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Vom Netz zum System

Uns interessiert: Was passierte davor?

Ablauf des Blackout - letzte
Phase

Viele Analysen konzentrieren sich auf die
letzte Phase des Blackout

Eine gute Zusammenstellung und
Analyse von Prof. Luis Badesa, UPM

Michael Fette

Digital Nonlinear Power Systems

28th of April 2025 (CET)

- Fette
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Sources: Red Eléctrica, ENTSO-E, public data
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Quelle: Luis Badesa, Associate Professor at UPM
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What caused the first generation outages?

g Voltage for some lines
Voltage issues have been reported _
In Cuenca, source

Ablauf des Blackouts

Spannungsprobleme des Systems seit Tagen
im Vorfeld bekannt!

28/04/2025
1:09:45 3:06:24,531 5:03:03,388 6:59:42,245 8:56:21,102 10:52:59,959 12:49:38
“ < 2
MRed-Potencia (MW) -4.70071 281042025 2:13:56.750000 -0.282152 LiRed-Tension linea 12 (kV) 138,96 2810472025 213:56,750000 134,22
Red-Potencia reactia (MVAY) 0,988462 2810412025 21356750000 0423781 WRed Tension linea 23 (kV) 13961 2810412025 21356,750000 13451
Red Frecuencia (Hz) 4998 281042025 2:13:56 750000 49,95 Red Tensidn linea 31 (V) 13815 280472025 21356750000 13362
Red-Coseno de phi 097943 2610472025 2:13:56,750000 0,554198

Quelle: Luis Badesa, Associate Professor at UPM

© Fette — Competence in Energy GmbH — Alle Inhalte urheberrechtlich geschitzt
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Ablauf des Blackouts

Unterschiedliche Quellen berichten von sehr
hohen Spannungsbetragen - in allen
Spannungsebenen

- Fette
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What caused the first generation outages?

There have been reports of voltages reaching up to 470 kV in 400 kV
lines, supposedly in the Southwest region where everything started

* | have not found data to support this claim, but the statement can be
found in several news articles such as this one (in Spanish)

« Other mentions to overvoltages here and here

There could be a relation with the previous inter-area oscillations

(this is completely speculative, but see next slide)

Quelle: Luis Badesa, Associate Professor at UPM
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Ablauf des Blackouts

Bereits vor ca. 3 Monaten ist ein
Kraftwerksblock Almaraz mit ca. 1 GW Leistung
vom Netz gegangen

Genau hier, wurden am 28.04.2025 weitere
Probleme ,weit vor dem Blackout” beobachtet.

- Fette
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What caused the first generation outages?

led to
just 3 months ago

Almaraz nuclear plant (one reactor operating at 1 GW) tripped
Source

in the report for the January 2025 event
(see above link)

Quelle: Luis Badesa, Associate Professor at UPM
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Ablauf des Blackouts
Riuckschau auf den Storfall im Juli 2021

Teile des spanischen Netzes sind
zusammengebrochen

Aber: kein Blackout!

- fFette
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Related event: lberia islanding in July 2021

Iberia became an electric island due to a fire in Southern France

+ Some load was disconnected (~6 GW) Graphs: EMTR0-E
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Then, why didn’t this “firewall”
work this time, why wasn’t some load
disconnected to avoid the full blackout?

J SANTA LLOGAIA

Two options, either voltage issues or RoCoF issues (I see more likely the latter)

Quelle: Luis Badesa, Associate Professor at UPM
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Spannungsprobleme im
spanischen Netz

Quelle: elEconomista.es

15. April und folgende Tage: um Netzknoten
Almaraz - starke Spannungsschwankungen

22. April: “starker Spannungsanstieg”: Ausfall der
Repsol-Raffinierie in Cartagena, ebenso im
Schienennetz von Madrid — Ausfall der
Charmarton-Station fur einige Stunden

GuD-Kraftwerke in Huelva und San Roque waren
nicht in Betrieb

- Fette
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Karte: Open Infrastructue Map - https://openinframap.org
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Spannungsschwankungen
um den Knoten Almaraz

Seit 15. April 2025 deutliche
Spannungsschwankungen im Stdwesten
Spaniens — insbesondere in der Nahe von
Almaraz

In Almaraz befindet sich ein Kernkraftwerk mit
zweli Blocken mit ca. 2.000 MW plus PV-Parks

In den Knoten speist auch das
Wasserkraftwerk Presa de Valdecanas ein

Michael Fette
Digital Nonlinear Power Systems

Quelle: AlImaraz Nuclear Power Plant - Homepage

Karte: Open Infrastructue Map - https://openinframap.org
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Spannungsschwankungen
um den Knoten Almaraz

Vor ca. 3 Monaten ,Tripping“ Almaraz Nuclear
Plant — ein Generator mit ca. 1 GW ,tripped®.

Als Grund wurden ,Oszillationen” angegeben.

Quelle: LinkedIn: Jorge Antonio Gonzales
Sanchez

https://www.linkedin.com/in/jorge-antonio-gonz%C3%A1lez-
$%C3%A1nchez65396844?miniProfileUrn=urn%3Ali%3Afsd_profile%3A
ACoAAAIII58BulMXxzd_SGWQ3_vkegR7CxRHjQ8&lipi=urn%3Ali%3Apa
ge%3Ad_flagship3_detail_base%3BnflwBA6IQJ2e ArFEeL009A%3D%3D

- fFette
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Karte: Open Infrastructue Map - https://openinframap.org
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Zwischensystemschwingun
gen - ein ,altes Thema"

Hier zwei Beispiele aus dem Jahr 1996

Ohne Leitungselektronik im Netz

Reaktionen an unterschiedlichen
Messpunkten

Michael Fette

© Fette
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Gemessene Netzdynamiken (Beispiel)
Zwischensystemschwingungen nach einem Ausfall von Verhalten des Frequenzsignals in Tschechien, Ungam
1000 MW in Spanien und Deutschland nach einem Ausfall von 1300 MW in
Frankreich
Wirkleistung Deutschland — Frankreich
(eine 400 kV — Leitung)
50,06 ( —350 50,01 | 50,01
N a@x
f[HZ] ‘50.04 [ / \ 4 _400] P[MW] f[HZ] 50 50
/ \ 4 . [OET 2 1 Deutschland
5002/ \ - ‘ 1l 3 2Tschechische Repubiik| 499
50 1-500 4998 [ 3 Ungam 49,98
1-580 49,97 [ 49,97
49,98 [ )
—600 49,9 [ 49,96
49,96 —t
| o0 49,95 | 4995
49,94 —-700
’ 49,94 49,94
,004 14,004 25,
=00 {004 5,004 54,013 09,013 24013
t[s] tls]
05.05.1996 22:34:05,004  05.05.1996 22:24:25,004 15.06.199 10:03:54,013 15.06.1996 10:04:24,013
9

VDE - Seminar Dezentrale Energienetze
Frankfurt am Main, 23.-24. September 2003
Dr.-Ing. habil. Michael Fette

Quelle: Dr. Michael Fette - 2003

System & Dynamik

Beratungsunternehmen

33100 Paderborn



\ef
'é;,
e
T
J

=\ & /“\

;\1:_“

X stiff- docouple

i

w@

Vom Netz zum System

14

Michael Fette
Digital Nonlinear Power Systems

From passive participation to active contributions - at all levels

N

ENTSO-E Ubertrogungsnetz

380/ 220-kV

Verteilernetze

|
EEEEE
EEEEE
I [f [ [ [ Transition process
EENEEE
|_ H I_ |_ |_ Weiterverteiler
& Stadtwerke

Full stability supporting assets will
be substituted by new assets,
which supports only some stability
aspects!

