swissgrid that the Spanish load
frequency controller would soon be operational.
Subsequently, the exchange program from France to
Spain would be increased from 0 MW to 1,400 MW.
However, RTE noted that the exchange program
would remain unchanged for the next few hours to
allow for better frequency regulation.
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» 28 April, 22:55:

RTE thanked Amprion for their support. RTE received
a schedule and entered it into their system.

» 28 April, 23:14:

Amprion confirmed to Swissgrid the delivery from
Amprion to RTE for the next hours: 400 MW from
00:00t0 01:00 and 650 MW from 01:00 to 10:00.

» 28 April, 23:27:

ONEE enquired with RE about the restoration process.
RE stated that it was ongoing and could not provide
a status update.

» 28 April, 23:41:

RE informed RTE that the LFC would be recon-
nected with a 100 MW schedule and then revert to
1,400 MW. RTE required one hour's notice to adjust its
system and did not support changes before 00:30. A
0 MW schedule from 0:00 was agreed, allowing the
connection of the LFC.

» 28 April, 23:52:

ONEE enquired with RE about the situation, and RE
explained about the connections with other TSOs
and noted that the restoration process had not yet
been completed.

» 28 April, 23:55:

REN and RE agreed to change their LFC mode to
power and frequency control, with scheduled
programs on the PT—ES border at 0 MW.

» 29 April, 00:03:

RTE expressed concerns to Swissgrid about its ability
to maintain balancing at the border with Spain.
Swissgrid offered RTE the option of activating power
via the Stage 2 frequency procedure in an emer-
gency. RTE would respond promptly if necessary.

» 29 April, 00:08:

RE informed RTE that the LFC in Spain has been
successfully activated. RTE confirmed that frequency
regulation in Spain was now being managed by the
Spanish system. RE reported that it had recovered
70% of the load. No information was available about
the REN restoration.

» 29 April, 00:11:

RTE announced to Swissgrid that the grid controller
in Spain was in operation. The initial exchange
program [ed. schedule agreed before the blackout]
indicated 0 MW from Spain to France and 3,000 MW
from France to Spain. RTE had no information about
the LFCin Portugal.

» 29 April, 00:17:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 29 April, 00:47:

REN asked RE to establish contact between the NCC
management teams of REN and RE using the phone
consoles in the control rooms. REN confirmed that it
was already supplying all transmission substations
with consumption and provided a summary of the
generation profile (solar and wind connected to the
transmission grid with restrictions). REN reported
theirintention to change the EAS state to emergency
(red).

» 29 April, 01:54:

REN informed RE that they were performing LFC requ-
lation at 0 MW (schedule program) and asked for the
match confirmation of the cross-border exchange
schedule. RE confirmed that they would keep the
scheduled programs (Spain to Portugal) at 0 MW on
29 April. RE reported that they would impose an NTC
at 0 MW (Spain to Portugal) for 30 April. REN reported
that they would continue limiting renewable (wind
and solar) production connected to the transmission
grid for better requlation. REN suggested changing
the EAS status from the restoration to the emergency
state, maintaining the suspension of energy markets.
RE reported that they would remain in the restora-
tion state for the time being.

250 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



» 29 April, 02:05:

RE requested confirmation from REN regarding the
scheduled exchanges from Portugal to Spain for 29
April. REN confirmed that the scheduled program
would be 0 MW.

» 29 April, 02:16:

RE informed ONEE that the supporting cross-border
exchange was no longer required, and it was agreed
to setitto O MW.

» 29 April, 02:19:

Swissgrid asked REN for confirmation concerning the
end of the restoration state of the Portuguese system.
REN confirmed and reported that all transmission
substations with consumptions were supplied.

» 29 April, 02:20:

REN and RE called about an EAS malfunction. RE was
seeing the Portuguese system in normal state when
REN had switched to emergency state.

» 29 April, 02:22:

Swissgrid informed RE that Portugal has updated
the statusin EAS to alert and confirmed that all loads
were connected to the grid. Swissgrid requested
information regarding the restoration process status
in Spain. RE indicated that the restoration process
was in its final stages. However, certain loads had
not yet been recovered due to issues encountered
by some DSOs when doing so. RE anticipated that all
loads would likely be connected shortly.

» 29 April, 02:23:

REN and RE called again about the EAS malfunction.
RE was seeing the Portuguese system in normal state
when REN had switched to emergency state.

