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was selected, where at least one EV was charging. The 
measured sum of the three considered harmonic currents is 
shown in Fig. 8. Due to the larger rated power and 
significantly higher coincidence factor (cf. to part I of the 
paper), the PVI dominates the harmonic emission 
compared to the EVCs. Even if a certain potential of 
cancellation exists, its effect on the emission would require 
a better balance in coincidence and number of operated 
devices between EVC and PVI. In case of the 7th harmonic 
the direction of phase angle changes between states A and 
S differs between the households, which cannot be clearly 
explained at this stage, but illustrates the complexity of the 
interaction between different devices in low voltage grids.  
 

5. Impact on Harmonic Levels in the Grid 

A. Harmonic voltages at the feeder end 
In general the highest voltage distortion occurs at the 
weaker feeder ends. The voltage at these points is much 
more affected by the devices connected to the considered 
LV grid than the harmonic voltage at the LV busbar, 
which is dominated (except for the 3rd harmonic) by the 
background distortion of the upstream grid. 
Fig. 9 shows the impact of the PVIs on the harmonic 
voltages at the end of feeder F1 (cf. to part I of the paper 
for a detailed schema) with more than 60 kVA installed PV 
power and a sunny day. Except for the 3rd harmonic 
voltage almost every harmonic shows a significant 
decrease during the daytime (operation of PVIs), when the 
generated power is highest. In particular the 15th harmonic, 
which is close to the limit of 0.5 % during the night, 
reduces very significantly during the time with PV 

generation. The reason for the increase of the 
3rd harmonic voltage is that the PVIs dominate the total 
3rd harmonic current and due to the missing background 
voltage from the upstream grid no potential of 
cancellation exists. In contrast, 5th and 7th harmonic 
voltages are transferred downstream from the MV grid 
and have such a phase angle that the additional harmonic 
voltages caused by the respective harmonic currents in 
the low voltage grid tend to decrease the total harmonic 
voltages at the feeder ends. This effect has been also 
observed e.g. in [11-13]. Thus, for this particular grid the 
combined operation of PVIs and EVCs has an overall 
positive impact on the harmonic voltages. The positive 
impact is mainly a result of the PVIs.   
 

B. Harmonic currents at the transformer busbar 
The harmonic currents of the whole grid are depicted in 
Fig. 10. While the magnitudes of the 3rd, 5th, 7th and 11th 
harmonic current increase considerably during daytime, 
the levels of the 9th, 13th and 15th harmonic decrease due 
to possible cancellation effects. The other harmonic 
orders are so small that they are below the accuracy limit 
of the measurement devices and no conclusion can be 
drawn. It should be noted that a small 2nd harmonic 
current exists, which increases during the day (operation 
of PVIs), but it is not characteristic for public LV 
networks. The PVIs clearly dominate the harmonic 
emission in this grid (5th harmonic current doubles almost 
during the day). Even if the EVCs had also a significant 
harmonic current emission, their impact would be much 
smaller due to their significantly smaller coincidence and 

 
a) 3rd harmonic current b) 5th harmonic current c) 7th harmonic current

Fig. 7: Different households (different symbols) with EVC at different charging states (state A: red, state B: green, state S: blue) 

 
a) 3rd harmonic current b) 5th harmonic current c) 7th harmonic current 

Fig. 8: Superposition of harmonic currents in one feeder with PVIs and EVCs (phase L1) 
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