A substitution of ,power blocks* is not the solution!
The system can not be operated by this!
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The new EC-Grid-Codes gives a framework for devices and operation

Michael Fette
Digital Nonlinear Power Systems

of grids in all situation from emergency to regular operation — all

voltage levels

Frequency Range of VDE|FNN TAR / EC-Grid-Codes plus Extended Range

Netzspannung
vereinbarte Versorgungsspannung Uc

b A 50

1,15

Hz

1,10 1

1,00+

0,90 -1
0,85

fs f3

)

< Lowfrequency processes

< U,l;4-phase, unsymmetrical

»
HZ]

]

class A EN 61000-4-30

U, I, 4-phase, unsymmetrical

6 kHz - Wind power (MV)

4 kHz to 20 kHz - Frequency converter drive

- class AEN 61000-4-30
- from 2,5 kHz in frequency bands
of 200 Hz — width - FNN TAR

- U, I, 4-phase, unsymmetrical

9 kHz 150 kHz

(T %2

15 kHz to 25 kHz - UPS systems
16 kHz to 22 kHz - Solar inverter (LV)

20 kHz to 200 kHz - Electronic ballast devices
8 kHz to 20 kHz - Active mains filter

10 kHz to 80 kHz Electric viehicles

30 kHz to 300 kHz - Switching power supplies

IEC 61000-2-2 (up to 150 kHz)
Extended emission spectra
E-Mobility, industry (robotic), PLC, ...

U, |, 4-phase, unsymmetrical

= Fette

Competence in Energy
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Impact of Time Delays on Power System Stability

Figure a) ... c)

a) Adelay-independent system
b) A delay-dependent system with a single delay margin

c) Adelay-dependent system with multiple delay margins

Source:
.An Accurate Method for Delay Margin Computation for Power System Stability"
Ashraf Khalil, Ang Swee Peng, 2018, energies 11-03466

< Fette
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Case Study: Impact of Time Delays
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Integration von KRI® in das SGAM

Qualitativer Einfluss der
Verzogerungszeit auf die Werte des
groBten Eigenwertes

Differenzen in der Betrachtung der
Modelle mit und ohne Berlcksichtigung
der Verzogerungszeit

In Vergleichsstudien (IEEE-Modelle)
zeigt sich ein Unterschied auf das
( Bifurkationsverhalten > 15 ms

Die kritische Hopf-Bifurkation
kann beim IEEE-14-Knoten
Modell bei t,, = 6,3 ms
festgestellt werden.

< 1o}

Michael Fette

Digital Nonlinear Power Systems

Geschaftsgrundlage
Regulierung, Netzbetrieb, etc.

— DDAE model
- - DAE model

20

151

5G Digital cellular networks,
LoRaWAN,
CSGGC, ...

0.5

0.0 b ee /e e

0.5 . . . . L . .
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0

Time delay 7 [ms]

DDAE - Delay Differential Algebraic Equations
DAE - Differential Algebraic Equations

Source: ,Impact of Time Delays on Power System Stability"
F. Milano, M. Anghel, IEEE, 2011

Latenzzeiten von Dateniibertagungen wirken sich grundlegend auf die

Systemstabilitit aus!

Kommende EU-Verordnung zur CyberSecurity sieht ein SOC vor!

- Fette

Competence in Energy

Integration von KRI®
mit doppelter
CyberSecurity

1. Stufe:
Kodierung im Gerat

2. Stufe:
Schutz der Datenkanale

Nutzung vorhandener
Infrastrukturen mit
bekannten Protokollen

oder ,industrielle” -
massengeschafts-
taugliche Kommunikation
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Quantity scaffolds:

SCADA-system

old: app. 750
new: app. 80.000

Factor: ca. 110

SCADA +

iy

- Experts necessary!

High Speed
Communication
+high budget"

N

Classical
protocols
+high budget®

,Quasilinear
Systems"

Station control

technology +

T

+: Extended properties

Measurement
technology +

1
1
1
1
|
1
1
1
1
=
E=[= =
9

2.5

— DDAE model

- - DAE model

-0

5 . . . . . . .
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0

Time delay 7, [ms]

Qualitative dependency of the biggest
eigen value on the values of latency time

Differences between models of power systems
with and without consideration of latency time

Studies show in comparison of both models
(IEEE-models) a qualitative change of the
bifurcational behavior if the delay is > 15 ms

The critical Hopf-Bifurcation of the IEEE-14-
node-model can be detected at t, = 6,3 ms

Data transfer latency has a fundamental
effect on system stability!

Michael Fette
Digital Nonlinear Power Systems
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DDAE - Delay Differential Algebraic Equations
DDE - Differential Algebraic Equations

Source: ,Impact of Time Delays on Power System Stability“

F. Milano, M. Anghel, IEEE, 2011

Calculation
time T3

Fette

Competence in Energy

Calculation Tools

The latency time constants are
depending on the traffic, on the
network topology, on the location,
on router capacity, on ...

In practice there exist multiple delay

margins.

Control / Protection

time delay
Ts

5
Latency Latency
time Ttot = Z Ty STy e
Ty i=1 T2
ifr
i
i
i
.- il
Station control n
technology + e
THEK "
||: 11
1! L
i)
il Measurement Measurement
! | technology + time delay
i e T
1f! ! G
______ J.:.l. _________J.:_'r_____-
_______ [1 L1 T |1 [
i i
________ R e R e e e L pe e NS
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To discuss, one have to consider a complex and very sophisticated case in

power system dynamics.

Why does it work in history?

Important Paper

= The irrelevance of electric power system dynamics for
the loading margin to voltage collapse and its

sensitives
lan Dobson, Nonlinear Theory and Its Applications, IEICE, Vol. 2, No.
3, pp. 263 -280, 2011

~We analytically justify the use of static models to
compute loading margins and their sensitivities and
explain how the results apply to underlying dynamic
models.

This result enables commercial software used by the
power industry to monitor and avoid voltage collapse
blackouts.”

Remarkable Result

.1 he paper shows that the load power margin is
independent of dynamics and we suspect that this
useful property is also shared by the energy function
index.

