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ABSTRACT 
This paper presents measurements of harmonic voltages 
and currents for low-voltage customers supplied by a 
Swedish network operator. Measurements were 
performed at 61 different locations, each during a one-
week period. Voltage and current distortion were 
compared with a number of objective values in Swedish 
and international documents. The supply to low-voltage 
customers is generally of good quality, in accordance 
with Swedish regulation, however planning levels are 
exceeded at several locations, especially for harmonics 5, 
15 and 21.   

INTRODUCTION 
Vattenfall Distribution operates one of the biggest 
distribution networks in Sweden, supplying electricity to 
about 900 000 low-voltage customers. Power-quality 
measurements have been performed through the years at 
some of these customer sites, resulting in a database 
available for further analysis. This database has been 
used to obtain information about the level of harmonic 
voltages and currents in the Swedish low-voltage 
distribution network. 
 
The reasons for analysing this data are multiple and hold 
in fact rather general for the need to gather and analyse 
data on harmonic voltages and currents in the low-voltage 
networks. 
 There have been changes in consumption that are 

expected to impact the emission from low-voltage 
customers and therefore the voltage distortion in the 
low-voltage network. 

 It is among the responsibilities of the network 
operator to provide its customers with good voltage 
quality. Therefore the network operator should have 
at least general information about the voltage quality 
with which it supplies its customers. 

 Further changes in consumption are expected in the 
future as well as an increased use of micro-
generation. To assess if this could be a threat to the 
voltage quality (for example to apply the hosting 
capacity approach [4]), information is needed about 
the existing levels. 

 
A mapping of harmonics at low-voltage level in Sweden 
was done about 20 years ago [1]; large changes might 
have happened in consumption since then. The earlier 
study was limited to urban networks and it is unclear to 
which extend the results are valid for rural grids. 
 
Vattenfall Distribution makes use of planning levels for 

network strength (network impedance) in the planning of 
their distribution networks [1]. However, even in low-
voltage grids with sufficiently-low network impedance, 
power quality problems can occur because of too high 
emissions from customer installations. Therefore, it is 
important to also map the current distortion at sites where 
power quality problems have been reported.  

THE DATASET USED 

The harmonic content for voltage and current in the low 
voltage grid has been mapped by analyzing 61 
measurements done during 2013, in the distribution grid 
operated by Vattenfall electricity distribution.  
 
The measurements were performed to verify customer 
complaints regarding power quality issues, typically low 
voltage magnitude or light flicker, when grid calculations 
showed that the network impedance was within the 
planning levels. If the network impedance was higher 
than the planning level, no measurements would be done 
but instead the grid would be strengthened. 
The network impedances at the measured sites are usually 
higher than the average level in the low voltage grid and 
the sites are mostly at rural locations.   
 
To allow comparison between the results without 
excessive amounts of work, only measurements with the 
Dranetz PowerVisa power-quality monitor were used; the 
160 measurements were this monitor was used, were by 
far the majority of all measurements. The data from these 
monitors has been imported into the power-quality 
analysis software Dranview. After that a number of files 
were removed from the analysis for a number of reasons: 
14 files had incomplete file names; with 25 files the data 
was spread over multiple files which made automatic 
analysis impossible; 54 measurements were less than one 
week duration; 4 files covered locations that were already 
covered in other files; one measurement was done at 
medium voltage; one file turned out to be a copy of an 
identical file with a different name. 
 
Out of the measurement locations, the majority (51) were 
in rural networks and 10 in urban networks. 

VOLTAGE HARMONICS 

Objective values 
The measured values for the individual voltage 
harmonics and total harmonic distortion (THD) have 
been compared with the following indices and objective 
values (in all cases the 10-min values during a one-week 
period were used): 
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 “VF plan 100 / 95”: the highest / 95% value was 
compared with the planning level used by Vattenfall 
Distribution. 

 “VF GE 100 / 95”: the highest / 95% value was 
compared with the guidelines on what is considered 
by Vattenfall Distribution as good power quality. 

 “STRI-97 100 / 95”: the highest / 95% value was 
compared with the recommendations given by STRI 
in 1997 for responsibility sharing on power quality 
[5]. 

 “Föreskrift 100”: the limits set by the Swedish 
national regulator on what constitutes good voltage 
quality (regulation EIFS 2013:1). As the regulation 
considers highest values, only the highest measured 
values have been compared with these limits. 

 “Standard 95”: the limits as given in EN 50160. As 
this standard considers 95% values, only the 95% 
values from the measurements have been compared 
with these limits. 

Comparison with objective values 
The comparison between the measurements and the 
objectives introduced in the previous section is shown in 
Fig. 1. Each column indicates the number of locations for 
which a specific harmonic exceeds a specific objective. 
 