» 29 April, 02:24:

Swissgrid asked RTE for a general update. RTE
confirmed ongoing stable border exchanges
between Spain and France.

» 29 April, 02:25:

REN and RE called again about an EAS malfunction.
RE was viewing normal state of the Portuguese
system when REN had changed to emergency.

» 29 April, 02:29:

RTE asked RE about the status of the network resto-
ration. RE reported that the transmission grid resto-
ration was completed, and they were waiting for
the restoration of loads at lower voltage levels. RE
reported uncertainty about generation volume.

» 29 April, 02:29:

REN and RE called again about the EAS malfunction.
REN confirmed the end of the restoration state in the
Portuguese system, switching to emergency state.
REN confirmed that all transmission substations with
consumptions were supplied.

» 29 April, 02:30:

RE confirmed to REN that they were seeing the Portu-
guese system in emergency state in the EAS.

» 29 April, 02:44:

Swissgrid provided Amprion with clarification
regarding the current grid situation for the restora-
tion of the Iberian Peninsula.

» 29 April, 03:11:

Swissgrid asked RE about the EAS emergency status.
RE confirmed all loads were connected, gener-
ation was stable, and there were no incidents.
However, markets in the Iberian Peninsula remained
suspended as a precaution. Swissgrid asked about
next steps for balancing and exchange schedules.
RE stated that the market was currently halted but
expected normalisation by 30 April.
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6.2 ENTSO-E Awareness System (EAS)

The EAS is activated in response to critical incidents, facilitating a coordinated and timely response among multiple
TSOs within the ENTSO-E framework. This mechanism not only supports operational collaboration but also ensures
effective communication of status assessments across Europe, enhancing situational awareness and enabling
informed decision-making. Below is a detailed overview of the changes in system states as well as the information
communicated through EAS for each affected TSO during the sequence of events.

» 28 April, 12:40: » 28 April, 17:05:
REN - Normal state to blackout state REN - Blackout state to restoration state
» 28 April, 12:40: » 29 April, 02:13:
RE - Normal state to blackout state REN - Restoration state to emergency state
» 28 April, 12:49: » 29 April, 03:00:
Swissgrid (as CC South) - Normal state to emergency RE - Restoration state to emergency state
state

» 29 April, 11:15:

» 28 April, 12:49: Swissgrid (as CC South) - Emergency state to normal
Amprion (as CC North) - Normal state to emergency state
state

» 29 April, 11:15:

» 28 April, 12:50: Amprion (as CC North) - Emergency state to normal

RTE - Normal state to emergency state state
» 28 April, 13:08: » 29 April, 11:20:
RTE - Info: French synchronous leader for the split RTE - Alert state to normal state

grid between France and Spain

» 29 April, 14:40:
» 28 April, 13:10: RE - Emergency state to alert state

RE - Blackout state to restoration state

» 29 April, 14:40:

» 28 April, 13:20: REN - Emergency state to alert state
Swissgrid (CC South) - Info: Swissgrid is the

frequency leader of the main South Island, Spain is

the frequency leader of theirisland, and France is the » 30 April, 12:40:

resynchronisation leader RE - Alert state to normal state

» 28 April, 14:35: » 30 April, 12:50:

RTE - Emergency state to alert state REN - Alert state to normal state
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6.3 Email Communications between SAM and the TSOs

This section includes the official email communications between SAM and the TSOs.

28 April, 12:53: From Swissgrid to all TSOs:

Dear Colleagues

We announce that a system split is occurred in RG CE. The “procedure in case of system
separation and resynchronisation of separated grid areas” is started.

Details of the system split (number, borders, and TSOs of islands) and future informa-
tion are shared via European Awareness System (EAS).

If the system split is inside of your control area or on your tie lines please set EAS to
emergency state: critical event and separation from the grid (Flow chart: step 4).

Kind regards

28 April, 22:14 - From Swissgrid to all TSOs:

Update!
Dear Colleagues

RTE is still balancing the Iberian peninsula via aFRR/mMFRR activations. RTE has to
activate the difference to the scheduled values (up to 3,000 MW export Spain >
France) as well. Currently the margins are sufficient.

In case there is a lack of balancing energy, Amprion and Swissgrid are ready to support
RTE and stabilize the system frequency.

