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Context and Motivation

Traditional power system paradigm:
« Centralized generation

» Unidirectional power flows

« Synchronous generators = Inertia

« Steady state

Bondy, D. E. M. (2017). Demand response for a secure
power system operation. Technical University of Denmark. = =
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Context and Motivation

Traditional power system paradigm:
« Centralized generation

» Unidirectional power flows

« Synchronous generators = Inertia

« Steady state

 Modern power system paradigm:

« Large interconnected systems (Wide Area)
» Decentralized generation

» Bi-directional power flows

 Renewables =» Low inertia

* Dynamic state & harmonic components

Bondy, D. E. M. (2017). Demand response for a secure
power system operation. Technical University of Denmark. = =
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Context and Motivation: Inter-Area Oscillations

* North-South mode ~0.25 Hz
 East-West mode ~0.15 Hz

« Swissgrid is obligated by the ENTSO-E Network
Codes (SO GL Article 38 and 39) to continuously
monitor power oscillations within its own grid and
across the entire Continental European synchronous
area.

October 11th, 2021 11h55
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Context and Motivation: Major Incidents in Continental Europe 2021-2025

System Split January 8, 2021 14h05

h.
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Final report on the separation of the Contlnental
Europe power system on 8 January 2021 (entsoe.eu)

s North-Waest Area e South-East Area

Blackout June 21, 2024 12h20

Grid Incident in South-East Europe on
21 June 2024 (entsoe.eu)
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- Final report on the power system separation of Iberia
e e " froffiContifiéntal Europe on 24 July 2021 (entsoe.eu)

Blackout April 28, 2025 12h33

ENTSO-E expert panel initiates the investigation
into the causes af Iberian blackout

Legend w

I Affected area
I Black out
In operation
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https://www.entsoe.eu/news/2021/07/15/final-report-on-the-separation-of-the-continental-europe-power-system-on-8-january-2021/
https://www.entsoe.eu/news/2021/07/15/final-report-on-the-separation-of-the-continental-europe-power-system-on-8-january-2021/
https://www.entsoe.eu/news/2022/03/28/final-report-on-the-power-system-separation-of-iberia-from-continental-europe-on-24-july-2021/#:%7E:text=The%20Expert%20Panel%20composed%20of,the%20rest%20of%20the%20Continental
https://www.entsoe.eu/news/2022/03/28/final-report-on-the-power-system-separation-of-iberia-from-continental-europe-on-24-july-2021/#:%7E:text=The%20Expert%20Panel%20composed%20of,the%20rest%20of%20the%20Continental
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/2024/entso-e_incident_report_240621_250225_02.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/2024/entso-e_incident_report_240621_250225_02.pdf
https://www.entsoe.eu/news/2025/05/09/entso-e-expert-panel-initiates-the-investigation-into-the-causes-of-iberian-blackout/
https://www.entsoe.eu/news/2025/05/09/entso-e-expert-panel-initiates-the-investigation-into-the-causes-of-iberian-blackout/
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Wide Area Monitoring (WAM) via Phasor Measurement Units (PMU)

Efj]
Phasor Measurement Time
' Synchronization
Wide Area Monitoring Unit (PMU) y .
(WAM) System =
Telecom Phasor Data

Derviskadic, Asja. Synchronized Sensing for Wide-Area Situational Awareness of

Electrical Grids in Non-Stationary Operating Conditions. PhD Thesis. EPFL, 2019. InfraStrUCtu re Concentrator (PDC) . .
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Phasor Measurement Units (PMU)

RTU SCADA PMU WAM
Remote Terminal Unit

Reporting Rate 1-10 s 20 ms (50 fps)

Amplitude, Phase, Frequency

Observation Interval 1-10 s 60-100 ms
x(6) = Ag(t) - cos(2m fo () t+ g ) P Ag(t) - @720+
Time Sync NO YES S P .
Standardization IEEE Std. C37.118 /\ /\ I A

=0

swissgrid

10 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential



Phasor Data Concentrator (PDC)

Functions of a PDC [IEEE Guide C37.244]:
- Data aggregation = Time-alignment of multiple PMU data
« Data pushing = Forward time-aligned datasets to applications

« Mitigate latency variations introduced by the components of the synchrophasor network

« PDC reporting latency: one of the main design parameters of synchrophasor networks

« Hard real-time applications = tens/hundreds of ms

« Soft real-time applications = tens of s

pwu, |4

Telecom infrastructure: |

* Crucial role of reliable, secure and low latency
telecommunication

» Efficient use only by wide system data exchange

« |EEE Std. C37.118.2: Clear rules and standards for data
exchange including separation of market sensitive vy |-

information data exchange

PMU --»@b--» PDC > App
l I I
| | | t.’
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<< > < > >
PMU Network PDC
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PMU Time Synchronization

