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ABSTRACT 
This paper describes and presents measurements of 
supraharmonic emission in low voltage grids in Europe, 
North America and Asia. One-minute average values for 2 
kHz grouped components are given and a total 
supraharmonic distortion (TSHD) value is calculated for 
the frequency band 2 to 150 kHz. Statistical analyses are 
performed, investigating the site and time dependency of 
supraharmonic voltages. Results show that the average 
values are, with a 90% confidence within an interval of 
0.09-0.56% of fundamental (FND) but higher values can 
occur. Based on analyses of these measurements some 
early conclusions can be drawn: 

 Supraharmonic emission are present in low 
voltage grids 

 The magnitudes and frequencies vary between 
sites and over time 

 There is a daily pattern but also some 
randomness when supraharmonics appear. 

INTRODUCTION 

The interest and number of research papers dealing with 
supraharmonics (waveform distortion in the frequency 
range between 2 and 150 kHz) has increased over the last 
years e.g. [1-6]. There are several reasons for this interest; 
an increasing number of non-linear devices in the networks 
that injects emission in the supraharmonic range, the use 
of power line communication in this frequency band as 
well as an increase in the number of malfunctions and non-
intentional equipment behaviour due to the presence of 
supraharmonics [7].  

Supraharmonics are injected by various devices commonly 
found in our homes, e.g. LED lamps, TV sets, computers 
[1]. PV inverters and EV chargers are two additional 
sources of supraharmonics that are believed to increase in 
coming years [8]. To get a complete overview of emission 
from all low voltage equipment available on the market 
would not be possible but some of the potential sources 
and their corresponding supraharmonic emission can be 
found in the literature [1][6]. Some examples are: 

  PWM converters (around 3 kHz) 
 Industrial size converters (9 to 150 kHz) 
 Oscillations around commutation notches (up to 

10 kHz) 
 Street lamps (up to 20 kHz) 
 EV chargers (15 kHz to 100 kHz) 
 PV inverters (3 kHz to 20 kHz) 

 Household devices (2 to 150 kHz) 
 Power line communication used for automated 

meter reading (9 to 95 kHz) 
 
Supraharmonic emission was found in [1] in more than 
50% of household devices (119 devices tested) and it was 
concluded that the frequency where the emission is found 
was spread over the entire frequency range. Data from [9] 
was used in the study.   

MEASUREMENTS 
An important PQ database has been created by a PQ 
monitor manufacturer, as PQubes are uploading their data 
in a free, cloud-based map all around the world, displaying 
real-time PQ data directly from themselves. The webpage 
(http://map.pqube.com/) contains data from two types of 
PQ monitors, PQube and PQube 3. To the aim of this 
paper, only PQube 3 monitors have been considered as 
they record data from the supraharmonic range. This 
monitor is certified for Class A power quality according to 
IEC 61000-4-30 Ed3. 

RESULTS 

Individual devices 
Measurements preformed at Luleå University of 
Technology on a large number of common household 
equipment show that supraharmonic emission can be 
found at the terminal of the device and that the magnitude 
and frequency components vary as concluded also in [1]. 
Some examples are shown in Figure 1. The magnitudes of 
the emission are correlated to the impedance seen at that 
frequency which is strongly impacted by neighboring 
devices. In Figure 2, the emission from a PV inverter and 
a heat pump is shown. The emission at 16 kHz originating 
from the inverter is increased two times when another 
device is connected nearby and the emission from the heat 
pump at 18 kHz even shows a larger increase, the emission 
is five times higher with neighboring devices compared to 
when the heat pump is connected alone. These examples 
illustrate the difficulties in predicting the resulting 
emission on the low voltage network at a specific moment 
in time, even having the information of the contribution 
from individual devices.   

http://map.pqube.com/
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Figure 1 Examples of supraharmonic emission from individual 
devices. 

 
Figure 2 Emission from a PV inverter (upper left) and a heat 
pump (lower left) connected alone and with another device 
connected nearby (PV upper right, heat pump lower right). 

Grid measurements 
Data are available at several sites around the world at 
PQube webpage, and the total supraharmonic distortion 
(TSHD) for a selected number of sites is shown in Figure 
3. The TSHD is calculated based on the 1-minute average, 
as explained in [1], for the entire frequency range 2 to 150 
kHz. As can be seen in the figure, there are some 
differences between the sites, highest values are found at 
the site in UK and the lowest at the site in Texas. There are 
locations with almost invariable TSHD with time (the 
TSHD between 10 to 90 percentiles is almost the same), 
and others that present more variation (greater difference 
between 10 and 90 percentiles). As example, Texas and 
Murphy can almost be characterized by a single TSHD 
value within the studied period as they present almost no 
variation (in Texas 10th percentile of TSHD is 0.17% and 
90th percentile is 0.21% and in Murphy 10th percentile of 
TSHD is 0.25% and 90th percentile is 0.29%). UK and 
Korea presents more randomness during the studied period 
and only a single TSHD value do not characterized it (in 
UK 10th percentile of TSHD is 0.26% and 90th percentile 
is 0.7% and in Korea 10th percentile of TSHD is 0.22% and 
90th percentile is 0.56%). At all sites except UK, the 
average 1-minute value never surpasses 1% of FND; 
however, as was shown in [10] there can be values as high 
as 12% but with a duration short enough to not 
significantly affect the average value. 

 
Figure 3 CDF plot of the TSHD at several sites, measured for a 
duration up to nine months. 