Kind regards
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28 April, 23:20 - From Swissgrid to all TSOs:

Information!
Dear colleagues,

since 28.04.2025 23:17 (CET) we observed a permanent steady state frequency devi-
ation with a fast-growing grid time deviation of +6 sec in the last 4 hours and a total
grid time deviation of +4.27 sec.

The cause of the frequency deviation could be identified (reason: restoration state
Spain and Portugal).

The Coordination Centres [ed. SAMs ] will further monitor the situation.

If the situation is not getting worse no actions are necessary by uninvolved TS0s until
further notice.

Thank you all for your collaboration.

Kind regards

29 April, 02:48 - From Swissgrid to all TSOs:

Information!
Dear colleagues,

from 28.04.2025 23:17 to 29.04.2025 02:45 (CET) we observed a permanent steady
state frequency.

The grid time deviation in the last 4 hours is now: +1.93 sec

Total grid time deviation is now: +5.55 sec

Now the alarm is cancelled.

Reason for cancellation: grid time deviation is decreasing (<2sec in the last 4 hours)
No further action is needed.

Thank you all for your collaboration.

Kind regards
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7/ CLASSIFICATION OF THE INCIDENT
BASED ON THE ICS METHODOLOGY

The ICS methodology was originally developed in accordance with Regulation (EC)
No 714/2009 of the European Parliament and of the Council of 13 July 2009, as
repealed the by Requlation (EU) 2019/943 of the European Parliament and of the
Council of 5June 2019 on the internal market for electricity (recast), and updated to
fulfil the objectives and the security indicator requirements laid out in Article 15 of
Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a quideline
on electricity transmission system operation (SOGL). The definitions and concepts in
this methodology are in line with Articles 15 and 18 of the SOGL and further extended
to describe the real-time situation of the TSO's system.

|
Scale 0 Scalel Scale 2 Scale 3

Noteworthy incident

Significant incident

Extensive incident

Major incident /1TS0

Priority/Short definition Priority/Short definition Priority/Short definition Priority/Short definition
(Criterion short code) (Criterion short code) (Criterion short code) (Criterion short code)
#20 | Incidents on load (L0) #11 | Incidents on load (L1) #2 | Incidents on load (L2) #1 | Blackout (0B3)
#21 | Incidents leading to frequency #12 | Incidents leading to frequency #3 | Incidents leading to frequency

degradation (F0) degradation (F1) degradation (F2)
#22 | Incidents on transmission #13 | Incidents on transmission #4 | Incidents on transmission

network elements (T0) network elements (T1) network elements (T2)
#23 | Incidents on power generating #14 | Incidents on power generating #5 | Incidents on power generating

facilities (G0) facilities (G1) facilities (G2)

#15 | N-1violation (ON1) #6 | Nviolation (ON2)

#24 | Separation from the grid (RSO) #16 | Separation from the grid (RS1) #7 | Separation from the grid (RS2)

#25 | Violation of standards on voltage

(ovo)

Violation of standards on voltage
(ov1)

#8 | Violation of standards on voltage
(ov2)

#26 | Reduction of reserve capacity

(RRCO)

Reduction of reserve capacity
(RRC1)

#9 | Reduction of reserve capacity
(RRC2)

#21

Loss of tools and facilities (LT0)

Loss of tools and facilities (LT1)

#10

Loss of tools and facilities (LT2)

Figure 7-1: Incident classification scale

Figure 7-1 shows the criteria from the methodology and
the corresponding scale, ordered by descending priority.
An incident can comprise multiple events and meet
various criteria. In this case, the highest criterion decides
the scale of the incidents. In the case of ascale 2 or 3
event, an investigation is conducted by an Expert Panel.

AN

While only the highest priority criterion is relevant for
deciding the scale, the other criteria are also assessed.

Y
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7.1 Scale of the Incident

The highest-violated ICS criterion during this incident was a scale 3 blackout (0B3). This criterion is met if there is a
loss of more than 50 % of demand or a total absence of voltage for at least three minutes, assessed based on the TSO's
control area. The lost load on 28 April 2025 was as follows:

» 25,638 MW for Spain (100 % of the demand in
the Spanish Peninsula before the incident)

» 5,900 MW for Portugal (100 % of the demand in
mainland Portugal before the incident)

» 7MW for France (0.01 % of the demand before
the incident).

Spain and Portugal also suffered a total absence of
voltage. Therefore, both the loss of load and voltage
criteria for OB3 were met.