Therefore these indices require for a power system
model either a full set of differential equations or

differential-algebraic equations with the
assumption or knowledge that the algebraic
equations are enforced by underlying

dynamics that are both fast and stable.“
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Some Remarks

= Power systems are complex systems with a wide range of time scales

» |n the past, due to the characteristics of synchronous generators, the complete analysis of the behavior of the system could
be concentrated on the mains frequency. This implies,

All other dynamical processes are fast and stable, so that they can be neglected - this is an inherent behavior
The overall system behaves as a , dissipative system*, which has the ability, to reach stable operating points

All other dynamical process like ,,power quality” could be separated, they are processes by their own, locally
restricted with no impact on the overall dynamcis.

There are no interacting processes between grids or devices, or ... (if, they are stable - see above)

= Therefore, it was sufficient, to take some measures only, as an representant of the the system status

= All other values could be predicted or estimated on a ,simple” model basis

= All control actions are not critical in real time — sometimes the basis for real time was bigger than 1 minute.

= Due to the expected overall stable processes, there were no special requirements on a critical time base (DSO-level).

= |f there are any further problems, in the past the device or subgrid are separated from the grid, which contradicts with the actual EC-grid codes
(RfG)

» The design and equipment of SCADA systems including the data transfer take this into account!
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Starting in 1987 with Nonlinear Analysis of Power Systems

2002 —CPR-D Collapse Prediction Relay (Manufacturer: A.Eberle GmbH &
Co. KG; Nuremberg)

CPR-D — Analysis Blocks

A-D- Spectral
Converter analyses

Bifurca-
tion-
analyzer

35 years of scientific research in the field

of nonlinear power systems | yapunov

) Exponent
Developement of measurement devices

— based on nonlinear systems theory —
Detection

with industrial partners Drift

More than 350 projects, in more than 180 Process

companies, 30 countries - all voltage
levels Damping

Monitor

Hamburg, Mai 2025

Michael Fette
Digital Nonlinear Power Systems

Comparator Results

21

Fette

Competence in Energy

SCADA
Dispatch
Centre

Control Unit

ORCA®

© Fette — Competence in Energy GmbH — Alle Inhalte urheberrechtlich geschitzt
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System stressed by ,,Eco-Dynamics" Michael Fette l e tte

Digital Nonlinear Power Systems Competence in Energy

Analysis of measurement results - Case 3

2 CPR-D in different locations

Competence in Ener

The CPR-D records all oscillation incidents over a threshold value
and values them with a different mathematical method

Measurements in 2007
TSO-level with some devices  freauency range - overview
on different locations

Both Stations are viewing different net situations
The "red” CPR-D is installed inside a net

The “grey” CPR-D is installed between 2 nets

The following diagram shows every frequency range

The analysis of the CPR-D
pictures measured and

- The grld WaS hlghly stressed by F valued damping masses.
. nw requency Every measured value is
,eco-dynamics" — change of plans 3 Hz - 19 Hz anslyzed in detail and i
. identified with time stamps
for power Statlon' On the other hand further
0 0 0 os000 = independent measurements
= Different reaction on different Frequency = : = ’ e etectec vl th
. _ el = a same dynamic wi ifferen
|Ocat|ons ULl ;% “_ ! &'ﬂ’ _meth:ds. In this ct:sgiifis '
. — BRI, LSRR il it ko
= |nnominal frequency (50 HZ) one 4§ % 3 0%z ¢ 3o3orof8 %ot r % 8 B % o3 % F -AnalyzeFingerprint
can observe some effects of this low o frequency &= : S
frequency behavior e 3T
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Different frequency classes are necessary, to detect specific effects within the grid. Michael Fette e tte
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Measurements of ,Frequency Classes" - Detection of ,Patterns"

-
7, 2. 3. 4. 5 6 7 12. 13.
0,0 0,3 0,7 1,1 2,0 2,5 4,0 49,9 >50,1
Freq uency / Hz 03 0,7 1,1 2,0 2,5 40 14,0 50,1
= Example (Germany, MV-Grid)
. FPAax: Intermediate frequency oscillations X X
= Measurement of torsional modes
W|th|n a grld FPA2: Locally limited oscillations X X
FPA3: Mode 1 torsional oscillations
U‘[‘7T T

:ig bt e P oo e TN AT ot P T s e P e PN T
o Lo 1 "
X
o o) lh el okttt s
- X
Em: S b e b S B b PURTENT Y
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Depending on actual windspeed, the dynamics of the grid will be affected by the Michael Fette e tte

Digital Nonlinear Power Systems m nce in Ener
generators igital Nonli wer Sy Competence ergy

Measurement Wind Park MV-Grid (2009)

A -n{ —A ~-.§

_4.. 25 -

. e e i R P Grid Dynamics -5
o . ) él: T h:--_;__':::_:_’-;{ == === 2 o6 T e B % .\:'- .
* Grid Dynamics — Measurements in L s RO N : 3 -
MV-Grid (Germany) i s TS s Eees S
: - low wind speed *
= Different daily patterns can be
* e Sl A e n e et ol P4 R i
- 3 - : Grld Dynamlcs LR It Eu

*) Measurements of grid dynamics and
windspeed is separated by app. 10 km

_ind ]
—

higher wind speed *
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The dynamical situation of a grid node changes with wind speed and behavior of the Michael Fette e tte

load and other sources within the gl’id area. Digital Nonlinear Power Systems Competence in Energy

Measurement Windpark MV-Grid (2009)

23.02.2011 24.02,2011
00:00:00 [1Tage] 00:00:00

= Measurements from 1 day — with e R S R

different dynamical patterns within S A 1 S B .
the day M N ERY PR -&Md . . . e, - ARGANY- . r 5,. '5:_\ .
e ke L e R TR AT EN SRR LR U
= Dynamics are dominated by wind ' St i Wbt e
) s | £ 2 S 1’31‘!«*“";’;#"-
turbine generators . i
= Influences on the grid can be observed i, T 5.0 w0 %
Mt e O = > * rean m 777777

= Some dynamical patterns are very
problematical.

TH e
Tiddhe 8 ;-ﬁaw:ag

<

. o
b 393 ‘.‘a R e o
RS O 8 TSR AL L R MM, )
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IR LR L e Y
. : HERY SRR oS N4

= T

K = : = - — - =

23,02, 06;00 23,02, 12:00 23,02, 18:00 24,02, 00;00
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Wind Park with and without wind

Wind or no Wind? - What
does it mean for the grid?

Dynamical finger prints could be used,
to detect different dynamical
situations of a grid area or specific
node to find out a suitable solution.

Changes in controller actions or
settings are necessary, sometime the
structure of the controllers must be
revised.

Intelligent grid control!

