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Keywords: Abstract: One of the main and important problems of power quality in the
current harmonics power distribution network is harmonic pollution. Understanding and
power quality quantifying the level of harmonics in the network is very important before

proposing any suitable method to reduce the harmonic problems in the
network as well as the network development plan. In this regard, in this
paper, according to the classification of customers in the power distribution
network and based on the most significant number of customers in the

harmonic assessment
distribution network

network, electrical loads are classified into four categories: residential,
commercial, office, and combinatorial. Then the harmonic evaluation of the
power distribution network for each type is carried out. In order to make the
evaluation more operational and practical, two new harmonic indices are
proposed as well as a new way of expressing the total current harmonic
distortion. Considering that it can be assumed that each type of loads injects
similar harmonics into the network, analyzing the measurement results for
each type of load shows the harmonic behavior of each type of load in the
distribution network to a large extent, which in the development and loading
of distribution substations is very useful. According to the results, the
current harmonic distortion of the load types is categorized as 1. office 2.
commercial 3. residential 4. combinatorial in order from high to low. Based
on this, it is possible to consider the range of harmonic factor K for
combinatorial loads around 3, residential loads around 3.5, commercial
loads around 5, and office loads around 11. Simulation results using
MATLAB software show that third-order harmonic compensation can
improve the total current harmonic distortion for office, residential, and
combinatorial loads by up to 40%, and for commercial loads by up to 30%.
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Introduction

One of the fundamentally important problems of
power quality in power distribution networks is
harmonic pollution. Understanding and quantifying
the level of harmonics in the network are very
important before proposing any suitable method to
for reduction in the harmonic problems in networks
as well as in networks’ development plan.

Materials and Methods
In this regard, in this paper, according to the

classification of customers and their numbers in
power distribution networks, electrical loads were
classified into four categories: residential,
commercial, office, and combinatorial. Then, the
harmonic evaluation of the power distribution
network for each type was carried out. In order to
make the evaluation more operational and practical,
two new harmonic indices as well as a new way of
expressing the total current harmonic distortion
were proposed . While considering the possibility
of injection of similar harmonics by each type of
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loads into the network, the analysis
measurement results for each type of loads showed
the harmonic behavior of each type of loads in the
distribution network to a large extent. These results
proved very useful for the development and
loading of distribution substations.
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Discussion and Results

In general, similar harmonic behaviors can be
observed for each type of loads. The results of
comparing harmonic behaviors of different loads
are shown in the following table.

Table: Summary of load measurement results

K The contribution of the Contribution of THDi harmonic | Allowed Loadi
load t Fact maximum neutral current% components in peak load% TDD TDDi | THDi (.)Sl}n%
oad type acor within7 | 95% | 95% within
95% unbalance 3th Sth 3th davs % days %
harmonic harmonic harmonic s 7o
Office 1 11 30 65 15 80 90 6 60 15
Residential 1 3 15 80 11 85 60 7 25 45
2 3.5 20 76 5 83 100 4 35 15
Commercial 1 4 16 80 12 80 66 10 45 36
2 5 7 91 16 78 62 11 50 50
Combinatorial 1 3 8.5 90 7 85 48 9.5 30 65
2 2 20 78 7 80 73 7.5 20 55

According to the results obtained from the
comparison of the harmonic behavior of the load
types in distribution networks, the load types based
on the amount of current harmonic distortion can be
classified from high to low as: office, commercial,
residential, and combinatorial ones. The
combinatorial load includes a set of office,
commercial, and residential loads. Comparing the
measurement results of the combinatorial load with
its subset loads showed less current harmonic
distortion. These results showed harmonic overlap.
It can be concluded that in order to improve the
harmonic behavior of the network, it is better to
include a set of different types of loads in each
substation or distribution feeder if it is possible.
Based on the measurement results, it can be seen
that, despite high harmonic distortion, low loading
has caused an amount of current TDD to be placed
within the standard range; therefore, considering the
harmonic behavior of loads is very important in
developing and increasing the loading of a
substation. According to these results, it is possible
to consider the range of harmonic factor K for
combinatorial loads around 3, residential loads
around 3.5, commercial loads around 5, and office
loads around 11.The results showed that the main
problem of the current harmonic distortion in the
distribution network is the third order harmonic.
Thus, the third order harmonic includes a
significant part of the current THD. In addition, a
significant increase in the neutral current and
related problems are also due to this harmonic
component. Therefore, the most important action
that can be undertaken to reduce the current THD in
the distribution network should be a reduction in
the third order harmonic of the current. In turn, this
will result in a significant reduction in the neutral
current. In this regard, in this study, the measured
loads were simulated using MATLAB software by

considering the compensation of 90% of the third
order harmonic of the current. As the simulation
results showed, by correcting or compensating the
third order harmonic for all types of network loads,
a significant part of the THD of the current could be
reduced. At the same time, it helped reduce the
current passing through the neutral. Simulation
results showed that the third-order harmonic
compensation could improve the total current
harmonic distortion for office, residential, and
combinatorial loads by up to 40%, and for
commercial loads by up to 30%.

Conclusion

In this paper, the harmonic behavior of various
loads in distribution networks was evaluated. Based
on this, according to the largest number of
customers in distribution networks, electric loads
were classified into four categories: Residential,
commercial, office, and combinatorial. In order to
evaluate the harmonic behavior of different types of
loads, first the sample substations was selected in
such a way that the dominant load was included in
the classification considered in this paper. In line
with the goals of the paper and for more easier
operationalization e and expression  of the
harmonic behavior of different loads, a new way of
expressing the standard permissible value of the
total current harmonic distortion was proposed
along with two new indicators. In this regard,
harmonic measurement was performed for each
type of loads for one week, and the results of the
measurement were analyzed. The analyses of the
measurement results for each type of loads showed
a harmonic behavior of each type of loads in
distribution networks to a large extent. This result
proved very useful for the development and loading
of distribution substations.
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2. Participation of Component h in Neutral Current (PCIn)
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