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Preamble

This finalreport has been prepared by the Expert Panel established to
perform this technical investigation, in accordance with Article 15 of
Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing
a guideline on electricity transmission system operation (SOGL) and
the Incident Classification Scale (ICS) methodology. The final report
provides a factual, technical, and objective account of the incident
that occurred on 4 July 2025 in the Czech Republic, to transparently
inform stakeholders and governance bodies.

Its purpose is to identify the causes of the incident and to recommend measures that strengthen
the resilience of the European power system. The analyses, findings, and recommendations
contained in this final report are based on data, documents, and other materials provided by the
impacted Transmission System Operator (TSO), distributed system operator (DSO) and significant
grid users (SGUs). While the Expert Panel has exercised due care and applied its best effort in
reviewing and evaluating the information received, it does not independently verify, audit, or
validate the completeness, accuracy, or reliability of the data sources. Importantly, the report is
not intended to assign liability or responsibility to any party and should not be interpreted as
doing so in any way. This report has been prepared and agreed upon by the Expert Panel.

Any analyses, findings, and recommendations set out in this report reflect the Expert Panel's tech-
nical assessment at the time of writing and are without prejudice to any investigation or enforce-
ment action that may be taken by the competent authorities. The recommendations outlined in
this report represent a comprehensive set of measures designed to enhance operational robust-
ness, improve cross stakeholder information exchange, and contribute to maintaining a high
level of security of supply across the European power system. Monitoring the implementation
of the recommendations’ provided in this report does not fall within the mandate or remit of
the Expert Panel. While voluntary in nature, the recommendations are intended to prompt and
support concrete action to help prevent the recurrence of similar events in the future. Any respon-
sibility for the consideration, follow-up, and implementation of the recommendations lies with
each addressee.
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1 MANAGEMENT SUMMARY

1.1 Introduction

0n 4 July 2025, the power system in the Czech Republic
experienced an incident - a loss of around 28 % of
consumption in the CEPS control area. The sequence
of events leading to the loss lasted about 8 minutes,
starting with the tripping of the V411 Hradec-Vy3kov
400kV line at 11:51:08 and ending with the point of
no return - the manual disconnection of V208. The lost
consumption was restored by 17:35. The operation of the
interconnected European grid continued as usual, and
no other country was affected by the incident.

The incident occurred after unexpected reductions
of generation in a part of the grid after the transient
of an otherwise manageable N-1 event (a line trip).
Over several minutes after the N-1 event, unexpected

1.1.1

The incident has been classified as a scale 2 pursuant
to the Incident Classification Scale (1CS) methodology?.
Consequently, pursuant to the same legal framework,
an Expert Panel was set up, which began investigating
the incident with the aim of delivering a factual and a
final report. The factual report was published on 19
December 2025.

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 Authori-
ties (NRAs), and convenors from relevant ENTSO-E bodies.
The Panel is led by an expert from a TSO not directly
affected by the incident: Donatas Matelionis from Litgrid
(Lithuania). Overall, the Expert Panel comprises 18
experts - 10 from ACER and NRAs, and 8 from TSOs, and
ENTSO-E bodies - from across Europe (the complete list
of Expert Panel members is available on the final page
of this report). Additional experts from ENTSO-E member
TSOs participated and contributed via text suggestions,
figures, analyses, and/or other input. These measures
aim to ensure the neutrality of the final report.

reductions of generation related to the transient led to
increasing overloads in the grid. Countermeasures in the
form of manual load shedding, load decrease, or gener-
ationincrease in the area with a generation deficit were
unavailable in the necessary time (several minutes)
and therefore not performed. The dispatchers manually
disconnected an overloaded 220kV line, expecting no
further consequences on the grid, but the disconnection
nevertheless led to the tripping of the two remaining
connection points, the islanding of the affected area, and
itsimmediate collapse due to the generation-load deficit
(the automatic load frequency demand disconnection
was unable to prevent the collapse due to the high rate
of change of frequency (RoCoF)).

Expert Panel and structure of the Final report

In line with the Expert Panel's terms of reference, the
contribution of the affected TSO 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 final report builds on the description of the event
provided in the factual report, which outlined the events
of that day, including the operational planning, the
conditions before the incident, the evolution of the inci-
dent, and the subsequent restoration. This final report
complements the provided information with a root
cause tree in Chapter 2.3, analysis of the relevant factors
in Chapter 7, and a set of recommendations in Chapter 9.
Transmission system operator (TSO), distribution system
operators (DSOs), and significant grid users (SGUs) in the
Czech Republic, as well as the relevant regional coordi-
nation centres (RCCs), provided the relevant information
in this report.

1 The ICS methodology was developed pursuant to Regulation (EC) No 714/2009 of the European Parliament and of the Council of 13 July 2009, which was
repealed by Regulation (EU) 2019/943 and updated to fulfil the objectives under Article 15(5) of the Commission Regulation (EU) 2017/1485 of 2 August 2017

establishing a guideline on electricity transmission system operation (SO GL).

https://eepublicdownloads.entsoe.eu/clean-documents/SOC documents/Incident_Classification_Scale/IN_USE_FROM_JANUARY_2020_191204_Incident_Classification_Scale.pdf

A
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1.1.2 Data collection

The ICS methodology provides that an Expert Panel
established to investigate a scale 2 or 3 incident carries
out its investigation based on data reported by the
affected TSOs, as listed in Annexes 1 (“Common data for
reporting”), 2 (“Specific data reported for depending on
the ICS criterion") and 3 ("Additional data for the inves-
tigation of scale 2 and scale 3 incidents"). The method-
ology also indicates that the Expert Panel shall request
additional data and information deemed necessary
for the investigation, including data owned by third
parties not represented in the Expert Panel (e.qg., DSOs

1.2

With the ongoing energy transition, CEPS faces significant
investments to modernise and maintain the grid. On
4 July 2025, ten 400kV lines and one 220kV line had
scheduled outages due to modernisation and increase
in parameters, and two 400KkV lines were unavailable
due to maintenance and repairs.

During weekly operational planning, CEPS verified
operational security limits, including transient stability,
by assessing critical clearing times (CCTs), and prepared
remedial actions for three identified contingencies to
keep the system N-1 secure. In the daily coordinated
security analysis (the day-ahead congestion forecast
(DACF) facilitated by TSCNET), preventive remedial
actions were implemented in the model, including
reconfigurations in the 400 kV substation Hradec Zapad
and the 220 kV substation Cechy Stfed. Additional contin-
gencies were identified; however, preventive remedial
actions were not needed for these contingencies, as the
transitory admissible overloads of the affected elements
were acceptable due to the possibility of implementing
timely corrective measures in real-time in case the
contingency actually occurred (curative remedial
actions).

The contingencies identified in intraday (ID) and real-
time operations before the incident were consistent
with the contingencies identified in the operational
planning phase. At 11:01, CEPS dispatchers applied the
reconfiguration at the Cechy Stfed 220kV substation.
At 11:17, the DSO operator requested permission to
couple the 110kV Reporyje and Vy$kov areas to perform
scheduled switching in the distribution network, thus
creating a parallel connection to the transmission system.

and significant grid users (SGUs)), to be provided by the
affected and other relevant TSOs. In accordance with
this provision, the affected TSO delivered the required
data under the ICS methodology. The Expert Panel also
considered it necessary to request and collect specific
data from a DSO and a power plant owner.

The Expert Panel reviewed this information and took it
into account for the purposes of the final report, contrib-
uting to a more comprehensive assessment of system
behaviour and operational conditions.

System state and market conditions before the incident

The CEPS dispatcher authorised the coupling, and the
two areas were coupled from 11:19to 11:41.

The most critical element with a contingency identified
before the incident was the 400/220kV transformer
at the Hradec substation in the event of the V411
line loss. The flow on the element would be 114.5%
of rated capacity (at 11:42). The contingency was
solved by allowing a curative transitory admissible
overloading of the transformer (120 % up to 3h) and
a curative reconfiguration at the Hradec Zapad 400 kV
and Cechy Stfed 220 kV substations, had the contingency
occured.

At 11:51, right before the incident, all other contingen-
cies were modelled to result in a loading on monitored
elements below 100 %, including the 220kV V208
Cechy Stfed-Milin line following the loss of line V411,
which was at 98.2%. The V411 line was transmitting
about 1,200 MW, which corresponds to 76.8 % of capacity.

Production in the affected area comprised:

» 292 MW by transmission-connected Ledvice unit 6
(660 MW installed capacity, lignite)

» 282 MW by transmission-connected Pocerady units 2
and 6 (205 MW installed capacity each, lignite)

» 141 MW by transmission-connected Chvaletice unit 4
(205 MW installed capacity, lignite)

» 74 MW by distribution-connected Ledvice unit 4
(110 MW installed capacity, lignite)

» 547 MW by distribution-connected power-generating
modules (PGMs).

Grid Incident in Czech Republic on 4 July 2025 // FinalReport // 5



1.3

At11:51:08, line V411 tripped (in all phases) following
an unsuccessful auto-reclosure in phase 2. The affected
area remained connected to the rest of the system at
three points: line V208, the busbar coupler at the Krasikov
400 kV substation, and the 400/110KkV transformer
at the Krasikov substation. Within 5 seconds, the
transmission-connected Ledvice (unit 6) and Pocerady
(units 2 and 6) power plants and the distribution-
connected Ledvice power plant (unit 4) switched to
droop speed control mode after detecting a frequency
deviation above 50.2 Hz.

Following the switch of unit 4 of Ledvice power plant to
droop speed control mode and due to the 0% setting of
the droop, the unit started oscillating.

At 11:51:46, Ledvice unit 6 suffered a boiler outage due
to a high steam temperature behind a high-pressure
bypass station and began losing active power. According
to the power plant the fault was in no way related to the
droop speed control mode operation.

By 11:52, the system had lost 287 MW of active
power infeed in the affected area (i.e. the future
island). That consisted of:

» 110 MW decrease identified at Ledvice unit 6

» 17 MW at Pocerady units 2 and 6 (combined)

» 2510 50 MW at Ledvice unit 4; that was the range of
active power output oscillations at the terminals of
the unit

» 135 MW at distribution-connected renewables

An additional 151 MW of frequency restoration control
error (FRCE) in the direction of the loss of generation
occurred. The cause of that error was not identified,
or localised. The total shortage of power in the Czech
systemat 11:52 was 438 MW.

At 11:52, the situation in the transmission system
worsened with some elements overloading:

220kV1ineVv208 at126.1% (912A)

» 400/220kV transformer at the Hradec
substation at119.3%

» Busbar coupler at the Krasikov 400 kv
substation at 105.1%

Evolution of system conditions during the event

At 11:52:45, Ledvice unit 6 lost all remaining active
power output. Subsequently, between 11:53 and
11:59, the situation further deteriorated with
overloads increasing to:

» 220kV1lineV208 at 142.9% (1,035A)

» 400/220kV transformer at the Hradec
substation at121.6%

» Busbar coupler at the Krasikov 400 kV
substation at115.5%

At 11:59:44, the CEPS operator switched off the
overloaded line V208. At this point, the affected area
remained connected to the rest of the system through
a busbar coupler and the 400/110KkV transformer at the
Krasikov substation. The substation was in a non-basic
configuration, due to high flows West-East, maintenance
of line V453, and readiness to disconnect some lines to
reduce voltages.

At 11:59:47, the overcurrent relay opened the Krasikov
busbar coupler. The relay was set to 2,880A (144 %)
with a 3s delay. 73 ms after the opening of the Krasikov
busbar coupler, the distance protection atthe 110kVside
ofthe 400/110kV transformer at the Krasikov substation
tripped. The transformer was the last connection
between the affected area and the rest of the system,
thus creating anisland after it was tripped.

Within 780 ms, the island collapsed due to a significant
power deficit of about 1,800 MW, which could not
have been compensated by low-frequency demand
disconnection (LFDD). While the LFDD served its intended
purpose, itis not intended to prevent a collapse of an
islanded part of the grid with a substantial generation
deficit. The highest RoCoF recorded was 3.5 Hz/s (over a
500-ms sliding interval). This resulted in the disconnec-
tion of PoCerady units 2 and 6 and Chvaletice unit 4 to
house load operation, the tripping of pumped-storage
Dlouhé Strané unit 2 from pumping (311 MW), and the
loss of the remaining distributed generation in the area.
The total production loss (11:51-12:00) in the affected
area was between 1,200 and 1,400 MW?. The total loss
of load was about 2,300 MW, or 28% of the CEPS control
area's consumption.

2 The loss of the prodution at the moment of disconnection of KSP in substation Krasikov 11:59:47 was cca 800-900 MW.

6 // Grid Incidentin Czech Republic on 4 July 2025 // Final Report



1.4 Restoration process

The restoration process began immediately after
the event. At 12:09, the system state in the ENTSO-E
Awareness System (EAS) was changed to emergency.
Given that most of the grid was unaffected, CEPS
dispatchers decided to apply a top-down strategy and
energise the affected area from two sides: the 400kV
grid from the Krasikov 400 kV substation and the 220 kv
grid from the Cechy Stfed 220kV substation. In both
substations, one busbar remained energised from the
unaffected grid.

First, CEPS dispatchers applied an open-all strategy in the
affected transmission substations. At 12:19, dispatchers
energised the first substation in the affected area - the
Tynec 400 kV substation. CEPS dispatchers continued
energising substations, with priority given to those
supplying the capital Prague (the Chodov 400 kV substa-
tion and the MalesSice 220kV substation). At 12:30, both
220/110kV transformers at the MaleSice substation were
energised, allowing load pickup in Prague. At 13:01,
the Chodov 400 kV substation was energised, with two
400/110kV transformers energised shortly thereafter. At
this point, all transformers supplying Prague before the
incident were energised.

1.5

All relevant operational planning processes coordinated
by the RCCs were successfully executed on the business
day of 4 July 2025. None of the RCC tasks identified a
specific security risk for the Czech transmission system
for the relevant hours on 4 July 2025, and the grid was
considered N-1 secure. Short-term adequacy (STA)
assessments showed no adequacy issues, outage
planning was properly coordinated, and both DA and ID
capacity calculation processes were completed without
disruption.

At substations where units operating in house-load
operation were connected, the dispatchers synchronised
them to the grid: at 12:46, Chvaletice unit 4 at the Tynec
400 kV substation; at 13:26, PoCerady unit 2; and at
13:45, unit 6 at the VySkov 400 kV substation.

By 14:09, all 400- and 220-kV substations were ener-
gised. At 14:20, CEPS dispatchers ordered a halt in load
pickup due to significant contingencies on line V208 (up
t0 180% N-1 violation in the worst case contingency) and
ordered CCGT Pocerady 2 to start. Load pickup resumed
following the synchronisation of Pocerady 2 at 15:18
(first gas turbine).

At 17:35, CEPS dispatchers received information from
DSOs that all the lost load was re-energised.

At 23:13, the V411 line was switched on following
repairs.

During the incident, cross-border ID trading was stopped
at all Czech borders for the period from 13:30 to 00:00.
Between 12:00 and 00:00, market activities were
suspended, and special imbalance settlement rules
were applied. Day-ahead (DA) trading for 5 July 2025
was unaffected. ID trading for 5 July 2025 was allowed at
22:28, thus affecting continuous trading up to that point
and ID auctions (IDAs) 1 and 2.

Regional coordination processes

CEPS provided all required input models on time, and
regional security analyses (DACF and intraday congestion
forecast (IDCF)) confirmed that any detected congestion
was within tolerable limits and resolvable through
remedial actions. No unusual deviations between
modelled and actual physical flows were observed, and
despite the incident, all processes - including capacity
calculations and contingency analyses - functioned as
designed.

Grid Incident in Czech Republic on 4 July 2025 // FinalReport // 7



1.6

Analysis of relevant factors

The final report analysed three factors affecting the outcome of the event:

1 //Island operation (10) capability and the threshold for transition to droop speed control mode

2 // Behaviour of distribution-connected generation

3 // Dispatcher's actions

1.6.1 Transition to Island Operation
Regarding the 10 capability, the report describes the

service and analyses the threshold for switching from

active power control mode to droop speed control

mode. The analyses conclude that moving the threshold

from 200 to 500 mHz would endanger the stability of the

units during the transition.

Therefore, the 200 mHz threshold was kept. Based on
these analyses, the related recommendation R4 then
focuses on the possibility of introducing an intentional
time delay before transitioning to island operation
control mode.

1.6.2 Behaviour of distribution-connected generation

Following the tripping of the line V411, 135 MW of
distributed generation output was lost. Of that, 5 MW
were disconnected by frequency relays triggered by local
frequency deviation exceeding 200 mHz. The remaining
130 MW were disconnected by voltage protections. Of
that 130 MW:

» 95 MW was lost in modules connected before the
application of the RfG with no requirement for
fault-ride-through (FRT) capability

» 35 MW was lost in modules that should have FRT
capability

This indicates that the 95 MW corresponds to disconnec-
tions that can be anticipated upon transient conditions
and might occur in the future and/or elsewhere in
Europe, depending on the specific situation and specific
connection requirements. However, it is to note that the
measurement on 110kV side of distribution transformer
in the area (in fig. 6.4, 6.9 and 6.10) indicates that
voltagein these points of the distribution grid during the
transient following the V411 tripping did not exceed the
voltage range for continued operation (110kV + 10 %).
The Expert panelissues a relevant recommendation R2
and R3 on the risks of widespread distributed generation
disconnections.

The 35 MW, however, corresponds to disconnections that
should not have occurred - per the connection require-
ments applicable to these modules, it would have been
expected that they remain connected. The Expert panel
issues relevant recommendations R2 and R3 on the risks
of widespread distributed generation disconnections
and on validated control and protection settings.

Additional analysis of a measurement on the 110kV side
of a transmission transformer in the affected area was
conducted. It shows that despite the short-circuit in the
transmission system, the voltage drop observed in the
distribution system remained well within the limits of
the FRT withstand capability requirements.

8 // Grid Incident in Czech Republic on 4 July 2025 // Final Report



1.6.3
generation deficit

The applicable operational procedures and the actions of
CEPS control room operators (dispatchers) are described
in Chapter 6.5. The dispatchers immediately began
addressing the tripping of the V411 line, analysing the
situation, and investigating the causes of the loss of
generation and the overload of transmission system
components.

The dispatchers evaluated measures to resolve the
overload on the V208 line and verified their effective-
ness. Increasing active power infeed in the transmission
system was not fast enough due to the state of the units
or the time needed to arrange redispatching of the
pumped-storage unit Dlouhé strané. Increasing active
power infeed of distributed selected units requires the

System defence and unavailability of measures to reduce the

arrangement of a redispatch and is not possible at all
for the vast majority of units. Manual load shedding
was again not fast enough as it would have required
the declaration of the state of emergency (according to
Czech law). A reconfiguration of the substation Krasikov,
where the flow over the busbar coupler had been
above 100 % since shortly after the V411 break was not
performed, due to priority given to the line V208, which
was the most overloaded element, as described in the
following chapter.

The Expert Panel issues related recommendations R7
on reviewing system defence plan procedures and R8
on reviewing the automatic response to frequency
deviations.

1.6.4 Manual disconnection of the overloaded line

As there were no measures to resolve the generation
deficit available, the dispatchers further considered that
the V208 line passes through a densely populated area
of Prague, and its overloading poses a risk to the inhab-
itants. The dispatchers conducted an online load flow
analysis and N-1 calculation of the impact of switching
off V208, and concluded at that time that the results
meant that the disconnection would have no further
consequences on the grid. However, the disconnection
resulted in a further overloading of the busbar coupler
in Krasikov beyond its protection setting, its trip, and the
collapse of the island.

1.7

The highest-priority ICS criterion violated during this
incidentwas a scale 2 incident on load (L2). This criterion
is met if the load loss is between 10 % and 50 %.

Inthisincident, 2,300 MW of load was lost, which is 28 %
of the demand before the incident (8,200 MW) in the
CEPS control area.

The ex-post analysis by the Expert Panel shows that
the reqular N-1 reports at 11:55 (as shown in table 3.4
and 3.5) correctly showed that the V208 disconnection
would result in the overloading of the busbar couplerin
the 400 kV substation Krasikov over the protection limit;
however, this effect was not identified at the time.

The Expert Panelissues a related recommendation R6 on
decision support for control room operators and R9 on
storing the data of online N-1 calculations.

Incident classification based on ICS methodology

Grid Incident in Czech Republic on 4 July 2025 // FinalReport // 9



1.8 Root causes

The unsuccessful auto-reclosure of V411 in phase L2
was caused by a wire break. After further examination
and analysis by an expert institute, it was found that the
tensile coupling had an insufficiently tight connection at
the aluminium part of the conductor. Ultimately, the rope
atthe coupling broke, and the conductor fell. The Expert
Panel was unable to determine the exact reason due to
which the repair procedure resulted in an insufficiently
tight tensile coupling. The Expert Panel issues a related
recommendation R1 on quality assurance for works on
the transmission network.

Unit 6 of the Ledvice power plant lost all active power
output due to a boiler outage caused by high steam
temperature behind the high-pressure bypass stations.
The high temperature was due to a stuck high-pressure
turbine bypass valve, caused by a defective relay on the
actuator motor for that valve. According to the power
plant, the fault was in no way related to the droop speed
control mode operation.

The reduction in active power output on the transmis-
sion-connected Pocerady units 2 and 6 and the distribu-
tion-connected Ledvice unit 4 was caused by a changein
the opening of their control valves during the transient

1.9 Recommendations

phenomena that followed the V411 fault and discon-
nection. The turbine controller in power control mode
rapidly adjusted valve openings during the disturbance
to maintain scheduled active power, and when switching
to droop speed control, the reduced valve positions were
adopted as new setpoints.

Additional generation was lost in renewable energy
sources connected to the distribution system. That was
mostly caused by voltage protection activations on PGMs
commissioned before the application of the RfG, which
did not require FRT capability. Some PGMs, which should
have had the FRT capability enforced by the pre-RfG
distribution connection code, also disconnected. Finally,
a small number of PGMs were disconnected by their
frequency protections when local frequency deviation
exceeded 200 mHz.

In the end, the reason for 151 MW of control error (FRCE)
inthe direction of loss of generation, that occurred during
the incident, was not determined. It is highly likely that
this was caused by a loss of unidentified generation, but
the Expert Panel lacks sufficient data to conclude this.
The Expert Panel issues a related recommendation R5
on investigation data governance.

Based on the findings in the Final report, the Expert Panel has formulated seven new recommendations:

» 1 //R1 - Strengthen verification and quality assur-
ance for works on the transmission network, with
particular focus on emergency repairs and works
affecting the mechanical integrity of primary
equipment.

» 2 // R2 - Assess and mitigate the risk of distributed
generation disconnection after transient events.

» 3 // R4 - Review the transition to droop speed control
mode (10 mode) logic and frequency protection
delay, where applicable.

» 4 // R6 - Enhance the decision support for control
room operators with real-time assessment and
visualisation tools to identify the cascading risk.

» 5 //R7 - Review and operationalise the system
defence plan procedures for preventing the
escalation of the incident, and ensure they
include all technically possible measures, and
that the measures are executable in practice
where relevant.

» 6 // R8 - Review the thresholds and technologies
providing automatic response to frequency
deviations.

» 7 // R9 - Storing the data of online N-1 calculations

And two recommendations from the previous investigation from the grid incident in Spain and Portugal

on 28 April 2025 :

» 1 //R3-Validated control and protection settings for
generation and storage units and generation and
storage evacuation grid connected to the TSO and
DSO.

» 2 // R5 - Streamlined cross TSO/DSO/PGM investiga-
tion data governance.

10 // Grid Incident in Czech Republic on 4 July 2025 // Final Report



SYSTEM STATE AND MARKET

CONDITIONS BEFORE THE INCIDENT

2.1

2.2.1 Planned outages

The TSO has recently undertaken several investment
initiatives that must be included in the CEPS outage plan
to meet the requirements for line modernisation and
proper maintenance. The grid configuration, including
necessary planned outages to make these investments
possible, was verified against the N-1 safety criterion in
the framework of long-term (annual, monthly) oper-
ational preparation for various operational scenarios
(high transit flow, high/low production of coal sources,
etc.). These long-term requirements are supplemented
by routine maintenance or line repairs during weekly
operational preparation.

In addition to the contingency analysis, CEPS performs a
dynamic stability assessment (DSA) in all phases of oper-
ational planning - yearly, monthly, weekly, and daily -
and in real time. The DSA tool assesses transient stability
by calculating the CCT for a zero-impedance three-phase
fault on lines directly® connected to a substation where
a synchronous PGM is connected, as this is considered
by CEPS to represent the worst possible fault in terms
of potential loss of synchronism. The offline version of
the DSA tool, designed for operational planning, allows
the selection of critical scenarios to reduce the compu-
tational time of dynamic simulations. The ability to
preselect critical scenarios based on the criteria listed
below is implemented in the offline version of the DSA
tool. Once the user selects the critical scenarios option,
the algorithm first generates only those scenarios that
meet the specified criteria for criticality before the CCT
calculations take place.

Information about topology

The calculation is performed if the first two
conditions below are fulfilled simultaneously;
the third condition is always considered
independently:

» The short-circuit power of the node is considered low

» The loading of the PGM (ratio of scheduled active
power to apparent power) is considered high

» A pump storage PGM is in pumping mode

The CCT threshold for preparing remedial actions is set at
100ms, which is about 120 % of the fault-clearing time.

A scenario like that of 4 July was calculated across
all phases of operational planning for July. Based on
the indicators described above, the calculation was
performed for faults on lines V473, V474 and V475 (all
connected to the Koc¢in 400 kV substation in the southern
part of the Czech Republic), considering the impact on
PGMs at the Temelin nuclear power plant (NPP) (also
connected to the Kocin 400 kV substation). The neces-
sary conditions were not met, thus no indicators were
fulfilled and therefore no calculation was performed for
a fault on lines V411 or V480, which are the closest to
unit 6 of thermal power plant (TPP) Ledvice.

The online version of the DSA tool, used for real-time
operation, calculates all scenarios* without applying the
critical scenario selection, every minute based on the
real-time model in the control system. Before the V411
outage, the online DSA tool did not detect any violation
in dynamic stability (CCT less than 100 ms) for TPP Ledvice
unit 6.

3 This implies that for the Ledvice power plant, connected to the Chotéjovice substation, only a fault on the Chtéjovice-Vy3kov double-circuit line V479/V480
is calculated. This is the worst-case scenario. A fault elsewhere in the grid (in this case on V411 Hradec-Vyskov) has a lesser impact on the power-generating
module due to the extra impedance of the lines between the power-generating module and the fault.

4 SeeTable 3.2.2.in Chapter 3.1.5 (paragraph 11:50 DSA).
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The dispatchers can also display the following trends in the online version of the DSA tool:

» Simulated time profile of accelerating power of the
generator (kinetic energy);

» Simulated time profile of active power output;
» Simulated time profile of terminal voltage.

These simulation results can be displayed for each
scenario. Figure 2.1 provides an example of how
simulated trends from the dispatcher control system can
be displayed.

Soubor  Nastaveni

| Cct | Grafy |
|
|Akce Yednl | Stang - meo - -
| 5C €M4a51  CHRDA 600 CETEM.gTG2 181 -0.147 0.082
SC Cv22L1  CvIT:2 379 CETEM:gTGL 185 0.126 0.056
| sc cwv2231 323 | 0050
| sc cvar2: 250
| sc cwvarg:a 227 0.000 —
| sc cvadgd 228
| sc cwvasl:l 226
| SC Cv4s0:l 226 o
| sc cvazei 226
5C Civ441:1 225 Dm0
| sc cvarla 225 *
| sC cvazl 225
| sc Cwvaas:a 225
| sC cvile:l 235
| sC C:valo:l 225
5C CvaT4l 181 180
| sC Cvaraa 181 )
5C CivaT5:1 179
| sC Cvare 179
| sC Cva3ail 179 10
| sC Ciwvallia 1m
| 5C Civ436l 177 |
| sC Cwa3s:a 177 Simulace .50
| 5C Civa3sl 177
SC CvaaTl 177 Z&I:rt‘l'.lé{::'lsi
5C Cv43x1 176 { 50| 000
W]
150/
| 200
1.50

1.00 fHﬂJ'
0.50

.00
0.00

0.50 1o0a 150 2.00

B CETEMGTGL-W 8 CETEM:gTG2-W

o T e Y |

m CETEM:gTGL-P @ CETEM:gQTGZ P

050 1.00 150 .00

| CETEMTGL-U 8 CETEM:gTG2 U

Figure 2.1: Example of visualisation in the online version of the DSA tool
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2.1.2 Weekly operational planning for 4 July 2025

Figure 2.2 presents the 400kV and 220 kV overhead lines that were switched off in the Czech power system on

4 July 2025.
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Figure 2.2: Situation of the Czech Republic transmission system on & July 2025, before the incident

400 kV lines

» V431 Chrast-Prestice without return-to-service time,
25.11.2024-03.10.2025 due to doubling of the line
(V431/v831)

» V453 Krasikov-Neznasov without return-to-service
time, 03.03.2025-29.08.2025 due to line
modernisation

» V413 Mirovka-Reporyje without return-to-service
time, 03.03.2025-27.11.2025, due to modernisation
to higher transmission parameters

» V403 and V803 NoSovice-Prosenice, with a return-to-

service time of two days, 02.06.2025-15.08.2025,
due to the finishing of the line doubling

» V497 Sokolnice-Stupava without return-to-service
time, 16.06.2025-04.07.2025 due to SEPS works in
Slovakia

» V434 Cebin-Slavétice without return-to-service time,
17.06.2025-31.07.2025 due to modernisation to
higher transmission parameters

» V432 Koclin-Prestice without return-to-service time,
25.06.2025-29.08.2025 due to doubling of lines
(V432/V429)

» V422 Cebin-Mirovka without return-to-service time,
01.07.2025-14.11.2025 due to modernisation to
higher transmission parameters
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» V414 Chodov-Reporyje and V476 Chodov-Kodin,
both without return-to-service time,
27.06.2025-21.07.2025, for replacement of the
V414/476 pylons and protections in the Chodov
substation

> The Chodov substation was in radial operation on
line V415 (Chodov-Cechy Stfed) due to the replace-
ment of the V414 +V476 pylons. The disconnection
ofV414 +V476 was planned at the time of the
shutdown of the Temelin NPP (B1), which was
planned until 01.08.2025, so that the remaining
outgoing lines from the Kocin substation would be
able to transfer energy from the ETEM B2 to the
transmission grid even if one of them failed. There-
fore, the work could not be postponed until the
V453 line was put into operation on 29.08.2025

» V441 Etzenricht-Hradec without return-to-service
time, 02.06.2025-15.09.2025 due to the repair of a
damaged cable bushing on the CEPS side

220 kV lines

V211 Chotéjovice-Vyskov without return-to-service time,
01.07.2025-24.07.2025 for switching of the conductors
from the 220kV to 400 kV substation and the redesigna-
tion to the new line V479.

Lines disconnected for voltage control

At 11:50, there were no lines disconnected for voltage
controlin the Czech Republic; only the connection to the
Krasikov 400 kV substation was prepared for a possible
reconfiguration to reduce the voltage. The substation
was prepared to switch off the V402 line or V458 line to
reduce voltage if the EDST was not in operation.

Given the ongoing investment project® and the west-
to-east flow direction, the substation was optimally
connected®. The current through the KSP in KRA4 at 11:51
was 307 A (16 % of load capacity).

Transformers
» T401PRN (until 05.12.2025, without return-to-service
time), reconstruction of the 220 kV substation

» T402CST (until 14.08.2025, without return-to-service
time), consumption switched to T201CST

» T201VYS, termination of operation

Hradec substation

» Operation of both HRA (Hradec west) and HRD
(Hradec east) in basic connection’

» Phase-shifting transformer T454HRD (on line V446)
switched off due to defect

» Phase-shifting transformer T453HRD (on line V446)
switched off due to maintenance until 11.07.2025

» Flow on line V446 controlled by the phase-shifting
transformer T442R0H (confirmed by 50Hertz)

» HRA4: KSP1 (busbar coupler) switched off due to
maintenance until 25.07.2025

5 Disconnection of V453 Krasikov-Neznasov due to line modernisation.

6 The connection of 400 kV substation Krasikov is described in more detail in chapter 2.1.5.

7 The internal regulation of CEPS specifies the basic connection of elements in all substations of the transmission system. The actual connection may vary

depending on the current network situation.

Substation HRA (Hradec west)
- W1 busbar: V411,V441,V463, 1401
-W2 busbar: V412,V461,7402,V464,V462, KSP1 W1-W2 switched on

Substation HRD (Hradec east)
- W1 busbar: V420, V445,V465, L1402
- W2 busbar: V430, V446, V466 KSP2 W1-W?2 switched on

Substations couplers SRW1 (ACB11) and SRW2 (ACB31) switched on, it means substations HRA and HRD connected.
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Weekly operational planning

As the basic calculation model, the control system model
(including the observability area) from 9:35 on 25 June

2025 was used. This model was updated in line with the

expected parameters for 4 July 2025.