&
= il
= il
g
* |EEE Std. C37.118: Satellite-based Network-based
 Accurate: 1 us Global Position System (GPS) Precision Time Protocol (PTP)
« Reliable: 24/7 Uncertainty 100 ns 1ps

= Time dissemination on the

* Available: urban area same Ethernet physical layer

Low installation cost

Cer s as PMU data transfer
 Secure: timing attacks Features . \yidely used Standard orofio £
. = Standard profile for power
« Common practice: GPS £100 ns = 31 pyrad @ 50 Hz systems
Limitations = Accessibility = Accuracy

12 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential

Security = Fiber physical layer
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Inter-Area Oscillations in Power Systems

Area #1 Interconnection Area #2

N A [ y(t) = Aeod@afOrft)
(V4 \/;\\7'

Oscillation parameters: Inter-area oscillations in power grids:
« A amplitude « A amplitude =» The smaller the better!
« f frequency = angular frequency w = 2rf « f frequency = 0.1 ~ 1 Hz (Electromechanical oscillations)

 Adecayrate = dampingratio{ =~ A/w = 1/2nf * Adecay rate = The higher the better!

14 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential SW|ssngd



Acos(2mft) A=2

Inter-Area Oscillations in Power Systems ? F=o04tz

Ae Mcos2rft)] A=0176 > =7%

Oscillation classification and relative effects:

« Damped oscillations (4 > 0) = the amplitude of the
oscillation gradually decreases, or the oscillation can be
suppressed by appropriate measures

« System stable <[ ‘ . .

0 5 10 15 20
Time (sec)
 Moderately damped oscillations (4 = 0) = the amplitude 80 | | |
of the oscillation is constant Acos (2nft) A=2
60___,e—lt f=04Hz
« System unstable Ae~Hcos(2mft) A=-0176 ¢ =—7%
« Unexpected trips 407 i
20 7
« Undamped oscillations (4 < 0) = the amplitude of the 0 -
oscillation increases continuously .
« System unstable
. -40 - i
» Unexpected trips
-60 1 ! 1
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Power System Oscillatory Behaviors (pnnl.gov) Time (sec)



https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-26375.pdf

Inter-Area Oscillations in Power Systems

Inherent causes:

* Incorrect setting/malfunction of generator controllers:
 Power System Stabilizers (PSS)
« Governor
« Excitation system

Negatively influencing and triggering conditions:

« Loss of major generator or load

* Increase of impedance seen by the generators (e.g., planned/unplanned trip of a line)

 Low demand = decreasing the natural damping contribution by the loads

* Low inertia

« Large voltage phase angle variations (typical of high level of export from the periphery to the centre of the system)
« Generators operating in under excitation =» machines in weaker operating points

Wide area monitoring systems — Support for control room applications |

eCIGRE (e-cigre.org) (2018)

Wide Area Monitoring Protection and Control Systems — Decision swissgrid
Support for System Operators | eCIGRE (e-cigre.org) (2023)

16 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential



https://www.e-cigre.org/publications/detail/750-wide-area-monitoring-systems-support-for-control-room-applications.html
https://www.e-cigre.org/publications/detail/917-wide-area-monitoring-protection-and-control-systems-decision-support-for-system-operators.html
https://www.e-cigre.org/publications/detail/917-wide-area-monitoring-protection-and-control-systems-decision-support-for-system-operators.html
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Swissgrid WAM System
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45+ Phasor Measurement Units (PMU):

« 6in CH
* 42 PMUs over Continental Europe (16 different countries)

Accurate time-stamped high resolution (100 ms)
measurements

On-line:
» Oscillatory Stability Monitoring (Netzpendelungsalarm)

» Voltage phase angle differences monitoring

Off-line:
» Post-event analysis of specific dynamic events

« Dynamic model calibration

swissgrid



Swissgrid WAM System
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* Inuse since 2003
» PDC replacement ongoing
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Swissgrid WAM System — Situational Awareness in the Control Room

= 5

[K¥] Spannung

Lo Spannungswinkeldifferenz in [*]
[*€] Mittlere Leiterseiltemperatur 380-kV-Lavorgo-Mettlen

Yerlauf
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Swissgrid WAM System — Situational Awareness in the Control Room
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Swissgrid WAM System — Situational Awareness in the Control Room

Sicherheitsmatrix

Netzsituation UN CH PMW] Q [MVar]

vertikale Netzlast
| Austausch VN 6385 9
Pumpen 2 43
FU
Metzeinspeisung
KW
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Thermisch (GT) 0
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e,
.