 
Fig. 1.  Number of locations for which the individual voltage 
harmonics and THD exceed the different objectives (see 
previous section for explanation of the objectives) 

The regulatory limits are exceeded at only one location (a 
small agricultural customer) and only for one harmonic 
(order 15). No complaints were raised related to the high 
level of harmonic 15.The European standard EN 50160 is 
complied with for all measured locations. From this it is 
concluded that the customers generally are supplied with 
good quality.  
 
Where it concerns the different internal limits, the main 
violations of these are observed for harmonics 5, 15 and 
21. These should not be considered as reasons for 
concerns, but merely as an indication that the harmonic 
levels should be observed to look for trends going in the 
wrong direction. The high levels of voltage harmonics 15 
and 21 correspond with similar observations in Denmark 
[3] and non-published reports from other countries. 
 
The figure also shows that the number of violations of the 
planning levels for harmonics 15 and 21 becomes very 
large (23% and 28% of the locations) when 100% values 
are used. For planning purposes it appears more 
reasonable to use 95% values. 
 

High levels for harmonics 15 and 21 (highest value above 
the planning level; “VF plan 100”) occurred together at 9 
locations; only high harmonic 21 at 7 locations and only 
high harmonic 15 at 2 locations. At 3 locations only 
harmonic 5 exceeded the planning level, whereas at one 
location, harmonics 5, 15 and 21 exceeded the planning 
levels. At one location, both harmonic 11 and 21 
exceeded the planning levels; at two locations only 
harmonic 24; and at two locations only harmonic 9. This, 
with the exception of harmonic 15 and 21, there appears 
to be no strong correlation between high values for the 
different harmonics. 

Voltage spectra 
Spectra for the voltage harmonics up to order 25 were 
obtained both from the highest values at each location 
and from the 95% values at each location. The results are 
shown in Fig. 5 at the end of the paper. The data are 
reproduced as well in Table 1 and Table 2 
 
Averaged over all locations, the highest THD was 2.0%; 
it was up to 3.0% at 90% of the locations, up to 3.44% at 
95% of the locations, up to 4.74% at 99% of the locations 
and the highest value was 5.39%. 
 
The right-hand (light blue) bars in Fig. 5 give the highest 
10-minute value measured at any location; the dark-blue 
ones to their left give the next-worst locations. From 
those bars it is concluded that no excessive harmonic 
levels appear anywhere at the measured locations. 
 
For harmonics 2, 3, 5, 11, 17 and 25, the 99 and 100% 
values are significantly higher than the 95% values. That 
means that these high values are limited to just two 
locations in the grid. The average, 90 and 95% values are 
rather similar for all harmonics. This seems to indicate a 
typical range of highest harmonic voltage distortion per 
location. Also can it be concluded that the 95% value 
over all locations is a reasonable indicator for the voltage 
quality of the group of customers considered. 
 
The values on the right-hand side of Fig. 2 are obviously 
lower than the ones on the left-hand side; the difference 
between them gives information about the peaks in 
distortion. For the 95% values, similar observations can 
be made as for the 100% values.  
 
A general observation from both figures is that the even 
harmonics certainly cannot always be considered zero. 
This holds especially for the 100% values and especially 
for harmonics 2, 4 and 6. The values are still well below 
any objective values (with the exception of two locations 
where the highest value of harmonic 24 exceeded the 
planning level, see Fig. 1) but as this is a subject that gets 
no attention whatsoever it might be worth to consider this 
more in research and measurements. The main question is 
whether there might be any increasing trend in even 
harmonic levels. 
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CURRENT HARMONICS 

Objective values 
The measured harmonic current values have been 
compared with the following indices and objective values 
(in all cases the 10-min values during a one-week period 
were used): 
 “Produktstandard”: the limits according to IEC 

61000-3-2, class A, where the whole installation is 
considered as one device. 

 “Tyska riktlinjer”: the limits according to the 
guidelines set by the German network operators, 
VDE. 

 “USA:s standard”: the limits according to the 
recommendations in IEEE 519. 

 “STRI-97”: recommended values for emission 
according to a proposed responsibility sharing in 
power quality [5]. 

 “Öresundskraft”: emission limits in use by another 
Swedish network operator. 

It should be noted that none of these objectives is in any 
way a compulsory requirement. The Swedish regulation 
allows network operators to place “reasonable 
requirements” on the emission from individual 
customers, but there is no further regulation on what 
those limits should be. Also does Vattenfall Distribution 
currently not use any general emission limits for low-
voltage customers.  
 