Flows through the lines:

» V411:842 MW (HRA > VYS)
» V208: 22 MW (MIL > CST)

Parameters of the model used for 4 July 2025

Balance | Transit PSE SEPS 50Hertz APG TenneT
[Mw] [Mw] [Mw] [Mw] [Mw] [Mw] [Mw]
-588.5 | 2,983.1 | -2,066.3 | 1,005.5 | -1,505.3 | 1,788.7 188.9

Table 2.1: Cross-border flows in the week-ahead operational planning model
for the CEPS transmission grid for 4 July 2025

Balance: + = export/ -

import

Profile flows: + = from CEPS / - = to CEPS
Dynamic thermal rating considered for a temperature of 33 °C

Power plant Power [MW] Power plant Power [MW] Power plant Power [MW]
EDUK (Dukovany) 1980 ETU2 (Tusimice) 0 ETI2 (Tisovd) 0

ETEM (Temelin) 1075 ECHV (Chvaletice) 0 EPVR (Viesova) 0

ELED (B6) (Ledvice) 616 EPC2 (Pocerady) 0 EORK (Orlik) 0

EPR2 (Prunéfov) 410 EDST (Dlouhé Strang) 0

EPOC (PoCerady) 205 EDAL (DaleSice) 0

Table 2.2: Active power output of the power plants in the week-ahead model of the CEPS transmission grid for & July 2025 (gross)
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Tables 2.3 to 2.5 present the predicted breaching of N-1
for4 July 2025 and the appropriate measures to address
it.

Overloaded Contingency Measures

element

T402HRA V41l » Use the transformer overloadability
(109 %)

» Change connection in the Hradec west and
Hradec east substations

» Transfer of consumption supplied from
the 220 kV to the 400 kV grid

» As a last resort, switch off the overloaded
transformer

Table 2.3: Predicted breaching in the case of transit flow from Germany and low
generation in the Czech Republic

Overloaded Contingency Measures

element

Vbt V443 » Preventive reconfiguration in the NoSovice

(99%) substation, or discuss the possibility of PST
requlation on the 50Hertz-PSE profile

Table 2.4: Predicted breaching of N-1 in case of high transit from Poland

Overloaded Contingency Measures

element

T401VER V411 » Preventively ask the distribution company

(97 %) to separate the Vernéfov-Vyskov area

Lines 110 kv » Separation of the Vernéfov-Vyskov area

(108%) can cause N-1 breaching on the T202CHT

VER-YS trans_former aﬂer_the_ TthVYS switch-off.
In this case, ask distribution to reduce
consumption in the VySkov area and
switch off the T202CHT transformer

Table 2.5: Predicting breaching of N-1 in the VER-VYS interconnected area

When operating Hradec west and Hradec east in the basic
connection, the recommended limit flow from 50Hertz
is 1,500 MW (considering the nominal transmission limit
of PSTRohrsdorf at 1,200 MVA, with an overloadability of
120%).

Dynamic stability

Individual operating modes were checked for align-
ment with angular stability using the DSA® application,
which calculated the CCT for these network states on the
outgoing lines from the transmission substations, where
the power plants are connected. In all cases, the CCT
results were well above the limit of 100 ms (the lowest
CCTwas 176 ms at the Temelin NPP).

Results of weekly operational planning

All proposed measures from the weekly operational
planning led to resolving potential non-fulfilment of
the N-1 criterion in the model, and there was no possible
propagation of the fault to other elements, even with a
transit flow of 1,500 MW in the direction from 50Hertz to
CEPS.

8 Dynamic Stability Assessment - internal CEPS angular stability tool.
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2.1.3 DACF

The DACF process for 4 July 2025 was completed on 3 July at
23:48, with the N-1 operational safety criteria being met.
At the 11:30 time stamp (relevant to the time of the initial
cause, V411 outage), the following preventive measures were
implemented in the prediction model:

» Reconfiguration in the Cechy Stfed 220 kV substation due
to the breaching of N-1 onVv201

> BusbarW2:7201,V205,V206,V208,V202
> Busbarw3:T401,V209,V201, busbar coupler open

» Reconfiguration in the Hradec Zapad 400 kv substation due
to the breaching of N-1 onV411/VER:T401 125 %

> BusbarW1: 7402, V461 W2:V411,V412 and all from HRD4

Additional information on the DACF process:

» Contingencies HRA:T402/CST: T401, CST:T401/HRA:T402,
V411/HRA: T402: no measures are implemented in
advance, because the time-limited overload capacity
120%/3hand 130 %/1 h can be used, and corrective
measures’ after the outage can be applied during this
time. This is verified by the relevant calculations
(reconfiguration in HRD4 and CST2).

» Contingencies V435/V436 and V436/V435 (only for time
stamp 18:30): no measures are implemented in advance,
because time-limited overload capacity of 120%/1h can
be used and corrective measures after the outage can be
applied during this time. This was verified in advance by
the relevant calculations (reconfiguration in the Sokolnice
400kV substation, SOK4).

DACF results

N-1 for 4 July 2025 is met. The highest N-1 value is for the
time stamp at 11:30, with V203/V208 at 94.64 %, as shown
inTable 2.6.

Contingency cases Affected Branches Hour

ename subl sub2 type ename subl sub2 type 0:30 1:30 2:30 3:30 4:30 5:30 ‘ 6:30 ‘ 7:30 ‘ 8:30 ‘ 9:30 10:30 | 11:30 | 12:30 | 13:30 | 14:30 | 15:30 | 16:30 | 17:30 | 18:30 | 19:30 | 20:30 ‘ 21:30 ‘ 22:30 ‘ 23:30
CHRA:T&02 | CHRA_11 CHRA__22 transformer | C:CST:T401 | CCST__11 csT_22 transformer | 98.11 | 91.21 | 92.03 | 93.99 | 93.76 | 93.99 0 PRGN 86.17 | 86.1 99.15 05.06 | 10 9
CHRA:T&02 | CHRA_11 CHRA__22 transformer | C:CST:T401 | CCST__11 CsT_23 transformer 7759 | 76.88 | 73.55

C:CST:T401 ccsT_11 CcsT_22 transformer | C:HRA:T402 | CHRA_11 CHRA__22 transformer | 88.86 80.54 81.37 81.96 81.77 82.39 92.719 91.22 90.63 82.45 74.66 87.57 98.07 97.56 93.03 88.76 94.91 94.17 0
V436:1 CSLV_1A (SOK__12 line V435:1 CSw_1i (SOK__11 line 73.58 73.8 72.53 00 06 0 0.9 99.09 93.54
V435:1 CSL_1l (SOK__11 line V436:1 CSLV_1A (SOK__12 line 73.32 73.54 72.28 00.36 06 06.76 0 98.73 93.19
V411:1 CVYSH_14 CHRA__14 line C:HRA:T402 | CHRA_11 CHRA_22 transformer 73.09 97.33 03.0 91.55 85.28 79.91 78.47
V461:1 CVER_11 CHRA_13 line CVYS:T401 | CVYSH_1B CVYS_53 transformer | 94.71 00.0 91.95 | 8822 | 8817 | 87.37 | 8635 | 93.54 | 88.48 76.85
CCSTT401 | CCST__11 CsT_22 transformer | V201:1 cwys_21 CST_23 line 93.4 97.1 | 95.27 | 89.86
V411:1 CVYSH_14 CHRA__14 line CVER:T401 | CVER_11 CVER__57 transformer 70.09 | 7471 | 73.42 86.48 | 96.27

V208:1 MIL_22 CsT_22 line V203:1 (0PO_21 (SOK__21 line 96.08 | 85.64 | 83.98 | 8556 | 8113 | 7095 | 737 | 7275

V203:1 (0PO__21 (SOK__21 line V208:1 MIL_22 csT_22 line 94.64 | 8446 | 8232 | 8409 | 79.53 | 70.13 | 7421 | 73.74 | 7132

V223:1 CHRA__21 iT_22 line V203:1 (0PO__21 (SOK__21 line 89.62 | 8441 | 79.68 | 813 | 79.26 | 7295 | 77.06

V420:1 CHRD__11 CHBM__14 line KRA:4:nKSP | CKRA__11 (KRA__12 line 89.51 79.01 88.17 84.2

V433:1 (DAS__13 CSLv__1B line V216:1 CPRE__21 MIL_21 line 78.94 89.06

V411:1 CVYSH_14 CHRA__14 line V201:1 Cvys_21 CCST_23 line 78.34 88.21

V401:1 CTYN_11 CKRA__11 line V202:1 COPO_22 CCsT_22 line 71.54 87.6 85.2 71.02

Table 2.6: Day-ahead contingency report for the CEPS transmission grid from AMICA generated on 3 July 2025 at 23:20, after the final run of the DACF process

9 Measures such as re-dispatching or reconfiguration that can be taken during the time the element may be overloaded.
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2.1.4 IDCF

The description of the IDCF process for 4 July 2025 is based

. . Conti Affected Branch H
on the shift handover at approximately 6:45 and on the IDCF ornaenty e ererTanaes o
calculation at 11:15 ename subl sub2 type ename subl sub2 type 030 | 130 | 230 | 330 | w30 | 530 | &30 | 7:30 | 830 [ 9:30 [ 1030 [ 11:30 | 12:30 | 13:30 | 30 | 15:30 | 1630 | 17:30 | 18:30 | 19:30 | 2030 | 2130 | 22330 | 23:30
S CHRAT&O02 | CHRA_11 | CHRA_22 | trafo COTTA01 | CCST_11 | CGST_22 | transformer BTy 9575 | 9828 | 9754 | 9665 | 96.63 |0 9977 [FORIM 8723 | 8037
. . COTTAL | COT_11 | CGST_22 | trafo CHRAT402 | CHRA_11 | CHRA_22 | transfomer | 96.22 | 85.22 | 67.48 | 8688 | 85.81 | 8600 | 9350 | 89.83 | 93.64 | 8415 | 80.90 | 7486 | 73.09 | 703 | 765 | 7729 | s273 [FRCRVRBOTREN 8621 | 9195 | o114 | 9604 [FEANEA
Based on the feS ults preseljted in Table 2.7, corre C)Flve COTTHL | CCST_11 | CGST_23 | trafo CHRAT&O02 | CHRA_11 | CHRA_22 | transformer | 96.22 | 85.22 | 87.48 | 86.88 | 85.81 | 86.00 | 93.50 | 89.83 | 93.64 | 8415 | 80.90 | 7486 | 73.09 | 703 | 765 | 77.29 | 8278 08 B sc21l | 9193 | 97.14 | 96.04
measures were implemented in the model forthe 11:30 time VL1 | QY14 | GHRA_L4 | line CUERT40L | CVER_11 | CVER_S7 | tansformer 95.53 9 9781 | 9866 | .44 \
stamp: Va36:1 GW_1A | GsOK_12 | line V4351 GW_U | G0k_11 | line 75.01 (R 10035 | 10949 96.03
V4351 GW_1 | (SOK_11 | line V4361 GW_1A | (SOK_12 | line 474 7606 | 7603 | 99.99 93.69
» The same reconfiguration in the Cechy Stfed 220 kv V4111 CWSH14 | CHRA_14 | line CHRAT&02 | CHRA_11 | CHRA_22 | transformer 7785 | 95.62 05.09 | 10 98.94 | 8744 | 8L6D | 7686
substation as in the DACF process was implemented: V401:1 CYN_11 | CKRA_11 | line VIt2nSPl | QuT_21 | QuT_22 | line
V2031 OPO_21 | (SOK_21 | line VT2nsPl | GWT_21 | iT_22 | line 7192 75.59 0
> Busbar W2: T201.V205. V206. V208. V202 COTTAL | CCST_11 | CGST_22 | trafo V2011 s 21 | CGST_23 | line 7057 9690 BT 9552 | 9824 | 9599 | 9034
) ! ! ! ! ) V4611 (ER_11 | CHRA_13 | line CWST40L | CWSH_IB | CWS_53 | transformer | 93.56 [RG 9296 | 8284 | 8254 | 8559 | 9178 | 9649 | 8352 | 12 | 1925
> Busbar W3:T401,V209,V201 SP OFF. v208:1 22 | csT_22 | line V203:1 0PO_21 | (SOK_21 | line 93.63 | 8272 | 8286 | 8664 | 8517 | 9539 010
V2031 OPO_21 | (SOK_21 | line V2081 ML22 | T2 | line 9171 | 8L02 | 8071 | 8455 | 8367 | 9386 00
The implementation of real-time reconfiguration at the V411:1 CWYSH_14 | CHRA_14 | line V201:1 QWs_21 | CCST_23 line 83.82 | 9931 | 99.07 | 99.43 [BUDENN 88.69 | 8452 | 8138 | 77.57
Cechy St,‘-’ed substation has been DOStDOﬂE’d Uﬂﬁl feal-time V401:1 CTYN_11 CKRA__11 line V216:1 CPRE__21 MIL_21 line 99.11
lculati £rm the N-1 violation. This ¢ £ decisi V4201 (HRD_11 | CHBM_14 | line KRA4KSP | CKRA_11 | CKRA_12 | line 9260 | 83.47 | 8869 | 8438
(.:a cutations connrin the - ) viotation. I,S ypeo ?CISIOH V2511 OPRN.21 | (SOK_21 | line V2541 s_22 | CPRN_25 | line 8284 | 9157 | 7354
is used as a standard to avoid unnecessarily weakening the v252:1 CPRN_25 | (SOK_22 | line v253:1 cus_21 CXPRN_21 | line 82.84 | 9157 | 73.54
CEPS transmission network. . . o .
Table 2.7: Intraday contingency report for the CEPS transmission grid from AMICA for IDCF process generated on 4 July 2025 at 6:24 (shift change)
Additional information on the IDCF process:
Contingency cases Affected Branches Hour
» Reconfiguration in the Hradec Zapad 400 kV substation was ename subl sub2 type ename subl sub2 type 030 | 1:30 | 230 | 330 | 430 | 530 | e30 | 730 | &30 | 9:30 | 10:30 | 11:30 | 12:30 | 1330 | 1430 | 15:30 | 1630 | 17:30 | 1830 | 19:30 | 2030 | 21:30 | 22:30 | 2330
; ; ; ; CHRAT&O02 | CHRA_11 | CHRA_22 | trafo COTTH01 | CCST_11 | CCST_22 | transformer [ 9575 | 9828 | 9754 | 9665 | 9663 HUACRBORBUE 9186 | 90.77 11211 | 12052 1013 | 10547 | 10661 | 129.11
notimplemented. The dispatcher shift decided to solve the
. . i . COTTAL | CCST_11 | CGST_23 | trafo CHRAT4O02 | CHRA_11 | CHRA_22 | transformer | 96.22 | 85.22 | 87.48 | 86.88 | 85.81 | 8 | 935 | 91.89 | 97.86 | 8885 | 91 | 8256 | 8L08 | 7737 | 79.62 | 8347 | 833 8466 | 9119 | 958 | 937
non-fulﬁlmgntwolatlon of N-1 V‘*ll/ VER:T401 by changing COTTAL | CCST_11 | CGST_22 | trafo CHRAT4O02 | CHRA_11 | CHRA_22 | transformer | 96.22 | 85.22 | 87.48 | 86.88 | 8581 | 86 | 935 | 91.89 | 97.86 | 8885 | 91 | 8256 | 8L08 | 77.37 | 79.62 | 8347 | 833 B sis6 | 9119 | 958 | 937 [REN
the connection of the 110kV grid at the moment of the V111 CWSH_14 | CHRA_14 | line CVERT40L | CVER_11 | CVER_57 | transformer 7297 | 99.08 [ERER 74.95
indicated non-fulfilment of N-1 in the real-time calcula- V4111 CWSH_14 | CHRA_14 | line GHRA:T402 | CHRA_11 | CHRA_22 | transformer 8229 [B0 TRl 9617 | 8591 | 8292 79.25
tion. This type of decision is used as a standard to avoid Vasel (O IA OO0k 12| line Vssil [ OW I OO e 0L TR 1002 | 10675 | 1061 | 1205 10033 [CYONS
) : y . V4351 GW_1 | (SOK_11 | line V4361 GW_1A | (SOK_12 | line 474 IR 1007 | 1084 | 1063 | 1165 [EXTRIER
unn.ece_ssar] ly weakening the CEPS transmission network V208:1 ML22 | T2 | line V2031 OPO_21 | (SOK_21 | line WEARTL 9822 | 9195 | 9156 | 95.64 98.13
or distribution network. V2031 OPO_21 | CSOK_21 | line V208:1 ML_22 | cesT_22 | line 09 0 9801 | 9185 | 9116 | 94.97 98.58
» The measures for indicated contingencies T402 HRA/TAOL - U= (0 e (= (= s o | o | o | om | oo T
N ) ¢ ine .2:n5P: e e ine X A 3 .. . A 08
.CST' 1401 CST/ T402 HRA and v411/T402 HRA V\{er_e not V2231 HRA_21 | CWIT_22 | line V2031 OPO_21 | (SOK_21 | line YRRl 95.26 | 8968 | 9146 | 89.68
implemented in advance, because the time-limited GOSTTA0L | CCST_11 | (CST_22 | trafo v201:1 Ws_21 | CCST_23 | line TL44 74.38 9143 Bl 93.07 | 9693 | 9425 | 89.43
overload capacity of 120%/3h and 130%/1 h can be used V4611 QVER_11 | CHRA_13 | line CWYSTAO0L | CWsH1B | cws_53 | transformer | 9356 [ 9296 | 8284 | 8254 | 8559 | 9178 | 9473 | 8243 77.15
. ; VA11:1 (WSH_14 | CHRA_14 | line V2011 Ws_21 | CGST_23 | line 8592 | 9655 | 97.68 | 99.25 | 9537 | 88.08 | 8357 | 7646 | 74.28
and corrective measures after the outage could be applied : :
. L . . V4011 CVN_11 | CKRA_11 | line V216:1 (PRE_21 | (MIL_21 | line 97.02
during ’[hlS time (verified I_n aqvance by the relevant V2211 (PRE_21 | (WT_21 | line CSOKT40L | (SOK_12 | CSOK_21 | transformer 90.66
calculations, reconfiguration in the Hradec east 400 kV and V420:1 CHRD_11 | CHBM_14 | line KRA:4NKSP | CKRA_11 | CKRA_12 | line 9048 | 8323 | 8798 | 8287

Cechy Stied 220 kV substations).

The measures for contingencies V435/V436 and 436/
V435 for time stamp 18:30 were not implemented in
advance, because the time-limited overload capacity of
120%/1 h can be used and corrective measures after the
outage can be applied during this time (reconfiguration in
SOK4).

Table 2.8: Last relevant intraday contingency report for the CEPS transmission grid from AMICA before the outage of V411, generated on 4 July 2025 at 10:24

IDCF results As presented in Table 2.8, a deterioration of the N-1V203/

V208 at 109.34 % was indicated for time 11:30.

This reconfiguration was recalculated by the study in AMICA
(as shown in Table 2.9) and led to a significant reduction in

The indicated N-1 non-fulfilment from 11:30 to 13:30 the non-fulfilment 0fV203/V208. N-1 onV411/208 was 92 %,

concerned only the 400/110kV transformers in Vernérov and
the 400/220kV transformers in Hradec. These N-1 non-ful-
filments can be easily addressed by changing the 110 kV
network connection orincreasing the transformer's overload-
abilityto 120%/3h or130%/1h.

This non-fulfilment can be solved by the reconfiguration of
the Cechy Stfed 220kV substation:

» BusbarWz: 1401, V205,V206,V208,V202.
» Busbar W3: 7201,V209, V201 SP OFF).

which meets the N-1 criterion.

Contingency V411/T401VER will be solved by the disconnec-
tion of the 110 kV Vernérov-Vyskov area.
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Contingency cases Affected Branches Hour
name ename subl sub2 type category name ename subl sub2 type 11:30
CVYSH_1_CHRA 1 1:line V411:1 CVYSH_11 CHRA__11 line Single CVER__1_CVER_5_2:trf C:VER:T401 CVER__11 CVER__57 transformer
CVYSH_1_CHRA__1_1:line V411:1 CVYSH_11 CHRA__11 line Single CHRA__1_CHRA__2_1:trf C:HRA:T&02 CHRA__11 (HRA_22 | transformer 92.12
CCST_1 CCST_2 L:trf C:CST:T401 CcsT_11 CCST_22 transformer Single CMIL_2_CCST_2 1:line V208:1 MIL_22 CCST_22 line 91.73
BASECASE Single (BEZ_2_(BEZ_5_3:trf C:BEZ:T201 (BEZ_21 (BEZ_51 transformer 78.88
XHR_RO1_D8ROE_1 445:line | 445 XHR_RO11 D8ROE_11 line Single CHRD_21_XHR_RO1_2:line Va46:1 CHRD_212 XHR_RO12 line 78.6
CCST__1_CCST__2_1:trf C:CST:T401 €sT_11 CsT_22 transformer | Single CHRA__2_CVIT__2_1:line V223:1 CHRA_21 viT_22 line 77.08
CCST__1_CCST__ 2 1:trf C:CST:T401 CcsT_11 CCST_22 transformer Single QUIT_2_CVIT_2 2:line VIT:2:nSP:1 iT_21 IT_22 line 76.9
CKOC__1_CETEM_1_2:line V052:1 koc_11 CETEM_12 line Single CHRD__1_CHRA__1_L:line HRD:4:nSRW2 | CHRD_12 | CHRA_14 | line 76.49
D8ROE_1_D8ROE_1_4&42:trf 442 D8ROE_11 D8ROE_18 transformer Single CHRD_21_XHR_RO1_I:line V445:1 CHRD_211 XHR_RO11 line 76.46
CKLT__1_CNOS__1_1:line V405:1 CKLT_11 (NOS__11 line Single CVYSH_1_CHRA__1_1:line VA411:1 CVYSH_14 CHRA_14 | line 76.42
CHRA_2_CVIT_2 1:line V223:1 CHRA__21 iT_21 line Single CCST__1_CCST_2 1:trf C:(ST:T401 CCST_11 CCST_23 transformer 75.89
DBROE_1_DBROE_1_&42:trf 442 DBROE_11 | DBROE_18 | transformer | Single CHRD_21_CHRD_21_2:trf C:HRD:T452 CHRD_213 | CHRD_215 | transformer 75.83
D8ROE_1_D8ROE_1_442:trf 442 D8ROE_11 D8ROE_18 transformer Single CHRD_21_CHRD_21 1:trf C:HRD:T451 CHRD_213 CHRD_215 transformer 75.83

Table 2.9: Study report for the CEPS transmission grid from AMICA - proposal of the measure for N-1V203 on V208

Results of study report: The proposed reconfiguration demonstrably solved N-1V203/V208.
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Situation in real time before the incident

Tables 2.10 and 2.11 present the 10:30 N-1 reports from the CEPS control system.

_ Kontingence N-1% «|| N1 PlesN-l N-O PfesN-0 N0% | Rordil Rozdil% Zafizenl
C:v411:1 | a2 742 3552 0.0 71.0 +219.0 +43.8 C:HRA:T402
C:C5T:T401 97.5 487.4 0.0 355.2 0.0 71.0| +132.3] +26.5 C:HRA:T402
C:HRA:T402 96.8 484.2 0.0 2205 0.0 44.1| +263.7 +52.7 | C:CST:T401
C:V445:1 94.4 1359.1 0.0 833.9 0.0 57.9| +525.2 +36.5 D8:ROH:T442
C:CHD:T401 91.0 318.4 0.0 169.1 0.0 48.3| +149.3 +42.7 | C:CHD:T403
C:CHD:T403 90.9 318.2 0.0 149.0 0.0 42,6 +169.2 +48.3 | C:CHD:T401
C:V446:1 85.9 1954.5 0.0 1252.2 0.0 55.0) +702.3] +30.9 C:\V445:1
C:v433:1 79.1 395.6 0.0 355.2 0.0 71.0 +40.4 +8.1  C:HRA:T402
Table 2.10: N-1 report from the CEPS control system*® at 10:30 - per relevant contingency

Zafizeni ’ N-1% ~ | Uzell | Uzel2 Limit N1 :?Fes N-l_: N0 :?Fes N-D_: __N—G%._ | Rozdl’l_ _Rozd[l% Kontingence
C:HRA:T402 DSl cHRA4.. CHRAZ.. | 500.0) 5742 742  355.2 0.0/ 710, +210.0  +43.8/C:v4lll
C:VER:T401 PNEETENS| CvER:4:.. CVER:1.. | 3500 3914 414 161.0 0.0 46.0  +2305 +65.8 C:V411:1
C:CST:T401 96.8 |C:CST:4:.. CCST:2:.. | 500.0 4842 0.0 2205 0.0 441 +263.7  +52.7 C:HRAT402
C:v201:1 96.3 |C:VYS:2:W1 C:CST:2:.. | 796.0  766.4 00| 3637 0.0 457 +402.7 +50.6 C:V411:1
D8:ROH:T442 94.4 | D8:ROH:4... D8:ROH:4.. 1440.0 1359.1 00 8339 0.0 57.9| +525.2 +36.5 C:v445:1
|C:CHD:T403 91.0 |C:CHD:4:.. CCHD:l...  350.0 3184 0.0 169.1 0.0 483 +149.3 +42.7 C:CHD:T401
C:CHD:T401 90.9 |C:CHD:4:... CCHD:l.. | 350.0 3182 0.0 149.0 0.0 426  +169.2]  +48.3 C:CHD:T403
C:va45:1 85.9 | C:HRD:4:.. D8:ROH:4.. 2276.0 19545 0.0 12522 0.0 55.0  +702.3  +30.9 C:v446:1
C:V446:1 84.6 C:HRA:4:.. D8:ROH:4.. 22760 1926.5 0.0 1180.4 0.0 51.9) +746.1 +32.8 C:v445:1
C:HRD:T451 80.2 |C:HRA4:... CHRD:4:... 850.0 6813 0.0 4387 0.0 516 +2426 +28.5 C:V446:1
C:HRD:T452 80.2 (C:HRA4:.. |CHRD:4:... = 850.0 6813 0.0 4387 0.0/ 516 +2426 +28.5 C:V446:1
C:HRD:4:Y1 465 K... | 77.3 | |C:HRA4:.. |C:HRA4:. | 2882.0 22275 0.0 1530.6 0.0| 531 +696.9 +24.2 C:VA46:1

Table 2.11: N-1 report from the CEPS control system! at 10:30 - per relevant monitored element

Results of N-1 at 10:30:

» Both the C:HRA:T402 and C:VER:T401 transformers are

overloadable.

> The solution for the case of N-1 non-fulfilment on

the C:VER:T401 transformer was, in cooperation with

the distribution company, the splitting of the
interconnected 110kV Vernérov-Vyskov area.

> The solution for the case of N-1 non-fulfilment on

the C:HRA:T402 transformer is to coordinate with the

distribution company to relieve consumption at the
220kV level (e.g. in the area of c:VIT:T402) and
switch off the C:CHT:T202 transformer.

» Itis not yet necessary to proceed with the application
of reconfiguration in Cechy Stfed substation. The
highest relevant N-1 value forV411/V201 is 96.3 %.

10 Kontingence  contingency, element whose shutdown is simulated.
N-1 flow through the monitored element (lines in A, transformers in MVA) in case of contingency, <80, 280 and <100 , 1009
N-1% flow through the monitored element as % of limit in case of contingency.
Pres N-1 flow through the monitored element above the nominal power (lines in A, transformers in MVA).
Limit nominal limit of the monitored element (lines in A, transformers in MVA).
N-0 flow through the monitored element without contingency (lines in A, transformers in MVA).
Pres N-0 flow through the monitored element without contingency above nominal power (lines in A, transformers in MVA).
N-0% flow in normal case without contingency, as % of limit.
Rozdil difference of the flow on the monitored element in N-0 and N-1 (lines in A, transformers in MVA).
Rozdil% difference of the flow on the monitored elementin N-0 and N-1in %.
11 Zzafizeni monitored element, element through which the flow is detected.
Uzel1,Uzel2 nodesthrough which the device is connected to the network.
Limit nominal power (lines in A, transformers in MVA)

The rest is the same as in the previous table
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Tables 2.12 and 2.13 present the 11:01 N-1 report from the CEPS control system before the decision to implement the
reconfiguration at the Cechy Stfed 220 kV substation and the splitting of the 110 kV Vy$kov-Vernéfov area.

Kontingence N1  PfesN-1 NO  PlesN-0 MN-0%  Rozdil Rozdil%  Zafizenl
C:vall:l 606.5 106.5 3729 0.0 746 +233.6 +46.7 C:HRA:T402
C:C5T:T401 515.0 15.0 372.9 0.0 74.6| +142.1 +28.4 C:HRA:T402
C:HRA:T402 514.3 14.3 238.0 0.0 47.6| +276.3 +55.3 | C:C5T:T401
C:V445:1 96.3 1386.6 0.0 849.8 0.0 59.0| +536.8 +37.3|D8:ROH:T442
C:CHD:T401 89.2 312.1 0.0 165.6 0.0 47.3| +146.5 +41.8 C:CHD:T403
C:CHD:T403 89.1 3119 0.0 146.2 0.0 41.8| +165.7 +47.3 | C:CHD:T401
Cc:vVa46:1 87.3 1987.8 0.0 12715 0.0 55.9| +716.3 +31.5 | C:W445:1
C:V433:1 82.6 412.8 0.0 3729 0.0 74.6 +39.9 +8.0 C:HRA:T402
D8:V572:1 82.4 1187.2 0.0 8662 0.0 60.2| +321.0 +22.3|D8:ROH:T441
C:v420:1 §0.4 402.0 0.0 3729 0.0 74.6 +28.1 +5.8 C:HRA:T402
C:V410:1 80.0 400.0 0.0 372.9 0.0 74.6 +27.1 +5.4 | C:HRA:T402
C:V419:1 80.0 400.0 0.0 372.9 0.0 74.6 +27.1 +5.4 | C:HRA:T402
Table 2.12: N-1 report from CEPS control system at 11:01 - per relevant contingency

Zafizen| | Uzell = Uzel2 Limit N1 :EFes N-l_: N0 :PFes N-O_: N-0%  Rozdil Rozdil% Kontingence
C:HRA:T402 C:HRA:4:.. C:HRA:2:... | 5000 6065 1065 372.9 0.0 746  +233.6] +46.7 C:v4ll:l
C:VER:T401 C:VER::.. CVER::.. | 3500 424.2 742 178.1 0.0 50.9  +246.1 +70.3 C:v411:1
C:CST:T401 C:CSTi4n.. |CCST:2w. | 5000 5143 143 2380 0.0 476 +276.3|  +55.3 C:HRAT402
C:V201:1 C:VYS:2:W1 C:CST:2:... 796.0  800.7 47| 370.0 0.0 46.5  +430.7 +54.1|C:V411:1
D8:ROH:T442 D8:ROH:4... D8:ROH:4.. 1440.0 1386.6 0.0 849.8 0.0 59.0 +536.8 +37.3|C:V445:1
C:CHD:T403 C:CHD:4:... |C:CHD:L... | 3500  312.1 0.0 1656 0.0 473 +146.5 +41.8 C:CHD:T401
C:CHD:T401 C:CHD:4:... CCHD:L... 3500 3119 0.0 146.2) 0.0 418  +165.7  +47.3 C:CHD:T403
€:V445:1 C:HRD:4:... D8:ROH:4.. 2276.0 1987.8 0.0| 12715 0.0 559  +716.3 +31.5 C:V446:1
C:V446:1 C:HRA:4:.. D8:ROH:4.. 2276.0 1960.1 0.0 11999 0.0 527 +760.2 +33.4 C:v445:1
D8:ROH:T441 D8:ROH:4... D8:ROH:4... 1440.0 1187.2 0.0  866.2 0.0 60.2  +321.0 +22.3 DB:V572:1
C:HRD:T451 C:HRA4:.. CHRD:4:.. | 850.0 693.5 0.0 4461 0.0 52.5  +247.4 +29.1 C:V446:1
C:HRD:T452 81.6 | C:HRA:4:.. C:HRD:4:.. 8500 6935 0.0 4461 0.0 52.5  +247.4 +29.1 C:V446:1
C:HRD:4:ACT84:1 78.4 | |C:HRD:4:... C:HRD:4... 2530.0 1983.8 0.0 1264.9 0.0 50.0  +718.9 +28.4 | C:V446:1

Table 2.13: N-1 report from CEPS control system at 11:01 - per relevant monitored element

Results of N-1 at 11:01:

» The C:HRA:T402 transformer is overloadable. The
solution for the case of N-1 non-fulfilmentis to
coordinate with the distribution company to reduce
consumption atthe 220kV level (e.g. in the area of

C:VIT:T402) and switch off the C:CHT:T202 transformer.

» Based on the non-fulfilment of N-1 on the VER:T401
transformer, it was decided to split the
VysSkov-Vernérov 110KV area.