v >T5' 2875
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|
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Last NA
n-1 max

n-1 norm

Details Austausch Cl

WAM Pendelung

Import. 106 MW

Summe A/D/F -2654 MW

Import A/D/F > 2000 MW

Summe Trafo 2875 MW

* 764mm

0SC3 Winkelprafung

A A

Netzregler-Daten
Frequenz 50.022 Hz

max NZA
Gradient

3.511 s
0.600 mHz/s

Aktuell + Rolling Forecast
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18:10
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UN Wirkverluste

N-1 Netzsicherheit

Kurzschluss Sicherheil

h+1
19:00
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20:00

h+3
21:00

Vollstindige Netzpriifung: Ergebnis CH 3804220 kV und Auswirkung auf ATSO+VN

n-1

n-1
3804Tr. 2204+Tr. Mehrfach  Knoten

%
=100%
>120%
Winkel
Inseln
BB 100

Einspeis. Kaskaden AM ATSO

Y

AM VYN

SE Netzsituation

SE-Fehler
Zielfunklion

letzte SE-Rechnung

Bad Data
Diskrepanzen

Knaoten
MNelzinseln

BS-Faktor
becbachtbare Knoten
pSQUdO-L‘IGOD. Knolen

22

26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential

swissgrid




Swissgrid WAM System — Oscillatory Stability Monitoring

* North-South mode ~0.25 Hz
» Active power from CH to IT [MW] = PMU Robbia, line 380 kV Robbia-Gorlago

« East-West mode ~0.15 Hz
» Voltage phase angle difference between CH and GR [deg]
= PMU Bassecourt vs PMU Thessaloniki

* Tuning in progress

J’ ] ]
swissgrid
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Swissgrid WAM System — Oscillatory Stability Monitoring

Oscillation Monitoring Dashboard

West-East Mode

NORMAL

System Frequency 2\

15:46:00 15:47:00 15:48:00 15:49:00 15:50:00 15:51:00 15:52:00 15:53:00 15:54:00 15:55:00
== SG BASSECRT 380 BBINF == PO RECAREI 380 BBINF == GR THESS 380 BB1N F

East-West Mode - Damping Ratio East-West Mode - Amplitude

1.6 2.5
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North-South Mode
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Swissgrid WAM System — Oscillatory Stability Monitoring

East-West Mode - Input signal: Voltage Phasor Angle Difference Bassecourt-Thessaloniki

0.15

v Amplitude == Damping Ratio

y(t) = Ae Mcos(2rft)
Oscillation parameters:

« A amplitude
* [ frequency = angular frequency w = 2nf
* Adecay rate = damping ratio { = 1/w = 1/2nf

25 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential SWIssngd



Frequency
trend over
time
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NS Oscillation Events
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Takeaways

« Depending on the power system state, situational awareness in the control room can be achieved using steady state
(SCADA) or dynamic state (WAM) tools

« At Swissgrid we have a Wide Area Monitoring (WAM) system that we use:
* On-line: Oscillatory Stability Monitoring and Netzpendelungsalarm in SP4 (SCADA) and SGC (Control Room)
« Power oscillation monitoring
« Voltage phase angle differences monitoring

« Off-line: post-event analysis of specific dynamic events
« Dynamic model calibration
» Analysis of dynamic behavior of future configurations
« Definition of operational limits for secure system operation

« Swissgrid Phasor Data Concentrator (PDC) collects PMU data from 16 countries across Continental Europe. With a
resolution of 100 ms, we monitor frequency, voltage magnitue and phase angle

30 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential SWIssngd



Students @ Swissgrid

e Students (swissgrid.ch)

 Thesis: Bachelor- & Masterthesis Job Details | Swissqgrid

« Talent Pool quiz: Quiz (swissgrid.ch)

« Contact: Corina Wieland, Talent Acquisition, hr@swissqgrid.ch

« Graduate program: (nominations already closed for this year!)

31 26 May 2025 | Asja Derviskadic | Wide Area Monitoring WAM | Confidential SWIssngd


https://www.swissgrid.ch/en/home/career/students.html
https://jobs.swissgrid.ch/job/Aarau-Bachelor-%26-Masterthesis-AG-5001/792568302/
https://www.swissgrid.ch/en/home/career/jobs/quiz-overview.html
mailto:hr@swissgrid.ch

Nous vous remercions de
votre intéreéet

Swissgrid Ltd
Bleichemattstrasse 31
P.O. Box

5001 Aarau
Switzerland



Swissgrid Icons
La couleur peut étre modifiée via le menu «Graphique»
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