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Impact EV chargers to power quality



MSP regarding power quality

POC HVAC grid mode 4 MVAC grid mode 4 LVAC mode 3 LVAC mode 3/2/1

High power DC DC fast charging 3~(+N) 1~+N

1MW 100-900kW 7-100kW <7kW

Strength Stable POC, ònoise immuneó, 
predictable

Fast

Weakness Location, connecting High load, short time, high 
investment, battery C factor 

lifetime/warranty

Opportunity Pre charging locally DSM, V2grid better than PV, 
swap

Threat Connectors, HV lines, non 
dedicated grid

Noise, connectors, TCO

Focus on PQ Energy management policy Energy management policy



1906 - 1977 impact 1~ EV chargers to 
power quality was negligible

electronicshub

1~N



Need for lower cost, lightweight, higher 
efficiency chargers

electronicshub

1~N



electronicshub

1~N

CǊƻƳ мфулΩǎ ƛƳǇŀŎǘ мϤ ǊŜŎǘƛŦƛŜǊǎ ƛƴǘǊƻŘǳŎŜŘ 
3rd harmonics to power quality 



1~N

EV charger, laptop power supply, LED driver 
ŀǊŜ ŀƭƭ {at{Ωǎ 

N

L1



1~N

Inrush currents mode 1 can trip earth 
leakage and overcurrent protection devices

N

L1



2~N

Current in the neutral is higher than phase,
normally at 3~ N reduces (120° verctor)

N

L1
L2



3~N

1~ rectifiers introduce 3rd harmonics to 
power quality. Halve neutral no longer

N

L1
L2
L3

?!



3~N

The 3rd harmonic series sum themselves in 
the neutral. Design bigger N wire in cables 

N 71A

L1 41A
L2 41A
L3 41A



3~N

²Ƙŀǘ ƛŦ ǘƘŜ ƴŜǳǘǊŀƭ ǿƛǊŜ ƳŜƭǘǎ ŘƻǿƴΧ

N 71A

L1 41A
L2 41A
L3 41A



3~

THD(i) 29% off, EV cars still charging

N 0 A

L1 35A
L2 36A
L3 36A



3~
N 0 A

L1 35A
L2 36A
L3 36A

Current looks like 3 phase charger



3~N

CǊƻƳ мфулΩǎ ƛƳǇŀŎǘ мϤ ǊŜŎǘƛŦƛŜǊǎ ƛƴǘǊƻŘǳŎŜŘ 
3rd harmonics to power quality 

N 71A

L1 41A
L2 41A
L3 41A



3~

CǊƻƳ мфулΩǎ ƛƳǇŀŎǘ мϤ ǊŜŎǘƛŦƛŜǊǎ ƛƴǘǊƻŘǳŎŜŘ 
3rd harmonics to power quality 

N 0A

L1 36A
L2 36A
L3 36A



3~N

Very high inrush currents result in voltage 
transients 

N 0A

L1 36A
L2 36A
L3 36A



MSP regarding power quality

POC HVAC grid mode 4 MVAC grid mode 4 LVAC mode 3 LVAC mode 3/2/1

High power DC DC fast charging 3~(+N) 1~+N

1MW 100-900kW 7-100kW <7kW

Strength Stable POC, ònoise immuneó, 
predictable

Fast Universal, almost 
immune to THD(80v)

Weakness Location, connecting High load, short time, high 
investment, battery C factor 

lifetime/warranty

3rd harmonic , Neutral, 
end of line THD, inrush, 

unbalance, DC offset  

Opportunity Pre charging locally DSM, V2grid better than PV, 
swap

Standardization PF = 1

Threat Connectors, HV lines, non 
dedicated grid

Noise, connectors, TCO Al Cables, fire, 
momentary interruption

Focus on PQ Energy management policy Energy management policy Overdesign N



Good design, immune, no emission,  

3~ future?

J. W. Kolar, J. Mühlethaler
Swiss Federal Institute of Technology (ETH) Zurich
Power Electronic Systems Laboratory 



Mode 3 is adapting to the fitness of the grid

3~ mode 3



Well designed charger have a specific shunt 
in series

3~ mode 3



What is wrong with the 11t and 13th 

ŎǳǊǊŜƴǘ ƘŀǊƳƻƴƛŎΧΦ

3~ mode 3

6x



CǊƻƳ мфулΩǎ ƛƳǇŀŎǘ мϤ ǊŜŎǘƛŦƛŜǊǎ ƛƴǘǊƻŘǳŎŜŘ 
3rd harmonics to power quality 

3~N
>100KHz 
Analyzer with dc coupling



Tembofactory with charging points



Had unexplainable multiple time issues 
with the utilities, but not the factory..



One roof with transformer less inverters



Follow the currentt



{ǿƛǘŎƘƛƴƎ ŦǊŜǉǳŜƴŎȅ мрΦтƪIȊΧΦ ²ƛǘƘ 
dynamic behaver