» Based on the non-fulfilment of N-1 on line V201, it
was decided to execute the reconfiguration in the
Cechy Stfed 220 kV substation.

» Several options were considered, and it was finally

decided to implement the following reconfiguration
(different to reconfigurations modelled in DACF and
IDCF):

> Busbarw?2 -Vv201,Vv202.

> Busbar W3 -V205,V206,V208,V209, 7401, SP OFF.

At 11:04, the CEPS operator issued the order to CEZd to

disconnect the Vernéfov-Vyskov interconnected area.

At 11:12, the disconnection of the Vernéfov-Vyskov

110KkV area was executed, and the reconfiguration at the

Cechy Stied 220 kV substation was implemented.

Grid Incident in Czech Republic on 4 July 2025 // FinalReport // 21



Tables 2.14 and 2.15 present the 11:13 N-1 report from the CEPS control system, after the reconfiguration at the

Cechy Stied 220 kV substation.

Kontingence N-1% = N1 |PfesN-1 NO  PfeshN-0 N0%  Rozdil Rozdil% @ Zafizen
C:v411:1 | ETE 60.3 339.8 0.0 68.0 +220.6 +44.1 C:HRA:T402
C:v445:1 98.4 1416.3 0.0 B867.5 0.0 60.2 +548.8 +38.1|D8:ROH:T442
C:C5T:T401 96.1 480.4 0.0 3398 0.0 68.0) +140.6 +28.1 C:HRA:T402
C:CHD:T401 89.9 314.5 0.0 167.0 0.0 47.7| +147.5 +42.1|C:CHD:T403
C:CHD:T403 §9.8 314.3 0.0 147.2 0.0 42.1| +167.1 +47.7 C:CHD:T401
C:V446:1 886.9 2022.7 0.0 12921 0.0 56.8| +730.6 +32.1 | C:v445:1
Cc:vo52:1 87.6 2523.8 0.0 1993.4 0.0 69.2 +530.4 +18.4 | C:HRD:4:n5R...
C:V405:1 85.8 193E.2 0.0 16844 0.0 74.7| +250.9 +11.1 C:v4l11:1
C:V420:1 84.8 1912.7 0.0 16844 0.0 74.7| +228.3 +10.1 C:v411:1
C:HRA:T402 84.8 1912.4 0.0 16844 0.0 747 +228.1 +10.1 {C:W411:1
C:vV433:1 83.7 1888.3 0.0 16844 0.0 74.7| +203.9 +9.0 | C:V4A11:1
c:w223:1 83.5 1883.2 0.0 16844 0.0 74.7| +198.8 +8.8 | C:v41l1:1
C:V480:1 83.1 1873.8 0.0, 1684.4 0.0 74.7| +189.5 +8.4 C:v4a11:1
C:V459:1 §1.0 1827.1 0.0 16844 0.0 74.7| +142.7 +6.3 |C:V411:1
D8:V572:1 80.9 1164.3 0.0 852.0 0.0 59.2| +312.3] +21.7 | D8:ROH:T441
C:REP:T404 79.4 277.7 0.0 175.8 0.0 50.2| +101.9 +29.1|C:REP:T403
Table 2.14: N-1 report from CEPS control system at 11:13 - per relevant contingency

Zafizeni N-1% - Uzell . Uzel2 Limit =~ N1 PfesN-1 NO '_Fi‘esN—l]_ N-0% Rozdil F_iozdl'l'}{_;__' _I'(ont'r'ng_encg
C:HRA:T402 PEEEE| cHRA4:. CHRAL.. | 5000 560.3 603 339.8 0.0 68.0  +220.6  +44.1 C:vall:l
D8:ROH:T442 98.4 | DB:ROH:4... D8:ROH:4.. 14400 14163 0.0 8675 0.0 60.2  +548.8  +38.1 C:v445:1
C:v208:1 94.1 || CMIL2:W... C:CST:2:2W3 | 749.0] 7045 0.0 877 0.0 117 +616.8]  +82.4 C:v4lll
C:CHD:T403 89.9 | C:CHD:4:.. C:CHD:l... 3500 3145 0.0 167.0 0.0 47.7|  +147.5]  +42.1 C:CHD:T401
C:CHD:T401 89.8 | C:CHD:4:.. C:CHD:l... | 3500 3143 0.0 1472 0.0 421 +167.1]  +47.7 C:CHD:T403
c:v223:1 89.7 | CHRA:22:.. C:VIT:22W.. 11650 1044.9 0.0 569.6 0.0 48.9 44753 +40.8 C:v411:1
C:VIT:2:nSP:1 89.6 |CVIT:2:W... CVIT:22W.. 11650 10440 0.0 5655 0.0 485 +4785  +41.1 C:V41ll
C:vVa45:1 88.9 | C:HRM:4:... DARROH:A... 22760 2022.7 no 12921 n.n 568 +730.6 +32.1 W44/
C:V446:1 87.7 | CHRA:4:.. D8:ROH4.. 22760 19953 0.0 1221.0 0.0 53.6  +7743  +34.0 C:v445:1
C:HRD:4:nSRW2:1 87.6 | C:HRA:4:.. C:HRA4:... 28820 2523.8 0.0 19934 0.0 69.2  +530.4  +18.4 C:V052:1
C:va11:1 85.8 |CVYS:4:.. CHRAM4.. 22560 19352 0.0 1684.4 0.0 747 +2509  +11.1 C:v405:1
C:HRD:T452 83.2 | CHRA4:... C:HRD:4:... 8500 707.0 0.0 4546 0.0 53.5  +252.4  +29.7 C:V446:1
C:HRD:T451 83.2 | CHRA4:.. CHRD:4... 8500 707.0 0.0 45456 0.0 53.5  +252.4 +29.7 C:V446:1
C:CST:T401 82.5 |C:CST:4:.. CCST:2:W3 | 5000 4123 0.0 2590 0.0 51.8  +153.3  +30.7 C:v223:1
C:KRA:4:nKSP:1 81.8 | CKRA:4:.. C:KRAM4:.. 20000 1637.0 0.0 2981 0.0 149 +13389  +66.9 C:V411:1
D8:ROH:T441 80.9 | DB:ROH:4... D8:ROH:4.. 14400 11643 0.0  852.0 0.0 592 +3123]  +21.7 DB572:1
C:HRD:4:ACT84:1 79.8 ||C:HRD:4:... C:HRD:4:... | 2530.0| 20195 0.0 1286.7 0.0 50.9  +732.8  +29.0 C:V446:1

Table 2.15: N-1 report from CEPS control system at 11:13 - per relevant monitored element

Results of N-1 at 11:13:

» The C:HRA:T402 transformer is overloadable. The
solution for the case of N-1 non-fulfilmentis to
coordinate with the distribution company to reduce
consumption atthe 220kV level (e.g. in the area of
C:VIT:T402) and switch off the C:CHT:T202 transformer.

» After the aforementioned reconfigurations were
executed, the CEPS grid was N-1 secure.

At 11:14, the CEZd operator requested permission
from the CEPS operator to couple the Reporyje and
Tynec 110kV areas. The CEPS dispatcher authorised the
coupling.

At 11:17, the CEZd operator asked the CEPS operator
for permission to couple the Reporyje and Vyskov
110KV areas to change the configuration of the MV and
HV networks at several locations. The CEPS operator
authorised coupling. The Reporyje and Vy3kov areas
were coupled from 11:19to 11:41.
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Tables 2.16 and 2.17 present the N-1 report from the CEPS control system at 11:20, after the connection of the Reporyje
and Vyskov 110KV areas.

Kontingence N-1% B N-1  PfeshN-1 N-0  PlesN-0 N-0%  Rozdil Rozdil%  Zafizeni
C:v411:1 | ST 148 3399 0.0 68.0 +175.0 +35.0 C:HRA:T402
C:va4s:1 99.7 || 1435.1 0.0 8789 0.0 61.0 +556.2 +38.6 | D8:ROH:T442
C:CST:T401 96.3 481.5 0.0 3399 0.0 68.0 +1416 +28.3 C:HRA:TA02
C:V446:1 90.0 || 2049.4 0.0 13082 0.0 575, +741.1 +32.6|C:V445:1
C:CHD:T401 89.7 313.8 0.0 1665 0.0 476 +147.2 +42.1 | C:CHD:T403
C:CHD:T403 89.6 313.6 0.0 1469 0.0 42.0 +166.6 +47.6 C:CHD:T401
C:vo52:1 86.6 | 2494.9 0.0, 19595 0.0 68.0 +535.4 +18.6 C:HRD:4:nSR...
D8:V572:1 83.8 || 12073 0.0 8794 0.0 61.1 +327.9 +22.8 D8:ROH:T441
C:REP:T404 83.1 290.8 00/ 1927 0.0 55.1  +98.1 +28.0 C:REP:T403
c:v223:1 83.0 414.9 0.0 2608 0.0 52.2] +154.1 +30.8 C:CST:T401
C:V405:1 82.6 || 1862.8 0.0 16201 0.0 71.8] +242.7 +10.8|C:V411:1
C:HRA:T402 81.8 | 1846.2 0.0 16201 0.0 71.8] +226.1 +10.0/C:v411:1
C:v420:1 81.8 || 1845.9 0.0 16201 0.0 71.8| +225.8 +10.0|C:v411:1
C:REP:T403 80.1 280.4 0.0 1783 0.0 50.9 +102.1 +29.2 | C:REP:T404
C:vas80:1 78.6 || 1772.8 0.0/ 1620.1 0.0 71.8] +152.7 +6.8 | C:V411:1

Table 2.16: N-1 report from the CEPS control system at 11:20 - per relevant contingency

Zafizeni N-1% - Uzell = Uzel2 | Limit  N-1 PfesN-1 NO PfesNO N-0%  Rozdil Rozdil% Kontingence
C:HRA:T402 PEEEE| cHRA4:. CHRA2... | 5000 5148 148 3399 0.0 68.0 +175.0  +35.0 C:vall:
D8:ROH:T442 99.7 | DB:ROH:4... D8:ROH:4... 14400 14351 0.0 878.9 0.0 61.0 +556.2  +3B.6 C:v445:1
C:V445:1 90.0 || C:HRD:4:... D8:ROH:4.. 2276.0 2049.4 0.0, 1308.2 0.0 575 +7411  +32.6 C:V446:1
C:v208:1 89.9  CMIL2W.. C:CST:2:W3 7490 6736 0.0 894 0.0 119 +584.1|  +78.0 C:CST:T401
C:CHD:T403 89.7 ||C.CHD:4:... C:CHD:1... | 3500/ 3138 0.0 1665 0.0 476 +147.2  +42.1 C:CHD:T401
C:CHD:T401 89.6 || C:CHD:4:... C:CHD:1...  350.0] 313.6 0.0 146.9 0.0 42.0, +166.6,  +47.6 C:CHD:T403
C:v446:1 88.8 |CHRA4:. DB3:ROH:4... 22760 20221 0.0 1237.2 0.0 544 +784.8  +34.5 C:v445:1
C:HRD:4:nSRW2:1 86.6 | C:HRA:4:... C:HRA4... 2882.0 2494.9 0.0 19595 0.0 68.0  +5354  +18.6 C:V052:1
C:REP:T403 84.2 | CREP:4:.. C:REP:l:..  350.0) 294.8 0.0 1927 0.0 551 +102.1  +29.2 C:v4ll:1
C:HRD:T452 84.2 CHRA:4:. CHRD:4:... 8500 7159 0.0 460.1 0.0 541 +255.8  +30.1 C:V446:1
C:HRD:T451 84.2 || CHRA4:... CHRD:4:.. 8500 7159 0.0 4601 0.0 541 +2558  +30.1 C:V446:1
D8:ROH:T441 83.8 | DB:ROH:4... D8:ROH:4... 14400 12073 0.0 8794 0.0 611  +327.9  +22.8 DBV572:1
C:CST:T401 83.0 C:CST:4:.. CCST:2:W3 5000 4149 0.0 2608 0.0 522 +1541  +30.8 C:v223:1
c:va11:1 82.6 | CWYS:4:. C:HRA4.. 22560 1862.8 0.0 1620.1 0.0 718 +2427  +10.8 C:V405:1
c:v223:1 81.1 |[CHRA:2:.. C:VIT:2:W.. 11650 944.8 0.0 5713 0.0 49.0. +3735  +32.1 C:CST:T401
C:VIT:2:nSP:1 81.0 |CVIT:2:W... CVIT:2W... 11650 9431 0.0 566.9 0.0 487 +3762  +32.3 C:CST:T401
C:HRD:4:ACT84:1 80.9 | CHRD:4:... C:HRD:4:...  2530.0) 2046.4 0.0 1303.0 0.0 515 +7434  +29.4 C:V446:1
C:HRD:4:ACT94:1 80.9 | C:HRA:4:.. C:HRA4:.. 25300 2046.0 0.0 1302.6 0.0 515  +743.4  +29.4 C:V446:1
C:REP:T404 80.1 |CREP:4:.. CREP:l:.. 3500 2804 0.0 1783 0.0 509  +1021  +29.2 C:REP:T403
|C:HRD:4:Y1_465 K... 79.8 ||CHRA:4:... C:HRA4:...  2882.0 2300.6 0.0 1568.8 0.0 544 +7318  +25.4 CV446:1

Table 2.17: N-1 report from the CEPS control system at 11:20 - per relevant monitored element

Results of N-1 at 11:20:

» The C:HRA:T402 transformer is overloadable. The
solution for the case of N-1 non-fulfilment s to
coordinate with the distribution company to reduce
consumption atthe 220kV level (e.g. in the area of
C:VIT:T402) and switch off the transformer C:CHT:T202.

» The connection of the Reporyje-Vy3kov 110kV areas
led to a significant reduction of N-1V411/V208.
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Tables 2.18 and 2.19 present the N-1 report from the CEPS control system at 11:42, after the disconnection of the
Vyskov-Reporyje 110kV areas.

| Kontingence N-1% ~|| N1 |PfesN-1 NO  PleshN-O0 MNO0%  Rozdil PRozdil% @ Zafizen
C:v411:1 I 26 726 3465 0.0 69.3 +226.1 +45.2 C:HRA:T402
C:V445:1 98.8 || 14223 0.0 8505 0.0 59.1 +571.8  +39.7 D8:ROH:T442
C:CST:T401 98.0 490.0 0.0 3465 0.0 69.3 +143.5 +28.7 | C:HRA:T402
C:V446:1 92.9 || 2066.7 0.0 13478 0.0 60.6 +718.9 +32.3|C:va45:1
C:CHD:T401 920.7 317.5 0.0 1686 0.0 48.2] +148.9 +42.5 | C:CHD:T403
C:CHD:T403 920.7 317.3 0.0 1486 0.0 425 +168.7 +48.2 | C:CHD:T401
C:V405:1 89.3 || 1977.8 0.0/ 1723.9 0.0 7790 +253.9  +115 C:v4ll:l
C:vo52:1 88.7 || 2515.4 0.0 19854 0.0 70.0, +530.0 +18.7 C:HRD:4:nSR...
C:HRA:T402 88.4 || 19575 0.0[ 17239 0.0 77.9| +233.6 +10.6 | C:V411:1
C:v420:1 87.7 || 1942.0 0.0 17239 0.0 77.9 +218.1 +9,9|C:v411:1
c:v223:1 87.1 || 19275 0.0 17239 0.0 77.9 +203.6 +9.2|C:v411:1
C:v433:1 86.9 || 19243 0.0 1723.9 0.0 77.9 +200.4 +9,0|C:v411:1
C:v459:1 84.8 | 1877.1 0.0 17239 0.0 77.9 +153.2 +6.9|C:V411:1
D8:V572:1 82.9 || 11943 0.0 8712 0.0 60.5 +323.1 +22.4 D8:ROH:T441
C:Val7:1 82.5 | 1826.0 0.0 1723.9 0.0 77.9 +102.1 +4.6|C:V411:1
C:V458:1 82.5 || 1825.9 0.0/ 17239 0.0 77.9 +102.0 +4.6 | C:V411:1
C:V480:1 82.5 || 1825.7 0.0/ 17239 0.0 77.9 +101.8 +4.6 C:V411:1
C:Va43:1 81.9 || 1812.2 0.0/ 1723.9 0.0 779  +88.3 +4.0|C:V411:1
C:V402:1 81.2 || 1798.1 0.0, 1723.9 0.0 779 +74.2 +3.3|C:va11:1
C:v4a12:1 80.9 || 1791.6 0.0 1723.9 0.0 779 +67.7 +3.1/C:va11:1
C:V444:1 80.9 || 1791.2 0.0 17239 0.0 779 +67.3 +3.0|C:v411:1
c:v221:1 80.9 || 17905 0.0, 17239 0.0 779 +66.6 +3.0|C:v411:1
C:V460:1 80.8 || 1788.9 0.0/ 1723.9 0.0 779 +65.0 +2.9|C:v411:1
C:va4a9:1 80.8 || 1788.8 0.0/ 17239 0.0 779 +64.9 +2.9 C:v411:1
D2:V465B:1 80.3 || 17771 0.0| 17239 0.0 779 +53.2 +2.4 C:V411:1
Z:V456:1 80.1 || 17725 0.0 1723.9 0.0 779  +48.6 +2.2|C:va11:1
C:v475:1 79.5 || 2256.8 0.0 19854 0.0 70.0 +271.4 +9.6 | C:HRD:4:nSR...

Table 2.18: N-1 report from the CEPS control system at 11:42 - per relevant contingency

Zafizeni N-1% - Uzell Uzel2 Limit N-1 PfesN-1 N-DO PfesN-O0 N-0% Rozdil Rozdil%  Kontingence
C:HRA:T402 P EIEE ceRA4: . CHRA:2:. | 5000 5726 726 2465 00 693 42261 +452 C:vAlll
C:V208:1 99.5 | C:MILZ:W... C:CST:2:W3 | 724.0 7206 0.0 87.7 0.0 121 +632.9 +87.4 C:V411:1
DB:ROH:T442 98.8 | D8:ROH:A... D8:ROH:A... 11100 11223 0.0 8505 0.0 591  +571.8 +39.7 CVAA5:1
C:\Va45:1 92.9 || C:HRD:4:... D8:ROH:4...| 2225.0, 2066.7 0.0 1347.8 0.0 60.6 +718.9 +32.3 C:v446:1
|c:v223:i1 91.9 | C:HRA:2:... CVIT:2:W.. 11650 1070.1 0.0 5814 0.0 499  +4838.6 +41.0 C:v411:1
C:VIT:2:nSP:1 91.7 | CVIT:2:W... CVIT:2:W... | 1165.0] 1068.5 0.0 576.6 0.0 495 +491.9 +42.2 C:V411:1
C:CHD:T403 90.7 | C.CHD:4.. C:CHD:... | 3500 3175 0.0 1686 0.0 482 +148.9 +42.5 C.CHD.T401
C:CHD:T401 90.7 | C:CHD:4:... |C:CHD:L... | 350.0 3173 0.0 1486 0.0 425  +168.7 +48.2 C:CHD:T403
C:V446:1 90.1 | CHRA4:... DB:ROH4.. 2225.0 20055 0.0 1198.0 0.0 53.8  +807.5 +36.3 C:v445:1
C:V411:1 89.3 | C:VYS:4:... C:HRAM4:... 2214.0 1977.8 0.0 17239 0.0 77.9 +253.9 +11.5 C:v405:1
|C:HRD:4:nSRW2:1 86.7 | C:HRAM4:.. CHRAML.  2837.0 25154 0.0 1985.4 0.0 700  +530.0 +18.7 C:v052:1
C:KRA:4:nK5P:1 85.4 | CKRA:4: C:KRA:4:... | 2000.0 1708.8 0.0 333.1 0.0 16.7| +1375.7 +68.8 C:v411:1
C:HRD:T451 84.9 |[CHRAM4:.. CHRD:4... 8500 /214 U0 4736 0.0 55,/ +2418 +29.2 C:Va4b:1
C:HRD:T452 84.9 || CHRA:4:... C:HRD:4:... B850.0 7214 0.0 4736 0.0 557  +247.8 +29.2 C:V446:1
C:CST:T401 84.0 | C:CS5T:4:... :C:CST:2:W3 500.0 419.9: 0.0 262.8 0.0 52.6: +157.1 +31.4 C:V223:1
|DB:ROH:T441 82.9 | D8:ROH:4... D8:ROH:4... | 1440.0 11943 0.0 871.2 0.0 60.5 +323.1 +22.4 D8:V572:1
C:HRD:4:ACT84:1 81.6 | CHRD:4:... CHRD:4:...  2530.0 20635 0.0 13423 0.0 53.1  +721.1  +28.5 CV446:1
C:HRD:4:ACT94:1 81.5 | C:HRA:4 C:HRA:4:... | 2530.0 2062.8 0.0 1341.7 0.0 53.0 +721.1 +28.5 C:vV446:1
C:HRD:4:Y1 465 K... 80.7 | C:HRA:4 :C:HRA:4:,.. 2837.0 2289.?: 0.0, 1581.3 0.0 55.7 +708.4 +25.0 C:V446:1
C:HRD:4:ACB18:1 78.8 | | C:HRA:4:.... CHRA:4:... | 2530.0 19943 0.0 1188.7 0.0 47.0 +805.7 +31.8 C:iV445:1

Table 2.19: N-1 report from the CEPS control system at 11:42 - per relevant monitored element

Results of N-1 at 11:42:

» The C:HRA:T402 transformer is overloadable. The » N-1V411/V208 increased; nevertheless, the CEPS grid
solution for the case of N-1 non-fulfilment is to is N-1 secure.
coordinate with the distribution company to relieve
consumption atthe 220kV level (e.q. in the area of
C:VIT:T402) and switch off the C:CHT:T202 transformer.
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Kontingence N-1% & N-1 |PfesN-1
c:v411:1 | s:a0 34.9
C:V445:1 93.2 || 13415 0.0
C:CHD:T401 91.9 321.8 0.0
C:CHD:T403 91.9 3215 0.0
C:CST:T401 91.4 457.1 0.0
C:V446:1 87.6 | 1948.2 0.0
C:vo52:1 87.2 || 24741 0.0
C:V405:1 85.6 | 1894.7 0.0
C:va20:1 83.7 || 1852.1 0.0
C:HRA:T402 83.6 || 1851.4 0.0
C:v433:1 82.9 || 1835.3 0.0
D8:V572:1 82.9 || 11935 0.0
c:v223:1 82.5 || 1826.8 0.0
C:v459:1 80.9 || 1790.4 0.0
C:V480:1 80.5 || 1782.5 0.0
C:V458:1 78.6 || 1740.4 0.0

N-0  PfesN-0 N-0%  Rozdil Rozdil%  Zafizenl
325.6 0.0 651 +209.3 +41.9 C:HRA:T402
812.7 0.0 56.4| +528.9 +36.7 | D8:ROH:T442
171.0 0.0 48.9 +150.8 +43.1|C:CHD:T403
150.4 0.0 43.0 +171.1 +48.9 | C:CHD:T401
3256 0.0 65.1| +131.5 +26.3 | C:HRA:T402
1287.4 0.0 57.9 +660.7 +29.7 | C:vVa45:1
1903.5 0.0 67.1| +570.6 +20.1|C:HRD:4:n5R...
1642.5 0.0 74.2| +252.2 +11.4 C:v41l:1
1642.5 0.0 74.2 +209.6 +9.5|Cv411:1
1642.5 0.0 74.2| +208.9 +9.4 Cv4l1:1
1642.5 0.0 742 +192.8 +8.7 1 C:v4al1l:1
875.5 0.0 60.8 +318.0 +22.1|D8:ROH:T441
1642.5 0.0 74.2| +184.3 +8.3 Cv4all:l
1642.5 0.0 74.2 +147.8 +6.7 | C:v411:1
1642.5 0.0 74.2 +140.0 +6.3 | C:v4a11:1
1642.5 0.0 74.2 +97.9 +4.4 1 Cvall:1

Table 2.20: N-1 report in SCOPT* (extended OA with IDCF offline model) at 11:50 - per relevant contingency

| Zafizeni N-1% - Uzell ~  Uzel2 | Limit
C:HRA:T402 GG CHRA4:... CHRAZ... 5000
C:V208:1 95.1 | CMIL2:W2 C:CST:2:W3 | 724.0
D8:ROH:T442 93.2 | D&:ROH:4... D8:ROH:4.. 1440.0
C:CHD:T403 91.9 | C:CHD:4:... C:CHD:li..  350.0
C:CHD:T401 91.9 ||[C:CHD:4:... |C:CHD:l... | 350.0
C:V445:1 87.6 | CHRD:4:... D8:ROH:4.. 2225.0
C:HRD:4:nSRW2:1 87.2 | [C:HRD:4:... C:HRA:4:... | 2837.0
Civzzsil B7.1 || CHRAZZL... |CVIIIZIWZ | 11650
C:VIT:2:nSP:1 87.0 | CVIT:22W1 C:VIT:2:2W2 | 1165.0
C:V41l:1 85.6 | C:WYSi4.. CHRA4L. 22140
C:V446:1 84.9 | CHRD:4:... DB:ROH:4..| 2225.0
D8:ROH:T441 82.9 | D8:ROH:4... D8:ROH:4.. 1440.0
C:KRA:4:nKSP:1 80.4 | C:KRA:4:W1 C:KRA:4:W2  2000.0
C:HRD:T452 80.2 | CHRD:4:... |C:HRD:4... | 850.0
C:HRD:T451 80.2 | CHRD:4:... C:HRD:4... 850.0
C:CST:T401 78.0 | |C:CST:4:W1 C:CST:2:W3  500.0

Table 2.21: N-1 report in SCOPT (extended OA with IDCF offline model) at 11:50

Results of N-1 and cascade in SCOPT at 11:50:

» The C:HRA:T402 transformer is overloadable. The
solution for the case of N-1 non-fulfilmentis to
coordinate with the distribution company to reduce
consumption atthe 220kV level (e.g. in the area of

C:VIT:T402) and switch off the C:CHT:T202 transformer.

N1 PfesN-1 NO PlesNO NO0% Rozdil  Rozdil%  Kontingence
5349 349 3256 0.0 65.1 +209.3 +41.9 Cv411:1
688.3 0.0 65.0 0.0 9.0 +623.4 +86.1 C:v411:1
1341.5 0.0 812.7 0.0 56.4 +528.9 +36.7 C:v445:1
321.8 0.0 171.0 0.0 48.9 +150.8 +43.1 C:CHD:T401
321.5 0.0 150.4 0.0 43.0 +171:1 +48.9 C:CHD:T403
1948.2 0.0 1287.4 0.0 579 +660.7 +29.7 C:v446:1
24741 0.0 19035 0.0 67.1 +570.6 +20.1 C:V052:1
1014.4: 0.0 548.3 0.0 4/.2 t465.1 +38.9 | Cva1lil
1013.2 0.0 545.7 0.0 46.8 +467.5 +40.1 C:v411:1
1894.7 0.0 16425 0.0 74.2 +252.2 +11.4 C:V405:1
1888.2 0.0 11425 0.0 51.3 +745.7 +33.5 Civ445:1
1193.5 0.0 8755 0.0 60.8 +318.0 +22.1 D8:V572:1
1608.2 0.0 300.8 0.0 15.0| +1307.4 +65.4 C:v41l:1
681.7 0.0 453.6 0.0 53.4 +228.1 +26.8 CiV446:1
681.7 0.0 453.6 0.0 534 +228.1 +26.8 C:v446:1
390.0 0.0 240.3 0.0 48.1 +149.8 +30.0 C:V223:1

- per relevant monitored element

» The calculation results using the SCOPT model do not
contain any N-1 non-fulfilment and do not indicate
any risk of cascade:
> Line loaded above 110%
> Transformer loaded above 125 %

> Busbar coupler loaded above the tripping current
set on the overcurrent protection

12
every 15 minutes at 5, 20, 35 and 50 minutes in each hour.

AN

SCOPT s a CEPS tool used to calculate N-1, cascade and automatically propose measures in case of non-compliance with N-1. The calculation takes place once

Y
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11:50 DSA

The online version of the DSA tool, used for real-time
operation, calculates all scenarios without applying
critical scenario selection every minute based on the
real-time model in the control system. Before the V411
outage, the online DSA tool did not detect any violation
in dynamic stability (CCT less than 100 ms) at TPP Ledvice
unit 6.

Table 2.22 presents the results of the online DSA for
the state at 11:50. Each calculation case corresponds
to a specific synchronous generator in operation, with
a three-phase zero-impedance short circuit applied
directly to the line on the side of the respective
substation.

Powerplant | Generator CCT(ms) Line Substation Powerplant | Generator CCT(ms) Line Substation
EDAL HG2 129 V438 SLV& EDUK 1612 180 V435 SLV&
EDAL HG2 129 V437 SLV4 EDUK 1612 180 V436 SLV4
EDAL HG2 130 V435 SLV4 EDUK 1632 180 V435 SLV4
EDAL HG2 130 V436 SLV4 EDUK 1611 180 V435 SLV4
EDAL HG2 131 V433 SLV4 EDUK TG32 180 V433 SLV4
EDAL HG4 175 V436 SLV4 EDUK 1632 180 V436 SLV&
EDAL HG4 175 V435 SLV4 EDUK 1611 180 V436 SLV4
EDAL HG4 175 V433 SLV4 EDUK TG21 180 V435 SLV4
EDAL HG4 175 V438 SLV& EDUK 1621 180 V436 SLV&
EDAL HG4 175 V437 SLV4 EDUK TG21 180 V433 SLV4
EDAL HG3 175 V433 SLV4 EDUK 1G22 180 V435 SLV4
EDAL HG3 175 V438 SLV& EDUK 1G22 180 V436 SLV&
EDAL HG3 175 V437 SLV4 EDUK 1G22 180 V433 SLV4
EDAL HG3 175 V436 SLV4 EDST HG2 181 V401 KRA4
EDAL HG3 175 V435 SLV& ETEM TG2 187 V473 KOC4
EDST HG2 178 V458 KRA& ETEM TG2 188 V414 KOC4
EDST HG2 178 V402 KRA& ELED TG6 251 V480 CHT4
ETEM TG2 178 V475 KOC4 EPR2 TG23 285 V446 HRA4
EDUK TG42 179 V437 SLV4 EPR2 TG23 286 V412 HRA4
EDUK TG42 179 V438 SLV4& EPR2 TG23 287 V430 HRA4
EDUK TG41 179 V437 SLV4 EPR2 1623 287 V461 HRA4
EDUK TG41 179 V438 SLV4 EPR2 TG23 288 V411 HRA4
EDUK 1G22 179 V437 SLV& EPR2 1623 288 V420 HRA4
EDUK 1G22 179 V438 SLV4 EPR2 TG25 331 V411 HRA4
EDUK 1631 179 V438 SLV4 ECHV TG4 331 V400 TYN4
EDUK TG31 179 V437 SLV4 EPOC TG6 332 V480 VYS4
EDUK 1632 179 V438 SLV4 EPR2 TG25 332 V412 HRA4
EDUK 1632 179 V437 SLV4 EPR2 1625 332 V430 HRA&
EDUK 1612 179 V437 SLV4 EPOC TG2 332 V480 VYS4
EDUK 1612 179 V438 SLV4 EPR2 TG25 332 V420 HRA4
EDUK 1611 179 V437 SLV& EPR2 1625 332 V461 HRA4
EDUK 1611 179 V438 SLV4 EPR2 TG25 332 V446 HRA4
EDUK TG21 179 V438 SLV4 EPOC TG2 332 V411 VYS4
EDUK 1621 179 V437 SLV4& EPOC TG6 333 V428 VYS4
EDUK 1631 179 V433 SLV4 EPOC TG6 333 V450 VYS4
EDUK TG42 180 V435 SLV4 EPOC TG6 333 V419 VYS4
EDUK TG42 180 V433 SLV& EPOC TG6 333 V410 VYS4
EDUK TG42 180 V436 SLV4 EPOC TG2 333 V450 VYS4
EDUK TG41 180 V435 SLV4 EPOC 162 333 V428 VYS4
EDUK 1612 180 V433 SLV4 EPOC TG6 333 V411 VYS4
EDUK TG41 180 V433 SLV4 EPOC TG2 333 V419 VYS4
EDUK TG41 180 V436 SLV4 EPOC 162 333 V410 VYS4
EDUK 1611 180 V433 SLV4 ECHV TG4 379 V401 TYN&
EDUK TG31 180 V435 SLV4 EPR2 TG25 600 V445 HRD4&
EDUK TG31 180 V436 SLV& EPR2 1623 600 V445 HRD&

Table 2.22: Results of the online DSA for the state at 11:50

26 // Grid Incident in Czech Republic on 4 July 2025 // Final Report



Tables 2.23 and 2.24 present the N-1 report from the CEPS control system at 11:51, 25 s before the outage of line V411.