It should also be noted that several of these objectives are 
not really appropriate for low-voltage installations. The 
use of these objectives does not imply that they should be 
used as future emission limits for low-voltage 
installations. They were chosen merely to have a set of 
objectives to compare the measured emission with. No 
further conclusion should be drawn from the choice of 
these objectives. 

Comparison with objective values 
In the same way as for the voltage harmonics, the 
measurements of the current harmonics were compared 
with the different objectives (from previous section). The 
results of the comparison are shown in Fig. 2. 
 

 
Fig. 2.  Number of locations for which the individual current 
harmonics and THD exceed the different objectives (see 
previous section for explanation of the objectives) 

The pattern in this figure is completely different as the 
pattern in the equivalent figure for the voltage (Fig. 1). 
Whereas the voltage objectives were exceeded mainly for 
harmonics 5, 15 and 21, the current objectives are 
exceeded over the whole frequency range. 
 

Another difference is that, with the current harmonics, the 
objectives are typically exceeded for multiple orders with 
the same customers. For example, almost all harmonics 
are exceeded at one or more locations for IEEE 519 
(“USA:s standard”), but for most harmonics these are 
with the same two customers; one of them is an urban 
domestic customer, the other an office building in a city. 
Removing these two customers from the statistics would 
only leave violations for harmonics 2, 3, 5, 7, 23, 24 and 
25, where 5, 7, 23 and 25 are again due to the same 
customer. 
 
The limits set by the German guidelines are exceeded for 
five or more harmonics with 7 customers; with 4 more 
customers, one, two or three limits are exceeded. Thus it 
can be concluded that the limits are typically exceeded 
for multiple harmonics. 

Current spectra 
Spectra for the current harmonics up to order 21 were 
obtained both from the highest values at each location 
and from the 95% and 99% values at each location. The 
results are show in Fig. 3 and Fig. 4. The data are also 
reproduced in Table 3 and Table 4. 
 

 
Fig. 3.  Harmonic currents values as a percentage of the 
fundamental current (from left to right: 95%, 99%, 100% of 
time) not exceeded by 95% of the locations 

 

 
Fig. 4.  Harmonic currents values in Ampere (from left to right: 
100%, 99%, 95% of time) not exceeded by 95% of the locations. 

Vattenfall has no planning levels for current harmonics 
from low voltage customers, other than for production 
units. While some individual current harmonics measured 
in this study are higher than the limits for emissions for 
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equipment ≤ 16 A per phase (IEC 61000-3-2), we found 
few indications that the customer complaints, that were 
the reason for these measurements, were caused by 
current harmonic distortion problems. However, in a few 
measurements with higher than normal current harmonic 
emissions but were voltage levels had been found normal 
and no further actions taken regarding the customer 
complaint, it would have been interesting to follow up 
with questions regarding the customer’s own apparatus as 
a possible cause of problems. 

Further mapping of current spectra in the low-voltage 
grid should be used to provide a basis for future planning 
levels. 

CONCLUSIONS 

The following findings were obtained from the 
measurements and the subsequent analysis of the 
measurement data, including several not discussed in this 
paper: 
 For most harmonic orders the voltage distortion does 

not exceed any of the limits; the main exceptions are 
harmonic orders 5, 15 and 21. 

 There are reasons to set requirements on the 
harmonic current emission in the connection 
agreements with low-voltage customers. The 
customers' current harmonics can be used in power 
quality analysis and in dialogue with the customers. 
The emission limits for current harmonics should be 
based on the subscribed power, alternatively on the 
maximum electrical load. Also the network strength 
should be considered when setting emission limits. 

 There was not found any relation between network 
strength (source impedance) and harmonic voltage 
distortion. From this it is concluded that the 
harmonic voltage distortion is mainly due to 
emission elsewhere and not due to emission with the 
customer or with nearby customers. 

 The study indicates that the limits for voltage 
harmonics 15 and 21 are too low and should be 
revised.  

 It should be investigated if it is more appropriate to 
use the 99 percentile values instead of 100 percentile 
in voltage quality regulation. 

 Further mapping of current harmonics in the low 
voltage grid should provide a basis for planning 
levels.  

 Harmonic distortion analysis (voltage and current) 
should be included in measurement analysis where 
voltage and light flicker levels seem normal and does 
not explain customer complaints. 

 
A number of interesting findings were obtained from this 
study, despite the somewhat limited set of data. A larger 
campaign, with a more systematic selection of 
measurement locations, would be a next step. 
 
Information on existing voltage-quality levels are needed 
for among others investment decisions, requirements on 
emission, input to standardization and regulation, and 
estimation of hosting capacity for new production and 
new consumption. 
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Fig. 5.  Statistical indices for voltage distortion (in percent) over all measurement locations obtained from the highest values per 

location (left) and from the 95% values (right). From left to right: average; 90%; 95%; 99% and 100% of locations. 
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Table 1.  Statistical indices for voltage distortion (in percent) over all locations obtained from the 95% values per location. 