Michael Fette
Digital Nonlinear Power Systems
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Dynamical patterns could be detected via trusted algorithms Michael Fette
Digital Nonlinear Power Systems

Measurement MV-Grid
Dynamics of an Industrial Park in the Center of a City

Fette

Competence in Energy

] Every gr|d node has its own dynamica| b B Vo e

pattern. |
= Some pattern could be used — as basic el |

patterns, to detect individual 0 w550 008 0 8 Bt O i) 0 I 08O 5t A (RIS | A

% :z . | —— e | it -~ - m——ie ingg.
=  From our fundus of a hugh amount of 0 DI I I S 0 A Y O WA A—_ SN I Y :
measurements we can detect the S et | — : - — | — - |
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Vom Netz zum System

Nice picture of a big solar plant in Southern Europe.

Interaction Processes
Solar Park (South France)

Asset life time estimation

Example: Large solar park
Operation time app. 2,5 years

Our Task: ,The" question to be solved:
15 from g transformers burnt!

What is the reason?

Analysis of Grid Dynamics gives the
necessary answers!

Repaired Transformers — life time: 2 weaks!

Michael Fette
Digital Nonlinear Power Systems
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What happens, when a grid is dominated by converters? Michael Fette
Digital Nonlinear Power Systems Competence in Energy

Measures from the SCADA-
System — two different days

Above: Behavior of the plant after a period of 0,5
years operating time

Down: Behavior of the plant immediately after
starting a further part in the direct
neighborhood

Remark: Everything is tested!

Everything is certified!

Red curve: Solarirradiation

- Fette

0000 01.00 0200 0300 0400 0500 0600 O7.00 0800 09:00 10:00 1100 1200 13:.00

14:00 15:00 1800 17:00 18:00 19:00 2000 21:00 22:00 23:00 00:00
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10 — the scaling factor for transformers with such kind of loadings.

Result of PQ-Measurements according to ANSI C 57.110

Malfunction of the Converters
via Interaction Processes

= Red Curve: Solar Irradiation
=  QOther colours: currents

= Within the red labeled areas, a hugh
amount of reactive power will be
interchanged between the converters.

* Transformers must be scaled up for
such a load type by a faktor of 10, or
the must be reduced up to a load level

» fette

Digital Nonlinear Power Systems Competence in Energy

s £ 1R

' 0.k. —but only for a
short time!
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Factor: 10 (ANSI C.57.110 - non ,design-
worst case) e
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Converters detect their neighbours as the grid and try to
deliver them energy. - That will not work!

Dynamical Interactions

= SCADA-Systems do not give any inside into
the real behavior

= Power Quality Analysis according to e.g. EN
50160 does not help —the standard is
limited to some frequencies only and uses
averaging processes.

= Low frequency processes with big time
constants.

= Currents behave like DC-currents.

= Assets will be destroyed by
overload in the morning and
evening hours — with ,zero"-
classical load conditions.

SCADA

Michael Fette
Digital Nonlinear Power Systems
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\VVom Netz zium Svstem

Frequency-
Distributions vs.
Duration of
Events

32
Loading of the system is immense! Michael Fette l e tte

. . L Digital Nonlinear Power Systems Competence in Energy
Thank's to e.Power Quality Standards, the world is in order! - Or not? ?

Complete
measurement interval.

Color code with
respect to 3 different
measurement periods.

Frequencies from oto

45 Hz
Durations fromoto g
seconds

= Frequency bands are visible clearly.

= Reflexions could be obervered — analogously to the old analog TV-sets, where the pictures were
disturbed, when the characteristic wave impedance was not matched to each other.

Some interacting
processes last more = The frequency band are typical for devices and manufacturers — we have a lot of , patterns™ from the

than some minutes! grid, to find solutions very fast. The associated aging behavior is now well known by us!
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Reactive power behavior

* The park exchanges reactive power
with inductive and capacitive behavior

= Same situation, we measured in other
locations

= Thisis only possible, if there is a driver
for this behavior to force the inverters
to do something different.

This could be done, by a partner, who
has the the same or better capabilities

 fFette

Digital Nonlinear Power Systems Competence in Energy

5.E+06 ‘

A
3.E+06 ‘

T 2.E+06 ' 55 d 4 &
S ' 1 3 ] /Vi 3
J 1E+06 % L% n N |
— i * ; < : { ' > )
E 0.E+00 T ,_- YW —\ - _"'_ —l_'
Q_ |

-1.E+06 -

-2.E+06

-3.E+06 }

0 1 2 3 4 5 6 7

Time (days)

Report of the same topic by spanish consulting company — page 66

The direction of Q-insection into the grid depends on the capability of the
grid — or if there is another partner, who leads the processs.
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What happend, if there is an industrial plant nearby? Michael Fette e tte

Digital Nonlinear Power Systems Competence in Energy

The classical mathematical framework is no longer applicable!

Reactive power depending el " nlm
on real power generation &

Q(VAr)

= The distribution of the values shows,
that there is no fixed operating point.

If the inverters operate in a 26406
normal mode with a cos phi app.
1, then the values for Q are 20 o0 20 40 60 80 100

displaced around zero, only. . (P(;%)
Q600(P

= The picture reflects the situation of = Report of the same topic by spanishiconsulting company — page 66

the cos phi, as mentioned above.
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- Fette

The cos phi — values play an important role in any industrial power supply Michael Fette

and g,—,d connection Digital Nonlinear Power Systems Competence in Energy
And in the future???
Reactive power depending e "y
. T |
on real power generation ~ o 0 -
g ] 1 ] =
S ..l o

» The distribution of the values shows,
that there is no fixed operating point.

e
0
o
n
o
m

N
m
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If the inverters operate in a
normal mode with a cos phi app.
1, then the values for Q are 20 0 ] ‘

displaced around zero, only. H I

2

= Report of the same topic
by spanish consulting
company — page 66

* The picture reflects the situation of
the cos phi, as mentioned above.
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An this is a typical pattern of a Lyapunov-Exponent in German grids.

Hugh Amount of Dynamical
Interaction Processes caused by Industrial Plant

Michael Fette
Digital Nonlinear Power Systems
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Nach 3 Jahren wird ein Standort nachgemessen — 110-kV-Netz!
Was kann man feststellen?

Windpark 2017

3 Messstandorte

Veranderungen der Messwerte gegenuber
Messungen vor 3 Jahren:

Stabilitatsexponent: Faktor 50 groB3er

Frequenzbander: Im Detail Faktor 500 groBer

Zeitkonstanten:

(New Chart) - [SPEED]

gn T SPEED MODE
P,

mittlere Werte 40s bis 100s

Verschiebung hin zu sehr
langsamen Vorgangen mit
deutlich groBeren
Amplituden

Michael Fette
Digital Nonlinear Power Systems
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Vom Netz zum System

Windpark 2017

= Grin:
maximaler L-Exp zu
Beginn der Messungen
2004

= Gelb:
maximaler L-Exp Messung
Windpark 2014

= Rot:
maximaler L-Exp bei
Blackout in Indien

39

Michael Fette
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- Fett
Historical analysis from 1996 — no inverter models are incorporated! Michael Fette e e