Kontingence N-1% = N-1 | PfesN-1 NO |PfesN-0 NO0% | Rozdil Rozdl%  Zafizeni
C:v41l:1 s 52 532 331.2 0.0 66.2 +222.0 +44.4 C:HRA:T402
C:va45:1 95.9 | 1380.9 0.0 824.8 0.0 57.3 +556.1 +38.6 D8:ROH:T442
C:CST:T401 93.1 | 4657 0.0 3312 0.0 66.2 +134.6 +26.9 C:HRA:T402
C:CHD:T401 90.3 315.9 0.0 167.7 0.0 47.9 +1482 +42.3 C:CHD:T403
C:CHD:T403 90.2 315.7 0.0 147.9 0.0 422 +167.8 +48.0 C:CHD:T401
C:va46:1 90.0 | 2003.4 0.0 1308.8 0.0 58.8 +694.6 +31.2 C:V445:1
C:V052:1 88.4 | 2507.3 0.0/ 1977.4 0.0 69.7 +529.9 +18.7 C:HRD:4:nSR...
C:V405:1 87.4 | 19353 0.0/ 1699.7 0.0 76.8 +236.1 +10.7 |C:va11:1
C:v420:1 86.9 | 1923.1 0.0/ 1699.7 0.0 76.8 +223.4 +10.1|C:v411:1
C:HRA:T402 86.8 | 1921.4 0.0/ 1699.7 0.0 76.8) +221.7 +10.0 | C:v411:1
C:va33:l 86.1 | 1906.9 0.0 1699.7 0.0 76.8 +207.2 +9.4| C:va1l:1
C:v223:1 85.5  1893.9 0.0 1689.7 0.0 76.8 +194.2 +8.8/ C:vall:l
C:va59:1 82.8 | 18322 0.0 1699.7 0.0 76.8 +132.5 +6.0 C:v41l:1
D8:V572:1 82.1 | 11813 0.0 863.6 0.0 60.0 +318.2 +22.1 DB:ROH:T441
€:V480:1 81.9 || 18123 0.0/ 1699.7 0.0 76.8] +113.1 +5.1 C:v41l:1
CiV417:1 81.1 | 17965 0.0 1699.7 0.0 76.8 196.8 +4.4|C:v411:1
C:V458:1 80.6 | 1783.7 0.0/ 1699.7 0.0 76.8  +84.0 +3.8|C:v411:1
C:vaa3s:l 80.5 | 1783.3 0.0 1699.7 0.0 76.8 +83.6 +3.8 C:v411:1
C:v402:1 80.0 | 17721 0.0 1699.7 0.0 76.8 +72.4 +33 Cva1l:l
c:va12:1 80.0 | 1771.2 0.0 1699.7 0.0 76.8 4716 +32 C:va1l:l
c:v221:1 79.8 | 1766.8 0.0 1699.7 0.0 76.8 +67.1 +3.0 C:v411:1

Table 2.23: N-1 report from CEPS control system at 11:51 - per relevant contingency

Zafizeni N-1% - Uzell Uzel2 Limit N-1 PfesN-1 N-D PfesN-O0 N-0% Rozdil Rozdil%  Kontingence
C:HRAIT40Z IS CcHRa4:. CHRAZL. | 5000 553.2] 53.2 3312 0.0 662 +222.0)  +44.4 C:v41ll
C:V208:1 98.2 | [ C:MIL:2:W... C:CST:2:W3 | 7240 710.9 0.0 90.0 0.0 12.4 +620.9 +85.8 C:v411:1
D8:ROH:T442 95.9 | D8:ROH:4... D8:ROH:4... 14400 1380.9 0.0 8248 0.0 573 +556.1 +38.6 C:V445:1
C:CHD:T403 90.3||C:CHD4:... |C:CHD:1... | 350.0) 3159 0.0 1677 0.0 479 +148.2 +42.3 C.CHD.T401
C:CHD:T401 90.2 | |C:CHD:4:... C:CHD:1:... @ 350.0 315.7| 0.0 147.9 0.0 42.2 +167.8 +48.0 C:CHD:T403
C:V445:1 90.0 | C:HRD:4:... D8:ROH:4.. 22250 2003.4 0.0 1308.8 0.0 58.8  +694.6 +31.2 C:V446:1
|c:v223:i1 88.9 ||[CHRA:2:.. CVIT:2:W.. 11650 10352 0.0 5571 0.0 478  +478.1 +41.0 C:V411:1
C:VIT:2:nSP:1 88.8  CVIT:2W... CVIT:2:W...  1165.0 10342 0.0 552.5 0.0 474 +481.7 +41.4 C:v411:1
C:HRD:4:nSRW2:1 88.4 | C:HRA:4:... CHRA@4.L..  2837.0 2507.3 0.0 1977.4 0.0 69.7  +520.9 +18.7 C:V052:1
C:va1l:1l 87.4 | CVYS:4:. C:HRA4:.. 22140 1935.8 00 16997 0o 768 42361 +10.7 C:V405:1
C:Va4e6:1 87.3 || C:HRA:4:... D8:ROH:4... | 2225.0 19423 0.0 1159.3 0.0 52.1 +783.0 +35.2 C:v445:1
C:HRD:T452 52.4 | CHRA |CHRU:4L.. | 8500 /00,7 V0 460/ 0. 542 +240.0 +28.2 C:Va4b:1
C:HRD:T451 82.4  C:HRA:4 (C:HRD:4:.... | 850.0 700.7 0.0 460.7 0.0 54.2 +240.0 +28.2 C:iV446:1
D8:ROH:T441 82.1 D8:ROH:4... D8:ROH:4... 14400 11818 0.0 B863.6 0.0 60.0 +318.2 +22.1 D8:V572:1
C:KRA:4:nKSP:l 81.8 | C:KRA4:... CKRA4... 20000 1636.5 0.0 2887 0.0 144 +1347.8 +67.4 C:v411:1
C:CST:T401 79.8 || |C:CST:4:... C:CST:2:W3 500.0 399.2 0.0 249.6 0.0 49.9 +149.6 +29.9 | C:V223:1

Table 2.24: N-1 report from CEPS control system at 11:51 - per relevant monitored element

Results of N-1 at 11:51:

» The C:HRA:T402 transformer is overloadable. The » Immediately before the V411 outage, the N-1
solution for the case of N-1 non-fulfilment is to criterion is met: V411/V208 98.2 %, V411 /HRA:T402
coordinate with the distribution company to relieve 110.6%.1*

consumption atthe 220kV level (e.g. in the area of
C:VIT:T402) and switch off the C:CHT:T202 transformer.

13 Dueto the overloadability of HRA:T402 120 %/3 h, the N-1 criterion is met, and corrective action would be taken only after the V411 outage using the overload
capacity time of 3h.
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Figure 2.3: Situation of the Czech Republic transmission system on & July 2025 at 11:51
V411/VySkov v208/C. stred V401/Krasikov
P[MwW] 1,203 17 295
Q[MVAr] -181 32 2
1[A] 1,680 90 392

Table 2.25: Power flow on lines feeding the affected area at 11:51
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Figure 2.4: Scheme of the Cechy Stfed 220 kV substation at 11:51

Implemented reconfiguration:

» Busbarwe -Vv201,Vv202
» Busbar W3 -T201CST,V205,V206,V208,V209,T401
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Figure 2.5: Scheme of Krasikov 400 kV substation at 11:51

The Krasikov 400 kV substation was not included in
the basic connection due to the combination of the
following reasons:

» The ongoing investment project for line V453

» Readiness of line V402 or V458 to switch off thus
reduce voltage

» Security of supply, i.e. having at least one incoming
line (V401,V402,V458) and a transformer on each
busbar

» Minimising active power flow on the busbar coupler

Therefore, the dispatchers operated the substationin the
following connection:

» Busbar W1l -Vv401,T401,V457,T403, KSP
» Busbar Wz -Vv402,T402,V458, L401, KSP

In this connection, the substation was prepared to switch
off the V402 or V458 lines due to high voltage when the
EDST was not in operation. Even after switching one
of the lines, each busbar would be supplied by one
incoming line and prepared for fast re-energisation in
case one of the busbars is lost (e.g. due to short-circuit).
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Figure 2.6: Scheme of 110 kV Krasikov substation

The T401KRA and T402KRA transformers and the 110kV distribution area operated in parallel connection. The busbar
coupler SP1 at the Krasikov 110 kV substation was switched on and supplying the CEZd Wchod area, while T403KRA
was in single operation and supplying the CEZd Morava area.

Figure 2.7: Scheme of 400 kV Hradec substation at 11:51

Since many elements of the Hradec 400 kV substation ~ and V226 between Hradec and Vyskov (seen in the maps
were switched off, the connection of the Hradec  across this report) are only connected to the 400kV level
substation was modified from the basic configuration.  in one of the two substations (Hradec).

The substation Hradec 220kV was in the basic connec-

tion without direct impact on the incident. Lines V225
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Figure 2.8: Scheme of 400 kV Vyskov substation

Except for the T402VYS transformer that was switched off for replacement, the 400 kV Vyskov substation was in basic
connection.

2.1.6 Unplanned outages

There were no unplanned outages in the CEPS grid before the event on 4 July 2025.
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2.2 Weather conditions

The weatheron 4 July 2025 in the Czech Republic was partly clear to cloudy, with showers in places. Daytime temper-
atures ranged from 23 to 27 °C and nighttime temperatures from 14 to 18 °C, with south-westerly winds of 2 to 6 m/s.

Figure 2.9: Cloudiness in the Czech Republic on 4 July 2025 (source: https://www.ventusky.com)
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Figure 2.10: Temperature in the Czech Republic on & July 2025 (source: SGS CEPS)
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Figure 2.11: Sunshine in the Czech Republic on & July 2025 (source: SGS CEPS)

Figure 2.12: Wind gusts in the Czech Republic on & July 2025 (source: https://www.ventusky.com)

The weather in the Czech Republic had no impact on the failure of the overhead line V411.

<2>
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2.3 Market situation

The average DA price in the Czech Republic on 4 July 2025 was 98.22 €/MWh, 6.8 % higher than the average price in

July 2025 (91.88 €/MWh).
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Figure 2.13: Flow-based day-ahead market coupling

The Czech electricity market operated under stable and
predictable conditions throughout the day, with price
movements largely reflecting regional dynamics within
the coupled market. The average price of 98.22 €/MWh
positioned the Czech market slightly below the regional
mean, indicating a balanced supply-demand situation.

During the early afternoon, prices dipped to a daily low
of 52.71 €/MWHh, coinciding with similar downward
trends in neighbouring countries. In the evening, prices
surged to a peak of 158.84 €/MWHh, reflecting increased
consumption during post-working hours.

This peak was part of a broader regional trend,
indicating synchronised demand patterns and potential
transmission constraints or limited generation flexibility
across Central and Eastern Europe.

From a system operation perspective, the day can be
classified as operationally standard, with no significant
disruptions, imbalances or market failures. The Czech
market responded effectively to regional price signals
and maintained alignment with neighbouring markets.
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2.3.1 Load patterns
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Figure 2.14: Load pattern in the Czech Republic on &4 July 2025

Before switching off the overhead lineV411 at11:51:07,  The load value in Figure 2.18 is calculated based on

the load on the electricity grid in the Czech Republicwas  the production and balance values. Most production

approximately 8,200 MW. is metered; for renewable sources, approximately
one-third is measured, and two-thirds are calculated
based on location and metered renewables. This
unmetered part of production can introduce an error into
the load value.
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2.3.2 Production patterns

Figure 2.15 shows that the total generation at 11:51 was 7,150 MW. The largest share of production came from NPPs
at approximately 3,077 MW, photovoltaic (PV) power plants at approximately 1,973 MW, and TTPs at approximately

1,815 MW.
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Figure 2.15: Production pattern in the Czech Republic on 4 July 2025

Figure 2.16 shows the voltage in all 400 kV substations in the Czech Republic between 11:51 and 00:00. The voltage

in the affected area was within limits.
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Figure 2.16: Voltage in 400 kV substations between 11:51 and 00:00 in the Czech Republic on 4 July 2025
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2.3.3 Cross-border flows: scheduled commercial and physical flows

The following figures show the real and scheduled flows on the borders with neighbouring TSOs, as well as the real
and scheduled balance. Before the fault on line V411, the Czech Republic was importing around 1,600 MW (scheduled
1,524 MW). There can be significant differences between market and real flows at the border because CEPS is located
in the middle of the interconnected continental European zone, and loop flows influence real flows.
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Figure 2.17: Real and scheduled balance in the Czech Republic on 4 July 2025
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Figure 2.18: Real and scheduled flow between CEPS and PSE on 4 July 2025
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Figure 2.19: Real and scheduled flow between CEPS and SEPS on 4 July 2025
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Figure 2.20: Real and scheduled flow between CEPS and APG on 4 July 2025
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Figure 2.22: Real and scheduled flow between CEPS and 50Hertz on 4 July 2025
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Figure 2.23: Power balance situation in the region on 4 July 2025 at 11:51

Grid Incident in Czech Republic on 4 July 2025 // FinalReport // 41



3 EVOLUTION OF SYSTEM
CONDITIONS DURING THE EVENT

3.1

» 11:51:06:187 - Line V411 fault detected in phase L2
by distance protections.

» 11:51:07.559 - Following the unsuccessful automatic
reclosing attempt in phase 2, circuit breakers of line
V411 at the VYS4 and HRA4 substations were tripped
in all phases.

» 11:51:08 - Ledvice unit power plant 6 transitioned
from standard power control mode to 10 mode
(droop speed control mode) based on a locally
recorded frequency (speed) deviation exceeding
200 mHz.*

» 11:51:11 - Ledvice power plant unit 4 transitioned
from standard power control mode to I0 mode
(droop speed control mode) based on a locally
recorded frequency (speed) deviation exceeding
200 mHz.

» 11:51:12 - PoCerady power plant units 2 and 6
transitioned from standard power control mode to 10
mode (droop speed control mode) based on a locally
recorded frequency (speed) deviation exceeding
200mHz.

» 11:51:46 - Ledvice power plant unit 6*° boiler outage
caused by steam temperature behind the high-pres-
sure bypass stations (according to the information
provided by the power plant owner) and began
losing its remaining active power.

Summary of operational parameters at this time

> The failure of line V411, the immediate reduction in
production in both the transmission and distribution
systems, and the resulting overload of line V208 and
other elements led to an emergency state, according
to Commission Reqgulation (EU) 2017/1485 of 2
August 2017 establishing a guideline on electricity
transmission system operation (SOGL).

Factual sequence of events

> The current on line V208 exceeded 900 A, which is
the measurement range of the current converters at
the Cechy Stfed and Milin 220 kV substations.
(Ihax = 724 A according to dynamic rating).

> LineV223 currentwas 1,180A
(Imax = 1,165 A according to dynamic rating).

> The busbar coupler at the Vitkov 220 kV substation
had a current of 1,195A (I, = 1,165A).

> The busbar coupler at the Krasikov 400 kV substation
had a current of 2,100A (I,,,= 2,000A; I;;,= 2,880A).

» 11:52 N-1 report from the CEPS control system
(list below is not complete)

> Due to immediate production outages in both the
transmission and distribution grid (between
340-440MW)
- Identified in the transmission system: 127 MW
- Identified in the distribution system (so far):
160 MW
> There were overloaded elements even in N-0:

-220kV1ineV208:126.1% (912 A estimated value)

- Autotransformer 7402 at the 400 kV Hradec
substation: 119.3 % (within transitory admissible
overloading limits)

- Busbar coupler at the Krasikov 400 kV substation:
105.1%

Accordingly, at this stage, the grid was not secure evenin
the absence of an additional N-1 contingency.

14  Refersto the frequency deviation from the nominal value of 50 Hz. This setting is applied to all units that provide 10 capability service.

15 Thisunitis certified for providing non-frequency ancillary service 10 capability.
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Kontingence N-1 PfesN-1 N-0 PfeshN-0 N-0% Rozdil = Rozdil% Zafizeni

Civa0l:1 = DIVER... DIVER.. DIVER... DIVER.. DIVERG... DIVER.. DIVERG...
|C:v400:1 DIVER... DIVER... DIVER.. DIVER... DIVERG... DIVER.. DIVERG...
|c:va02:1 BNSESNS | 15177 7937 912.8 1888 1261 +604.9]  +83.6/C:V208:1
|c:va05:1 faeals| | 14464 7224 9128 1888 1261 +533.6  +73.7 C:V208:1
iCc:vas9:1 PBETaS | 12611 5371 9128 188.8) 126.1) +3483  +48.1 C:V208:1
|C:v458:1 PNIEES | 12210 4970 9128 1888 1261 +308.2  +42.6|C:v208:1
c:va17:1 PNEETE| | 12121 4881 9128 1888 1261 +299.3  +41.3/C:v208:1
|c:vazo0:1 eS| | 10748 3508 9128 188.8 1261 +162.0  +22.4 C:v208:1
lc:va1s:l PEaEE|| 10637 3397 912.8 1888 1261 +150.9|  +20.8 C:V208:1
c:va33:1 = 6945 1945 5965 965 1193 +98.0  +19.6 C:HRA:T402
|C:VIT:T201 979.2| 2552 912.8 188.8  126.1| +66.4 +9.2 |C:v208:1
|c:vz08:1 PaeEls| | 26708 6708 21017 1017 1051 +569.2  +28.5 CKRAM4INKS... |
|C:vas4:1 = | 963.8 2398 912.8 1888 1261 +51.0 +7.0 C:v208:1
|C:va43:1 || 9s9.8 2358 9128 1888 1261 +47.0 +6.5|C:v208:1
|C:v460:1 PSS o408 2258 9128 1888 1261  +37.0 +5.1C:v208:1
ic:va49:1 RS | o196 2256| 912.8) 1888  126.1| +36.8 +5.1 C:V208:1
|C:TAB:T201 S| o473 2233 912.8| 1888 126.1| +345 +4.8 CV208:1
c:va12:1 B o420 2189 9128 188.8| 1261 +30.1) +4.2 | C:v208:1
|C:PRE:T202 = | o37.8| 2138 9128 1888 1261 +25.0 +3.4 C:V208:1
|C:v202:1 933.4 2094 912.8 1888 1261 +20.6 +2.8 C:V208:1
|Z:v456:1 = 9332 2092 9128 1888 1261 +20.4 +2.8 C:V208:1
|C:v201:1 || 932.8/ 2088 912.8] 1888 1261 +20.0 +2.8/C:v208:1
civ223:1 BN | >c5709 5579 21017 1017 105.1| +456.2  +22.8 C:KRA:4:nKS...
|Zz:va12:1 PNESTE | o248 zo0e| 9128 1888 1261 +12.0 +1.7 C:V208:1
1Z:v413:1 S | o246 2006 9128 1888 1261 +11.8 +1.6 C:v208:1
|C:0PO:T202 9242 2002 912.8 188.8 1261 +11.4 +1.6 C:v208:1
|D2:V465B:1 9237 199.7| 912.8] 1888 1261 +10.9 +1.5/C:V208:1
|C:v207:1 637.4| 137.4| 5965 965  119.3| +40.9 +8.2 C:HRA:T402
|Z:v400:1 = 922.0, 1980 9128 1888 1261  +9.2 +1.3 C:V208:1
|C:v435:1 (| 9215] 1975 o12.8] 1sa8| 1261 +8.7| +1.2|C:v208:1
|c:va36:1 PaeFE| | o213 1973 9128 1888 1261  +85 +1.2 C:V208:1
|C:CHR:T401 SRS o202 1962 912.8) 1888 126.1| +7.4 +1.0 C:V208:1
'c:v430:1 R | o202 196.2| 9128 1888 1261 +7.4 +1.0 C:v208:1
|L:v410:1 ST | o020 1962 9128 1888 1261 +7.4 +1.0 C:V208:1
|Q:va92:1 = 9200 196.0 912.8 1888 1261  +7.2 +1.0|C:v208:1
|D2:V465A:1 || 9198 1958 9128 1888 1261  +7.0 +1.0 C:v208:1
|Q:va93:1 = 919.2| 1852 912.8] 1888 1261 +6.4 +0.9|C:v208:1
|C:0PO:T201 919.0/ 1950 912.8/ 1888 1261 +6.2 +0.9|C:v208:1
|D8:V568:1 agElE| | o188 1948 9128 1888 1261 +6.0 +0.8 C:V208:1
|DB:V567:1 PNEEES | o188 1948 9128 1888  1261] +6.0 +0.8 C:v208:1
|Q:va08:1 PE56E| o187 1947 912.8 1888 1261 +59 +0.8 C:V208:1
|Q:v495:1 PNISE| 0185 1945 9128 1888 1261 457 +0.8|C:v208:1
|C:HRD:T4512 TAP+5 [ 9068 0180 1940 9128 1888 1261  +5.2 +0.7 C:V208:1
|C:HRD:T45x TAP+5 [ 9068 09180 1940 9128 1888 1261  +5.2 +0.7 C:V208:1
|0:v436B:1 NS o178 1938 9128 188.8 126.1] +5.0 +0.7|C:v208:1
|c:vz70:1 BESE | o172 1933 9128 1888 1261  +45 +0.6 C:V208:1
|C:VER:T401 B o171 1931 912.8 188.8| 1261  +4.3 +0.6 C:v208:1
|Q:va07:1 PNEE66 | o159 1929 9128 1888  1261]  +4.1 +0.6 C:V208:1
lc:vz203:1 PES6s| J150 1920 912.8 1888 1261  +3.2 +0.4 CN208:1
|0:v443B:1 B o156 1916 9128 188.8| 1261  +2.8 +0.4 C:v208:1
|DB:V554:1 Pagelal | o154 1914 9128 1888 1261  +2.6 +0.4 C:V208:1
|D8:V553:1 BREs | 015.4| 1914 912.8) 188.8 1261 +2.6 +0.4 C:v208:1
|C:PRE:T401 BEE | o152 1913 9128 188.8| 1261  +2.6 +0.4 | C:v208:1
|c:va73:1 PasEs| | o152 1912 9128 1888 1261 +2.4 +0.3 C:V208:1
|0:va35A:1 BN | c128 1908 9128 188.8| 1261  +2.0 +0.3 C:v208:1
|z:vz12:1 PNEEEE| 0147 1907 912.8 1888 1261] +1.9 +0.3 CV208:1
|Q:va40:1 PSES | o146 1906 9128 1888 1261 +1.8 +0.3 C:v208:1
c:va74:1 P96 | o146 1906 9128 1888 1261  +1.8 +0.2 C:V208:1
|c:v253:1 PaPEEl | | 9144 1904 9128 1888 1261 +1.6 +0.2 C:V208:1
|c:v254:1 PNPES| 0124 1904 9128 1888 1261  +1.6 +0.2 C:vV208:1
|CiLIs:T202 PNagEs| | o144 1904 9128 188.8) 1261  +1.6 +0.2| C:V208:1
|c:v252:1 BNEE| 0143 1903 9128 1888 1261  +1.5 +0.2|C:v208:1
lc:v2s51:1 PEPEE| | | 0143 1903 9128 1888 1261  +15 +0.2 C:V208:1
|C:LIS:T203 e | o142 1902 9128 188.8| 1261 +1.4 +0.2 C:v208:1
D2:v226:1 Pase® | o140 1900 912.8 1888 126.1 +1.2 +0.2 C:v208:1

Table 3.1: N-1 report from the CEPS control system at 11:52 - per relevant contingency

A

Y
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Zafizeni Uzell Uzel2 Limit N-1 PfesN-1 N-D PfesN-O0 N-0% Rozdil = Rozdil%:  Kontingence
| | | | 0.0| DIVER...| DIVER... DIVER... DIVER... DIVERG... DIVERG... DIVERG... C:vV400:1
|C:v208:1 [CMIL:2:W... C:CST:2:W3 | 724.0 1517.7 793.7 912.8 188.8 126.1  +604.9  +83.6 C:V402:1
|C:HRA:T402 |C:HRA:4:... C:HRA:2:... | 5000/ 6975 1975 5965  96.5 119.3  +100.9 +20.2 C:iv420:1
| C:V405:1 i ...  1968.0 2656.3 688.3 1369.0 0.0 69.6 +1287.3 +65.4 C:v402:1
|C:KRA:4:nK5P:1 .. | 20000 2670.8 670.8 21017 101.7 105.1  +569.2  +285 C:V208:1
|C:v223:1 .| 1165.0| 1491.1| 326.1] 1157.7 0.0 99.4  +333.3 +28.6 C:v402:1
| C:VIT:2:in5P:1 | 1165.0) 1489.5| 324.5 1155.9 0.0 99.2| +333.6] +28.6 C:v402:1
|C:va02:1 | 2338.0 27888 450.8 1219.6 0.0 52.2| +1569.2 +67.1 C:v405:1
c:v216:1 ICPRE:22W1 C:MIL:2:W... 8450 1005.0 160.0  688.3 0.0 815 13167 +37.5 C:v402:1
[CiV417:i1 EC:_OTF.'4~ |C:50K:4:.. | 2000.0 23058  305.0 1013.0 0.0 50.7 11291.9 1 64,6 C:iV405:1
|C:v458:1 |CHZE4:W... C:KRA:4:... | 2000.0 22200 2200  965.8 0.0 483 +1254.3 +62.7 C:V402:1
|C:v459:1 |CHZEA:W... CKLT:4:.. | 22650 23560  91.0 1090.6 0.0 48.1 +1265.5 +55.9 C:v402:1
| C:KLT:4:nKSP:1 |CKLT:A:..  CKLTA:. | 2100.00 2477.0 77.0 1204.8 0.0 502 +1272.2 +53.0 C:v402:1
|C:0TR:4:nKSP:1 |COTR:4:... C:OTR:#4:...  2000.0 20216 216 742.8 0.0 37.1 +1278.8|  +63.9 C:v405:1
|C:V207:1 | 95.2  CTAB:2:W1 C:SOK:2:.. 8560 Bl48 0.0 337.7 0.0 394 +477.1  +55.7 C:v223:1
| C:MIL:2:nSP:1 I 94.7 | CMIL2:W... C:MIL:2:W...| 1600.0) 1515.8 0.0 9112 0.0 57.0  +604.6 +37.8 C:v402:1
|C:HZ1:4:nKSP:1 | 93.1 ||[CHZL:4:W... C:HZI:4:W...| 25300 2356.1 0.0 1089.1 0.0 43.0 +1267.0)  +50.1 C:v402:1
|C:HRA:2:nKSP:1 | 90.9 | CHRA:2:... C:HRA:2:...  1800.0 16365 0.0 13321 0.0 740 43044  +16.9 C:v402:1
|C:CHD:T403 | 90.0 | |C:CHD:4:.. .| 3800 3150 no  167.7 on 479 +1473 +47 1 C:CHN:TAN1
|C:CHD:T401 90.0 | C: .| 3500 3149 0.0 146.9 0.0 42.0 +168.1  +48.0 C:CHD:T403
|C:vaaa:l 87.6 || | 20000 1/529) LU 1U1s.4 0. 509 +/35.6 +3b.8 C:v443:1
|C:v203:1 83.8 | C: . | 756.0 6336 0.0 711 0.0 9.4  +562.5  +74.4 C:HRAT402
|C:v418:1 I 83.2|| C: . | 22430 1866.0 0.0 60L6 0.0 268 +1264.4  +56.4 C:V405:1
| CINOS:4:NKSP:1 | 82.0 : | 2000.0 1639.5 0.0 547.2 0.0 274 +1092.3 +54.6 C:v402:1
|C:va01:1 | 81.5 ||C: | 2312.0| 1883.9 0.0 1360.1 0.0 58.8  +523.8  +22.7 C:V208:1
|C:V443:1 | 81.5 | C | 4i... 20000 16294 0.0 11553 0.0 57.8 14741  +23.7 Cv444:l
|C:v204:1 [ 81.1 |[CMIL:2:W... C:TAB:2:W1 | 852.0  G90.G 0.0 233.2 0.0 274 +4574 +53.7 C:v223:1
|C:va35:1 79.7 || C:SLV:4:... C:SOK:4:..  2000.0 1504.8 0.0 908.2 0.0 45.4 +686.6 +34.3 C:v436:1

Table 3.2: N-1 report from the CEPS control system at 11:52 - per relevant monitored element

» 11:52:45 - Ledvice power plant unit 6 lost the » 11:52:51 - The PoCerady power plant informs the
remaining 182 MW of active power output from the CEPS operator that units TG2 and TG6 have switched
generator (compared to the pre-incident level) due to to 10 mode (droop speed control mode). The CEPS
boiler outage, while the generator remained operator informs about the event in the grid.

synchronised with the system. The delay between the
boiler outage at 11:51:46 and the loss of power was
caused by residual steam accumulation in the boiler,
which kept residual steam available even after the
boiler tripped.
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Figure 3.1: Situation of the Czech Republic transmission system on &4 July 2025 at 11:53

V411/Vyskov v208/Cechy Stied V401/Krasikov
P[Mw] 0 354 -1,046
0 [Mvar] 0 -131 167
1[A] 0 >900 1,594

Table 3.3: Power flow on lines feeding the affected area at 11:53

11:53:00-11:59:00

» Physical overload up to:

> 220kV lineV208: 142.9% (1,035 A estimated value)
> Autotransformer 7402 at the Hradec 400 kV

substation: 121.6%

> Busbar coupler at the Krasikov 400 kV substation:
1155%

» The main reason for the increase in loading was a
further decrease in production (between 11:52 and
11:53, Ledvice unit 6 lost a further 182 MW of
production, effectively losing all active power

output).