For France, the lost load was below 100 MW and there-
fore no L criterion was met. France's highest criterion
violation was an 0V1 due to high voltage during the
incident.

7.2 RCCInvestigation Threshold

The RCC post-operation and post-disturbances analysis and reporting (RIAR) methodology has been developed to
define the respective RCC task in accordance with Article 37(1)(i) of the Requlation (EU) 2019/943 of the European
Parliament and of the Council of 5 June 2019 on the internal market for electricity. This methodology foresees an RCC

investigation in addition to the work of the Expert Panel if both of the following criteria are met:

a. aTSO has moved from a normal or alert system state
to an emergency system state as a result of actions
taken by another TSO being in emergency, blackout,
or restoration system state, and

b. theincident has been confirmed as at leasta scale 2
incident as defined by the ICS methodology.

7.3

The 0B3 was the most severe criterion violated during
the incidentin Spain and Portugal. Several other criteria
were violated before the blackout occurred, which are
presented inTable 7-1 and summarised below. When an
incident meets several criteria, it is classified according
to the criterion with the highest priority. Additionally, all
sub-criteria information (i.e., ICS violations or events)
is also collected. Figure 7-2 presents a timeline view of
the ICS criteria violated during the incident. It should be
noted that the violations of the criteria regarding loss of
generation facilities (G) and loss of load (L) have been
separated into smaller violations to better visualise the
sequence of events and correlate the impact of these
violations with the measured frequency and voltage
during the incident. The following paragraphs consol-
idate the violations according to the ICS methodology
and therefore do not fully align with the detailed time-
line presented in Figure 7-2.

Post-analysis confirmed that Spain and Portugal were
in a blackout and restoration state during the incident,
meaning that the incident met the RCC investigation
threshold to initiate the investigation. The conclusions
ofthe RCCinvestigation are added as a dedicated chapter
inthe final report.

Scale of all Violations Linked to the Incident

In Spain, there was a loss of generation facilities (G0) at
12:32, followed by a transformer trip at 12:32:57, which
is classified as a scale 0 loss of network element (T0)
violation, and a further 355 MW of generation tripped.
Approximately 20 seconds later, at 12:33:16, there were
successive trips of power generation facilities. These
generation trips are classified as one G2 incident as they
occurred within fifteen minutes and were greater than
3,000 MW. Further Tincidents occurred with the loss of tie
lines and transmission lines in Spain. The trip of the HVDC
interconnector was classified as a T2 ICS violation due
to the impact on a neighbouring TSO with OV (voltage)
violations in France. The disconnections of all tie lines
between France and Spain split the Iberian Peninsula
from CE (involving more than one TSO with a load larger
than 5% of the total load of the synchronous area before
the separation, thus violating the RS2 criterion). The loss
of load (L2) criteria was met after the generation loss,
as automatic TSO system defence measures were acti-
vated with the tripping of pumps and distribution load
shedding.

A

\2
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There was high-voltage violations in Spain during
the incident that contributed to the trip of generation,
although they did not meet the time threshold for a
voltage violation as defined in the ICS methodology.
Voltage was above 1.1 per unit for 16 seconds, whereas
the ICS methodology requires a time of greater than 30
seconds. The subsequent voltage collapse is captured
under the 0B3 (blackout) criteria.

Portugal experienced high voltage and - similarly to
Spain - the duration did not reach the time thresholds
specified in the ICS methodology, and therefore there
were no OVincidents. There was a significant loss of load
(L2) as pumps and industrial consumers were discon-
nected, as well as the distribution load. There were two
TO events with the loss of a transformer and an over-
head line. Additionally, a G2 violation was recorded at
the time of the blackout, as all generation facilities were
disconnected.

The highest criteria experienced in France by RTE
was scale 1 related to OV1. France also had GO and T0
violations.

Frequency degradation (F) ICS criteria violation was a
below scale (BS) violation (FBS). The reason is that the
frequency deviation magnitude thresholds were met,
but - similarly to the ICS voltage criteria (OV) - the dura-
tion of the deviations were not sufficiently long to be
registered at a higher scale. Furthermore, the frequency
deviations are registered at a synchronous area level,
even if local anomalies might occur.

All oscillations that occurred prior to the blackout - as
detailed in this report - did not cause any ICS criteria
violations.

