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Stedin is a grid operator in most of the Randstad, 
including Zeeland, The Hague, Utrecht, Rotterdam 
and the Rijnmond port and Botlek area. 
It is an urban area with complex infrastructure, 
where energy dependence is high. 
We also manage the gas infrastructure in the 
regions of Kennemerland, Amstelland and 
Northeast. 
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Power Quality

Local EV charge and PV 

Harmonics

Bronnen: Stedin Bart Kers; TU Eindhoven,  Sjef Cobben
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Power Quality: Voltage level at 50 Hz

Voltage level decrease

EV charger behaves as a load: 
results in voltage decrease

10 kV 400 V

Begin 400 V
End 360 V

Nominal 360 V



Power Quality: Voltage level at 50 HZ

PV (G 1) close to distribution
transformer: injected current à
voltage >  Unom

PV (G 2) distance from distribution
transformer: same injected current à
voltage > Umax

Current (2)

1 2

Umax 440 V

Unom = 400 V

10 kV 400 VNominal

Current (I)
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Power Quality: 50 Hz Voltage level by local generation

1,1 Un

0,9 Un

Setpoint = Un

Situation A
Source Source

Current (I)
Load

Current (2)
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Power Quality: > 50 Hz and < 2 kHz 
THD Voltage level by local generation + EV

THD
8% Un

Situation B

G

Source Source Source
Current (I) Current (2) Current (3)
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Power Quality: > 50 Hz and < 2 kHz 
Familar phenomenon: flicker
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Power Quality: > 50 Hz and < 2 kHz 
Familiar phenomenon
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Power Quality: > 2 kHz < 150 kHz
THD Voltage level by local generation + EV

Uharmonic
THD
8% Un

Situation C

G

Uharmonic to high

Source Source Source

Interactions

Current (I) Current (2) Current (3)
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Power Quality:  
Emission limit, Harmonic, THD

Situation C

G

Source Source Source
Interactions

Uharmonic = Isource* grid impedance

Emission limit = limit Uharmonic

Isource 1 Isource 2 Isource 3

Uharmonic Uharmonic
Uharmonic
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Power Quality: Harmonic emissions
Pollution à CO2 à Emission rights1

Analogy with PowerQuality:
Pollutionà Harmonics à Emission limits

Emissions trading is the trade in emission rights: the right to emit greenhouse gases.
With 1 emission allowance, a company can emit 1 ton of carbon dioxide (CO2).
The number of available allowances is limited and also decreases every year.

Example:
130 MVA Windpark 66 kV connection

1https://www.emissieautoriteit.nl/onderwerpen/wat-is-emissiehandel

Emission limits HV-MV-net

Stedin HV Windpark Stedin MV TenneT HV
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Power Quality:  
Emission limit, Harmonic, THD

Situation C

G

Source Source Source
Interactions

Isource 1 Isource 2 Isource 3

Interactions between PV, EV charge and grid depends on 
• Grid concept, 
• Length of cables
• Resonance
• Type inverter, switching frequency of PV and EV-charger
• Amount of PV and EV chargers
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Power Quality

• More EV-chargers leads to uncertain high frequency behaviour at 
medium and low voltage grid

• Study needed to determine impact EV at medium and low voltage grid
• Injection emissions EV
• Interaction with other EV or PV system
• Determine future emission levels
• Determine solutions 
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§ Powerfactory (PF) is a standard analyzing tool at Stedin
§ Frequency Dependent Models
§ Harmonic loadflow calculations
§ Frequency sweep calculation

§ Use measurements and knowledge to model EV charger
§ Detect possible exceeding harmonic emissions in the network and 

the effectiveness of countermeasures

Study to determine impact EV at medium and low 
voltage grid using PowerFactory
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§ Integration of external model using FMI.
§ Matlab/Simulink

Study to determine impact EV at medium and low 
voltage grid using PowerFactory

§ Using Python
§ Using algorithms/equations calculating 

harmonic currents (voltage dependent)

Two directions to model EV-charger:

1

2
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Power Quality (wrap up)

Power Quality

Control

• Monitoring
• Analyses
• Predict by study/simulations
• Solutions



Thanks for your attention

23 Ernst Wierenga
ernst.wierenga@stedin.net