» 11:55 N-1 report from the CEPS control system
(Table 3.4 is not complete).
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Kontingence N-1% = N-1 PfeshN-1  N-O Pies N-0 N-0% Rozdil = Rozdil% Zafizeni
C:V405:1 = DIVER... DIVER.. DIVER.. DIVER.. DIVERG... DIVER.. DIVERG...
|C:va02:1 DIVER... DIVER... DIVER... DIVER... DIVERG... DIVER... DIVERG...
|C:iva01:1 PDIVERGENT! | DIVER... DIVER... DIVER...| DIVER... DIVERG... DIVER... DIVERG...
|c:vaoo:l PDIVERGENT! | DIVER... DIVER.. DIVER...| DIVER... DIVERG...| DIVER.. DIVERG...
C:v459:1 B | 15029 7789 10347 3107 142.9 +468.1  +64.7 C:v208:1
|€:v417:1 PSR | 14557 7317 10347 3107 1429 +421.0  +58.1/C:v208:1
C:V458:1 BN | 14251 7011 10347 3107 142.9 +390.4  +53.9 C:v208:1
lc:vais:l G| 10358 5118 10347 3107 142.9 +201.1  +27.8 C:v208:1
lc:vazo:l NEEEE|| 12015 4775 10347 3107 142.9 +166.7  +23.0 C:v208:1
|C:VIT:T201 BRSNS | 10094 3754 10347 3107 1429 +64.7 +8.9 C:v208:1
|c:va33:l PSSl 10921 3681 10347, 3107 1429 +57.3 +7.9 C:v208:1
|c:vada: B | 10872 363.2] 10347 3107 142.9  +525 +7.2 | C:v208:1
|c:vzos:1 NS00l | 20994 9994 23104 3104 1155 +689.0  +34.4 C:KRA:4:nKS...
|c:vaa3: PEEES | 10801 3561 10347 3107 142.9 +45.3 +6.3|C:v208:1
C:V460:1 B 10721 3481 10347 3107 142.9  +37.4 +5.2 C:V208:1
|c:vage:l EEEN| 10720/ 348.0) 10347 3107 142.9  +37.3 +5.1 C:v208:1
civa12:1 EEEE| 1061.8| 337.8| 10347 3107 1429  +27.0 +3.7 C:v208:1
|C:PRE:T202 B | 10614 3374 10347 3107 1429 +26.6 +3.7 C:v208:1
|Z:v456:1 PNEaSl|| 10548 3308 10347, 3107 1429 4201 +2.8 C:V208:1
C:v202:1 BIASE || 10545 3305 10347 3107 142.9 +19.8 +2.7 C:v208:1
|c:TAB:T201 B | 10542 3302 10347 3107 1429 +19.5 +2.7|C:v208:1
|civzo1:1 PEESE | 10539 3299 10347 3107 1429 +19.2 +2.7|C:v208:1
Z:iv412:1 B | 10467 3227 10347 3107 142.9  +12.0 +1.7 C:v208:1
|Z:va13:1 EEES| 10465 3225 10347 3107 142.9  +11.7 +1.6 C:v208:1
|D2:v465B:1 EEEE|| 1045.4] 321.4| 10347 3107 1429 +10.7 +1.5 C:v208:1
|C:0PO:T202 RS | 10449 3209 10347 3107 1429 +10.2 +1.4 C:v208:1
1Z:v400:1 BNEES| 10441 3201 10347 3107 1429  +9.4] +1.3 C:v208:1
|c:iva3s:i A | 10440 320.0 10347 310.7 1429  +9.2 +1.3 C:V208:1
C:v436:1 B | 10437 2107 10347 3107 1423 +9.0 +1.2 | C:v208:1
|Q:va92:1 PEEEE | 10424 3184 10347 3107 1429 +7.7 +1.1/C:v208:1
|D2:v465A:1 Bl 10417 3177 10347 3107 1429 +7.0 +1.0 C:v208:1
|Q:va493:1 EEEE]|| 1041.6| 317.6| 10347 310.7) 142.9  +6.8 +0.9 C:v208:1
|L:val0:1 S| 10415| 3175 10347 3107 1429 +6.8 +0.9 C:v208:1
|Q:va08:1 B | 10211 2171 10347 3107 1429 +6.4 +0.9 C:v208:1
|C:CHR:T401 PEaEsl| 10410  317.0 10347, 3107 1429  +6.3 +0.9 C:v208:1
|C:0PO:T201 PasIs|| 10409 3169 10347 3107 1429  +6.2 +0.9 C:V208:1
|Q:va9s:1 B | 10207 2167 10347 3107 1429 +6.0 +0.8 | C:v208:1
|c:va3o:l PEEE | 10406 3166 10347 3107 1429  +5.9 +0.8|C:v208:1
|D8:v567:1 B | 10401 3161 10347] 3107 1429 +5.4 +0.7 C:V208:1
|D8:V568:1 AN | 10401 316.1| 10347 310.7) 142.9  +5.4 +0.7 C:v208:1
|C:HRD:T45x TAP+5 [ 94816 10398 315.8 10347  310.7 1429 +5.1 +0.7 C:v208:1
|C:HRD:T4512_TAP+5 G486 10398 315.8 10347  310.7 1429 451 +0.7 C:v208:1
lcivzroi PNEASNE! | 10396 3156 10347 3107 1429  +4.9 +0.7 | C:v208:1
|0:v436B:1 B | | 10395 3155 10347 3107 1429  +4.8 +0.7 C:v208:1
Q:va07:1 BEEES | 10392 3152 10347 3107 1429 +45 +0.6 | C:v208:1
|C:VER:T401 RS | 10387 3147 10347 3107 1429  +4.0 +0.6|C:v208:1
Civz03:1 RS | 10386 3146 10347 3107 1429 +3.9 +0.5 C:v208:1
c:va73:l S | 10371 2131 10347 3107 1429  +2.4 +0.3 C:V208:1
|D8:v553:1 S| 10370 313.0) 10347 310.7] 1429 +23 +0.3 C:v208:1
|D8:v554:1 B | 10370 2130 10347 3107 1429 423 +0.3 C:v208:1
|0:va43B:1 B | 10358 3128 10347 3107 1429 +21 +0.3|C:v208:1
1Z:v212:1 BN || 10367 3127 10347 3107 1429  +19 +0.3 C:v208:1
lo:vassa:l B 10366 3126 10347 3107 1428  +1.9 +0.3 | C:v208:1
|Q:vad0:1 PEEES | 10356 3126 10347 3107 1429 +1.9 +0.3|C:v208:1
|C:PRE:T401 B | 10356 3126 10347 3107 1429 +18 +0.3 | C:v208:1
c:va74:l PSS | 10365 2125 10347 3107 1429  +1.8 +0.2 C:V208:1
|c:LIS:T202 S| 10364 312.4| 10347 3107 1429 +16 +0.2 C:v208:1
lc:v2s3:1 B | 10353 2123 10347 3107 1429 +16 +0.2 C:v208:1
|civz2s4:1 B | 10363 3123 10347 3107 1429 +15 +0.2|C:v208:1
|c:vz52:1 B || 10361 3121 10347 3107 1429  +14) +0.2 | C:v208:1
[C:v251:1 B | 10351 3121 10347 3107 1429 +1.4 +0.2 | C:v208:1
Q:vaz9:1 B | 10359 3119 10347 3107 1429 +1.2 +0.2|C:v208:1
C:V454:1 B | 10359 3119 10347 3107 1429 +1.2 +0.2 | C:v208:1
|D2:v226:1 SR | 1035.0] 2119 10347 3107 1429  +1.1] +0.2 C:V208:1
|C:iLIS:T203 S| 1035.8| 311.8| 10347 3107 1429 +1.1 +0.2 C:v208:1
|D2:5CH:T421 B | 10357 2117 10347 3107 1429 +0.9 +0.1 C:v208:1
Z:W4n9:1 sl | 1036 3116l 103470 31070 147290 +009) +0.1 | CW20R: T
Table 3.4: N-1 report from the CEPS control system at 11:55 - per relevant monitored element

A
\2
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Zafizeni Uzell Uzel2 | Limit N1 PfesN-1 N-O PfesN-O N-0%  Rozdil Rozdil% Kontingence
0.0 DIVER.. DIVER... DIVER.. DIVER.. DIVERG... DIVERG.. DIVERG... C:V400:1

C:V208:1 MW C:(‘ST‘?‘.WR: 7240 1502.9 778.9 1034.7 0.7 142 .9 +46R.1 +hR4.7 V4591
C:KRA:4:nKSP:1 |CKRA:4:... C:KRAd4:... | 2000.0 2999.4 9994 23104 3104 1155  +689.0 +34.4 C:V208:1
C:HRA:T402 CHRA:4:.. CHRA:2Z:... 500.0 6937 1997 596.7 96.7 1193 +103.0 +20.6 C:V420:1
V2231 C:HRA:2:... CVIT:Z:W.. 11650 1462.0 297.0 1191.2 26.2 1022 +270.8 +23.2 C:v459:1
C:VIT:2:nSP:1 CVIT:2:W... CVIT:22W... 11650 14610 296.0 1190.2 25.2 1022 +270.9 +23.3 C:v459:1
C:V405:1 CKIT:4:... CNOS:4:. 1968.0 23649 396.9 1459.3 0.0 741 +905.7 +46.0 C:V417:1
C:vV402:1 |CKRA:4:... C:PRN:4...  2338.0 27045 366.5 1339.8 0.0 513 +1364.7 +58.4 C:V459:1
C:V216:1 |C:PRE:2:W1 C:MIL:2:W.. B845.0 9749 1299 7288 0.0 862  +246.1 +29.1 C:V459:1
C:V417:1 |COTR:4:... C:SOK:4:.. | 2000.0 22274 2274 11004 0.0 55.0 +1127.0 +56.4 C:V459:1
C:V207:1 99.9 | C:TAB:2:W1 C:SOK:2... = 856.0 8551 0.0 3579 0.0 418 +497.3 +58.1 C:V223:1
C:OTR:4:nKSP:1 97.9 | C:OTR:4:... C:OTR:4:.. 2000.0 19577 0.0 8405 0.0 420 +1117.3 +55.9 C:V459:1
C:V458:1 96.6 | CHZL4:W... CKRAM4:... | 20000 19313 0.0 1052.0 0.0 526  +879.3 +44.0 CV417:1
C:V401:1 95.2 | |C:TYN:4:... |C:KRA:4:... | 2312.00 22014 0.0 1563.6 0.0 676 +637.8 +27.6 C:V208:1
C:MIL:2:nSP:1 93.4 | CMIL2W... CMIL:2:W... 1600.0 14948 0.0 10275 0.0 642  +467.3 +20.2 C:V459:1
C:CHD:T403 91.8 ||C:CHD:4:... |C:CHD:1... | 350.0) 3214 0.0 1710 0.0 488  +150.4 +43.0 C:CHD:T401
C:CHD:T401 91.8 | C:CHD:4:... |C:CHD:L... | 350.0 3212 0.0 150.0 0.0 429 +1712 +48.9 C:CHD:T403
C:V459:1 91.6 | CHZE4:W... C:KIT:4:... | 2265.0 2074.6 0.0 11827 0.0 522 +891.9 +39.4 C:vV417:1
C:V204:1 91.4 | CMIL2:W... C:TAB:2:W1 8520 7788 0.0 3044 0.0 357 +4744 +55.7 C:v223:1
C:KLT:4:nKSP:1 91.1 || CKLT:4:... CKILT:4:.. | 2400.0 2187.2 0.0 12947 0.0 539  +8925 +37.2 C:V417:1
C:Va44:1 89.4 | CNOS:4:... Z:WIE:4:.. 20000 17885 0.0 1046.6 0.0 523 +7419 +37.1 C:v443:1
C:HRA:2:nKSP:1 89.2 ||CHRA:2:.. CHRA:Z... 18000 16048 0.0 1349.8 0.0 750  +255.0 +14.2 C:V459:1
C:V400:1 87.3|| C:CST:4:... |C:TYN:4:... | 2351.0| 20517 0.0 14381 0.0 612 +613.6 +26.1 C:V208:1
C:TYN:4:nKSP:l 85.6 | CTYN:4:... C:TYN:4... | 2400.0 20543 0.0 14151 0.0 59.0 +639.2 +26.6 C:V208:1
C:v203:1 82.8 | COPO:2:.. C:SOK:2:... 756.0 6263 0.0 771 0.0 102 +549.2 +72.6 C:HRA:T402
C:Va43:1 82.6 || C:DET:4:... Z:DBN:4:... 2000.0 16517 0.0 1160.2 0.0 580  +4915 +24.6 C:V444:1
C:HZI:4:nKSP:1 82.0 | CHZL4:W... C:HZI:4:W... 25300 20746 0.0 11827 0.0 467  +8919 +35.3 C:V417:1
C:V435:1 81.9 | CSLV:4... C:SOK:4:... 2000.0 16386 0.0 9305 0.0 465  +708.1 +35.4 C:V436:1
C:NOS:4:nKSP:1 81.9 | CNOS:4:.. C:NOS:4... 20000 16386 0.0 6368 0.0 318 +1001.8 +50.1 C:v443:1
C:V436:1 81.7 | C:SLV:4:... C:SOK:4:... 20000 16335 0.0 9179 0.0 459 47156 +35.8 C:v435:1
C:V418:1 80.5 | C:OTR:4:... C:PRN:4:...  2243.0 1806.2 0.0 7016 0.0 313 +1104.6 +49.2 C:V459:1
D8:ROH:T441 77.5 | D8:ROH:4... D8:ROH:4.. 1440.0 11154 0.0 8202 0.0 57.0  +295.2 +20.5 D8:V572:1
Table 3.5: N-1 report from the CEPS control system at 11:55 - per relevant monitored element
Immediately after the V411 outage, dispatchers began 11:58:25

to address the fault. The analysis of the operational
situation was complicated by the state of Ledvice
unit 6, where the circuit breaker remained closed until
11:59:47, even though the unit had zero active power
following the boiler trip.

The Pocerady power plant immediately reported the
transition to droop speed control mode of both units
in operation. CEPS operators were unable to identify
specific PGMs that lost active power, and thus the cause
of the system imbalance.®

To address the overload on V208, the dispatchers first
sought topological measures (reconfiguration) and
then verified the solution by calculating the change
in the output of the PGMs in operation (redispatching)
in the simulation environment (also known as “study
mode") of the control system. They were unable to find
an effective topological measure in the rapidly changing,
deteriorating situation, and they assessed the activation
of redispatching production sources as time-consuming,
and, therefore ineffective for addressing the severe over-
load onV208.

The CEPS operator asks the CEZ technical centre'” about
the status of the Ledvice power plants (units 4 and 6).

» Ledvice power plantunit4isin 10 mode
(droop speed control mode).

» Ledvice power plant unit 6 is in outage, with zero
power, and the generator circuit breaker is still
closed.

11:59:44

The CEPS operator switched off the significantly over-
loaded line V208 due to the risk of sagging lines, possible
danger to inhabitants, and to prevent permanent
damage to the line. The details of the dispatcher's
decision are explained in the Chapter 6.4.

16 Eithertype Amodules thatare not requred to provide data, or other types that do not provide any data and constitute the 151 MW of unidentified imbalance.

17 CEzisthe owner of the power plants.
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11:59:47 11:59:49

» Krasikov 400 kV substation busbar coupler switched » V016 unit line to the Ledvice unit 6 power plant
off by the overcurrent relay (setting 2,880A/35s). switched off at the CHT4 substation.

» The 400/110kV T401KRA transformer at the Krasikov » Line V984 switched off at the 110 kV CHT1 substation
substation switched off atthe 110kV level by the (unitline of Ledvice unit 4 power plant).
distribution company’s distance DFOTeCt'O”'(T_‘*OlKRA » Line V472 switched off (unit line of the Chvaletice unit
was the last connection to supply the deficit island 4 power plant), unit successfully tripped to the
1,800 MW and therefore was tripped by its house-load supply.

protection). ) ) . .
» Line V467 switched off at the VYS4 substation (unit

> Creation of a deficit island (approximately line of the Poterady unit 2 power plant), unit

1,800 MW): successfully tripped to the house-load supply.
- Substations in the island: Bavt?qun 400kv, Bezdedin .| ina y469 switched off at the VYS4 substation (unit

400kV, Chodov 400kV, Chotejovice 220 and 400KV, line of the Poterady unit 6 power plant), unit

CEChY,S"ed 220and 409 KV, Kfas'kOY 400kV, successfully tripped to the house-load supply.
MaleSice 220kV, Neznasov 400 kV, Tynec 400k,

VyZkov 400 kV.

11:59:48

Pumped-storage EDST HG2 switched off by protection
from the pumping mode.
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Figure 3.2: Situation of the Czech Republic transmission system on & July 2025 with indication of the area affected by the fault
A
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11:59:50

» Ledvice unit 4 power plant generator circuit breaker
switch off.

11:59:51

» Ledvice unit 6 power plant generator circuit breaker
switch off.

» Chvaletice unit 4 power plant generator circuit
breakerincorrectly signalled switch off (unit 4 still in
operation on house load supply).

12:00

The CEZ technical centre informs about the shutdown of
the Ledvice unit 4 power plant and the plan to shut down
the pumping at the Dlouhé Strané pumped storage.
Before hanging up, the CEPS operator mentions that the
pump storage has gone out.

12:00:48

The operator of the Temelin NPP inquires about the status
of the network. The CEPS operator informs about a major
faultin the grid, which is currently being resolved.

12:01:36

The CEPS operator inquires about the status of the
Polerady 1 power plant after the failure. The operator of
Pocerady 1 confirms the failure of unit 2 and unit 6, with
no unitremaining in operation for self-consumption.

12:02:20

The CEPS operator receives information from the CEZ
technical centre about the plan to shut down the
Dalesice pumped storage. The CEPS shift leader informs
the CEZ technical centre about the major outage. The CEZ
technical centre asks whether the change of DaleSice
operation (from pumping to generation) will worsen
the operation.

12:04:42

Pocerady 2 power plant operator asks what is happening.
The CEPS grid operator informs about a large-scale
outage and asks about the status of the PocCerady 2 units.
The power plant's house load is supplied from the diesel
generator. After applying voltage to the unit lines, they
can start up.

12:06:20

The Powertica (power plant operator and ancillary
service provider) operator asks why the power plants
are in 10 mode. The CEPS network operator requests
summary information on the status of the units and
when they could start up.

12:08:21

EAS traffic light set to “emergency”, critical event

V!
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Figure 3.3 to Figure 3.6 show active and reactive power flow and current on the element supplying the affected area
forthe period from 11:50to0 12:00.
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Figure 3.3: Current, active power and reactive power on Vyskov line V411
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Figure 3.4: Current, active power and reactive power on Milin line V208
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Figure 3.5: Current, active and reactive power on KSP Krasikov
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Figure 3.6: Current, active power and reactive power on Krasikov 7401 transformer
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Figure 3.7: Flows on lines in the Vy3kov substation®®

3.2 Generation and load

Almost immediately after the V411 outage, production decreased at both the transmission and distribution grids

(between 340 and 440 MW, according to CEPS data).

11:52
» ldentified in the transmission system:

> Decrease in the power of the Ledvice unit 6 power
plant of about 110 MW.

> Decrease in the power of the Pocerady power plant
of 17 MW.

> The reason for this behaviour was that, during the
disturbance caused by a short circuit and the
disconnection of line V411, a turbine controllerin
the power control mode (normal operation mode)
responded rapidly to the active power deviation
induced by the disturbance in an attempt to main-
tain the originally scheduled active power output.
This response of the turbine controller in the power
control mode led to rapid variations in control valves
opening. Subsequently, the valve position at
reduced opening was captured during their switch
to droop speed control mode as a new setpoint.

» ldentified in the distribution system

> CEZd 150 MW (including Ledvice unit 4 power plant,
approximately 25 MW)
> PREdi 10 MW, reason unknown

Following the switch of unit 4 of Ledvice power plant to

This production further decreased in output at the
Ledvice power plant unit 6.

11:53

» Decrease in the output of the Ledvice power plant
unit 6 by another 182 MW due to boiler outage.

» Due to the oscillations, the reverse power protection
did not open the unit circuit breaker. The generator
therefore remained connected to the grid but
supplied no active power.

12:00

After the island's collapse, all sources operating on it
were lost. The total volume of shutdown production was
approximately 1,294 MW.

» ldentified in the transmission system

> Decrease in the output of unit 6 of the Ledvice
power plant by 292 MW

> Power plant Pocerady 262 MW

> Power plant Chvaletice 125 MW

» Identified in the distribution system (so far), decrease
in the output of sources by:

droop speed control mode and due to the 0 % setting of > 397 MW CEZQ
the droop, the unit started oscillating. > 51 MW PRE
> 16 MW EG.D

18  Oscillations of active power on lines V480, V410 and V419 were caused by power oscillations on units 4 and 6 of TPP Ledvice. These were caused by setting (0 %)

of the droop speed control mode of unit 4 of TPP Ledvice.

A
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Figure 3.8: Total generation in the Czech Republic power system

Unlike production, there was no reduction in consump-
tion after the V411 line failure. The load was around
8,100 MW.

After the island's collapse, the load dropped from
approximately 8,144 MW to 5,900 MW, reflecting a
difference of 2,244 MW (according to CEPS data).

The load remained at this value until approximately
12:42,when it was gradually restored at the distribution
system level.

Based on information from the DSOs, the restoration
process at the distribution system level was completed
at17:35.
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Figure 3.9: Total load in the Czech power system (source: CEPS data)

Based on information from distribution companies, the total consumption loss was 1,988 MW,
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3.3

Prior to the incident, no extraordinary dynamic behav-
jour was recorded in the system.

Immediately before the incident, line V411 was loaded
to approximately 1,200 MW, with power flowing from
the Hradec substation to the Vyskov substation. The
tripping of line V411 redistributed power flows within
the system, causing a power surge that affected nearby
generation. From the perspective of nearby synchro-
nous generators, there was a transition from the power
control mode to the IOCM (droop speed control mode).
The following units, connected to the transmission
system, were affected:

» TPP Ledvice unit 6
» TPP Pocerady units 2 and 6
I0CM (droop speed control mode) was also activated

on the following units operating within the distribution
system (at the 110kV voltage level):

System’s dynamic behaviour during the event

» TPP Ledvice unit 4
» TPP Opatovice unit 5

The transition to the I0OCM was based on local frequency
measurements from individual units. The switch to the
IOCM is triggered by a frequency deviation of +200 mHz
from the nominal value of 50 Hz. After the transition, the
units change their control mode and remain connected
to the grid.

The following series of graphs illustrates the dynamic
behaviour of TPP Ledvice unit 6. The graph of active
power output shows periodic oscillations for unit 6 at
TPP Ledvice. Such oscillations are not present in the
telemetered active power data transmitted to the CEPS
dispatching control system.
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Figure 3.10: Trend of power output at generator terminals of ELED unit 6 from 11:51 to 12:00

According to the power plant's statement, the cause of the difference between the signals is as follows (translated

into English by CEPS):

“We assume that the issue arises during signal valida-
tion in the TCS (Turbine Control System) when the input
signals are oscillating, which was exactly the case here.
A 1-second filter is included in the validation loop. We
would like to emphasise again that each of the three
input signals is connected to a different input card.

Each card is read at a different moment in time.
However, the validation block evaluates all three signals
simultaneously. This means it processes samples that are
time-shifted, and in the case of oscillating input signals
combined with the implemented 1-second filter, this can
cause the observed issue.”

A
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For comparison, Figure 3.11 shows measurements from
the control system of unit 6 and line VO16. The measure-
ment on lineV016 is adjusted for the power plant house
load.

The graph clearly shows that the measurements overlap,
and the line measurement also indicates oscillations
(even with a shorter period) in the active power of
generator unit 6.
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Figure 3.11: Comparison of the active power trend of the generator with the measurement on line V016 adjusted for the house load of ELED from 11:51 to 12:00

According to the statement from TPP Ledvice, at
11:51:46, a boiler outage occurred due to the activation
of protection triggered by a high-temperature steam
signal behind the high-pressure bypass stations. This
was caused by an unforeseen technical fault in one of
the high-pressure steam temperature control valves in
the turbine bypasses steam piping. The valve failed to
open due to an actuator motor malfunction, which was
specifically caused by a defective relay.

At 11:52:45, the turbogenerator was shut down with
a delay determined by the boiler's immediate steam
output at the time of the trip. The generator remained
synchronised with the system, with zero turbine power,
because the criteria for reverse power flow protection
were not met due to oscillations in the generator's active
power output. The generator was disconnected from the
grid during the frequency collapse of the separated part
of the system, triggered by frequency protection upon
detecting underfrequency at 11:59:51.
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The following graphs show the turbogenerator speed
profile at TPP Ledvice unit 6. Figure 3.12 displays the
period from 11:51 to 12:00, capturing both the V411
outage event and the subsequent frequency collapse in
the affected part of the grid. The graph also shows that
even after the boiler outage, the generator remained
synchronised with the grid (i.e. operating at synchronous
speed).

For unit 6, it is a two-pole turbogenerator; therefore,
the synchronous speed corresponding to a 50 Hz grid
frequencyis 3,000 rpm. Small oscillations are also visible
in the speed profile after the V411 outage. For better
clarity, a zoomed-in view of the generator speed at the
time of the V411 outage was also created.
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Figure 3.12: Trend of measured turbogenerator speed of ELED unit 6 from 11:51 to 12:00

From the speed measurement, it is evident that a
transient change was recorded following the outage
of line V411, during which the rotor speed reached
approximately 3,016 rpmat 11:51:09.

Since a frequency deviation of 200 mHz as a threshold
for transition to droop speed control mode corresponds
to 12 rpm, unit 6 recorded a deviation greater than the
set limit.
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Figure 3.13: Zoomed-in view of speed measurement during the V411 outage
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The following graphs show profiles of the opening of bypass stations and control valves of TPP Ledvice unit 6. The
graphs show that changes in the variables occurred already after the V411 outage.
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Figure 3.14: Trend of control valves opening for ELED unit 6 from 11:51 t0 12:00
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Figure 3.15: Trend of bypass stations opening for ELED unit 6 from 11:51 to 12:00
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From the perspective of dynamic behaviour affecting the
system's operation, the behaviour of TPP Ledvice unit 4,
connected to the distribution network atthe 110kV level,
is further shown. It should be noted that the power plant
sent the data from its control system for unit 4 with the
following remark:

“Due to the possibilities of monitoring feedback, loading
historical trends, and the operating mode of Unit 4 in
Island Operation Control Mode, not all time-aligned
data can be considered fully relevant; some potential
inconsistencies need to be further investigated as far as
possible.”

Figure 3.16 shows the output of the TPP Ledvice unit 4
generator, again compared with the values from the
Ledvice power plant control system and the telemetered
values to the CEPS dispatch control system. From the
trends, it is evident that unit 4 experienced oscillations,
and the output active power telemetered to the CEPS
dispatch control system differs from the output power
recorded in the power plant control system. Therefore,
itis also more difficult to calculate the total loss of active
power generation after the V411 outage.
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Figure 3.16: Trend of power output at generator terminals of ELED unit 4 from 11:50 to 12:00

According to the power plant statement, unit 4 of TPP
Ledvice had a droop setting of 0% in droop speed control
mode, meaning that the proportional speed controller's
gain was theoretically infinite. Such a gain would
theoretically mean that, for any positive frequency
deviation from 50 Hz, the unit would drop to zero active
power, and for any negative deviation, it would go to
its maximum available output. The gain is limited in
practice by the mechanical equipment'’s capabilities.
In accordance with information provided by the power
plant, this droop setting does not seemto be in line with
the expected performance.

Itshould also be noted that, according to the Transmission
System Grid Code, the droop setting for IOCM should be
in the range of 4-10 %. However, unit 4 of TPP Ledvice
is not certified for 10 capability as an ancillary service,
as it is connected to the distribution system. CEPS does
not procure this service from units connected to the
distribution system, which also implies that the unitis
not subject to reqular certification for 10 capability, as are
units providing this service in the transmission system.
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According to the power plant statement, the reason for
the differences between the telemetered active power
and the active power from the control system of Ledvice
for unit 4 is as follows (again translated from Czech):

“The sent active power values come from one of three
measurements taken before evaluation in the control
system. These three values are then validated within the
control system, a median of the three is calculated, and
only afterward is the signal used for requlation and sent
to the terminal.*’

Due to incorrectly configured droop settings, which
caused an overload of the control system's computa-
tional capacity, the signal from the terminal cannot be
considered valid. It should be noted that the active power
value, when the unit is operating in Island Operation
Control mode, is not applied in any regulation.”

Oscillations are also evidentin the opening of the turbine
control valves on TPP Ledvice unit 4 following the V411
trip and the switch to droop speed control mode.
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Figure 3.17: Trend of control valves opening for ELED unit 4 from 11:50 to 12:00

Regarding the grid's behaviour, Figure 3.18 shows
frequency measurements from the WAMS system at the
Cechy Stfed substation between 11:50 and 12:00, with
a displayed granularity of 50 samples per second. This
is the only substation in the transmission system area
equipped with WAMS measurement that was affected by
avoltage outage at 11:59. The graph clearly shows the
moment when line V411 was disconnected at 11:51:07,
which caused a frequency oscillation in the area.

Although the frequency value stabilised around the
nominal value 50 Hz after the disconnection of line
V411 - since the affected part of the grid remained
synchronously connected to the surrounding system -
frequency oscillations are still visible. Figure 3.19
therefore shows a zoomed-in view of the frequency
measurement over a 10-s interval, revealing ongoing
oscillations with a period of approximately 1s with a
peak-to-peak amplitude of 30 mHz.

19

The values from the terminal are values telemetered to the CEPS dispatch control system. The terminal of the power plant is a technical device for the control of

the units and for communication with other systems, including the CEPS dispatch control system.
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Figure 3.18: WAMS frequency measurement at the CST substation in the V400 line bay from 11:50 to 12:00
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Figure 3.19: Zoomed-in view of the WAMS frequency measurement at the CST substation in the V400 line bay
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This oscillation was observed only in the area (at least
according to available WAMS measurements) that was
subsequently affected by a voltage outage. The graph
below shows frequency measurements from the Hradec
substation, which the V411 line connects to. The data is
taken from the V412 Hradec-Reporyje line bay.

In this waveform, oscillations following the V411 outage
are not visible. Furthermore, the frequency measure-
ment from the Hradec substation clearly shows that a
frequency deviation greater than 200 mHz was recorded
during the V411 line outage, representing the WAMS
measurement closest to the V411 line.
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Figure 3.20: WAMS frequency measurement at the HRA substation in the V412 line bay from 11:50 to 12:00
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Figure 3.21: Zoomed-in view of the frequency profile during the V411 outage
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From the V411 outage at 11:51 until the collapse of  As mentioned above, the WAMS measurement in the

the affected part of the grid at 11:59, the frequency  area affected by the voltage outage is installed at the

remained within normal operating limits. Cechy Stfed substation. The following course of the
frequency collapse of the already-formed deficit island
after the Krasikov busbar coupler was switched off at
11:59:47 is also taken from this measurement.
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Figure 3.22: Recorded frequency collapse in the WAMS frequency measurement at the CST substation
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Based on WAMS frequency measurements, the RoCoF
value was also calculated as the mean value over a
500-ms interval.

The RoCoF value during the frequency collapse is shown
in Figure 3.23. The highest recorded RoCoF value was
around -3.5Hz/s.
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Figure 3.23: RoCoF profile during the frequency collapse

During the frequency collapse, all steps of the load
frequency demand disconnection scheme were acti-
vated based on data from the DSO. Overall, 766 MW of
net demand was disconnected as part of the shedding
process in the 10. The LFDD scheme is implemented as
a six-step system in accordance with the Commission
Regulation (EU) 2017/2196 establishing a network code
on electricity emergency and restoration (NC ER).

The estimated load disconnected was ca. 980 MW,
calculated proportionally based on demand to be
disconnected in the affected area and scaled from the
maximum total load to actual load (ca. 8,100 MW on the
day vs. ca. 10,500 MW of yearly maximum).
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Due to the significant deficit - estimated at approxi-
mately 1,800 MW based on the power flow through the
busbar coupler at the Krasikov substation at the time of
its disconnection - and the resulting high RoCoF of the 10

even the activation of LFDD was insufficient to prevent
the final collapse. Figure 3.24 illustrates the expected
activation sequence of individual LFDD steps.
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Figure 3.24: Frequency profile during the frequency collapse with indication of the set limits for LFDD steps

The graph clearly shows that due to the rapid frequency
drop, there was insufficient time to activate all LFDD
steps. The Synchronous Area Framework Agreement for
Regional Group Continental Europe® requires the load
to be disconnected within 300 ms. During the incident,
only steps 1 and 2 were disconnected before the point
of disconnections of all PGMs (at 47.5Hz) in the island
was reached.

Steps 3, 4, 5, and 6 were activated less than 300 ms
before reaching 47.5Hz and therefore had no effect.

The net disconnected value and time difference between
reaching the frequency threshold for the activation of
each step and the time of reaching the point of discon-
nection (at 47.5Hz) is as follows:

Step Number Frequency Threshold (Hz) Net Active Power Shed (MW) Time between frequency threshold and reaching 47.5 Hz (ms)
1 49.0 116.8 440
2 48.7 150.4 360
3 48.4 172 280
4 48.3 78.7 260
5 48.1 136.9 180
6 48.0 111.2 140

Table 3.6: The net disconnected value and time difference between reaching the frequency threshold for activating each step and time of reaching point of

disconnection (at 47.5 Hz) during the frequency collapse

20  Annex 5 Policy on Emergency and Restoration, C-6-3 MINIMUM TECHNICAL REQUIREMENT FOR LFDD APPLICATION
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During the frequency collapse, the units connected to
the transmission system were successfully switched to
house-load operation in the affected part of the grid.
Specifically, this concerns units 2 and 6 of TPP Pocerady
and unit 4 of TPP Chvaletice. The generator of Dlouhé
Strané pumped storage was disconnected from pumping
mode.

Table 3.7 shows the measured voltage values at
individual substations affected by the subsequent
voltage outage, recorded at 1-minute intervals from
11:50t0 12:00. These are substations operating at the
400kVand 220kV voltage levels.

Substation name 11:50 11:51 11:52 11:53 11:54 11:55 11:56 11:57 11:58 11:59 12:00
(Busbar/line)

Babylon 4153 415.1 415.0 409.8 4121 4148 4131 415.4 413.8 415.2 0.0
(w1)

Bezdécin 418.2 418.3 416.3 413.1 415.2 413.2 413.4 414.1 4137 415.4 0.2
(w1)

Chodov 415.6 415.6 415.6 415.6 416.0 415.6 409.4 409.0 409.5 410.3 0.0
(wW11)

Chotéjovice 410.8 410.8 410.0 409.6 410.5 410.3 410.4 412.4 411.0 410.3 0.0
(w11)

Cechy Stred 417.0 416.8 410.1 403.5 408.0 408.4 406.8 408.4 409.2 410.3 0.0
(w1)

Krasikov 415.5 416.4 396.6 389.7 389.6 390.3 389.2 392.3 392.5 391.6 385.0
(w1)

Neznasov 418.8 418.8 415.8 415.8 4148 416.0 4153 416.6 4153 4148 0.0
(w1)

Tynec 416.7 416.7 411.1 405.2 404.7 405.3 404.2 405.7 406.4 406.9 0.0
(w1)

Vyskov 411.6 411.6 4131 410.7 412.6 410.6 410.9 410.9 4132 4129 0.0
(V419)

Table 3.7: Measured voltage at impacted 400 kV substations from 11:50 to 12:00

Substation name 11:50 11:51 11:52 11:53 11:54 11:55 11:56 11:57 11:58 11:59 12:00
(Busbar)

Bezdécin 231.6 231.6 222.7 218.5 219.6 211.7 218.6 217.9 218.4 218.7 0.1
(w1)

Chotéjovice 230.7 230.4 222.8 218.8 219.1 2159 218.0 218.4 218.7 218.5 0.3
(w1)

Cechy Stred 233.4 233.4 223.4 219.5 220.0 220.4 220.6 220.2 221.0 221.0 0.0
(w3)

Malesice 234.3 234.1 224.2 222.4 221.9 221.1 221.6 223.0 223.2 222.7 0.0
(wi1)

Table 3.8: Measured voltage at impacted 220 kV substations from 11:50 to 12:00

Although the V411 outage caused a redistribution of
power flows, leading to changes in voltage levels, no
voltage deviations beyond the normal operating range
were observed.