Digital Nonlinear Power Systems Competence in Energy

Structured models but with classical assumptions

= Analysis of power systems with nonlinear Yos(-0,-%) Y £ (= O — Z)
differential/algebraic methods — ] l
= Complex load characteristics must be Eq£0,=0 | c wad | Ve C Ems0m
. ~) ’ oa =)
incorporated M l | \’/
Mo, +dod, =P, — P.
horizontal structure boundary conditions

-

=

| ) Mo, = — d,0, + P, + E2Y,sin@,) + E,Y,Vsin(® — o, — 0,)

turbine

excitation
system

Load characteristics
P,=P,+P +K,0+ va(:v + TV)

vertical structure

.‘
i
synchronous|
machine
trans—
former
trans—
mission line

7 2 <
e ¢ 4
voltage '( voltage l‘l voltage )

0,= 0o+ 0, + K, 0 + K,V +K,_,V*
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In 1942 Liwschitz postulated after his reseach of stability problems of 4 F e tt e

synchronous machines, that reactance based models of synchronous Michael Fette

maschines are no basis for stability analysis. His result:

Digital Nonlinear Power Systems Competence in Energy

It is no longer allowed to use reactance based models of synchronous machines

for stability analysis!

Model used for Bifurcation Analysis

= Basis: Well known osciallation behavior of
power system in different frequency areas

= Of interest: limiting bifurcation points, their
characterstics and prediction to new behavior

= Analysis [ comparision with real grid dynamics

= Models predict limiting bifurcation points —
Hopf-Bifurcations within operating area of
the system
(Phenomena analysed in 1942 with simpler,
but very good models)

m

Mo = —d,w+ P, + E2Y,sin(@,) + E,Y,Vsin(d — 9o, — 0,,)

Knd0 = 0,— 0y — Q, — K,V — K,V

qw

: K o] 2 '
Kp\'n, = Pd - PO - Pl - K‘_P((Qd - QO - Ql - Kq\"/ - val‘/.) - I\p\"/
qo

of| g id 4
{LP LP
Ly L H LF
H
0.5] 05|
H
0 P 1P 0
—U.S L L 1 L 1 1 L 1 —0.5 L L L 1 L L 1
2520-15-10-5 0 5 10 15 —» 0 2 4 6 8 10 12 —
P, 0,
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- Fette
The models shows us a ,dramatic" change in dynamical behavior — the Michael Fette
. . . . ) Digital Nonlinear Power Systems Competence in Energy
more inverters will be incorporated in the system the more the operating

areas of synchronous generators will be limited!

Detailed Analysis of Load Parameters

= Studies with different load parameters

= Detection of different dynamical behavior, in

Ky, =
dependence of starting conditions :

——P— -0
———— _0.03
—k——— 115
—u—.— 030
——— 44
—_— 04

= Incorporation of inverter models to find out,
how the power system dynamics will be
changed by their behavior 6195 |

0.075 |
= Question: A lot of studies, but what is with the K, A
sbp

real system? Are the models correct??? e
V2D |

= \We need devices to measure the effects —
based on nonlinear system theory.

-0.025
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© fFette

Digital Nonlinear Power Systems Competence in Energy
0
1 i lcp
. 2
3
Example: 0-8
-
Control of SVC
0.6 |
= Independence of a load factor, the V H_ ‘ .
! f - H D ) =

area of operation could be observed, 0.4 H{"" LI? '“‘:-—-—- - =

which is limited by a curve of Hopf op H n Hpy o2

bifurcations Hal H
= |t could be observed, that some 0.2 | H H : H

settings of the SVC-controller gain ,b" '

will lead to no operation situations |
= Ifvoltage dips are to big, there are no Ol

operating conditions, which it is

similar to a wrong gain ,,b".

0.3 0.2 0.1 0 —0.1 —-0.2
Theta=87,Phi=89.3 b

Quelle: Dr. Michael Fette, 1999
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Different frequency classes are necessary, to detect specific effects within the grid. Michael Fette e tte

Digital Nonlinear Power Systems Competence in Energy

Measurements of ,,Frequency Classes" - Detection of , Patterns", 2011

-
7, 2. 3. 4. 5 6 7 12. 13.
0,0 0,3 0,7 1,1 2,0 2,5 4,0 49,9 >50,1
Freq uency / Hz 03 0,7 1,1 2,0 2,5 40 14,0 50,1
= Example (Germany, MV-Grid)
. FPAax: Intermediate frequency oscillations X X
= Measurement of torsional modes
il . . imi illati X X
W|th N a g rld FPA2: Locally limited oscillations
FPA3: Mode 1 torsional oscillations
U‘[‘7T T
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Vom Netz zum System

Fingerprint Analysis

More than 100 special characteristics
are used

to identify/detect a human being based
on their finger prints!

This can be done for power
systems, also!

. 7““——“:‘-*1"#:;?.*‘:'&\

Michael Fette
Digital Nonlinear Power Systems
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The EC-Grid-Code regulations make the monitoring of operating conditions, including complex
interrelationships, mandatory!
The KRI — Key Reliability Indicator — can measure and evaluate all required interrelationships!

Provision, assurance and quality assurance of new system services

KRI® - Key Reliability Indicator

Michael Fette

Digital Nonlinear Power Systems

Selection of qvailable KRI

< Fette

Competence in Energy

KRI # |Key Reliablity Indicator KRI # |Key Reliablity Indicator | KRI# Key Reliablity Indicator
1 Islanding Detection 25 | VPE Cable - Reliability Status 200 | Control Schemes
2 FRT-Monitoring 26 |Paperisolated Cable - Reliability Status 201 |V-Control
3 Protection Schemes - Coordination 27 |HVDC Cable - Reliability Status 202 |[Q-Control
4 Protection Schemes — Reliability Status 28 [ Flexibility Condition - Reliability Status 203 | Damping Monitoring — Control
5 Nonlinear Stress — Ferroresonance 29 [CIM-BIM-TGA Condition - Reliability Status 204 |Intertia Monitoring
6 Nonlinear Stress - VT's / CT s-Reliability 30 |E-Mobility Control 205 |[EV Load Control - Wallboxes etc.
7 Nonlinear Stress — Converter Reliability 31 Bifurcational Control — Hopf 206 |BHKW — Control
8 ANSI C57.110 k-Factor-Rating 32 | Stability Monitoring — Subsystem 207 |FACTS — Control
9 Low Frequency Bands — Stability 33 [Nonlinear Distortion Factor ABCEDF 208 |Bifurcation Control Il - Bogdanov Takens
10 [Low Frequency Bands - Dynamics 34 [Dynamically Efficient Short Circuit Power 209 |Damping Control — Coordination
11 Modelling — State observation 35 [Damping Monitoring 210 |SSR-Control Subsynchronous Resonances
12 [Modelling - Controller settings — Reliability 36 [Stability Coefficient — Lyapunov 211 | Gas Turbine Control
13 | Modelling — Aging Process — Reliability 37 |Relaxation-Time Constant (Stab-Exp) 212 |Co-Generation Plant Gas Engine
14 | Modelling — Aging Process — Health Index 38 [SSR - Subsynchronous Resonances 213 |Co-Generation Plant Diesel Engine
15 | Modelling — ITIC Characteristic Industrial Load 39 |Interarea Modes 214 | CHP Power Station (GuD)
16 [PQ-Analysis — Extended Standard — E-Mobility 40 [Local Dynamical Mode 215 |Bumpless- controller — general properties
17 |Unsymmetry Management - NS-Netze 41 Torsional Mode #1 216 | Mastercontroller for Intelligent Substations
18 |Compliance-Monitoring 42 |Torsional Mode #2 217 | PV-Inverter Control (current source type)
19 |Synchronization 43 | Torsional Mode #3 218 |[PV-Inverter Control (voltage source type)
20 |Resilience-Status 44 | Supersynchronous Mode
21 FRT-Monitoring — Frequency 45 [Cusp 106 |New Load Flow Calculation 2.0 — dyn. Aspects
22 |RoCoF 46 |Tower Effect >1 MW 107 | New Short Circuit Calculation 2.0 — dyn. Aspects
23 Frequency-Authorizing 47 |Tower Effect <1 MW 108 |Damping Calculation — Frequency Domain
24 | Motor Drives - Reliability Status 48 |[Wind Turbine — DFIG 109 | Damping Calculation — Time Domain
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Rot: obligatorisch nach EU-Grid-Code-Verordnungen Michael Fette e tte

