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From rotating momentum to a converter-based dominated system

COAL POWER PLANT INCANDESCENT LAMPS INDUCTION MOTORS
KOLENCENTRALE GLOEILAMPEN INDUCTIEMOTOREN

FROM: PASSIVE LOADS
VAN: PASSIEVE BELASTINGEN

BESS SYSTEM PV INVERTER &
SOLARPANELS  EVLAADPAAL VFD-DRIVEN

PROCESS

& ZONNEPANELEN

TO: ACTIVE & FLEXIBLE
SYSTEMS

NAAR: ACTIEVE &
FLEXIBELE SYSTEMEN

PE&ES Event 2026
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Why this matters

Power quality is no longer a fixed property of the system

Harmonic distortion

O
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Why this matters

Power quality is no longer a fixed property of the system

* Harmonic distortion

O

PE&ES Event 2026




Why this matters

Power quality is no longer a fixed property of the system

* Harmonic distortion
* Resonance phenomena

PE&ES Event 2026

Source: https://www.youtube.com/watch?v=4jk9H5AB4(M

FH Federatie van
technologiebranches

: HyTeps

ENERGY SAVING
". POWER QUALITY




FH Federatie van
technologiebranches

HyTEps

"'. ENERGY SAVING

POWER QUALITY

Why this matters

Power quality is no longer a fixed property of the system

* Harmonic distortion
* Resonance phenomena
* Small-signal instability, arising from interaction between converter control loops

* Phase-Locked Loop (PLL) interactions, where weak or distorted grid voltage leads to inaccurate phase
tracking and potential control oscillations

* Weak grid operation, where high grid impedance reduces system damping and increases sensitivity to
disturbances

* Low Short Circuit Ratio (SCR) conditions, due to limited fault currents from inverter-based resources power
system protection will not trip

* Nuisance tripping, caused by protection systems responding to harmonics, transients, or control-induced
oscillations rather than actual faults

PE&ES Event 2026
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Why this matters

Power quality is no longer a fixed property of the system

* Harmonic distortion
* Resonance phenomena

Weak grid operation, where high grid impedance reduces system damping and increases sensitivity to
disturbances

Low Short Circuit Ratio (SCR) conditions, due to limited fault currents from inverter-based resources power
system protection will not trip
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Manufacturers cnensr saving
Spgg;ﬁ;i%’:“ Specifications:
Wishes

Distributed System Consumer
Operators

Specifications:
complaints
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Traditional Measurements

Advantages Limitations

+ Real-world behavior — Snapshot in time

+ Validation of existing issues — Limited scenario coverage
+ Compliance verification — Difficult to identify root

— No predictive capability

PE&ES Event 2026



Digital Twin

Power Sytem Modelling
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| Synchronous generator X
| Contract Reliability Spedifics Note Presentation Selection Variations

General Generator Connection PQ diagram Dynamics Harmonics T E P S ®
NSA 02 "' ENERGY SAVING
. POWER OUALITY
0,4kv

Type:
Unom: 0,4kV

AAAARANAANAANRRRARANRRRAR RN

HV/K

Snom: 1000 kVA
Generator setting:
Name MOB NSA 02 X"d 0.14 Pref 1000 -« kW

Profile Default v
ffPdroop 3 %
Isochronous control O

() cos(ep)- or reactive power control

Mode cos(p)-control
cos(wp) 0,95
Q supply

Control measuref

© voltage control
! Uref 0,7 pu
du = 0,004kv | UQdroop 1 %
| Qlimit default v
; Other y
[i] Q control node

PE&ES Event 2026
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Power flow

Short circuit
Protection Coordination

Arc Flash Analysis

Simulations for Industry

Harmonic Analysis A small selection of the many possibilities

Resonance
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Power flow Inkoop Liander AC5