The lowest voltage values at the 400kV level were
consistently recorded at the Krasikov substation, at
around 390kV.
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3.4

Just as in any electrical system, the basic objectives that
one aims to achieve with the design, setup and main-
tenance of a protection system in large interconnected
power systems are to avoid dangerous situations for
people, limit the damage to the components of the
electrical system when an anomaly or failure occurs,
minimise the consequences of the discontinuity of

Sequence of events

Allindicated times are GPS-based times from protections.

Protection system performance during the event

service in any network situation, and mitigate the risk of
transient instability in the transmission network.

In this section, the operation of the protection system
will be analysed using available data, primarily the
SCADA event lists and the disturbance fault recordings
(DFRS).

They might differ from the times indicated by SCADA in the rest of the report.

11:51:06.187

One subconductor from the bundled phase conductor of
phase 2 of the line V411 broke and fell to the ground. The
length of the line is 45.4 km. Distance protection relays
detected a fault 15 km from the HRA4 substation and
35km from the VYS4 substation.

The fault was ultimately located 14 km from the HRA4
substation. The fault was switched off in 81 ms.

Figure 3.25: Photo of the fallen conductor
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11:51:06.268

The fault current flow to the affected phase of line V411
was interrupted by opening circuit breakers in phase 2
at both ends.

11:51:07.559

Following the unsuccessful automatic reclosing attempt,
circuit breakers of line V411 at the VYS4 and HRA4 substa-
tions were tripped in all phases. The protection system
operated in accordance with its setting.

In the area of the future island, a loss of generated
power occurred in both transmission- and distribution-
connected systems.

11:59:44.066

Based on a manual command from the SCADA, issued by
the dispatcher, transmission line V208 was disconnected
by opening a circuit breaker at the CST2 substation. Prior
to the disconnection of line V208, current measure-
ments exceeded the measuring transducer's range. The
line loading must have exceeded 900A. The line has a
nominal ampacity of 650 A. Nevertheless, the mathemat-
ical dynamicline rating (DLR) modelis applied. According
to DLR, actual ampacity was |, = 724 A. No protection
relays of line V208 operated, consistent in accordance
with their settings.

11:59:44.488

Overcurrent protection pickup in a busbar coupler at the
KRA4 substation. The busbar coupler was connecting two
busbars. Transmission line V401, together with the unit
line to the Dlouhé Strané pumped storage hydroelectric
power plant (EDST), was connected to one of the busbars.
The remaining two transmission lines were connected
to the other busbar. The pumped storage plant was
operating in pumping mode. The load active power of
the plant was about 311 MW. The overcurrent protection
setting is 2,880 A, with an operating time delay of 3s.
The relay's drop-out ratio is 0.95. The nominal current
of the busbar coupleris 2,000A. The peak current during
protection initiation was 2,810A in phase L2, which falls
within the manufacturer's specified tolerance of 5% of
the configured setting.

11:59:47.486

The overcurrent protection at the KRA4 substation issued
a trip signal to the busbar coupler circuit breaker. At the
time of tripping, the highest current was still 2,780 A. The
overcurrent protection operated in accordance with its
settings. The reason was an exceedance of the defined
current limit of 2,880A for a duration longer than 3s.
After the protection has been activated, the measured
current must decrease to 0.95 times the set value, i.e.
0.95x2,880=2,736A, to allow the time-delay element
to resetand prevent tripping within the configured time.
Since the feeder was still carrying a current of 2,780A
when the trip command was issued to the circuit breaker,
the feeder was tripped.

11:59:47.534

The circuit breaker in the busbar coupler at the KRA4
substation was tripped in all three phases.

11:59:47.574

The distance protection of the T401 transformer at the
KRA4 substation issued a trip signal. The T401KRA and
T402KRA transformers were connected to different
busbars on the primary side and were operating in
parallel. After the busbar coupler on the primary side
was tripped, current began to flow between the busbars
through these transformers. The transformer T401
was overloaded, causing the measured impedance
to enter the protected zone in the direction toward
the transformer, where the distance protection oper-
ates without delay. The load encroachment setting is
20.3 0hms, corresponding to a secondary-side current
of 3,110A at a measured voltage of 63.2kV. Converted
to the primary side via the T401KRA transformer with tap
position 7 (400/133 kV), this equals 1,030 A. According to
the fault recorder, which records current on the primary
side, the current flowing through the transformer was
1,130A. The nominal current of the transformer on the
primary side is 505A. The distance relay operated in line
with the applicable accordance with its settings.

11:59:47.607

The T401KRA transformer was tripped in all three phases.
Islanding conditions were initiated.
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11:59:48.319

Dlouhé Strané (EDST) pumped storage: Opening of the
HG2 EDST generator circuit breaker. Disconnection of
HG2 EDST from pumping mode. The tripping impulse was
triggered by the frequency protection with a setting of
48.5Hz and a delay of 0.1s. This configuration represents
the frequency protection of the motor generator in
pumping mode. Although the frequency dropped below
the activation threshold of other frequency protections
set according to the defence plan, the frequency drop

11:59:49.349

Chvaletice coal-fired power plant (ECHV): The transfer
trip command was received from the TG4 generator to
the circuit breaker of the V472 unit line at TYN4.

The frequency protection triggered the tripping impulse.
When the frequency deviated by -2.5Hz from the
nominal value, it sent the impulse to trip the circuit
breaker.

was sq rapid tha_tthe preceding protection levels did not Thresholdvalue f[Hz] | Time delayt[s] Function
have time to activate.
53.0 30 Trip of the TG
./ |
Threshold value f[Hz] | Time delayt[s] Function 53.0 6 Trip to house-load
operation
>53.0 1 Trip of the HG
50.2 0 Island control mode
>52.1 60 Trip of the HG
49.8 0 Island control mode
<49.8 1 Controlled shutdown
41.5 1 Trip to house-load
<49.2 1 Trip of the HG operation
<48.5 0.1 Trip of the HG 46.5 30 Trip of the TG

Table 3.9: Setting of frequency protection for pumping mode

11:59:49.346

Ledvice coal-fired power plant (ELED): The transfer trip
command was received from the Tqc6 generator to the
circuit breaker of the V016 unit line at CHT4.

The tripping impulse was triggered by the frequency
protection. When the frequency deviated by -2.5 Hz from
the nominal value, it sent the impulse to trip the circuit
breaker.

Table 3.11: Frequency protection setting for the Chvaletice coal-fired power
plant (ECHV)

11:59:49.349

Pocerady coal-fired power plant: The transfer trip
command was received from the TG2 generator to the
circuit breaker of the V467 unitline atVYS4. The frequency
protection triggered the tripping impulse. When the
frequency deviated by -2.5Hz from the nominal value,
it sent the impulse to trip the circuit breaker, and the
generator switched to supplying its own auxiliary supply.

Threshold value f [Hz] Time delay t [s] Function Threshold value f [Hz] Time delay t [s] Function
49.8 0 Island control mode 53.0 6 Trip to house-load
operation
41.5 1 Trip to house-load
operation 50.2 0 Island control mode
Table 3.10: Frequency protection setting for the Ledvice coal-fired power plant 498 0 Istand control mode
(ELED) 41.5 1 Trip to house-load
operation
47.0 1.5 Trip of the TG

Table 3.12: Frequency protection setting for the Pocerady coal-fired power
plant (EPOC) TG2
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11:59:49.367

Pocerady (EPOC) coal-fired power plant: The transfer trip
command was received from the TGé generator to the
circuit breaker of the V469 unit line atVYS4. The frequency
protection triggered the tripping impulse. When the
frequency deviated by -2.5Hz from the nominal value,
it sent the impulse to trip the circuit breaker, and the
generator switched to supplying its own auxiliary supply.

Threshold value f [Hz] Time delay t[s] Function

53.0 6 Trip to house-load
operation

50.2 0 Island control mode

49.8 0 Island control mode

41.5 1 Trip to house-load
operation

47.0 15 Trip of the TG

Table 3.13: Frequency protection setting for the Pocerady coal-fired power

11:59:49.374

The circuit breaker of the V016 line at CHT4 was tripped
in all three phases.

11:59:49.397

The circuit breaker of the V472 line at TYN4 was tripped
in all three phases. Successful transition of Tc4 ECHV to
house-load operation mode.

11:59:49.397

The circuit breaker of the V467 line at VYS4 was tripped
in all three phases. Successful transition of TG2 EPOC to
house-load operation mode.

11:59:49.414

The circuit breaker of the V469 line at VYS4 was tripped

plant (EPOC) TG4 in all three phases. Successful transition of Tc6 EPOC to
house-load operation mode.
AN
Y/
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4 RESTORATION PROCESS

4.1 Restoration sequences

At 11:59:47, the busbar coupler at the Krasikov 400 kV
substation and the 400kV/110kV T401 transformer
at the Krasikov110KkV substation were tripped due to
overloading.

This led to the separation from the grid of eight 400 kV
substations and three 220 kV substations. The 10 was
unbalanced and immediately collapsed.

Krasikov 400k

w1

Cechy Stfed 220 + 400kv
T201 V202 V206 V209
8

‘ V201 V205 V201

"woLLT ¥

Ksp o sp ? l
W2 =

T401 T403 V401 i53 V458 [ — ‘
402 1 ve02 vas?

T401

Rohrsdorf
DE

thodtay

Etzenricht

2222t Unplanned line outage
rrrrrr Planned line outage

O Substation 400kV

Dirnrohr

O Substation 220kv
@©  substation 400/220kv
@ Substation 400/220 kv with a 400/220 kv transformer

@ Power source

v ] | |
KPP g é E‘ : : :
V400 V415 V454

T403
T402 TL401 V410 V419

PL

Dobrzen

Wielopole
V443 (m
Détmarovice
Q

V449 i
Albrechtice V246 Kopanina

e

V245 iakd
ce ot

V270

S)F R
S Prosenice

V404

Pov. Bystrica
Varin

SK

" Stupava Senica

Figure 4.1: Situation of the Czech Republic transmission system on &4 July 2025 at 12:00

Immediately after the incident, dispatchers initiated
the top-down restoration strateqgy. They gathered
information on the condition of the Pocerady and
Chvaletice power plants in the affected area, which
remained in the house-load operation mode, with the
aim of exploring all possible restoration options.

During the restoration process, the dispatcher is obliged
to follow the internal procedure that has been created
with respect to the possible physical phenomenon called
ferroresonance. This means that dispatchers strictly
follow the top-down restoration strategy: whenever

they energise a busbar in a substation by reconnecting
an OHL, they must switch a transformer and request the
connection of a load of approximately 15 MW at a 400 kV
substation and 10 MW at a 220 kV substation.

At 12:19, the dispatcher reconnected the 400 kV OHL
(Krasikov-Tynec) V401 to restore voltage at the Tynec
400kV substation, mainly to continue energising the
rest of the affected substations. With the voltage on the
busbars at the Tynec 400 kV substation, the dispatcher
synchronised the Chvaletice unit 4 powerplant and
energised other blocks' house load at 12:41.

A
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At 12:21, CEPS operators received information about the
instability of the house-load operation of the Pocerady
power plant. The power plant requested energising at
least one 110kV line to feed their consumption. The CEPS
operator ordered the operator ofthe 110kV grid to set up
a path from the Vernérov 110 kV substation to the 110 kV
substation of the Pocerady power plant to secure the
household load operation.

Simultaneously, dispatchers were restoring the voltage
of the 220kV grid. First, they coupled two main busbars
in the Cechy Stfed 220kV substation, closing the busbar
coupler that had been open after the reconfiguration
implemented before the incident. Subsequently, the
dispatcher reconnected the Milin-Cechy Stfed 220kV
OHLV208. At 12:30, two 220kV parallel OHLs V205/V206
(Cechy Stfed-MaleSice) were reconnected together
with both 220 kV transformers in the 220 kv MaleSice
substation to energise the MaleSice 110kV substation to
restore the load in Prague. Once the Cechy Stied 220 kV
substation was energised, the dispatcher reconnected
the Cechy Stfed-Bezdécin 220 kV OHLV209 and then the
Bezdécin-Chotéjovice 220 kV OHL V210 to restore the
load in this area.

At 12:51:22, the dispatcher reconnected the Tynec-Cechy
Stfed 400 kV OHL V400 and then switched on the 400

kV/110 kv T403 transformer to restore the load. At that
time, the dispatchers had to decide whether it was better
to have two isolated paths (first: Milin 220kV substa-
tion - Milin-Cechy Stfed 220 kV OHL V208 - Cechy Stfed
220kV substation - Cechy Stfed-Malesice 220 kV parallel
OHLs V205/V206 - MaleSice 220 kV substation; second:
Krasikov 400kV substation - Krasikov-Tynec 400 kv

OHL V401 - Tynec-Cechy Stfed 400kV OHL V400 - Cechy
Stfed-Chodov 400 kV OHL V415) or couple them. They
decided to secure the restoration of the load in Prague by
coupling the two paths. Therefore, at 12:57, dispatchers
reconnected the 400kV/220kV transformer, connecting
the Cechy Stf'ed 400 and 220kV substation.

At 13:01, the dispatcher reconnected the Cechy
Stfed-Chodov 400 OHL V415 to energise the busbars
in the Chodov GIS 400 kV substation. Subsequently,
in cooperation with the DSO, they energised two
400kV/110kV transformers (T401 and T403) to restore
the load in Prague.

At 13:11, the dispatcher reconnected the Cechy
Stfed-Vyskov 400kV OHL V419, and one busbar at
the VySkov 400 kV substation was energised for the
possibility of synchronising units 2 and 6 of the Pocerady
TTP, which remained in house-load operation. After a
short break needed for stabilisation at the Polerady
power plant, the dispatcher closed the circuit breaker on
the VySkov-Pocerady 400 kV line V467 and synchronised
unit 2 to the grid.

At 13:24, the dispatcher reconnected the Cechy
Stfed-Bezdédin 400kV OHLV454, and at 13:35, the trans-

former at the Bezdecin 400 kV substation to restore the
load.

At 13:30, the dispatcher energised the second busbar at
the VySkov 400 kV substation. At 13:38, the dispatcher
energised the T401 transformer at the 400 kV Vyskov
substation.
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Figure 4.2: Situation of the Czech Republic transmission system on & July 2025 at 13:30

At 13:42, the dispatcher implemented a reconfiguration
at the Cechy Stfed 220 kV substation, separating its two
nodes to prevent N-1 violation, especially on the 220 kV
OHL V201 (Vyskov-Cechy Stfed, 114 % N-1 violation) and
the 400 kV/220kV transformer at the Hradec substation
(115% N-1 violation).

At 13:50, the dispatcher reconnected the Vyskov-Choté-
jovice 400kV OHL V480 and then the 400kV/110kV
transformer 7402 at the Chotéjovice substation. At 13:53,
the dispatcher switched on the Chotéjovice-Ledvice
400kV line V016 to energise the house load of unit 6 of
TPP Ledvice.

At13:56, the dispatcher reconnected the iySkov-Babylon
400KkV OHLV428. There was a technical problem causing
the unavailability of the remote control at the Babylon
110kV substation from the DSO's control room. Therefore,
the CEPS dispatcher could not continue switching oper-
ations to energise transformers at the Babylon 400 kV
substation.

At 14:05, the dispatcher closed the busbar coupler at the
Cechy Stfed 400kV substation to energise the second
busbar and the variable shunt reactor connected to this
busbar.

At 14:09, the dispatcher reconnected the Bezdédin-
NeznaSov 400 kV OHL V452, which led to energising the
busbars atthe Neznasov 400 kV substation. Subsequently,
the dispatcher energised the T402 transformer at the
Neznasov substation.

By 14:09, all 400kV and 220 kV substations in the affected
area were energised.

At 14:12, the dispatcher reconnected the Babylon-
Bezdécin 400kV OHLV451.

At 14:16, the dispatcher closed the circuit breaker on the
400kV line V468 at the ViySkov substation to energise the
house load of CCGT Pocerady 2, with the aim of starting
as soon as possible.
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At 14:20, the dispatcher obtained information that CCGT
Pocerady 2 would be able to synchronise around 15:00.

At 14:20, the dispatcher ordered the DSOs to stop
connecting new loads until the start of CCGT Pocerady 2.
The reason was a very high N-1 violation (upto 180 %) on
the 220kv V208 line.

At 14:40, the dispatcher switched on the T401 trans-
former at the Krasikov 400 kV substation.

At 15:00, the CEPS crisis team commenced its meeting.

At 15:10, the DSO for the northern part of the Czech
Republic fixed the technical issue with the control of the
110kV Babylon substation, so dispatchers switched on
both transformers there.
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Figure 4.3: Situation in the Czech Republic transmission system on 4 July 2025 at 15:10

At 15:37, the dispatcher switched on the 400kV/110kV

transformer 7402 at the Bezdecin substation.

At 17:35,the dispatcher obtained information from DSOs
that the load was fully restored.

At 23:00, the repair of the broken conductor on the OHL
V411 was completed; therefore, the dispatcher could
initiate its switching on.

At 23:13, the Hradec-Vyskov 400 kV OHL V411) was
reconnected.
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4.2
the restoration process

Immediately after the outage, all area dispatchers made
several phone calls to exchange and share information
with DSOs and power plants. As far as they had complex
knowledge of the situation, they defined the restoration
strategy and set the critical situation message in EAS,
together with the change to the Emergency state.
Subsequently, dispatchers made more than 200 phone
calls, mainly to DSOs and power plants, throughout the
restoration process.

The dispatchers were regularly in touch with the synchro-
nous area monitor Amprion, TSCNET, and neighbouring
TSOs. At 12:05, Amprion contacted the CEPS control centre
regarding the significant deficit in the CEPS control area.
They received information about the incident in the grid

4.3

At 12:21, CEPS operators received information about
instability in the house-load operation of the Pocerady
power plant. They requested energising of at least one
110kV line to feed their consumption. The CEPS operator
ordered the operator of the 110kV grid to establish a
path from the Vernérov 110 kV substation to the 110kV
substation of the Pocerady power plant to secure
household load operation. At 12:51, the dispatcher
obtained information about the secured supply of the
house load of the Pocerady power plant from the 110 kv
grid (supplied from the Vernérov110KkV substation),
resulting in a prolonged time in this house-load
operation mode.

With energisation of the busbars at the Tynec 400kV
substation, the dispatcher planned to synchronise unit
4 of the Chvaletice power plant. There was a minor
misunderstanding due to the interpretation of the state
of this block in the dispatcher's SCADA, but after reaching
a common agreement with the Chvaletice operator
on the unit's actual state, the dispatcher successfully
synchronised unit 4 to the grid at 12:41.

At 12:45:36, the dispatcher reconnected the 400 kV OHL
(Krasikov-Dlouhé Strané) to energise the Dlouhé Strané
400kV substation and the pump storage's house load.

At 12:46:35, the dispatcher closed the circuit breaker of
the 400kV OHL V471 (Tynec-Chvaletice units 1 and 2) to
energise its house load and be ready to synchronise the
generatorto the grid and support the restoration of load
in the affected area.

Communication and coordination during

and the ongoing restoration process. At 12:30, the oper-
ator of TSCNET contacted the control centre of CEPS with a
question about the change of system state to emergency.
He was informed about the significant outage in the
Czech transmission system.

At 13:22 and 14:23, Amprion received updates on the
status of restoration, the cause of the incident, and the
status of the unaffected part of the system, including the
supply to the NPP’'s house load. The NPP's house load
supply was not affected by the incident. At 17:50, the
CEPS operator informed TSCNET of the completed grid
restoration and preparedness for the DACF process. He
explained that the V411 line would be operational in
the next few hours.

Generation recovery actions

At 13:01, the dispatcher inquired about the real state of
unit 4 atthe Chvaletice TTP, and at 13:06 ordered unit 4 to
switch from droop speed control mode to power control
mode and started ramping up from 5 MW to 100 MW.
At 13:18, the dispatcher ordered the unit 4 operator to
manually lower the generator's excitation due to a fault
in the automatic voltage control signalised in SCADA. At
13:27, unit 4 reached 100 MW.

In cooperation with the operator of the Pocerady TTP,
the dispatcher synchronised unit 2 to the grid at 13:26.
The dispatcher was informed of technical problems with
the system for transporting coal to the boiler, Therefore,
unit 2's available power was limited to 120 MW at that
time. The dispatcher ordered the unit 2 operator to
switch the turbine controller from droop speed control to
power control and the excitation controller to automatic
voltage control.

At 13:29, the dispatcher inquired with the operator of
TPP Chvaletice about the time required for starting and
ramping another unit. The operator of TPP Chvaletice
replied that it takes at least 4 h, so Unit 2 and Unit 1 could
be synchronised at 17:30. He promised that they would
try to speed it up.

At 13:37, the operator of the CEZ generation control
centre requested synchronisation of the pumped stor-
ages at Dlouhé Strdné and DaleSice. The CEPS dispatcher
rejected the Dlouhé Strané power plant's pumping mode
because it would have affected the affected area.
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At 13:41, the dispatcher inquired about other possibili-
ties for increasing power in the area of the vyskov and
Chot8jovice substations. The operator of the CEZ control
centre replied that unit 4 of TPP Ledvice (connected to DS)
would be able to synchronise in 4 h, unit 6 of TPP Ledvice
in 6h, and CCTG Pocerady 2 would be able to startin 1h.

At 13:45, the dispatcher synchronised unit 6 of TPP
Poclerady to the grid in cooperation with the operator of
TPP and requested switching the turbine controller from
droop speed control mode to power control mode, and
the excitation controller to automatic voltage control.

At 13:50, the dispatcher ordered the operator of TPP
Pocerady to increase the power on units 2 and 6 up
to 120 MW, the maximum available power due to
constraints on coal transportation.

At 14:14, TPP Pocerady units 2 and 6 reached 120 MW
each.

At 15:13, the operator of TPP Pocerady offered to
increase unit 6's power. The limitation on the power
was no longer valid, as they had repaired the system
for transporting coal, but they faced another issue with
the desulfurisation system. The dispatcher decided not
to increase power without desulfurisation at that time
because the imminent synchronisation of the Pocerady
2 CCTG was announced.

At 15:18, unit 21 of CCGT Pocerady 2 (gas turbine)
synchronised to the grid.

At 15:23, unit 22 of CCGT Pocerady 2 (gas turbine)
synchronised to the grid.

At 16:12, unit 20 of CCGT Polerady 2 (steam turbine)
synchronised to the grid.

At 16:32, unit 4 of TPP Ledvice announced the ongoing
preparation for synchronisation.

At 16:58, the dispatcher cancelled the ban on pumping at
the Dlouhé Strané power plant. At 17:07, Dlouhé Strané
started pumping.
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Figure 4.4: Active power output of generating units
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4.4 Loadrecovery actions

The restoration of the load began in a DSO-TSO cooperative effort immediately after the incident.
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Figure 4.5: Load restoration

Krasikov

The T402 and T403 400 kV/110kV transformers were not affected by the incident since they were connected to the

unaffected busbar at the Krasikov 400 kV substation.
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Figure 4.6: Load restoration of the T402KRA and T403KRA 400 kV/110 kV transformers
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The T403 400 kV/110kV transformer was connected to the affected busbar of the Krasikov 400 kV substation. Therefore,
the 110KkV area connected to this transformer was without voltage after the incident.
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Figure 4.7: Load restoration of the T403KRA 400 kV/110 kV transformer
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Figure 4.8: Load restoration of the T&01TYN and T403TYN 400 kV/110 kV transformers
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Figure 4.9: Load restoration of the T403CST 400 kV/110 kV transformer
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Figure 4.10: Load restoration of the T201CST 220 kV/110KkV transformer
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Figure 4.11: Load restoration of the T201MAL and T202MAL 220 kV/110 kV transformers
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Figure 4.12: Load restoration of the T401CHD and T403CHD 400 kV/110kV transformers
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Figure 4.13: Load restoration of the T&401VYS 400 kV/110 kV transformer
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Figure 4.14: Load restoration of the T402CHT 400 kV/110 kV transformer
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Figure 4.15: Load restoration of the T402BAB and T403BAB 400 kV/110 kV transformers
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Figure 4.16: Load restoration of the T401BEZ 400 kV/110 kV transformer
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Figure 4.17: Load restoration of the T401REP, T403REP, and T404REP 400 kV/110 kV transformers
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Figure 4.18: Load restoration of the T401VER 400 kV/110KkV transformer
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Opocinek

The DSO restored the load in the Neznasov area by connecting to the 220kV/110kV transformer at the Opocinek
substation.
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Figure 4.19: Load restoration of the T2020P0 220 kV/110 kV transformer

4.5 End ofrestoration

At 17:35, the dispatcher received information from DSOs about the complete restoration of the load.
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4.6 Balancing during restoration

Balancing bid volumes on 4 July 2025 in the Czech Republic LFC area:

» aFRR+: 264 MW CEPS dimensioning in the positive direction was 962 MW.
» aFRR=: 236 MW Overall, CEPS had 943 MW of available bid;, reﬂe'ct?ng

. a lower volume due to an outage of a unit providing
» MFRR+: 476 MW mFRR5 (30 MW). The outage was not related to the
» MFRR-: 78 MW incident.

» MFRR; (specific product): 203 MW In the negative direction, dimensioning was 301 MW.

Available bids in the negative direction were 312 MW.
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Figure 4.20: Balancing activities during the event and restoration process

» After line V411 tripping (11:51): » LFC remained operational in normal state (P/f) and
connected to MARI and PICASSO.

» CEPS maintained a connection to the MARI and
PICASSO platforms:

> The Czech Republic LFC area was in deficit following
the loss of generation.

> All aFRR+ in CZ was activated.
> About 500 MW aFRR+ demand was not met. > 2,578 MWh aFRR- imported (mainly from Germany).

. > 556 MWh mFRR- imported (mainly from Belgium).
» After the loss of the island (11:59):

> The Czech Republic LFC area was in surplus following
the loss of demand.

> Peak balancing energy demand was 1,520 MW.

> All demand was covered by aFRR- and mFRR-.
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MTU Reserve Type Direction Offered (MW) | Avg.activated in CZ(MW)[1] | Avg.imported aFRR (MW) Average CBMP (€/MWh)
04/07/2025 11:45:00 aFRR Up 264.00 516.83 36.67 8,646.86
04/07/2025 11:45:00 aFRR Down 236.00 5.88 0.00 85.00
04/07/2025 12:00:00 aFRR Up 264.00 0.00 0.00 1,992.98
04/07/2025 12:00:00 aFRR Down 228.35 154.71 1,034.12 -1,373.17
04/07/2025 12:15:00 aFRR Up 262.42 0.00 0.00 85.00
04/07/2025 12:15:00 aFRR Down 193.75 251.93 1,124.74 -12,255.68
04/07/2025 12:30:00 aFRR Up 247.09 0.00 0.00 70.00
04/07/2025 12:30:00 aFRR Down 198.17 49.77 1,044.19 -295.04
04/07/2025 12:45:00 aFRR Up 261.12 0.00 0.00 70.00
04/07/2025 12:45:00 aFRR Down 190.73 86.27 791.62 -752.16
04/07/2025 13:00:00 aFRR Up 264.00 0.00 0.00 70.00
04/07/2025 13:00:00 aFRR Down 205.85 93.31 699.66 -552.77
04/07/2025 13:15:00 aFRR Up 263.38 0.00 0.00 70.00
04/07/2025 13:15:00 aFRR Down 201.62 47.51 465.21 -23.53
04/07/2025 13:30:00 aFRR Up 261.65 0.00 0.00 125.00
04/07/2025 13:30:00 aFRR Down 183.63 1.28 365.13 0.24
04/07/2025 13:45:00 aFRR Up 262.63 0.03 0.00 36.50
04/07/2025 13:45:00 aFRR Down 210.39 20.71 368.70 -27.21
04/07/2025 14:00:00 aFRR Up 261.10 0.58 0.00 105.20
04/07/2025 14:00:00 aFRR Down 200.68 0.00 188.66 54.37
04/07/2025 14:15:00 aFRR Up 262.38 1.04 0.00 86.74
04/07/2025 14:15:00 aFRR Down 209.64 0.00 156.46 37.37
04/07/2025 14:30:00 aFRR Up 260.72 0.81 0.00 98.57
04/07/2025 14:30:00 aFRR Down 198.07 0.00 262.78 4291
04/07/2025 14:45:00 aFRR Up 260.37 0.00 0.00 93.71
04/07/2025 14:45:00 aFRR Down 195.60 0.03 340.26 34.27
04/07/2025 15:00:00 aFRR Up 259.83 0.00 0.00 103.15
04/07/2025 15:00:00 aFRR Down 189.75 0.04 189.18 51.05
04/07/2025 15:15:00 aFRR Up 259.00 0.00 0.00 107.97
04/07/2025 15:15:00 aFRR Down 186.00 0.40 178.78 55.68

Table 4.1: Aggregated aFRR results
Note. [1] Including netting.
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MTU Reserve Type Direction | Offered (MW) Activated in CZ (MW) mFRR imported (MW) (BMP (€/MWh)
04/07/2025 11:45:00 mFRR up 706.00 0.00 0.00 N/A
04/07/2025 11:45:00 mFRR Down 78.00 0.00 0.00 N/A
04/07/2025 12:00:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 12:00:00 mFRR Down 78.00 0.00 0.00 N/A
04/07/2025 12:15:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 12:15:00 mFRR Down 78.00 0.00 0.00 N/A
04/07/2025 12:30:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 12:30:00 mFRR Down 78.00 0.00 0.00 N/A
04/07/2025 12:45:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 12:45:00 mFRR Down 78.00 62.00 36.80 -424.12
04/07/2025 13:00:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 13:00:00 mFRR Down 78.00 53.00 138.00 -250.00
04/07/2025 13:15:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 13:15:00 mFRR Down 78.00 69.00 147.00 -916.88
04/07/2025 13:30:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 13:30:00 mFRR Down 78.00 71.00 331.00 -2,000.00
04/07/2025 13:45:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 13:45:00 mFRR Down 78.00 71.00 318.00 -1,999.00
04/07/2025 14:00:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 14:00:00 mFRR Down 78.00 59.00 288.00 -934.99
04/07/2025 14:15:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 14:15:00 mFRR Down 78.00 59.00 296.00 -450.00
04/07/2025 14:30:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 14:30:00 mFRR Down 78.00 49.00 241.00 -427.96
04/07/2025 14:45:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 14:45:00 mFRR Down 78.00 52.00 151.00 -250.00
04/07/2025 15:00:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 15:00:00 mFRR Down 78.00 43.00 98.00 -350.00
04/07/2025 15:15:00 mFRR Up 706.00 0.00 0.00 N/A
04/07/2025 15:15:00 mFRR Down 78.00 52.00 57.00 -150.47
Table 4.2: Aggregated mFRR results
A
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4.7

CEPS suspended market activities in accordance with
the Rules for Suspension and Restoration of Market
Activities.?* During the suspension of market activities, it
was not possible to allocate cross-border capacity for ID
trading, thereby affecting the continuous ID cross-border
trading via SIDC for the trading interval from 13:30 to
24:00 on 4 July 2025. The CEPS control centre performed
a halt of cross-border ID trading via XBID operational
procedures at12:19 on all cross-border profiles, and thus
the actual affected trading intervals were from 13:30.

In the context of the suspension of market activities,
CEPS decided to stop the allocation of cross-border ID
trading capacity in accordance with Article 35(2) of the
NCER. CEPS assessed that the continuation of this market
activity would significantly reduce the effectiveness of
the restoration process to a normal or alert state, as it
was unclear whether CEPS would be able to provide the
agreed cross-border exchanges.

The suspension of market activities during the 13:30
to 24:00 trading interval on 4 July 2025 had a positive
impact on the management of the Czech Republic's
transmission system during the incident analysed. As a
result of this measure, there was no change in the trading
balance during the analysed incident, and the CEPS
control centre could thus better leverage the predictable
state of the electricity system to more effectively stop the
fault's propagation and restore the system faster.

The suspension of cross-border trading also affected ID
trading for the following day (5 July 2025), namely by
suspending cross-border trading in the SIDC continuous
trading (until 22:28 on 4 July), as well as in the IDA 1
(organised on 4 July at 15:00) and IDA 2 (organised
on 4 July at 22:00) for all trading slots on 5 July 2025,
where zero cross-border capacity was offered for these
auctions.

However, the aforementioned suspension of cross-
border trading under IDA 1 and IDA 2 had only a limited
impact on electricity market participants. Cross-border
trading was subsequently allowed under the down-
stream ID continuous trading and under IDA3.

Market suspension and restoration

Subsequently, a state of emergency was declared for
the entire territory of the Czech Republic at 15:45, with
retroactive effect from 12:00, in accordance with § 54 of
Act No. 458/2000 Coll. This led to the non-functionality
of the marketplace and the inability to register execu-
tion diagrams, thereby implicitly suspending market
activities, offering the possibility of ensuring a balanced
trading position by the clearing entity and ensuring
adjustments to the clearing entity's trading position. In
such a case, the market operator clears imbalances for
each assessmentintervalin a special regime pursuantto
Article 31(1) of Decree No 408/2015 Coll. of the Electricity
Market Rules. The agreed quantities of electricity in this
regime shall be deemed to be zero pursuant to para-
graph 2 of the same decree. Therefore, the impact of
the suspension of market activities on market partici-
pants was non-existent, as the allocation results for the
interval were assessed in accordance with Article 31(2)
of the decree, regardless of the suspension.