Criterion Scale Red Eléctrica REN RTE
0B 3 X X
L 2 X X
1
0
F 2
1
0
BS X
T 2 X
1
0 X X X
G 2 X X
1
0 X
BS
oN i' Not Violated
RS 2 X X
1
0
ov 2
1 i i X
0 Not violated because the time threshold was not reached
BS
RRC 2
1 Not Violated
0
LT 2
1 Not Violated
0

Table 7-1: ICS criteria violations by TSO

Note: Each violated ICS criterion has an X in the cell. The scales shown are 0-3 and below scale (BS). There was no violation of the ICS ON, RRC, and LT criteria.
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Figure 7-2: ICS criteria violations for Portugal and Spain during the incident

Note: All sub-ICS criteria violations for tripped generation facilities (G) and loss of load (L) are included in the graph but reported as a single G or L violation for
Portugal and Spain. When the G and L criteria are regarded as a whole, Spain and Portugal each had a G2 violation, as the generation trips occurred within

15 minutes and amounted to more than 3,000 MW, and a blackout (0B3) due to the total loss of voltage in the control area. The L2 criterion was reached at one
point, but after more than 50 % of the load is lost in the control area, the L2 becomes an 0B3 violation.
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8 NEXT STEPS

This factual report highlights the exceptional and
unprecedented nature of this incident, as it is the first
time that a cascading series of disconnections of gener-
ation components along with voltage increases has been
part of the sequence of events leading to a blackout in
the Continental Europe Synchronous Area. Therefore, a
timely and comprehensive determination of causes and
future recommendations is crucial.

Following the delivery of this factual report, in accord-
ance with the ICS methodology, the Expert Panel investi-
gating the blackout that occurred in Spain and Portugal
on 28 April 2025 will develop a final report, which will
notably cover the following:

1. Root causes

» determine and analyse the root causes and contributing
factors to the incident.

2. Voltage control

» assess the operational planning procedures and voltage
management tools and how they were applied on 28
April.

» assess the operation of tap-changing transformers and
its impacts.

» assess the performance of generators regarding
voltage.

3. Behaviour of different actors during the incident

» determine the voltage withstand capabilities that the
generators were required to withstand for the relevant
disconnection event, as well as whether disconnections
were conforming.

» assess the impact of small generators connected to
the DSOs grid, including whether additional actions
and procedures are necessary to monitor and remedy
a broaderrange of frequency oscillations.

» investigate the performance of the system defence
plans.

» analyse the various steps of the restoration phase,
including the efficacy of black-starts and the
performance of the initial electricity islands.

» analyse alarm handling in control centres of affected
TSOs, DSOs and generators.

4. Additional assessments

» assess voltage fluctuations that occurred on certain days
priorto 28 April to better understand the circumstances
occurred 28 April.

» assess the operation of the HVDC link on 28 April.

» assess the relevance of studies (including short-circuit,
load flows, dynamic, oscillations) performed by TSOs,
DSOs and operators of private networks.

» assess the actions undertaken by the TSOs to mitigate
oscillations during 28 April, as well as how these actions
affected voltage conditions.

» assess the cause(s) of the increased load on the
transmission network concurrent with three episodes
of frequency oscillations.

» analyse additional datasets mentioned in other
chapters of the factual report.

» assess the security analyses from operational planning
and real-time.

The Expert Panel will also assess - to the maximum
extent possible - whether the most relevant require-
ments for this incident arising from European and/or
national requlations and contracts - such as those in
the SO GL, the Connection Network Codes (e.g. RfG and
DCC), the Emergency and Restoration Network Code (ER
NC), Synchronous Area Framework Agreement (SAFA),
national requlations (e.g. voltage control and voltage
operational limits) or the TSO-DSO protocol on voltage
control - were fulfilled, or whether any failures contrib-
uted to the incident possibly meaning that any future
processes might require adjustment.

Additionally, the final report will also establish recom-
mendations to help prevent similar incidents in the
future, not only in Spain and Portugal but across the
entire European power system. As part of preparing the
finalreport, the Expert Panel will invite key stakeholders
to discuss the factual report and share their suggestions
regarding the recommendations to be developed in the
final report.