Short circuit

vs-TR @
Protection Coordination A ) 702 L2BHTO2
1250 kVA
k: 6 9
F) I NSA 1000 kVA
Arc Flash Analysis LsTR @
nsA @
Railkoker
6 m 4000A (SE Canalis KTA 3L+N+PER) Railkoker
Harmonic Ana lysis 6 m 1600A (SE Canalis KTA 3L+N+PE)
HVK I
Resonance K - Distr. pomp 4 K - Distr. pomp 4 K - Boilerpomp 3 K - Mengregelpomp 2 K - Ketel 3 K - WOS-pomp 2
100 m 3 keer 95 Cu 10'm 3 keer 95 Cu 45m 95 Cu 75m4 Cu 75 m 3 keer 95 Cu 10 m 2 keer 50 Cu
EMT
. Distr. pomp 4 . Distr. pomp 4 . Boilerpomp 3 . Mengregelpomp 2 . Heat only boiler, ketel. WOS pomp 2
Dynamic Analysis
. . Distr. Pump 4 \/ O
Compliance studies WEG 260 kW 400 V 4p Boiler 3 220 kW WOS Pomp
Distr. Pump 4 Boiler Pump 3 Mengpomp 2 WEG 8 kW 400 V 2p

WEG 260 kW 400 V 4p WEG 85 kW 400V 2p WEG 8 kW 400 V 2p




e Power flow

Insight into power flows, voltage stability and system efficiency

Inkoop Liander AC5
52 A
0,940

IK-AC5
10,500 kV

MS-TR
10,500 kV
52 A
a NSA 1000 kVA
T02 L2BHTO2 0A
‘. Pv. 7.7 kW 1,000

LS-TR
0,401 kV

K - Distr. pomp 4 gregeipunip K-K K - WOS-pomp 2
Pv: 4,1 kW Pv: 0,2 kW Pv: 1,5 kW Pv: 0,0 kW
51 % 30 % 36 % 4%
13A 14 A
0,980 0,980 . 0,850
Boilerpomp 3 Mengregelpomp 2 ‘ Heat only boiler, kete‘ Wos pomp 2
0,399 kV 0,394 kV H3AR kV 0,401 kV
0,980
Distr. Pump 4 \/ O
459 A Boiler 3 220 kW WOS Pomp
0,870 i i 325 A 14 A
100 % Dlst‘r{oI;u'&np 4 B0|I(:%§lﬁrlp 3 Men?gtkmp 2 0.980 0.850
0,980 0,980 0,980 100 %
89 % 90 % 87 %

The power flow analysis shows how voltage and current are distributed throughout the
network and helps identify overloads, voltage drops and system losses at an early stage.




Short Ci[cuifc

(a Details O X

Short circuit Knooppunt Tak Element Schakelaar en beveiliging

Distr. pomp 4 Boilerpomp 3 Heat only boiler, ketel 3 Mengregelpomp 2 NSA
. ] ] . ] . ] ol

K - Distr. pomp 4 K - Boilerpomp 3 K - Ketel 3 K - Mengregelpomp 2 Railkoker

HVK
0,4 kV r- oA r-oA r-oA roA ll!r':UA

_ _ _
K™ 31,18 kA ‘f

Ip: 69,97 kA
R/X: 0,182
Sk™ 21,6 MVA
Zi: 1+j8 mOhm
tmax: 1,646 =
Ib: sym asym
20 ms: 30,62 kA 34,03 kA
50 ms: 30,15 kA 30,30 kA
80 ms: 29,95 kA 29,95 kA
100 ms: 29,81 kA 2981 kA
250 ms: 29,48 kA 29 48 kA
lk: 28,49 kA

ﬂ'ﬂ 4] " Details Bewerken




Protection Coordination

Ensuring continuity

Stroom-tijd-karakteristiek

100000

1
1
]
. . . I.
Protection Coordination 33EHS11+05 I
1000 Eerste stroombev eiliging :
Siemens Siprotec 7EJ82 i
Karakteristiek: vastetijd 1
I==8304 t==175 1
| == =_2|:||:||:|_.ﬁ': t3="3=“=|:|:.2 5 1
100 1
1
1
1
L
— |
= 10 i

:

L]
1
|
1 1 I Vermogenschakelaar I
1
1
WA AT T TTT TR TL AT TTTTTTT T TETS TR TR T AT AL
01 ;
1
I
|
|
0,01 :
100 1 000 10 Q00 100 Qo0

| (A) bij 3 kW

A protection coordination study ensures that only the faulty section is disconnected,
allowing production and critical processes to remain operational.