Immediately after the suspension of market activities,
CEPS initiated the communication procedure in line
with Article 38 of the NCER. As it was not possible to
make the notification and other updates related to the
suspension of market activities on the CEPS website, CEPS
informed all affected entities through the Crisis Commu-
nication System (SKK) in accordance with Article 38(4)
of the NCER. CEPS sent the following message via the
SKK to the affected entities by SMS and email at 15:55:
"CEPS 04.07.2025 12:00 informs about the suspension
of market activities in accordance with Article 35 of
Commission Requlation (EU) 2017/2196. Estimated
duration is 8 hours".

21  Available from https://www.CEPS.cz/cs/nc-er
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Neighbouring TSOs and all nominated electricity market
operators were informed of the suspension of the
allocation of cross-border capacity for ID trading through
the XBID_JOINT_OTH_02 - Internal and External Commu-
nications common communication procedure.?

At 20:00, CEPS informed about the postponement of
the expected end of the emergency state to 22:00, thus
providing an update on the transmission restoration
process in accordance with Article 38(2)(d) NCER.
Subsequently, at 22:28, it informed via SKK about the
end of the suspension of market activities, and at 22:30,
itinformed about the end of the emergency state with
effect from 5 July 2025 at 00:00.

e

TV

2

AT AT

=

v/

BADEE ONE,

ST VY

&

A X

o A

Neighbouring TSOs and all nominated electricity market
operators were informed about the restoration of the
allocation of cross-border capacity for ID trading effec-
tive for trading intervals from 5 July 2025 at 00:00 via
the XBID_JOINT_OTH_02 - Internal and External Commu-
nications common communication procedure. This was
in line with Article 38(3)(f) NCER to notify the TSO that
the transmission system had been returned to a normal
or alert state.

22 Available from https://www.nemo-committee.eu/continuous

88 // Grid Incidentin Czech Republicon 4 July 2025 // Final Report


https://www.nemo-committee.eu/continuous

5 REGIONAL COORDINATION

PROCESSES

There are five RCCs and one regional security coordinator (RSC) established in
Europe. The RCCs are Baltic RCC, TSCNET, SEleNe CC, Coreso and Nordic RCC, and the
RSCis SCC. They are tasked with carrying out the operational planning tasks defined
in the Requlation (EU) 2019/943 of the European Parliament and of the Council of
5June 2019 on the internal market for electricity. Pan-European tasks are provided
jointly or on a rotational basis. Regional tasks for the Central Europe System Opera-
tion Region are provided by TSCNET or in cooperation with Coreso.

None of the RCC tasks identified a specific security risk for the Czech transmission system for
the relevant hours on 4 July 2025, and the grid was considered N-1 secure:

» The STA assessment validates whether the reliably

>

~~

available generation capacity is sufficient to meet the
expected consumption, considering both upward and
downward requlation needs. The calculation is
performed daily for the upcoming seven days. CEPS
participates in the cross-regional STA process, where
all TSOs are required to submit input data daily. The
process is executed automatically and monitored by
the RCCs in rotation. In addition, a regional STA
process may be triggered if the deterministic calcula-
tion indicates a potential adequacy issue for the
upcoming three days. Such situations are rare.

In the days leading up to the incident, no regional STA
process was triggered, and the cross-regional process
did not identify any adequacy issues in the Czech
Republic for the day of the incident.

The outage planning coordination (OPC) ensures
information exchange among all Central European
TSOs on a yearly, monthly, and weekly basis regarding
planned outages. Additionally, RCCs assess the
compatibility of the different outage plans.

All CEPS elements in coordination that were switched
off on 4 July 2025 were included in the shared unavail-
ability plans and were agreed by the partners. In
addition, CEPS also informed the partners about the
outage of grid elements that are not coordinated but
might hold interest to other TSOs. These disconnections
are shared only with each other and are not mutually
agreed upon.

» Both DA and ID coordinated capacity calculation (CCC)

processes were successfully completed for the day of
the incident. Required input data for CCC processes
was complete and valid. The DA and ID CCC processes
were completed, and the results were delivered for 4
July 2025 before the incident. Thus, the CCC processes
executed for 4 July 2025 were not affected by the
incident.

Despite the incident occurring concurrently with
the initiation of the DACC process for 6 July 2025, the
designed execution of the CCC process remained intact.
The successful completion of the DA CCC process for
6 July 2025 confirms that no disruptive impact was
experienced on the DA CCC process.

The processes of ID capacity calculations for 5 July
2025 at 15:00 and 22:00 were not affected by the
incident. All potential risks associated with cross-
zonal capacity allocation during the incident period
(including auctions for 5 July 2025) were addressed by
suspending ID trading for multiple MTUs in the Czech
Republic bidding zone in line with the applicable
requirements set out in Article 35 NCER.
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1 // CEPS contributes to the regional two-day-ahead,
one-day-ahead and ID processes by providing
IGMs in the UCTE data exchange format. All these
models were submitted to RCCs on time and in the
required quality, and all necessary calculations were
performed including them.

2 // The legacy security analysis on the DACF and IDCF

models was carried out successfully. At the end of the
TSCNET's DACF process, the participating TSOs consider
the grid N-1 secure, and the congestion-free model
criterion is met if the N-1 loading is below 103 %
for tie lines and below 120 % for internal elements.
This was the case for all Czech lines after corrective
measures were implemented. Detected congestions
for the 400/220kV transformers at the Hradec and
Cechy Stfed substations were either within the
transitory admissible thermal limits (temporarily
tolerable) and resolvable through curative
measures. Hence, the Czech grid was considered
N-1 secure. No unusual differences were observed
between the cross-border flows in the DACF and IDCF
models and the flows in real time. The results of the
CEPS local security analysis conducted in real time
before the incident were fairly consistent with those
from the regional processes. This, together with the
detailed results, is available in Chapter 2.

The coordinated security analysis based on the
pan-European Common Grid Model (CGM) in the
CGMES format is not yet live.

A CGM Action Plan has been in place since April
2024 to enhance CGM creation in CGMES format and
data quality, building on earlier efforts to resolve
persistent issues with IGM validation and inclusion.

3 // Forallregional security analyses performed, the loss

of line V411 with additional loss of generation was
not considered as an ordinary contingency in line
with CSAm Art. 7. Only the loss of line V411 alone
was considered. Line V208, which was overloaded
during the incident, was not considered a cross-
border relevant network element (XNE) under CSAm
Art. 15 and was not considered for the OPCand CCC
processes. It was, however, considered during the
DACF and IDCF processes, which confirmed the N-1
security even for this internal element.

4 // Additionally, there are other RCC tasks®® under EU

Regulation 2019/943 in operation that contribute
to grid security. However, they are more long-term
and less connected with the specificincident.

23

The other tasks are supporting the consistency assessment of TSOs' defence plans and restoration plans (Art. 37(1)(d)), training and certification of staff
(Art. 37(1)(g)), regional incident analysis and reporting (Art. 37(1)(i)), identifying regional crisis scenarios (Art. 37(1)(m)) and calculating maximum entry
capacity (Art. 37(1)(0)). More details about the RCC tasks in operation are available in the annual Central Europe SOR Report from TSCNET and Coreso.

A
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6 ANALYSIS OF RELEVANT FACTORS

6.1

On4July 2025 at11:51:07,the V411 line failed due to an
unsuccessful reconnection (automatic recloser) in phase
L2. The cause was a phase conductor failure, specifically
a break in one of the cables between towers 35 and 36
near the village of Klicin.

Based on the dispatcher's instructions, a walk-through
inspection was conducted, which precisely localised the
failure and its extent. Subsequently, emergency repairs
were initiated and completed on the same day at 22:23.
The line was handed back to dispatcher control at 23:00.

The repairincluded:

» Removal of the damaged part of the original cable
(installedin 1961)

» Addition of a new cable of the appropriate length
» Installation of two tensile couplings
» Replacement of damaged spacers

The cause of the wire breakage was identified as a
mechanical failure. The failure occurred at the tension
coupling, which was installed during an emergency
repair at the beginning of December 2024.

After the repair in 2024, the dismantled wire sample
was sent to the Klokner Institute of the Czech Technical
University for expert examination. The test results
confirmed that the tested rope met the tensile strength
requirements, to the extent corresponding to a new
wire; however, the results applied for the wire itself and
were not necessarily applicable to the tensile coupling.

The repairin 2024 (as well as the repairin July 2025 after
the incident) was carried out by renowned companies
with many years of experience in the field of construc-
tion, reconstruction and restoration of lines.

Analysis of technical reasons for the V411 disconnection

After the July 2025 failure, a sample of the rope was
requested and submitted to the Czech Police for exam-
ination. When CEPS received the examined material
back, specifically the ends of the broken metal conductor
equipped with a tensile coupling, it submitted it for
further expert examination to a certified laboratory.

The Klokner Institute of the Czech Technical University
concluded that the tensile coupling showed an insuf-
ficiently tight connection. The mechanical connection
of the steel core of the rope was properly tight, but the
connection of the aluminium part of the conductor was
insufficiently tight, resulting in higher contact resistance.
The heat generated by the electrical current affected the
mechanical properties of the steel core during operation,
which subsequently caused the rope to break and the
conductor to fall.

Following the event on 4 July 2025, an extraordinary
aerial thermal imaging inspection of the V411 line was
conducted. Further defects were detected and were
eliminated at the nearest planned line outage.
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Figure 6.1: Photo of the tensile coupling

6.2

Following the tripping of line V411, a significant amount
of generation was lost in the Czech system, mainly in the
affected area, despite operational parameters - namely
voltage and frequency - returning to normal values.

In the minutes following the tripping of V411, the
decrease in generation in the affected area continued
and distribution-connected generation, disconnected
mostly by voltage and frequency protections.

Figure 6.2: Photo of the end of the conductor

Analysis of the impact of distributed generation

This chapter discusses the disconnection of generation in
detail. Unfortunately, the causes of some of the distrib-
uted generation disconnection remain unknown due to
missing data. The same applies to a residual imbalance
(i.e. imbalance after deduction of known generation
loss) of the system occurring after the tripping of V411,
which could not have been attributed to either genera-
tion of load behaviour.
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6.2.1 Behaviour of photovoltaic generation

When analysing the behaviour of renewable resources during the fault, it was possible to trace the outage of the PV
resources in connection with the one pole unsuccessful auto recloser on the V411 line.

Type Pinst (MW) | Connection date Time of tripping Protection that tripped PGM P (MW) P (MW) P (MW)

11:51 11:51:15 11:51:30
PV 5.997 | 12/27/2010 11:51:06 AM frequency 1.015 0.891 0.891
PV 4.455 | 7/13/2010 11:51:06 AM voltage 3.519 2.552 2.552
PV 4.301 | 12/17/2010 11:51:10 AM voltage 0.853 0 0
PV 55.763 | 12/20/2010 11:51:05 AM voltage 32.369 0 0
PV 4.387 | 12/22/2010 11:51:05 AM voltage 3.412 0 0
PV 4.99536 | 12/2/2010 11:51:06 AM voltage 4.544 0.003 0.003
PV 2.00304 | 11/2/2010 11:51:10 AM voltage 1.019 0.354 0.354
PV 0.714 | 12/31/2009 11:51:06 AM frequency 0.18 0 0
PV 3.901 | 12/21/2010 11:51:06 AM frequency 3.304 2.159 2.159
PV 0.866 | 2/19/2010 11:51:10 AM voltage 0.714 0 0
PV 0.829 | 2/19/2010 11:51:10 AM voltage 0.677 0 0
PV 1| 2/19/2010 11:51:10 AM voltage 0.691 0 0
PV 0.987 | 2/19/2010 11:51:10 AM voltage 0.815 0 0
PV 0.506 | 11/10/2010 11:51:06 AM voltage 0.151 0 0
PV 1.225 | 7/7/2010 11:51:06 AM voltage 0.904 0.593 0.593
PV 1.998 | 12/1/2010 11:51:09 AM voltage 0.62 0 0
PV 0.245 | 12/17/2010 11:51:06 AM voltage 0.083 0 0
PV 0.159 | 9/10/2010 11:51:06 AM voltage 0.113 0 0
PV 0.199 | 10/1/2010 11:51:10 AM voltage 0.157 0 0
PV 4.2636 | 9/20/2024 11:51:21 AM voltage 2.68 0 0
PV 0.547 | 11/12/2010 11:51:06 AM voltage 0.356 0 0
PV 0.1928 | 3/20/2025 11:51:17 AM voltage 0.061 0 0
PV 0.55 | 5/12/2009 11:51:07 AM voltage 0.444 0.276 0.276
PV 0.23 | 12/23/2009 11:51:08 AM voltage 0.128 0.003 0.003
PV 1.974 | 12/27/2010 11:51:06 AM voltage 1.22 0.285 0.285
PV 1.0692 | 9/22/2010 11:51:06 AM frequency 0.22 0.114 0.114
PV 0.503 | 12/9/2009 11:51:08 AM voltage 0.124 0.07 0.07
PV 0.2 | 12/9/2010 11:51:06 AM voltage 0.159 0 0
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Type Pinst (MW) | Connection date Time of tripping Protection that tripped PGM P (MW) P (MW) P (MW)
11:51 11:51:15 11:51:30

PV 0.772 | 12/23/2009 11:51:07 AM voltage 0.627 0.092 0.092
PV 0.397 | 9/16/2009 11:51:08 AM voltage 0.059 0 0
PV 0.13107 | 11/22/2010 11:51:06 AM voltage 0.034 0 0
PV 2 | 12/23/2010 11:51:06 AM voltage 0.564 0.077 0.077
PV 0.299 | 12/31/2012 11:51:07 AM voltage 0.209 0.175 0.175
PV 0.155625 | 11/11/2013 11:51:07 AM voltage 0.03 0.007 0.007
PV 0.402 | 12/15/2008 11:51:08 AM voltage 0.34 0.207 0.207
PV 1.184 | 11/23/2010 11:51:08 AM voltage 0.755 0.222 0.222
PV 0.845 | 11/18/2010 11:51:08 AM voltage 0.538 0.014 0.014
PV 0.48 | 12/27/2010 11:51:09 AM voltage 0.428 0 0
PV 0.5 | 12/27/2010 11:51:06 AM voltage 0.251 0 0
PV 1.311 | 11/26/2010 11:51:08 AM voltage 0.853 0.022 0.022
PV 0.135 | 8/10/2009 11:51:07 AM voltage 0.089 0 0
PV 0.149 | 11/16/2010 11:51:06 AM voltage 0.143 0.084 0.084
PV 0.207 | 12/6/2010 11:51:07 AM voltage 0.128 0 0
PV 0.5 | 12/6/2010 11:51:06 AM voltage 0.4 0.212 0.212
PV 0.5 | 9/16/2010 11:51:07 AM voltage 0.086 0 0
PV 1.19784 | 12/6/2010 11:51:06 AM voltage 0.557 0.005 0.005
PV 1.499 | 11/15/2010 11:51:08 AM voltage 0.16 0.043 0.043
PV 0.144 | 11/22/2012 11:51:06 AM voltage 0.023 0 0
PV 0.2 | 12/21/2010 11:51:06 AM voltage 0.15 0 0
PV 0.108 | 12/6/2010 11:51:06 AM voltage 0.098 0 0
PV 2.969 | 12/22/2010 11:51:06 AM voltage 0.519 0 0
PV 1.3464 | 12/8/2009 11:51:07 AM voltage 1.083 0.609 0.609
PV 0.165 | 11/11/2010 11:51:08 AM voltage 0.096 0.013 0.013
PV 4.403 | 12/7/2010 11:51:11 AM voltage 0.831 0.009 0.009
126.059935 69.583 9.091 9.091

Table 6.1: Behaviour of PV after unsuccessful auto reclosure of V411
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Most PV sources were put into operation at a time when “the Rules for the Operation of Distribution Systems” from
12/2008 were in force, which state the following (translation from the Czech binding original courtesy of CEPS):

» The Rules for the Operation of Distribution Systems
from 12/2008 were based on the German Transmis-
sion Code 2007 and were valid for

> for renewable generation connected to the 110kV
grid and

> power >15MW
» These rules state the following:

>"(5) In the event of network faults outside the
protected zone of the generating plant, disconnec-
tion from the network is not permitted. A contri-
bution to the short-circuit current must be
supplied to the network for the duration of the
fault.[...]

> (6) If the voltage at the connection point drops
below 85 % of the reference voltage (e.g. 110kV x
0.85 = 93.5kV) and remains so while reactive
power is being drawn from the network at the
connection point (under excited operation), the
generating plant must be disconnected from the
network with a time delay of 0.5s. The voltage
value refers to the largest of the three phase-to-
phase voltages.

> (7) When the voltage on the lower voltage side of

each source transformer drops and remains at or
below 80 % of the lower limit of the voltage range
(e.g.690Vx 0.8 =525V), one quarter of the genera-
tors must be disconnected from the grid in 1.5, the
otherin1.8s,in2.1sandin 2.4s.The voltage value
refers to the largest of the three phase-to-phase
voltages. [...]

> (13) Three-pole short circuits or symmetrical voltage

drops during faults must not lead to instability or
disconnection of the generating plant from the
network above limit 1.

> (14) Inside the hatched area and above limit 2: All

generating plants must overcome the fault - pass
through without disconnecting from the grid. Ifa
generating plant cannot, due to the concept of
connection (devices including generators) to the
grid, meet this condition without disconnecting
from the grid, it is allowed in agreement with the
network operator, this limit can be shifted while
simultaneously shortening the resynchronisation
time and ensuring a minimum reactive current
supply inthe event of a fault.

> (15) Below limit 2, short-term disconnection of the

generating plant from the grid is always permitted.

[...]"
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phase-to-phase voltages U/UN 1 2 voltage range
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Figure 6.3: Voltage limits at the connection point for a renewable power plant during a grid fault
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According to the information provided, these rules are related to single PV in the affected area.

Type Pinst(MW) | Connection date Time of tripping Protection that tripped PGM P (Mw) P (Mw) P (Mw)
11:51 11:51:15 11:51:30
PV 55.763 12/20/2010 11:51:05 AM voltage 32.369 0 0

Table 6.2: PV unit subject to “the Rules for the Operation of Distribution Systems” from 12/2008

During the initial incident, this PV was connected to the
substation 110 kV which was supplied by transformer

TS/110 kVT401BEZ.
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ments from the quality meters on the 110kV side of the

WAV

AAAAAAAAAAA

T401BEZ transformer were used.

AAAAAAAAAAAAAAYY

L

IALALL

JETAARRERRRRARRIRRARRARE

g LA ARAARMANCYCORRORATAUER AL
AR
 oprroer [l Iy Y ey
o HLLLA RSN IR AL DAL LR AL AL
= wa ORI A A AT VU YT
N bttt R VAV W\v dk MMAMAMAMAMAMAAM
R T
A
\2

96 // GridIncidentin Czech Republicon 4 July 2025 // Final Report


https://www.cezdistribuce.cz/file/edee/dist/fileotherexport/distribuce/energeticka-legislativa/ppds/2009/ppds_priloha_4_2009.pdf

100 /\/\/\/\/\/\/\A/\/\

0 )

U (kv)

M

100 AAA AR A A NP Y VO

oo PP L et A O PR TP A
o JUAUELLAULAL AR LA AR LA AR AL
= aso LUV COR TV A SRR O U TRV
oo (LS A A L A AL ARARARA A

Figure 6.5: Measurements from the quality meters on the 110 kV side of the T401BEZ transformer until 3 phase tripped

This measurement shows that on the 110kV side of the
T401BEZ transformer, the voltage in none of the three
phases dropped below 100kV during the entire fault
period (i.e. during the initial one pole short circuit,
during the single-pole auto-recloser or during the switch
to the fault).

Specifically, the following ones:

Since the measurement location is physically closer to
the location of the initial fault itself, it can be evaluated
thatthe voltage drop observed at the connection point of
the PV did not exceed FRT limits.

As far as PV resources fall under the RfG rules, only
4.4564 MW of the total installed capacity of the PV
resources fall under this category (according to the date
of commissioning).

D Type Pinst (MW) Category Connection date Time of tripping | Protection that tripped PGM P (MW) P (MW) P (MW)

11:51 11:51:15 11:51:30
A PV 4.2636 B2 9/20/2024 11:51:21 AM voltage 2.68 0 0
B PV 0.1928 Bl 3/20/2025 11:51:17AM voltage 0.061 0 0

Table 6.3: PV units subject to RfG requirements
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According to the date of commissioning, the PV power plant A falls under the rules for operating distribution systems
from 2/2022, which state the following about the ability to overcome a fault:

t[s] U[p.u.]
0-0.15 0.05
3 0.85

Table 6.4: Fault-ride-through capability parameters for PV unit A
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Figure 6.6: through capability requirements for PV unit A, Band C

During the initial incident, this PV was connected to the
substation 110 kV which was supplied from transformer
TS/110kVT401BEZ during the incident.

The accurate measurements from the quality meters on
the 110kV side of the T401BEZ transformer, same as for
above mentioned PV power plant A, shows that on the
110kV side of the T401BEZ transformer, the voltage in
none of the three phases dropped below 100kV during
the entire fault period (i.e. during the initial one pole
short circuit, during the single-pole auto-recloser or
during the switch to the fault).

Since the measurement location is physically closer to
the location of the initial fault itself, it can be evaluated
that the voltage drop observed at the connection point
of PV A did not exceed FRT limits.

According to the date of commissioning, the PV power
plant B falls under the rules for operating distribution
systems from 2025, which state the following about the
ability to overcome a fault:

t[s] U[p.u.]
0-0.15 0.05
3 0.85

Table 6.5: Fault-ride-through capability parameters for PV unit B
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During the initial incident, this PV was connected tothe  the 110kVside of the T403CST transformer, the voltage in
substation 110 kV which was probably supplied by trans- none of the three phases dropped below 100kV during
former TS/110kV T403CST during the incident. the entire fault period (i.e. during the initial one pole

short circuit, during the single-pole auto-recloser, or

The accurate measurements from the quality meters on during the switch to the fault).

the 110kV side of the T403CST transformer show that, on
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Figure 6.8: Measurements from the quality meters on the 110 kV side of the T403CST transformer at the beginning of the short circuit
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Figure 6.9: Measurements from the quality meters on the 110 kV side of the T403CST transformer until 3 phases tripped

Since the measurement location is physically closer to
the location of the initial fault itself, it can be evaluated
that the voltage drop observed at the connection point
of PV B did not exceed FRT limits.

From the above analyses, the Expert Panel concluded
that the disconnection of 35 MW PV power plants
diverged from the applicable requirements at the time of
their commissioning - specifically, these plants, subject
to the FRT requirement did not ride through the fault as
intended.

Regarding the disconnections of 95 MW RES with no
requirement for fault-ride through capability the Expert
Panel did not conclude whether or not the disconnec-
tions diverged from the applicable requirements. There
was no requirement that they ride through a fault. While

an assessment perindividual plant was not performed, it
isto note that based on measurements on the secondary
side of three transmission-distribution transformers, the
voltage in the 110kV side did not exceed the voltage
range for continuous operation 110kV + 10 % in these
points of the grid.

With regards to the 5 MW of RES that disconnected due to
frequency protections, the Expert Panel concluded that
these disconnections did not diverge from the applicable
requirements.

Allin all, around 135 MW of distributed RES generation
disconnected in the affected area and added to its gener-
ation deficit.
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6.3

Island operation capability as the ancillary service

This chapter provides a more detailed description of the IOCM of the units.

6.3.1

The 10 capability provides support during emergency
or critical system conditions in the power system. Its
primary goal is to ensure that selected grid areas remain
operational even when disconnected from the rest of the
transmission system.

6.3.2

Definition and purpose of the service

By enabling autonomous operation of an isolated
section, the service helps maintain supply to essential
loads, supports system restoration procedures and
enhances overall grid resilience. Since the service is
based on transitioning to proportional (droop) speed
control mode, it allows the unit to operate evenin a
parallel-connected area regardless of whether a true
topological island is formed.

Technical and operational requirements for 10 capability

The requirements for providing 10 capability are divided into four principal areas:

A // Transition to I0CM (droop speed control mode)

B // Operation in I0CM (droop speed control mode)

A // Transition to IOCM

C//Reconnection of the island to the rest of the grid
(transition from IOCM back to normal control mode)

D // Availability and verification of the service

The transition from normal parallel operation to IOCM involves a sudden change in system frequency and an imbal-
ance of active and reactive power. The generating unit must be capable of ensuring a stable and automatic transition

according to the following conditions:

» The unit's control system shall automatically switch to
droop speed control mode suitable for 10 conditions.

» Any participation in the automatic frequency restora-
tion reserve (aFRR) or other remote active power
control must be temporarily disconnected.

» The unit must also allow remote control via the CEPS
regulator designed for 10, which controls units
operating in droop speed control mode.

» The generating unit must ensure stable adjustment of
rotational speed to the new island frequency.

» In the case of significant system separation, the unit
must be capable of self-supply operation (operation
on house-load) or complete disconnection from the
external grid if frequency deviations exceed the
allowed limits.

» The transition is to be automatically detected by a
frequency relay, following the prescribed frequency
plan (below 49.8 Hz or above 50.2 Hz). The transition
from normal operation to I0CM must be carried out
with a maximum delay of 1 s (including frequency
deviation evaluation by the frequency relay and
switching of the unit's control scheme). No minimum
delay is specified.
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B // Operation in IOCM

During 10, the generating unit must ensure stable, coordinated operation within the isolated system segment and
autonomously regulate active and reactive power output in response to system frequency and voltage variations.

Key functional requirements include the following: where:

» The unit shall be capable of stable parallel coopera- » S - governor droop (recommended range: 4-8%,
tion with other generating units forming the island. allowed range: 4-10%);

» The response of active and reactive power to changes » Po - power output of the generating module prior to
in frequency and voltage must remain adequate and transition to island mode, or the value corresponding
stable, even under non-nominal conditions. to the base position of the requlating elements (e.q.

control valves for steam turbines, fuel controller for
gas turbines or guide vanes/runner blades for hydro
turbines), provided that the operator has adjusted the

» The unit's active power output in steady-state
conditions shall follow the idealised dependency of
turbine power Pid on frequency deviation Af, as given

by: output upon TSO dispatcher request.
P = Po- 100 P, Af The unit must be capable of autonomous regulation
S fu of frequency, voltage and load changes, without

relying on external control loops, unlike during regular
interconnected operation.

C // Reconnection of the island to the transmission system

For safe synchronisation and reintegration of the island with the rest of the grid, the generating unit must meet the
following operational criteria:

» Maintain stable 10 for at least 2 h. » If synchronisation occurs at a transmission substation,

» Smoothly adjust and regulate the island frequency as the generating unit must be capable of energising the

instructed by the TS0 dispatcher to achieve synchro- busbar and maintaining stable voltage control during
nous conditions. synchronisation.

D // Availability and service monitoring
The 10 service provider must ensure continuous readiness and compliance with certification requirements:

» Periodic certification tests must be conducted to » During operation, the following parameters shall be
demonstrate the unit's capability to perform 10 in continuously monitored and recorded:

accordance with the prescribed parameters. > Switching of control modes

» The provider must allow on-site inspections by the (transition to/from 10CM)
TSO to verify technical preparedness and control 5 10CM status
system configuration.
> Frequency measurements
> Confirmation of remote-control commands

> Other relevant telemetry signals required by the TSO
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6.3.3

The generating unit operator must demonstrate both
technical and control system readiness for 10 operation
through a set of prescribed verification tests. Certification
measurements are conducted once every five years (for
units providing black start capability simultaneously, this
period can be shortened to three years).

10-An test

Testing and verification of 10 capability

The certification test comprises the 10-An test (by simu-
lating rotational speed) and I0-transition to house-load
operation (the so-called shutdown test).

This test is carried out on a generating unit synchronised with the power system. The frequency entering the 10
controller from the power system essentially does not differ from the standard 50 Hz frequency. The rotational speed
simulation test consists of several partial measurements and sub-tests. These are used to verify the generating unit's
response to various types of fluctuations in real 10, as well as the correct functionality of the designed 10 system.

1 // Transition to IOCM

The purpose of the test is to verify the unit's behaviour
during the transition to I0CM. Since the frequency of
the power system at the moment of transition to 10 is
practically nominal (50 Hz), the switch to |0 should occur
with no power impact. Any current deviation of the ES
frequency from the nominal value might result in a
corresponding power jump of the unit.

Depending on the unit's current capabilities, the transi-
tionto 10 should be tested at least at two different power
levels of the generating unit using a simulated islanding
signal. Itisrecommended that one of the tested levels be
the generating unit's nominal power level.

2 // Simulated step changes in rotational speed

The purpose of the test is to verify the behaviour of the
generating unit during step changes in the droop speed
controller's setpoint frequency (rotational speed). In this
mode, the generating unit does not operate in closed-
loop power control. Changes in the rotational speed
setpoint result in adjustments to the opening of the unit
control valves. The unit output is influenced not only by
changes in the speed setpoint but also by other external
factors (e.qg. instantaneous steam inlet conditions, power
system frequency fluctuations, etc.).

The generating unit is typically loaded with step signals
for rotational speed changes at the upper, middle and
lower values of the agreed power range for testing the
unit's 10 to make the test as representative as possible.

3 // Simulated continuous changes in rotational
speed

The purpose of the test is to verify the correct behaviour
of the unit's bypass stations, the available reserve for
instantaneous active power changes across the entire
10 control range and the correctness and functionality of
the applied I0CM algorithm.

This test represents a comprehensive examination of the
generating unit's behaviour across its full power range. It
begins with a step change in rotational speed, followed
by a linear continuous change until the upper or lower
active power limit of the generating unit is reached.

4 // Switching the generating unit to the normal
control structure

The purpose of the test is to verify the unit's behaviour
during the transition from IOCM to the generating unit's
normal operating mode.

The transition from I0CM is tested at least at two different
power levels of the generating unit. The transition
should be smooth and stable, without significant or
abrupt changes in the unit's active power output.
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10-transition to house-load operation test

This is a disconnection test (or so-called shutdown test) in which the generating unit, previously automatically
switched to droop speed control mode during the test, is shut down from its nominal active power level and transi-
tions to the minimum load level defined by the unit's house load. The test itself comprises several sub-measurements:

1 // Disconnection test from nominal active power to the
unit's house-load level.

2 // Operation at house-load level and variation of load
caused by switching a large motor on and off.

3 // Synchronisation of the unit operating in I0CM
with the power system at the transmission system
substation.

4 // Transition of the unit to normal operating mode.
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During the test, the unit does not receive information
about the status of the unit evacuation line circuit
breaker at the substation. As a result, it transitions to
house-load operation mode based on the record from
the run-over protection system.




6.4

In 2016, CEPS requested several studies assessing the
impact of changing the I0CM activation band from
200mHz to 500 mHz. It is necessary to emphasise that,
given their date of preparation, the studies were carried
out from the perspective prior to RfG entering into force.

The studies were conducted by certification authori-
ties specialising in the certification of non-frequency
ancillary services, including the 10 capability. A total of
three mutually independent studies were produced by
three companies. At that time, the main motivation for
conducting the studies was the deteriorating frequency
profiles in Continental Europe Synchronous Area and the
higher probability of reaching +200 mHz thresholds.

6.4.1 Studyl

The study contained a description of the IOCM for conven-
tional thermal and hydro power plants. It also included
the basicstructure of the IOCM for selected TTPs. The study
focused on evaluating the impact on conventional TTPs.

The study stated that it would be necessary to modify
the parameters of frequency protection, the IOCM algo-
rithm, and overspeed protection. Due to these changes,
it would be necessary to perform tests and obtain new
certification, which would result in increased economic
costs and greater stress on the technology.

The study analysed the impact on frequency behav-
iour and boiler pressure. The activation threshold of
frequency itself did not result in increased stress on the
technology; however, a longer transition into I0CM and
larger frequency deviations led to greater changes in
boiler pressure, which in turn imposed additional stress
on the boiler.

If the I0CM band was changed to +500 mHz while
keeping the primary control reserve at +200 mHz, it
created a 200-500 mHz band in which no primary control
reserve was available.

Assessment of change in the IOCM band

The studies will be referenced in the text as follows.

» Study 1
» Study 2
» Study 3

The main objective of the studies were to assess the
consequences of this change. Results of the studies was
then presented to CEPS. The conclusion from studies and
companies’ presentations was not to change the I0OCM
band from 200 mHz to 500 mHz, as the advantages were
significantly smaller than disadvantages, costs and risks.

This had a negative impact on the transition into IOCM
and on frequency regulation within the 200-500 mHz
band (forexample, when the grid collapsed into multiple
parts). Alternatively, a new control algorithm would
have had to be implemented to handle the frequency
response within this band.