 
THD H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 H23 H24 H25 

MAIN 0,75 0,1 0,6 0,03 0,33 0,02 0,23 0,01 0,16 0,01 0,12 0,01 0,08 0,01 0,06 0,01 0,05 0,01 0,05 0,01 0,04 0,01 0,04 0,01 0,03 

90% 1,35 0,26 1,24 0,06 0,69 0,04 0,48 0,03 0,26 0,02 0,19 0,02 0,14 0,01 0,11 0,01 0,1 0,01 0,09 0,01 0,08 0,02 0,06 0,05 0,06 

95% 1,69 0,33 1,41 0,07 0,84 0,05 0,55 0,04 0,3 0,03 0,24 0,02 0,18 0,02 0,15 0,01 0,11 0,01 0,15 0,01 0,09 0,03 0,14 0,06 0,13 

99% 1,82 0,54 1,5 0,14 0,93 0,06 0,68 0,05 0,49 0,04 0,34 0,03 0,27 0,03 0,24 0,02 0,17 0,02 0,17 0,02 0,14 0,04 0,23 0,07 0,16 

100% 1,83 0,56 1,54 0,18 0,97 0,07 0,71 0,05 0,53 0,04 0,39 0,03 0,29 0,03 0,25 0,03 0,18 0,02 0,18 0,02 0,15 0,04 0,24 0,07 0,17 

  
 
 

Table 2.  Statistical indices for voltage distortion (in percent) over all locations obtained from the highest values per location. 

 
THD H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 H23 H24 H25 

MAIN 1,448 0,22 1,058 0,04 0,853 0,033 0,528 0,025 0,333 0,02 0,063 0,015 0,218 0,01 0,155 0,008 0,135 0,01 0,138 0,008 0,103 0,008 0,163 0,008 0,128 

90% 1,824 0,473 1,448 0,06 0,94 0,047 0,647 0,037 0,500 0,027 0,357 0,02 0,278 0,017 0,241 0,010 0,174 0,017 0,174 0,01 0,144 0,01 0,231 0,01 0,164 

95% 1,827 0,517 1,454 0,06 0,955 0,049 0,679 0,039 0,515 0,029 0,374 0,02 0,284 0,019 0,246 0,010 0,177 0,019 0,177 0,01 0,147 0,01 0,236 0,01 0,167 

99% 1,829 0,551 1,459 0,06 0,967 0,05 0,704 0,040 0,527 0,030 0,387 0,02 0,289 0,02 0,249 0,010 0,179 0,02 0,179 0,01 0,149 0,01 0,239 0,01 0,169 

100% 1,83 0,56 1,46 0,06 0,97 0,05 0,71 0,04 0,53 0,03 0,39 0,02 0,29 0,02 0,25 0,01 0,18 0,02 0,18 0,01 0,15 0,01 0,24 0,01 0,17 

  
 

Table 3.  Statistical indices for current distortion (in percent) over all locations obtained from the 95% values per location. 

 
THD H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 

95% 11,50 4,73 10,05 1,67 4,41 0,58 2,74 0,51 1,56 0,28 1,57 0,24 1,62 0,21 1,48 0,17 1,09 0,14 0,76 0,12 0,91 

99% 17,09 7,81 13,10 2,77 6,23 0,92 4,49 0,80 2,56 0,38 2,21 0,31 2,46 0,32 2,32 0,26 1,48 0,21 1,21 0,16 1,33 

100% 20,56 8,84 15,63 3,02 7,43 0,86 5,08 0,88 3,02 0,34 2,54 0,27 2,70 0,34 2,71 0,25 1,70 0,20 1,43 0,15 1,28 

  
 

Table 4.  Statistical indices for current distortion (in Ampere) over all locations obtained from the 95% values per location. 

 
THD H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 

95% 1,48 0,61 1,29 0,21 0,57 0,08 0,35 0,07 0,20 0,04 0,20 0,03 0,21 0,03 0,19 0,02 0,14 0,02 0,10 0,02 0,12 

99% 1,26 0,57 0,96 0,20 0,46 0,07 0,33 0,06 0,19 0,03 0,16 0,02 0,18 0,02 0,17 0,02 0,11 0,02 0,09 0,01 0,10 

100% 1,20 0,51 0,91 0,18 0,43 0,05 0,30 0,05 0,18 0,02 0,15 0,02 0,16 0,02 0,16 0,01 0,10 0,01 0,08 0,01 0,07 
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