Arc Flash Analysis

Safety under energized conditions

V-

a Details vlambooganalyse

Verdeler HVK

Bestand Bewerken Lettertype

o Detsic DH 8 XEE AA Viamboog
| Bekenmethode: IEEE 1584-2002, Empirische methode (Sectis 5.3) Spanning: 400 V

Knooppunt  Tak Element Schakela® Encoppuntnaam: TTELH11 i g
Enooppunt1D: 517 Vrijkomende energie: 80 kJ
Sec. 420V NUnom: 0,42 kv
. Geleiderafstand: 32 mm BOOgStroomZ 525 kA
Arc Flash Analysis Fersponsafstands 610 mm Op werkafstand van: 300 mm
e PRI o TiemRecgaTEocn . APC klasse vereist
Busbard pPEM = 3 Vlamboog berekenings methode

Db3 = 360 mm .

o m DGUV 203-077:2021

Ibf = 74,94 kA
Eﬁ';“'” Iarc = 28,78 KB

Parc = 16,245 MW
0,42 kV REf = 0,019615 Ohm Vlamboogtest
::::;;:;:A ‘; Iare, [kKR] Tkegin, [38] Tend, [3] dT, [3] dEarec, [cal/cm®] Afsch.cbject IEC 61482-1-2
Earc: 11,51 callcm® op 610 mm 23' 779 0,000 0,020 0,020 1,320
PBI.categorie: 3 2:,750 0,020 0,050 0,030 1,979
Dbi: 380 mm 28,706 0,050 0,100 0,050 3,291
e ——— 28,€37 0,100 0,175 0,075 4,923 77ELH1140% IN

0,000 0,175 0,250 0,075 0,000
0,000 0,250 2,000 1,750 0,000
W/ eis 3) Klant Logo '_tVTEPS!
L/ ING
o
T
Datum: mm-jjj ISO Nr.: AFLXXXXXXXX

& 3 L] Details Bewerken Sluiten

Waarschuwing: Veranderingen in de systeemconfiguratie en/of de instellingen van de
apparatuur zullen de resultaten en aanbevolen persoonlijke beschermingsmiddelen

The arc flash analysis calculates the energy released d |£8" oo it vamboogonderzock ongeldig maken.

Dit label is onlosmakelijk verbonden met het rapport van dit onderzoek.

determines the required safety measures. - /




Harmonic Analysis

The ipvisible distortion

\
Transformer belastbaarheid vs THDi
100 o
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accelerated equipment ageing.




Resonance

Impedance spectrum

The fingerprint of your network

Inkoop Liander AC5

Impedantiespectrum
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0,18
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HVK e—

0,16

0,14
K- WOS-pomp 2

0124 10 m 2 keer 50 Cu

\

_I 0,08

0,06
I J— 0 I m - I -
— T T — T T — T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
t
6

0,04
C Dis F i
requentie (Hz)
| JEG 2
Distr. Pump 4 Boiler Pump 3 Mengpomp 2

Condensatorbank 45 kVAr WEG 260 KW 400 V 4p WEG 75 kW 400V 2p WEG 8 kW 400 V 2p

The impedance spectrum identifies resonance phenomena and forms the basis for
effective filter design.

WOS pomp 2

0,02

5 Pomp
WEG 8 kW 400 V 2p




. Compliance studies

Compliance studies

Compliance with standards and grid operator requirements
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Key Takeaway

To conclude: industrial power systems are changing from static distribution networks into dynamic,
interaction-driven systems.

Power systems are now interaction-driven

Key risks are frequency-related

Static design methods are no longer sufficient

Digital Twin enables predictive engineering

PE&ES Event 2026
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Thank you
( Contact details >

HyTEPS
Beemdstraat 3
5653 MA, Eindhoven
+31(0)49237 1212

Colin Willemsen

c.willemsen@hyteps.nl
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