The financial analysis consisted of the development and
implementation of the algorithm, as well as performing
tests on the unit and the cost of non-delivery of power
caused by these tests. The financial costs were esti-
mated at 1,400,000 CZK (approximately € 58,000) per
unit, assuming that the tests were successful on the first
attempt. The study assumed, for the purposes of the
financial analysis, a reference 200 MW coal-fired unit. The
stated costs corresponded to the 2016 prices.

The main risks associated with these changes concerned
the modification of overspeed protection and the param-
eters in the IOCM. It was necessary to verify whether
the power plant was capable of these modifications.
Exceeding the configured overspeed protection limits
would have resulted in a unit shutdown.
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6.4.2 Study?2

The study contained a description of the IOCM in the
Dukovany and Temelin NPPs. It also focused on eval-
uating the impact of the change on the Dukovany and
Temelin NPPs.

The study described changes in the I0OCM algorithm as
well as in other parts of the power plant control system.
It also noted changes in how NPPs reacted to a “large/
small island”. Adjustments to the frequency relay limits
were also necessary

No significant changes were expected in the process
of switching into I0OCM. The study also supported this
claim with a simulation of the Dukovany power plant
switching into 10CM.

6.4.3 Study3

The study contained a description of the current imple-
mentation of the I0OCM and how it was applied in coal-
fired, nuclear, hydro, and CCGT power plants.

The study assessed the impact from two perspectives. The
first perspective considered the power plant's extended
stay in normal operation (power control mode) up to
+500 mHz. The frequency remained within the normal
operating band, and no issues occurred in this case,
meaning that it stayed within limits considered normal
from the power plant's technological perspective and
did not impose any operational time constraints on the
units.

The second perspective examined the longer transient
states that occurred when the power plant switched
into I0CM. This could have led to overspeed or a larger
frequency drop, depending on the initial power imbal-
ance. It also affected the certification tests, where a large
surplus of power typically occurred during the switch-off
test.

6.4.4 Conclusion

The conclusions of the studies showed that shifting the
IOCM activation band from 200 mHz to 500 mHz would
have more disadvantages than advantages. However,
based also on experience from the incident on 4 July
2025, it appears that dynamic transient phenomena may
occur in the power system that can result in a rapid and
temporary deviation of the measured frequency beyond
the 200 mHz limits, without the frequency deviating
at the global level (i.e. at the level of the synchronous
zone).

In the Dukovany power plant, the study expected greater
overspeed inthe event of a “smallisland”. In the Temelin
power plant, the study expected that a larger frequency
drop could have led to an outage of the main coolant

pump.

The financial analysis consisted of modifications to the
documentation, frequency protection, and the power
plant control system. The cost of these changes was esti-
mated to exceed 500,000 CZK (approximately € 21,000)
per unit at that time. This study, unlike Study 1, did not
include the costs of the change testing itself.

The study did not recommend changing the IOCM band
from 200 mHz to 500 mHz for the Dukovany and Temelin
NPPs.

The study presented a similar view to Study 1. Changing
the I0CM band would have resulted in a 200-500 mHz
band in which no primary control reserve was available.

The frequency relay would have needed adjustment
on all units capable of IOCM, and it would have been
necessary to verify that no conflict arose with the new
frequency limit. It would also have been necessary to
modify the description of the frequency-relay signal,
the basic valve-opening algorithm, and the algorithm
for transitioning from I0CM back to normal operation
(power control mode).

The cost depended heavily on the number of vendors
and the extent of the modifications within the power
plant. The study estimated that the cost per power plant
would have been 600,000 CZK + 200,000 CZK multiplied
by the number of units in the power plant (approxi-
mately € 25,000 + € 8,000 x units). This study also did not
include the costs of the testing itself.

Based on this fact, Expert panel recommends to intro-
duce a certain delay in the operation of frequency
protections. This delay should ensure sufficiently fast
operation in cases of a genuine global frequency devi-
ation or a system split, while at the same time filtering
out fast local transient phenomena in order to prevent
unnecessary operation.
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6.5

The Expert Panel analysed the relevant legislation and
the internal CEPS procedures to understand dispatchers’
actions during the incident.

At the beginning of the situation, with the tripping of
lineV411, dispatchers proceeded in accordance with the
joint operational instructions 020-8 and 028-1, which
define responsibility and competencies between all the
subjects participating in dispatch control of the Czech
grid.

When the line V411 tripped, followed by the outage of
generation, dispatchers were notified by many visual
and sound alarms, especially:

» About the trip of the line (due to activation of the
protection device)

» Unsatisfied aFRR demand (due to the high area
control error)

» Very high aFRR price

» Overloading of the line V208, transformer 7402 in
substation Hradec and busbar couplerin substation
Krasikov

Dispatchers were well informed about the tripping of
lineV411.They initiated their action according to opera-
tional procedure 620-12.

The rapid change in balancing was not considered
as relevant in the first minute due to their inability to
analyse the primary cause of deviation. Based on internal
operational procedure 320-6 and practical training,
dispatchers should find the root cause of the balancing
incident for their next decision on how to balance the
system.

With the overloading of the V208, T402 in substation
Hradec and of the busbar coupler in substation Krasikov
dispatchers checked the maximum ampacity of these
elements. The line V208 is not overloadable at all since
itis equipped with the dynamic rating, the transformer
T402 in substation Hradec can be overloaded upto 120%
for 3 hours. The maximum ampacity of the busbar coupler
in substation Krasikov alarmed in control system is set on
2,000A (the maximum set ampacity for disconnectors),
set point for the overcurrent protection is 2,880A.

Analysis of system defence measures

To decrease the overloading especially of the line V208
dispatchers were trying to find either the topological
measure or the redispatch measure according of the
operational procedure 620-15.They presumed the redis-
patch as not efficient enough due to the slow activation.

After concluding that remedial actions were not suffi-
cient to solve the overloading, they proceeded to the
evaluation of the system defence plan. Specifically, they
considered the following measures (as described in the
operating instructions):

» Activation of the change of generated power by SGU
(Art. 20 NCER)

» Manual disconnection of the overloaded element
(if the fault does not propagate to another location,
especially across the border)

» Limitation plan (Oper. Instr. 827-1)
» Load shedding

Under the circumstances of the strong overloading
(142.9%) and balancing problem and from “dispatchers”
point of view of the non-standard behaviour of the
control system due to the rapid changes in the grid - the
divergent cases in contingency analysis, a limitation on
metering transformer in the 220 kv substation Milin and
the respective visualisation of the metered values on the
line V208 in the control system, dispatchers were aiming
at finding a suitable and efficient topological non-costly
measures and costly measures as the change of gener-
ated power and even the load shedding in the affected
area. The activation of load shedding would require a
declaration of a state of emergency or prevention of a
state of emergency according to Czech law, which would
take tens of minutes during which the situation would
further worsen. None of the other measures were fast
enough either. Increasing active power output of distrib-
uted generation is technically not possible at all.
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6.6
overloaded line

The dispatchers considered that the line V208 passes
through a densely populated area of Prague and its over-
loading poses a risk to the inhabitants. The dispatchers
conducted an online load flow analysis and N-1 calcula-
tion of the impact of switching off V208, and concluded
at that time that the results meant that the disconnec-
tion would have no further consequences of the grid.
However, the disconnection resulted in an overloading
of the busbar coupler in Krasikov, its disconnection, and
the collapse of the island.

Analysis of manual disconnection of the

The ex-post analysis of the Expert Panel shows that
the analyses in fact correctly predicted that the V208
disconnection would result in overloading of the busbar
coupler in the 400 kV substation Krasikov to the protec-
tion limit; however, this effect was not identified at the
time.

The Expert Panelissues a related recommendation R5 on
decision support for control room operators and R9 on
storing the results of online N-1 calculations.
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7/ INCIDENT CLASSIFICATION BASED

ON ICS METHODOLOGY

The ICS methodology was originally developed in accordance with Requlation (EC)
No 714/2009 of the European Parliament and of the Council of 13 July 2009, as
repealed by the Requlation (EU) 2019/943 of the European Parliament and of the
Council of 5 June 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 the Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a
guideline 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 Scale 1 Scale 2 Scale3
Noteworthy incident Significant incident Extensive incident Major incident /1750

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 (LO) #11 | Incidents on load (L1) #2 | Incidentson load (12) #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 (RS0) #16 | Separation from the grid (RS1) #7 | Separation from the grid (RS2)

#25 | Violation of standards on voltage

(ovo)

#17 | Violation of standards on voltage

(ov1)

#8 | Violation of standards on voltage
(ov2)

#26 | Reduction of reserve capacity

(RRCO)

#18 | Reduction of reserve capacity

(RRC1)

#9 | Reduction of reserve capacity
(RRC2)

#27 | Loss of tools and facilities (LT0)

#19 | Loss of tools and facilities (LT1)

#10 | Loss of tools and facilities (LT2)

Table 7.1: Incident classification scale

Table 7.1 shows the ICS criteria from the methodology
and the corresponding scale, ordered by descending
priority. An incident can comprise multiple events and
meet various ICS criteria. In this case, the highest criterion
decides the scale of the incidents.

In the case of a scale 2 or 3 incident, an investigation
is conducted by an Expert Panel. While only the high-
est-priority criterion is relevant for determining the scale,
the other criteria are also assessed.
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7.1

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 Regulation (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:

7.2 Scale ofincident

The highest-violated ICS criterion during this incident
was a scale 2 incident on load (L2). This criterion is met
if more than 10 % but less than 50 % of the load is lost
(compared to the pre-incident load). In this incident,
2,300 MW of load was lost, which is 28 % of the demand
before the incident (8,200 MW) in the CEPS control area.
In addition to the lost load, there were several other
criteria violations as listed in Table 7.2.

At 11:51:06 CEST, a Tl incident occurred, resulting in the
loss of the 400kV V411 line. Within seconds, there was
a below scale G violation with a loss of 340-440 MW of
generation. This resulted in ON1 as there was a deviation
from operational security limits due to the thermal
overload of the 220kV V208 line.

RCC investigation threshold

» 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

» The incident has been confirmed as at least scale 2, as
defined by the ICS methodology.

Post-analysis confirmed that no other TSO in the area
entered the emergency system state as a result of this
incident.

After the manual disconnection of the 220kV V208 line
at 11:59:44, another T1 occurred when a 400 kV busbar
coupler and a 400kV/110kV transformer in substation
Krasikov tripped, resulting in a scale 1 separation from
the grid (RS1). The subsequent loss of all remaining
generation on the separated island violated the G1
criteria, and the loss of load resulted in a scale 2 loss
of load (L2) violation. Neither scale 2 threshold for the
T2 or the ON2 criteria were met as no ICS scale 1, 2, or
3 violation propagated to a neighbouring TSO due to
the incident. The voltage collapse in the separated area
during the incident was too fast to be registered in the
existing ICS criteria for OV. No frequency degradation was
measured in Continental Europe due to the incident.
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! ! |
Criterion Scale CePs

0B 3 Not Violated

L 2 x

F 2 Not Violated

ON 2

RS 2

ov 2 Not violated

RRC 2 Not violated

LT 2 Not violated

Table 7.2: 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).
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8 ROOT CAUSES

The Root Cause Tree shown on the next page outlines the key events leading to the
collapse of the affected area. These events are described in detail in Chapter 3.

The graph below shows the decomposition of the
loading of the line V208 and the busbar coupler at the
Krasikov 400 kV substation. From that it can be concluded
that only the disconnection of V411 would kept the
loading 0f V208 below 100 % and the incident would not
propagate. Subsequent events following the trip of V411

led to a severe overload of V208, reaching up to 142 %.
After that, the line V208 was disconnected, marking the
point of no return (as described in the fault tree).

For a detailed time series of the loading of affected
elements please refer to Figure 3.4 and Figure 3.5
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Figure 8.1: Decomposition of the loading of the line V208 and the busbar coupler at Krasikov

The numbers at selected events refer to recommendations addressing these events. Those are described in Chapter 9.

112 // Grid Incident in Czech Republic on 4 July 2025 // Final Report


https://login.microsoftonline.com/7ffbeccf-0c1b-496c-8978-89209c2d375d/oauth2/authorize?client%5Fid=00000003%2D0000%2D0ff1%2Dce00%2D000000000000&response%5Fmode=form%5Fpost&ear%5Fjwe%5Fcrypto=eyJhbGciOiJFQ0RILUVTIiwiZW5jIjoiQTI1NkdDTSIsImFwdiI6IkFBQUFDVVZoY2tOc2FXVnVkR2dBQUFCRlEwc3pNQUFBQUFYUUp0SVdxR3lVM0h2R09MYTNHYWZoOWFldHlHT08vcnV1Skd4NDdGVXNyYVNTUGNFMWN1bFdmY3RmZ05JK2J5eHZOQWlhTEdiZVp1U2VodE4rRlFWblFRYk5ST1Y0ejlZeFpsTk5sRFp3d1JFMlZSK0tzTENsQ2g0ZTdWUXE4d0FBQUJnR1lOUDBzVHNIQ3pWV21pTUZXbk16cGN6d2gyWnZiSWM9In0%3D&ear%5Fjwk=eyJhbGciOiJFQ0RILUVTIiwiY3J2IjoiUC0zODQiLCJ4IjoiQUFBQU1BWFFKdElXcUd5VTNIdkdPTGEzR2FmaDlhZXR5R09PL3J1dUpHeDQ3RlVzcmFTU1BjRTFjdWxXZmN0ZmdOSStidz09IiwieSI6IkFBQUFNQ3h2TkFpYUxHYmVadVNlaHROK0ZRVm5RUWJOUk9WNHo5WXhabE5ObERad3dSRTJWUitLc0xDbENoNGU3VlFxOHc9PSIsImt0eSI6IkVDIn0%3D&spa%5Fclient%5Fid=08e18876%2D6177%2D487e%2Db8b5%2Dcf950c1e598c&client%5Finfo=1&response%5Ftype=code%20id%5Ftoken%20spa%5Frt&resource=00000003%2D0000%2D0ff1%2Dce00%2D000000000000&scope=openid&nonce=47420B86E97432FC5E8B9EF6B862FF30CBF83E3917627822%2D44DDE4919CC5FC693BB16DE8299FEDA40A166F5FDB2DDE93E0E54B01DB2736CA&redirect%5Furi=https%3A%2F%2Fentsoe%2Esharepoint%2Ecom%2F%5Fforms%2Fdefault%2Easpx&state=&claims=%7B%22id%5Ftoken%22%3A%7B%22xms%5Fcc%22%3A%7B%22values%22%3A%5B%22CP1%22%5D%7D%7D%7D&wsucxt=1&cobrandid=11bd8083%2D87e0%2D41b5%2Dbb78%2D0bc43c8a8e8a&client%2Drequest%2Did=c8b420a2%2Df0f8%2D0000%2Dfce6%2D50694507a07e

Collapse of the island

Legend
| x
Succesful transition to houseload Circuit breaker switch off of N
operation of both units in PP unit 4 and 6 Ledvice and multiple units Ev;nk ina':‘wuld'be influenced by
Pocerady, and unit 4 in PP Chvaletice in DSO grid action, setting, etc.

t 1
[

‘ Threshold for disconnecting all PGMs ‘

reached (47.5Hz)

!

| Imbalance in the island not resolved |

w
‘ |

LFDD insufficient due to high RoCoF due to the high
generation deficit (1,800 MW). Only two steps of the Switch off HG2 Dlouhé strané from
Ll i i

FDD were disconnected before the point of
disconnections of all PGMs (at 47.5Hz) pumping mode

Threshold for LFDD activation quency deteriorati ‘ | Emergence of island operation in T401 Krasikov 110kV
reached (49.0Hz) ‘ (RoCoF up to 3.5Hz/s) ‘ | nonhemr;g{)%%rfem approx. circuit breaker trip

‘ T401 Krasikov distance ‘

0 Recommendation number

protection activated

T

’ BB coupler in Krasikov trip ‘

POINT OF NO RETURN i

Human decision: BB coupler protection in Krasikov ‘

Manual i
of V208 | activated (current over 2,880 A/3s)

R PR Unavailability of timely Perceived health hazard Imminent thermal
Unidentified cascading risk measures in Prague (V208) destruction of V208
Multiple elements overload: o o T T T T S

>V208 to 142.9%
>T402 HRA 121.6%
> BB coupler in KRA 115.5%

1

Total loss of identified
generation 469 MW
Total loss of 620 MW based

Transmission system
in

Unit 6 circuit breaker did not
switch off - unit remains
phased with grid and oscillates
between -40 to 10MW

f

Generator (reverse power flow)
protection limit exceeded,
time delay not exceeded

are;

Unavailability of timely load
generation increase sheddi

e in North CZ
1

KRA not in basic configuration due to high flows 3"3'1'}&":0"132"},51"5{ overload:
West-East, maintenance of line V453, and readiness to >T402 HRA 1-'|9 3%
i some lines to reduce voltage > BB coupler in KRA 105.1%

|
|
|
|
|
|
|
|
1 i
|
|
|
|
|
|
|

’ Unavailability of timely ‘

Worsening of condititons

Identified generation loss of 287 MW
Total loss of 438 MW based on FRCE

Part of the grid heavily imbalanced Further reduced power output

P N i f PP Ledvice unit 6 by 182 MW
Unidentified change in and importing o
control error (ancs) — Change of power flows to OMW
6 151MW T T
e e e B | Boilerllip |
Distribution system generation Reduced power output by Power oscillations due to 0%
in affected area 160 MW in DSO grid

| Boiler protections activated I

— x

Reduced power output approx.
by 110 MW to 182MW

!

Reduced power output approx.
by 17 MW in total to 257 MW

1

Bypass valves opening due to
changes in steam pressure
setpoints and change in boiler
control scheme

T

Setpoint based on the last
control valve opening before
switch

No power reduction occured

Setpoint based on the last
control valve opening before
switch

RES disconnection in DSO
grid approx. 135 MW

Reduced power output by
25MW to 50 MW

| Steam temperature too high |

T

Failure of the relay controling water injection valve

1

RES di: i RES di i
approx. 35 MW approx. SMW

Bypass valves o]
to change:

Incorrect setting of droop [«

Setpoint based on the
last control valve opening
before switch

RES disconnection
approx. 95 MW

pressure setpoint

FRT capability enforced -
by connection code, but Frequency protections

Setpoint based on the last
control valve opening before
switch

FRT capability not
applicable by the date

of connection not working correctly/ activ:
Q as intended o—
{ o A A j
| Switch to droop speed | Switch to droop speed | Switch to droop speed | Switch to droop speed
° control mode control mode control mode o control mode
PP Opatovice measured PP Ledvice unit 4 measured PP Pocerady unit 2 and 6 PP Ledvice unit 6

local frequency deviation

measured local frequency
over 200 mHz iati

measured local frequency
deviation over 200 mHz i

local frequency deviation
deviation over 200 mHz

over 200 mHz

Other units remain in power
control mode

- Some RES in the DSO grid
Voltag;w:‘t:é:lmns measured local frequency
deviation over 200 mHz

. Control valves setpoint Transient frequency in the
o Droop setting 0% changes based on the immediate vicinity exceeded
i 200mHz

transient
o Transient event in more distant
T T substations did not exceed
| any protection limits

V411 second trip

V411 High load (over 75 %)

t

High West — East transit flows ‘ V411 first trip I Ivm i aclivaledl Phase conductor failure

Figure 8.2: Root Cause Tree

Grid Incident in Czech Republic on 4 July 2025 // Final Report // 113



9 RECOMMENDATIONS

R250704-1 Strengthen verification and quality assurance for work on the transmission network, with a particular focus on
emergency repairs and work affecting the mechanical integrity of primary equipment.
Description Review verification and quality assurance for maintenance works in the transmission network (T50s), with particular

focus on emergency repairs and works affecting mechanical integrity of primary equipment.

Assess and, where needed, increase the level of supervision and documentation for emergency works (T50s)
(e.q., photographic evidence of critical assembly steps and torque/installation records where applicable).
TS0s should ensure that the installation/maintenance teams use appropriate (and certified, where relevant)
tools when performing works on the primary equipment.

Assess feasibility to apply thermal diagnostics/inspection after emergency works (TS0s) (performed as soon as
practicable and under suitable conditions) to detect abnormal heating indicative of poor contacts or assembly issues.

Justification

Inthe incident, the tensile coupling after an emergency repair of the line had an insufficiently tight connection.
The investigation did not identify the cause. Additional verification, quality assurance procedure and also possible
thermal diagnostics could reduce the failure of equipment after repair or maintenance works.

Delivery owners

TS0s

Priority

Medium

R250704-2

Assess and mitigate the risk of distributed generation disconnection after transient events.

Description

a// ENTSO-E should prepare a list of plausible scenarios for which the risks of widespread distributed generation
disconnections should be assessed.

b //TS0s should assess the risk of widespread distributed generation disconnection following transient processes
(TSOs and DSOs) (e.g. faults cleared under N-1 conditions). This risk may be assessed by performing ex-post analysis
afterincidents on the system and proportionate mitigation measures should be proposed (TS0s).

Each 150, in coordination with the relevant DSO, should evaluate the criteria for when distributed generation
disconnection risk shall be explicitly considered in operational security assessments.

Where justified by the risk assessment, TSOs may propose for the approval of NRA or Member States, to update the
requirements for distributed generation, in particular for voltage and power protection settings for relevant power
generating units, including consideration of applying Article 4 RfG to relevant existing power generating units.

Justification

During the incident, some distribution-connected generation unexpectedly disconnected following a voltage transient
after a transmission line trip. Identification of such risk and application of possible measures could reduce the risk of
unexpected behaviour of the power system during transient processes.

Delivery owners

ENTSO-E, TSOs, DSOs, and national competent authorities

Priority

High
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R3 Change needed (in magenta) for recommendation 8 from the grid incident in Spain and Portugal on 28 April 2025.
Validated control and protection settings for generation and storage units and generation and storage evacuation grid
R250428_8
connected to the TS0 and DSO.
Description TSOs and DSOs should assess the adequacy and consistency of the protection settings for generation and storage units

and evacuation grid elements (e.qg., transformers below which several power-generating and storage modules are
connected, including distribution-connected and distributed energy resources). This verification should ensure that
withstand capabilities (high/low voltage, RoCoF) are aligned with the highest capabilities of grid users connected
downstream, with explicit checks on over/undervoltage thresholds, and minimum time delays (commensurate with
system dynamics and measurement uncertainties, e.g., > 100 ms or even > 1s where applicable), alignment with the
minimum timing requirements and voltage thresholds established by the applicable requlations and ensuring a sufficient
margin in the adjusted thresholds to prevent potential measurement inaccuracies from causing unintended disconnec-
tions remains critically important. If this is not the case, appropriate corrective actions to achieve compliant protection
settings should be identified and implemented.

Protection settings and control settings of power generating modules and storage modules (e.g., droop setting)
should be consistent with applicable connection requirements and/or bilateral agreements and should be
periodically assessed.

If necessary, TS0s should assess, in coordination with national competent authorities, the possibility of applying the
relevant requirements (e.g. Art. 4 RfG), where justified by system security needs.

Justification

The analysis and expert inputs point to sensitivity to local protection settings (e.g., overvoltage thresholds measured
away from the point of connection, instantaneous trips without delay, or droop setting) that can unnecessarily
disconnect generation when voltages oscillate or rise transiently. In some cases, the protection appears to diverge from
the applicable requirements.

During the incident, the droop at one of the thermal generating units was set at 0 %, meaning an infinite gain
andtriggering oscillations. Inappropriate control settings or protection settings can contribute to unstable behaviour
or loss of generation during disturbances.

While droop settings and behaviour of storage units was not assessed in the investigation, the addition is made
by analogy.

Delivery owners

TS0s, DSOs, and national competent authorities.

Priority

Medium

R250704-4

Review transition to droop speed control mode (10 mode) logic and frequency protection delay, where applicable.

Description

To avoid triggering on fast local transients while maintaining protection of genuine system separations, T50s should
review the settings and operational logic related to transition of turbine governors to droop speed control mode (10
mode) or LFSM, where such capability exists, and associated frequency protection actions, including the potential need
forintroducing an intentional time delay before transitioning, where justified to improve selectivity.

Justification

The investigation highlighted that fast local phenomena could lead to the significant short-term frequency deviations.
Instantaneous protection action without a defined minimum time delay may itself contribute to worsening system
behaviour during fast transients. Improved selectivity reduces unnecessary transitions/actions. In this incident, there was
no time delay setting (i.e. t=0s) for the transition of generators to droop control mode, meaning they transitioned
immediately when the frequency transient reached 49.8 Hz.

Delivery owners | TSOs
Priority Low
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R5 Change needed (in magenta) for recommendation 14 from the grid incident in Spain and Portugal on 28 April 2025.
R250428 14 Streamlined cross TS0/DSO/PGM investigation data governance.

Description Establish a permanent, standardised framework for data provision during incident investigations or for broader system
analyses to improve understanding of overall system behaviour. This framework should ensure fast, complete and
uniform access to all required datasets from TSOs, DSOs (including distribution-connected generation data available to
DSOs), SGUs operating power-generating facilities, SGUs operating large demand facilities, and SGUs operating HVDC
or other inverter-based installations and other parties capable of providing relevant data on small-scale generation or
storage facilities. The framework should be jointly developed by TSOs and DSOs, coordinated at the European level,
and subject to oversight from the national competent authority. This framework should define:

» the exact data types and formats (event logs, dynamic recordings, high-resolution PMU/SCADA, DER status, protection
activations);

» latency and completeness requirements, including defined escalation mechanisms;
» authorised data-sharing;
» predefined legal/contractual provisions removing the need for ad hoc negotiations.

This process should allow investigations to fully and reliably compare oscillation behaviour, disconnection patterns, and
defence plan performance across all voltage levels, taking into account applicable SO GL Article 40(5) provisions and
national RfG banding thresholds.

Where relevant for incident investigation purposes, the framewaork should define conditions under which selected
operational data already available in real-time is preserved and made accessible for post-event analysis, without
introducing additional real-time operational obligations.

In addition, reqular data-provision readiness exercises should be conducted to verify and benchmark all partners’ ability
to deliver the required datasets within the specified timeframes and formats. This recommendation should apply to all
installations (existing, new, restored or modified), ensuring uniform obligations and avoiding gaps in data availability.
This framework is intended to support incident investigation, system learning and analytical consistency and does not
replace or modify existing requlatory compliance or enforcement processes.

Justification The investigation faced delays and analytical limitations due to gaps in the available data, particularly from SGUs
operating power-generating facilities and from DSOs. This reduced the ability to reconstruct dynamic behaviour, identify
oscillation sources, quantify DER disconnections, and understand protection responses. In future events, a structured,
pre-agreed data governance framework would help ensure timely, consistent data provision and thereby enhance both
the speed and the quality of incident analysis.

In the investigation of the incident on 4 July 2025, datasets with detailed measurement and protection activation data
for distributed generation remained unavailable. In fact, the active power lost in the distribution system which could
be identified (160 MW) is almost equal to the active power deviation the cause of which could not have been
identified (151 MW). Data gaps hinder root-cause identification and can lead to incorrect assumptions in operational
planning and dynamic studies.

Delivery owners | TSOs, DSOs, SGUs operating generation, demand or HVDC/inverter-based installations and national competent authorities,
and other parties capable of providing relevant data on small-scale generation or storage facilities.

Priority Medium
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R250704-6 Enhance the decision support for control room operators with real-time assessment and visualisation tools to identify
the cascading risk.

Description To enable sound dispatcher decision making under high stress, TS0s should review the real-time assessments and
visualisation capabilities during critical real-time situations. The improved visualisation should enable operators
to evaluate the system impact of remedial actions (including possible disconnections of overloaded elements)

and to identify potential cascading effects. Where necessary, proportionate improvements should be implemented
to visualisation tools to clearly visually distinguish N-1/switching action resulting in acceptable overloads from the
ones potentially triggering a cascade of disconnections (i.e. non-permissible and unacceptable violations).

Furthermore, TSOs can consider tools and approaches to enhance and facilitate operators’ situational awareness,
and may also review training, procedures and coordination practices in critical real-time situations.

Justification During fast developing events decisions must be made under time pressure. Enhanced situational awareness and fast
impact assessment reduce the risk that remedial actions inadvertently trigger cascading effect.

In this incident, the control room operators manually disconnected line V208 expecting no consequences of the grid,
while the reqular N-1 analyses correctly indicated the disconnection of this line would in fact lead to further trips.

Delivery owners | TSO

Priority High

R250704-7 Review and operationalise the system defence plan procedures for preventing the escalation of the incident, and ensure
they include all technically possible measures, and that the measures are executable in practice where relevant.

Description TS0s should consider reviewing emergency procedures enabling timely activation of technical measures to prevent
escalation of overloads and reduce the likelihood of cascading effect (TSOs together with relevant DSOs and SGU).

TS0s should review whether various measures in the emergency situation to prevent escalation of the incident can be
implemented in practice. Examples of such measures:

a// Procedure with relevant power generation and storage modules to change active power set point, particularly
for storage units consuming energy, and including distribution-connected modules.

b // Procedure to disconnect or reduce consumption in transmission network (including manual load shedding)
and distribution networks where relevant.

Where the TS0 identifies procedural or legal obstacles impeding an efficient activation of emergency measures
(e.g. significant time or regulation limitations), the TSOs should consider proposing the relevant regulatory amendments
to NRAs or, if applicable, legislative amendments to the applicable entity.

Justification During the event, measures that would have relieved the deficit of the affected area (like manual load shedding of
distribution load, reduction of the consumption of the pumped-storage units, or generation activation) were not
undertaken as they would have necessitated the process of formally declaring a state of emergency or were considered
to be insufficiently fast. Clear emergency procedures and pre-agreed timely measures increase response speed and
consistency, reducing the probability of escalation.

Delivery owners | TSOs, DSOs, NRAs.

Priority High
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]
R250704-8 Review the thresholds and technologies providing automatic response to frequency deviations

Description a//TS0s should review, and if necessary, adjust, the thresholds and time delays for underfrequency disconnections of
storage facilities in electricity consumption mode. Particularly, the TSOs should ensure that storage consuming
electricity switches to generation mode or disconnects at appropriate frequency thresholds and time delays, prior to
the activation of the LFDD scheme. In CESA, the setting should be in accordance with SAFA Annex on Emergency and
Restoration policy C-5.

b // Analogously, TSOs should review the thresholds and time delays for overfrequency disconnections of storage
facilities in generation mode.

When performing the review mentioned in points a) and b), the TS0 should assess whether storage technologies other
than pump storage are appropriately considered - in particular, inverter-based battery storage. If relevant, 1S0s should
consider whether different thresholds for different technologies might be applicable.

Justification While not relevant for the incident due to the high RoCoF (up to 3.5 Hz/s), the current setting of underfrequency
protections of pumped-storage units in pumping mode may not ensure their full disconnection before the activation of
LFDD in all foreseeable situations.

Delivery owners | TSOs

Priority Medium

|
R250704-9 Storing the data of online N-1 calculations

Description TS0s should ensure the results (and all other relevant data, which may include incl. input data) of ad-hoc online/study
mode N-1 security assessments performed in the control room are available for assessing the results in ex-post event
investigations, but also in regular feedback processes where relevant. As an example, in case of N-1 calculations, both the
results and the model used shall be available.

The storage should be performed automatically for the appropriate amount of time (e.g. one week), with the possibility
to permanently store any results of particular interest (e.q. related to an incident).

Justification While the results of the reqular N-1 calculations, automatically performed every two minutes, were stored, this was not
the case for the results of the ad-hoc online/study mode N-1 assessments. Having these latter inputs and results available
during the investigation would have offered more clarity on an aspect of this incident, and would enable a more accurate
conclusion of where possible improvements lie.

Delivery owners | TSOs

Priority Medium
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LIST OF ABBREVIATIONS

aFRR automatic frequency restoration reserve

ccr critical clearing time

ccc coordinated capacity calculation

(BMP Cross border marginal price

DA day-ahead

DACF day-ahead congestion forecast

DFRs disturbance fault recordings

DLR dynamic line rating

DSA dynamic stability assessment

DSO distribution system operator

EAS ENTSO-E Awareness System

FRCE frequency restoration control error

ICS Incident Classification Scale

D intraday

IDA intraday auction

10 island operation

10CM island operation control mode

LFDD low-frequency demand disconnection

NCER Comission Regulation (EU) 2017/2196 of 24 November 2017 establishing a network code
on electricity emergency and restoration

NPP nuclear power plant

NRA National requlatory authorities

0PC outage planning coordination

PGM power-generating module

RCC regional coordination centre

RfG Commission Regulation (EU) 2016/631 of 14 April 2016 establishing a network code
on requirements for grid connection of generators

RoCoF rate of change of frequency

SGU significant grid user

soGL Commission Regulation (EU) 2017/1485 of 2 August 2017 establishing a guideline
on electricity transmission system operation

STA Short-term adequacy

TS0 Transmission system operator

TPP Thermal power plant

XNE cross-border relevant network element
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