Variation over time 
From the previous section, it is concluded that there is, for 
some locations, a significant variation over time of the 
high frequency spectrum. In this section, this variation 
over time is discussed at three different sites. The 
measurements shown here have been performed over a 
duration of 122 (Korea, Figure 4 and Figure 5), 118 (UK, 
Figure 6 and Figure 7) and 246 days (US, Figure 8 and 
Figure 9). Calculations are based on the 1-minute average 
values and the 2 kHz component has been removed. The 
color plot has been chosen as it allows three dimensional 
plot, i.e., the frequency appears in the horizontal axes, the 
different number of days considered in each location 
appears in vertical axis, and with colors, the different 
magnitudes are represented, varying from blue (lowest 
amplitudes) to red (highest amplitudes). This type of 
presentation allows distinguishing between frequencies. 
The emission at the site in Korea varies over days and over 
frequencies, as was already seen in the TSHD variation 
within the days. There are components in the ranges 58 to 
72 kHz and 134 to 144 kHz present somewhat throughout 
the measured interval as well as a component at 46 kHz. 
There are however days where those components are not 
present as seen in Figure 4. The frequency component with 
the highest magnitude is at 30 kHz, although this 
component is only present until day 35. These components 
that appear and disappear contributes to the variations in 
TSHD. 
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Figure 4 Emission during 122 consecutive days at a Korean site, 
number of days on the vertical axis. 

The 99, 95 and 50 percentiles of each harmonic calculated 
over the measured interval is shown in Figure 5. The 
variation over time is also seen here, as there is, for some 
frequencies, a large deviation between e.g. the 99% and the 
50%. 

 
Figure 5 50, 95 and 99 percentiles of supraharmonic emission 
for 122 consecutive days at a Korean site. 

The emission at the site in UK shows less variation in 
magnitude and spread in frequency compared to the site in 
Korea as seen in Figure 6 and Figure 7, but still 
corresponding to what was seen in the cumulative 
distribution function (CDF) plot. Two components (at 26 
kHz and at 50 kHz) with higher magnitude appear and 
disappear throughout the interval while the other 
components are more constant. This is also seen looking at 
the percentiles in Figure 7.  

 
Figure 6 Emission during 118 consecutive days at an European 
site, number of days on the vertical axis. 

At this site percentiles show similar values (with the 
exception of 26 kHz, 50 kHz and 100 kHz). They might 
originate from loads that are not permanently connected or 
have some control that switch them on and off 
intermittently. As in the site in Korea, this variation is 
contributing to the variations in TSHD as was seen in 
Figure 3. 
Overall magnitudes at this location are lower than that of 
the site in Korea (as the component at 2 kHz is not 
included). Another difference is found in frequency range 
above 60 kHz, which have considerable lower magnitudes 
compared to the site in Korea. 

 
Figure 7 50, 95 and 99 percentiles of supraharmonic emission 
for 118 consecutive days at the UK site. 

At the site in the US, shown in Figure 8 and Figure 9, there 
is one range (50 kHz to 94 kHz) that dominates the 
spectrum throughout the measured interval. As can be seen 
in Figure 9, the variation in the spectrum over days is 
mostly insignificant, and a single spectrum would 
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characterize this location. 

 
Figure 8 Emission during 246 consecutive days at an US site, 
number of days on the vertical axis. 

In this case, percentile 50 has similar values as the other 
higher percentiles, i.e. the frequency around 70 kHz is 
somewhat constant through the period studied. 

 
Figure 9 50, 95 and 99 percentiles of supraharmonic emission 
for 246 consecutive days, at a US site. 

Daily pattern 
In the previous section, the variation over time was studied 
only considering one value each day; this section contains 
the daily pattern evolution, to show the 24h trends using 
the TSHD. The daily pattern has been calculated for the 
three sites as the hourly 50% and hourly 95% values for 
the measured interval and the result is shown in Figure 10. 
At all three sites there is a variation over the day with 
higher values during the daytime. At the site in UK, there 
is an additional peak between 06:00 and 09:00. This is 
somewhat seen at the other sites as well, there are slightly 
higher values in mornings and afternoons.   

 
Figure 10 Daily pattern of the total supraharmonic distortion at 
three sites. Stars indicate the average value over the measured 
timeframe and the diamonds represent the 95% value.  

The variation of the daily pattern over time is seen in 
Figure 11, Figure 12 and Figure 13 where the TSHD per 
minute each day is plotted for the three sites. The pattern 
seen in Figure 10 is clearly visible at all sites and in 
addition, it is seen that the start and end of the emission 
peaks varies in time as well as in magnitude. In Figure 4 
was seen that after day 35 the emission at e.g. 30 kHz 
disappeared at the site in Korea, which is also seen here in 
the TSHD (Figure 11). After day 35 a daily pattern is more 
visible. After day 100, the emission has highest magnitude, 
also confirming Figure 4. 

 
Figure 11 Daily pattern of TSHD over 122 consecutive days at 
the site in Korea. 

The TSHD daily pattern in UK is shown in Figure 12. The 
peak in emission during mornings is clearly seen up to day 
70 after which it disappears. This was also seen in Figure 
6. 
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Figure 12 Daily pattern of TSHD over 118 consecutive days at 
the site in UK. 

The daily pattern in US, shown in Figure 13, is similar to 
the one in Korea but showing higher magnitudes through 
the whole 24h in certain days. Overall it shows an almost 
constant daily spectrum as was also seen in Figure 8. 

 
Figure 13 Daily pattern of TSHD over 246 consecutive days at 
the site in US. 

CONCLUSIONS 
The analyses show that supraharmonic emission is present 
in low voltage grids. The emission varies between sites as 
well as over time and over frequency. There is a daily 
pattern and at all three sites presented here; the magnitudes 
of supraharmonic voltages are higher during the day. 
Long-term measurements are needed to get a better 
understanding on what levels to expect in the grids. 
Detailed knowledge on emission from individual devices, 
even though important, is not sufficient to predict the 
supraharmonic emission in the grid.   
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