Schwarz: ergdnzende Aspekte, notwendig zur Systembewertung Digital Nonlinear Power Systems Competence in Energy
Frequenz- und Zeitbereichs-Analysen KRI Description Frequenoy domain Time
zur Messung und Bewertung von — — Al Bl CIDIT
. slanding Detection X X X
SyStemelgenSChaﬁ:en KRI 2 FRT-Monitoring X X X
SynergeticModelle zur Ermittlung von speziellen KRI'S Flis eeilien S ey -G eliEiiien X X X
physikalischen Effekten — Nutzung von nichtlinearen KR14 Protection Schemes — Reliability Status = = -
. . . . KRI 5 Nonlinear Stress — Ferroresonance X X
Analysen, insbesondere Bifurkations-Analysen sowie KRI6 Nonlinear Stress — VT's / CT s-Reliability ” ”
Resonanzprozesse KRI 7 Nonlinear Stress — Converter Reliability X X
KRI 8 ANSI C57.110 k-Factor-Rating X X X X
Bewertungen und Gewichtungen der SMo bezogen KRI9 Low Frequency Bands - Stability X X
auf deren Wirkungen im System sind mit KRI® - Key Eﬁ: 1? k/‘l"’: Flrl?q“er‘scttha“;’S‘ Di{“amics i i
ST : . odelling — State observation X X X
RIS MRS - Elagelaflie et KRI12 Modelling — Controller settings — Reliability X X X
- Nutzung von Zeit- und Frequenz-Bereich des KRI 13 Modell?ng —Aging Process — Reliability X X X X
Systems KRI 14 Modell!ng —Aging Process.— Health InQex X X X X
KRI 15 Modelling — ITIC Characteristic Industrial Load X X X X
. o KRI 16 PQ-Analysis — Extended Standard — E-Mobility X X
" A Subharmonische Oszillationen KRI 17 Unsymmetry Management —LV-Grids X X X X
= B Nennfrequenzbereich - TAR KRI 18 Compliance-Monitoring X X X X
= C: PQ-Bereich nach ISO 61000-4-30 KRI 19 Synchronization X X X X
= D Erweiterter Frequenz-Bereich KRI 20 Resilience-Status X X X X
TAR bis 9 kHz in 200 Hz-Intervallen KRI 21 FRT-Monitoring — Frequency X X X X
beginnend von 2,5 kHz KRl 22 RoCoF X X X X
= T Zeitbereich KRI 23 Freguency-Authorizing X X X X
KRI 24 Motor-Drives — Reliability Status X X X X
= Evaluierung von dynamischen Eigenschaften mit KRI 25 VPE-Cable - Reliability Status X X x X x
spezifischen SMo KRI 26 Paper isolated Cable — Reliability Status X X X X X
= Gewichtete und bewertete SMo sind die KRI27 HVDC Cable - Reliability Status . . = X
KRI 28 Flexibility Condition — Reliability Status X X X X
Grundlage fir KRI® (Key Reliability Indicator) KRI 29 E-Mobility-Control X X X X
KRI 30 Bifurcational Control X X X
KRI 31 Stability Monitoring X X X X
KRI ... Efficient Dynamical Short Circuit Power X X X X
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Rot: obligatorisch nach EU-Grid-Code-Verordnungen Michael Fette l e tte

Schwarz: ergdnzende Aspekte, notwendig zur Systembewertung Digital Nonlinear Power Systems Competence in Energy
Frequenz- und Zeitbereichs-Analysen KRI Description Frequenoy domain Time
zur Messung und Bewertung von — N - T N
h - c X X X
Systemeigenschaften > — Edge-Computing im Feld — -
SynergeticModelle zur Ermittlung von speziellen KRIS = X X
physikalischen Effekten — Nutzung von nichtlinearen % - Messen T
Analysen, insbesondere Bifurkations-Analysen sowie WRIG ” ”
R - Bewerten
esonanzprozesse KRI7 x ”
M - Steuern X X X X
Bewertungen und Gewichtungen der SMo bezogen KRS~ Regeln 2 X
auf deren Wirkungen im System sind mit KRI® - Key (KRIEIORS .. X X
Reliability Indicators - abgebildet EFR{:% Schitzen i i i
= Nutzung von Zeit- und Frequenz-Bereich des KRITS : e
kri14__ dezentral vor Ort auf der Basis x | x| x| x
WRI16_ VON -oystemen " "
= A Subharmonische Oszillationen KRI 17 UNsSymmetry vianagement —Lv-urias X X X X
= B: Nennfrequenzbereich - TAR EE: :2 gomilia“?e'Monitoring X X X X
= C:  PQ-Bereich nach ISO 61000-4-30 A2 = S— o o -
= D: Erweiterter Frequenz-Bereich KRI 21 FRT-Monitoring — Frequency X X X X
TAR bis 9 kHz in 200 Hz-Intervallen KRI 22 RoCoF X X X X
beginnend von 2,5 kHz KRI 23 Freguency-Authorizing X X X X
= T Zeitbereich KRI 24 Motor-Drives - Reliability Status X X X X
KRI 25 VPE-Cable — Reliability Status X X X X X
- Evaluierung von dynamischen Eigenschaften mit KRI 26 Paper isolated Cat.)le.—. Reliability Status X X X X X
fme s G KRI 27 HVDC Cable — Reliability Status X X X X X
el KRI 28 Flexibility Condition - Reliability Status X X X X
= Gewichtete und bewertete SMo sind die KRI 29 E-Mobility-Control X X X X
Grundlage fir KRI® (Key Reliability Indicator) KRI 30 Bifurcational Control X X X
KRI 31 Stability Monitoring X X X X
KRI ... Efficient Dynamical Short Circuit Power X X X X