The Expert Panel envisages completing the final report
within approximately four months following the publi-
cation of this factual report. However, this timeline
is purely indicative as it will largely depend on the
complexity of the analyses that the Expert Panel will
conduct and the related additional data that the Panel
will need to collect accordingly.
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LIST OF ABBREVIATIONS

AAA Adequacy Assessment Agent FCA Forward Capacity Calculation

ACER Agency for the Cooperation of Energy Regulators FCIC Fast Current Injection Controller

aFRR automatic Frequency Restoration Reserves FFT Fast Fourier Transform

AGC Automatic Generation Control GCESC Grid Connection European Stakeholder Committee
AVR Automatic Voltage Regulator GS Generation substation

BS Below Scale HPP Hydropower Plant

CACM Capacity Allocation and Congestion Management HV High Voltages

(8 Capacity Calculation IBR Inverter-Based Resource

ccc Coordinated Capacity Calculation IcS Incident Classification Scale

CCar Combined Cycle Gas Turbine Powerplant D Intraday

CCR Capacity Calculation Region IDCF Intraday Congestion Forecast

CE Continental Europe IEC International Electrotechnical Commission
CESA Continental Europe Synchronous Area laCC International Grid Control Cooperation
CECRE Renewable Energy Control Center 1GM Individual Grid Model

CEE Central Eastern Europe KE Kinetic Energy

CEST Central European Summer Time LFC Load-frequency Control

GM Commong Grid Model LFDD Low Frequency Demand Disconnection
(GMA Common Grid Model Alignment LT Long term

CGMES Common Grid Model Exchange Standard MARI Manually Activated Reserves Initiative
(GMM Common Grid Model Methodology mFRR manual Frequency Restoration Reserve
am Common Information Model MMs Modulation Modules

CRACs Contingency List, Remedial Action and Additional Contraints NCER Network Code on Emergency and Restoration
CSA Coordinated Security Analysis NRA National Requlatory Authority

DA Day-ahead NTC Net transfer capacity

DA2CF D-2 Congestion Forecast; OHL Overhead Line

DACF Day-ahead Congestion Forecast OMIE Operador del Mercado Ibérico de Energia
DFR Disturbance Fault Recording ONEE L'Office National de ['Electricité et de 'Eau potable
DOPT Daily Operational Planning Teleconference 0PC Outage Planning Coordination

DSO Distribution System Operator OPDE Operational Planning Data Environment
EAS ENTSO-E Awareness System 0PI Outage Planning incompatibility

EMF European Merging Function OPR Operating Power Range

260 // Grid Incidentin Spain and Portugal on 28 April 2025 // Factual Report



0PSC Outage Planning Security Constraints SGU Significant Grid Users
PCA Principle Component Analysis S0 System Operator
PE Pan-European SO ESC System Operation European Stakeholder Committee
PEVF Pan European Verification Function S0C ENTSO-E System Operation Committee
PGM Power Generation Module SOGL System Operation Guidelines
Pl Proportional-Integral SS Substation
PMU Phasor Measurement Unit STA Short-term adequacy
POD Power Oscillation Damping SVR Secondary Voltage Requlator
PSS Power System Stabiliser SWE South West Europe
PST Phase Shifting Transformer T Training and certification of staff working for RCCs
PV Photovoltaic TERRE Trans European Replacement Reserves Exchange
RA Remedial Action TLis Tie-line Inconsistencies
RCC Regional Coordination Centre TPP Thermal Power Plant
RCW Renewable, cogeneration, and waste TRM Transmission Reliability Margin
RE Red Eléctrica 15 Transmission Substation
REN Rede Eléctrica Nacional 15 Only for Chapter 5: Timestamp
RES Renewable Energy Sources 150 Transmission System Operator
RG CE ENTSO-E Regional Group Continental Europe T1C Total Transfer Capacity
RIAR Regional Incident Analysis and Reporting UAP Unavailability Asset Plan
RoCoF Rate of Change of Frequency UCTE DEF Union for the Co-ordination of Transmission of Electricity Data
Exchange Format
ROSC Regional Operational Security Coordination
WOPT Weekly Operational Teleconference
RPCL Reactive Power Control Loop
YA Year-ahead
RR Replacement reserve
RSC Regional Security Coordinator
RTE Réseau de Transport d'Electricité
RTSN Real-time-snapshot
SA Security Analysis
SAFA Synchronous Area Framework Agreement
SAM Synchronous Area Monitor
SCADA Supervisory Control And Data Acquisition
SEE South-East-Europe
AN
Y/
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