Frequency Range of VDE|FNN TAR / EC-Grid-Codes plus Extended Range

Vom Netz zum System

Frequency-Authorizing I

|
|
|
" Taa e adth FNNTAR I
, 4-phase, unsymmetrical | - U, |, 4-phase, unsymmetrical - U, |, 4-phase, unsymmetrical - U,1, 4-phase, unsymmetrical r
Synergetic submodels SMo for the |
detection of special effects — l New Requirements
related to bifurcation analysis — | AR
especially resonance processes . a3 Q4
= KRI1: Islanding Detection I
= KRI2: FRT-Monitoring I
= KRI3: Protection Schemes - Coordination
= KRl 4: Protection Schemes - Reliabilitv Status 1
e et Eor every KRI®, there exist
L {7 Nouners an inverse SMo, with
= KRI9: Low F
ey ¢ C s el T
- KRI11:  Modeling- ,,Play” the dynamics
» KRI12:  Modelling - | Models |
= KRI13: Modelling -
= KRI 14: Modelling - - _ T m
« KRI15: Modell:gg- Like an ,MP3-Player
= KRI16: PQ-Analysit —
= KRI17: Unsymmeti ATl
= KRI18 Complianc .
ks eompiee Partotour _
- KRI20  Resiience: Synergetic Digital Twin
« KRI21 FRT-MONItC. ...y oo,
« KRI22  RoCoF |
= KRI23

Incorporation of further
KRI® as ,test functions* for F e tte
reliability status UAORRIES N

Synergetic Digital Twin

—

At the moment: > 120 KRI®

Special models for
E-Mobility applications e
Cable (stress factors)

Aging models

ol




Fette

Digital Nonlinear Power Systems Competence in Energy

Nochmals Frequenz-Dauer der Wechselwirkungsprozesse im Bereich o bis 50 Hz — Messung in Deutschland
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Nochmals Frequenz-Dauer der Wechselwirkungsprozesse im Bereich o bis 50 Hz — Messung in Deutschland
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Fur Smart Meter sind diese Frequenzen per Definition nicht existent!
Im Eichverfahren nicht beriicksichtigt!

Konsequenz: grob falsche Messdaten!

Die aktuell genutzten Algorithmen sind fiir diese Systemeigenschaften ungeeignet!

0,2

1 Z 3 4 2

0,4 0,6 0,8 1,2 1,4 1,6 1,8 2,2 2,4 Z,6 Z,8 3,2 34 3,6 3,8 4,2 4,4 4,6 4,8

s-Finstellungen

5,2

5,4 5,6




Vom Netz zum System

Inertialll — Inertia???

Synchronous Machine
Model

* Orthogonal structure in 0dg-coordinates

* Mechanical and electrical systems are
coupled

* Feedback of the frequency is essential

* Model is prepared for use of nonlinear
analysis method

Hamburg, Mai 2025 52
Michael Fette e e
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Quelle: Dr. Michael Fette - 1993

© Fette — Competence in Energy GmbH — Alle Inhalte urheberrechtlich geschitzt



Vom Netz zum System

- fFette

Inertia!!! — Inertia??? Digital Nonlinear Power Systems ;
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Synchronous Machine with — o> ook o el
(] S "
Saturation — e

* Model converges in the case of small
currents to the model without saturation
»limit model properties* are reached

'™

« Structural analysis is possible — Calculation
of bifurcation-characteristics

mﬁ kU cosd)

Quelle: Dr. Michael Fette - 1993
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Inertia!!! - Inertia ??? Digital Nonlinear Power Systems Competence in Energy
Turbine Generator Gear box. Exciter

Mechanical Subsystem

*  Mechanical subsystem with identical structural
dynamics as the model of a saturated
synchronous machine

*  Coupling of mechanical and electrical
subsystem is essential for the calculation of
subsynchronous resonances or inter area
oscillations

Quelle: Dr. Michael Fette - 1993
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PMU-Daten liefern keine Informationen — um diese Frage zu Digital Nonlinear Power Systerns :
Competence in Energy
beantworten!

load model

Py = P4+ Py + Koy + Kpi{V + TV)

EoL0

Load Dynamics

Qg = Qq + Qg + Kgud + KguV + KpoV?

Analysis of load dynamics with multi-

parameter-dependencies _
Om = @

Bifurcation-Analysis
W = %‘ — dpw + Py + E2Ysin6p,) + EpYmVsind — 0, — 6]

Question:

Which parameter change process is 0 = %qw[od —Qp —Qp — KV — vazvﬂ

most important for the various stability B

aspects of the system? V= K1 T{pd ~ P, Py — %(Qd ~Qq — Qg — KoV — KguoV?) - vav}
pv qw
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Wesentliche Eigenschaften nichtlinearer Elektroenergiesysteme

4
4

Ein dynamisches System kann nicht jeden beliebigen Zustand annehmen

Ein dynamisches System durchlauft auf dem Weg von einem Zustand zu einem Nachsten nur dynamisch
,erreichbare" Zustande

Welche Zustande Uberhaupt eingenommen werden kénnen, hangt von den Eigenschaften des Systems ab — von
der Struktur der beteiligten Nichtlinearitaten

Der Ubergang von einem Zustand zu einem Anderen, wobei das System qualitativ seine Eigenschaften andert,
hangt von nur sehr wenigen Parametern (Ordnungsparameter) ab (Synergetik).

Eigenschaften stochastischer Prozesse konnen auf aquivalente Nichtlinearitaten umgerechnet werden!
Die Eigenschaften konnen in einer praktischen Umsetzung direkt ausgewertet werden!

KRI’'s werten die Eigenschaften aus und ,,ibersetzen" den dynamischen Zustand des Systems!



Vom Netz zum System

Michael Fette
Digital Nonlinear Power Systems

Forderungen aus der Theorie nichtlinearer Systeme

=» Modellunabhangige Methoden und Verfahren

» Kein Modell der Welt entspricht der tatsachlichen Netzsituation
» On-line-Identifikation von Modellparametern sehr schwierig (oder unmaglich)
» Lasteigenschaften unbekannt und nicht online identifizierbar

=» Ausschliel3lich Analysen der Dynamiken
» dezentral
» lokale Intelligenz
» unabhangig von koordinierender Stelle
=> Ausschliel3lich Methoden basierend auf der Theorie nichtlinearer und stochastischer Systeme

» Unabhangigkeit von Formparametern der Systemgrolden (z.B. sinusformig)

=» ABER: Lokale Reprasentanz der Gesamtdynamik notwendig

57
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New Grid Codes are demanding for assets and grids — and create new Michael Fette
business OppOI’tUI’)iti&S Digital Nonlinear Power Systems
U

Fundamental changes in future system require transition with clear
vision and new solutions
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To discuss, one have to consider a complex and very sophisticated case in

power system dynamics.

Why does it work in history?

Important Paper

= The irrelevance of electric power system dynamics for
the loading margin to voltage collapse and its

sensitives
lan Dobson, Nonlinear Theory and Its Applications, IEICE, Vol. 2, No.
3, pp. 263 -280, 2011

~We analytically justify the use of static models to
compute loading margins and their sensitivities and
explain how the results apply to underlying dynamic
models.

This result enables commercial software used by the
power industry to monitor and avoid voltage collapse
blackouts.”

Remarkable Result

.1 he paper shows that the load power margin is
independent of dynamics and we suspect that this
useful property is also shared by the energy function
index.

Therefore these indices require for a power system
model either a full set of differential equations or

differential-algebraic equations with the
assumption or knowledge that the algebraic
equations are enforced by underlying

dynamics that are both fast and stable.“
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Transition der niederfrequenten Dynamiken durch die Integration uberwiegend
leistungselektronischer Einspeiser, Speicher und Lasten

Verbogen, nichtlinear — aber ,statisch™ Verbogen, nichtlinear — aber ,instabil™

-

Fo & a3 = . .;ml

%3 v
Quelle: Kartoffeln (pixabay) Foto: House of Food / Bauer Food Experts KG
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Zwischenfazit

= Aktuell vorliegende Messdaten weisen auf einen ,prototypischen” Blackout hin, der alle
Merkmale der nichtlinearen Theorie zu Kollaps-Vorgangen (Spannungs-Kollaps) erfullt.

= Das grundlegende Problem wird im Spannungs-/Blindleistungshaushalt des Netzes liegen.

= Abstimmung der diversen Reglereinstellungen / Schutzeinrichtungen miissen verbessert /
koordiniert werden. Dampfungsverhaltnisse missen verbessert werden!

Das ist zukiinftig ein permanenter Prozess - und nicht nur einmalig im
Netzanschlussverfahren!

= Der Storfall ist reproduzierbar!
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Intelligent Nonlinear Systems are our Profession

Preserving the tried and tested - shaping the new!

KRI® die Anwendungen und Algorithmen, die das System benotigt, um das nichtlineare Systemverhalten zu
erkennen und zu bewerten, Prozesse anzupassen und Entscheidungen zu treffen, damit das System jetzt
und in Zukunft stabil und sicher betrieben werden kann - lokal und global. KR/I® kodieren mit einer
intelligenten Vorverarbeitung die Messdaten so, dass die auszutauschenden Datenmengen auf ein
Minimum reduziert und die Relevanz der Information erkannt werden kann. - Komplementar zu bekannten
Prozess-KPI.

DMP-EMCP”® die EDGE-basierte Hardwareplattform, die die MessgroBen im gesamten Frequenz- und
Zeitbereich in Zeit und Frequenz hochaufgeldst erfasst, Indikatoren fur Einzelwerte oder komplexe Werte
oder fir komplexe Netzdynamiken auf Basis nichtlinearer Systeme ermittelt, kann direkt innerhalb von
Steuerungs- und Schutzalgorithmen lokal oder in hierarchisch strukturierten Steuerungs- und
Schutzkonzepten eingesetzt werden. CyberSecurity-Aspekte konnen traditionell implementiert werden, oder
es konnen neue duale CyberSecurity-Losungen durch intelligente Kodierung der Mess- und
AuswertegroBen genutzt werden, um eine zukiinftig nutzbare "low cost"-Kommunikation sicher und
zukunftssicher zu machen.

Basiert auf XA/l - EXplainable Artificial Intelligence — powered by Synergetics!

Pooling-Algorithmen und Marktplatze konnen direkt angedockt werden, intelligente Losungen, bei denen
z.B. E-Fahrzeuge auch als Speicher im Verteilnetz mit Dienstleistungen fir das Ubertragungsnetz eingesetzt
werden, konnen realisiert und betrieben werden.

Der Betreiber von ORCA® erhilt direkte Unterstiitzung im Rahmen von Unternehmenswerten mit den
Perspektiven: Finanzen, Technik, Sicherheit, Qualitat, Recht, Image, Umwelt, Organisation und Effizienz. Die
KRI* identifizieren Probleme, zeigen Losungen auf und begriinden die Herausforderungen - immer im Sinne
aller Unternehmenswerte, ... mit Nachweisen, so dass Klarheit fur alle Beteiligten geschaffen wird!

... ein komplettes, streng modulares, hoch automatisiertes Systemmanagement - flir

DNPS® Digital Nonlinear Power Systems

Fette

Competence in Energy
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Intelligent Nonlinear Systems are our Profession

Preserving the tried and tested - shaping the new!

Fette - Competence in Energy GmbH develops solutions for system management and system
operation of energy systems that meet future requirements with predominantly decentralized and
converter-based plants.

» 35 years of experience in research and development of nonlinear systems

»  Over 800 man-years of development power in IT systems, hardware and software solutions, algorithms, and
analysis and evaluation methods - self-funded without third party rights or dependencies

»  Over 350 projects in more than 30 countries in industrial, distribution and transmission networks (AC and DC), to
determine and assess system dynamics - usually when there have been disturbances or destruction of equipment
and networks, identifying causes and proposing solutions — evaluating theory and practice

» For more than 15 years permanent observation of the dynamics and change processes in the systems
» Over 100 projects for the development of customer-specific solutions

»  Over 500 consulting projects

Publisher:

Fette — Competence in Energy GmbH
Hohenzollernring 30

22763 Hamburg

Germany

+49 155 588 49 807

Fette

Competence in Energy
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Intelligent Nonlinear Systems are our Profession

Preserving the tried and tested - shaping the new!

Fette

Competence in Energy

Priv.-Doz. Dr.-Ing. habil.

Michael Fette

former Professor for
~Renewable Energy Systems and Automatic Control*
venia legendi in ,,System theory / System dynamics"

michael.fette @fette-competence-in-energy.com

Please request the KRIPP-Catalogue or ORCA®-Modules — Intelligent Solutions for Digital Nonlinear Power Systems

Fette

Competence in Energy
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Hinweis auf Urheberrechte

= Hiermit weisen wir darauf hin, dass die Unterlagen ein technisch/inhaltliches und auch
unternehmerisch/organisatorisches Konzept beinhalten, das urheberrechtlich und unter juristischen

Aspekten in jeder Hinsicht geschutzt ist.

= Eine Weitergabe an ,Dritte” ist ausgeschlossen und kann nur mit unserer verbindlich schriftlichen
Zustimmung weitergegeben werden.

= Falls Beteiligungsgesellschaften existieren, die rechtlich eigenstandige juristische Personen sind, bitten wir

Sorge zu tragen, dass die Gesellschaften Ihnen und uns die Nichtweitergabe der Unterlagen schriftlich
bestatigen. Das gilt auch in dem Fall, wenn Sie Unterlagen weiter geben wurden.

Vielen Dank!
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