THE IMPACT OF EMBEDDED GENERATION DUE TO HARMONIC
PERFORMANCE

AZIAH KHAMIS
MATTHEW ARMSTRONG
MARIZAN SULAIMAN

{2009 Third Asia International Conference on Modeling & Simulation)

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Universiti Teknikal Malaysia Melaka



2009 Third Asia International Conference on Modelling & Simulation

The Impact of Embedded Generation due to Harmonic Performance

Aziah Khamis, Matthew Armstrong, Marizan Sulaiman
Department of Power Industry,
Universiti Teknikal Malaysia Melaka (UTeM),
75450 Ayer Keroh, Malacca, Malaysia.
Email: aziah@utem.edu.my/ azi_ah2000@yahoo.com

Abstract

The paper investigates the most suitable location of
inverter connection installed into the distribution line
Jeeder. Thus, it can reduce losses, control voltages as
well as the protection system [1]-[8]. Besides, it is
more focused on mitigated a whack-a-mole
phenomenon due to its fifth and seventh harmonics.
Whack-a-mole phenomenon occurs as an active filter
or passive filter installed on the long feeder line. It
effect harmonic voltage where increase on some busses
and decrease on other busses, especially at point of
installation [9]. In this paper, the inverter replaced by
directly connected with the current source. Thus,

parallels  current source with combination of
fundamental, third, fifth and sevenmth harmonic

Jfrequencies were tested. From the analysis, the best
location of inverter current source should be at least

% from end bus [10]. Thus, it proves by looking into

its harmonic voltage, harmonic current and total
harmonics distortion (THD) performance.

1. Introduction

Generally, many distributed generation (DG) such
as photovoltaic array should be connecting with power
electronic devices as shown in Figure 1. It is use to
inject unity power factor sinusoidal current into the
grid. Besides, it used to convert DC power into AC.
The voltage level as well as the frequency had to be
match with the power of the distribution line feeder.
This additional power converter should represent
minimum impact to the harmonics and it should not
generate significant level of harmonics.
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Figure 1: Block diagram of DG network system

In this paper, the modeling and the parameter of
distribution line feeder is base on Wada et al [9]. It
used lumped-circuit with per-kilometer parameter. The
model is set combination of capacitance and
inductance that is uniformly discrete in the radial trunk
feeder without any branch of the feeder as depicted in
Figure 2. Besides, an active filter is installed at the end
of the feeder line. The active filter should act like
impedance characteristic [10]. This is due to the
elimination of whack-a-mole phenomenon. The
purpose of an active filter is to damp out harmonic
propagation throughout the feeder line. The harmonic
voltage can be detected by simply compesenting a
current injected into the feeder line.
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Figure 2: Distribution line feeder with lumped
parameters

Practically, the ideal situation has to be considered
to determine best location of inverter current sources.
Set combination of fundamental, third, fifth and
seventh frequency harmonics applied continuously into
the distribution line feeder. It is connected in parallel
with the capacitance in the line feeder as shown in

978-0-7695-3648-4/09 $25.00 © 2009 IEEE
DOI 10.1109/AMS.2009.127

514

Universiti Telnikal Malaysia Melaka

... IEEE
i computer
soclety



Figure 3. The parameter is base on ideal value of
inverter that connected into the grid system. It used
same characteristic of inverter with different effect of
frequency. The parameter used can be illustrated in
Table 1.

Distribution Line Feeder

Figure 3: Combination of inverter current with
different frequency harmonics

Table 1: Parameter of inverter current source

Frequency f Current
(Hz) inverter i (A)
i 60 8
i 180 0.1
is 300 0.12
iy 420 0.13

2. Frequency, wavelength and feeder
length

The relationship between frequency, wavelength
and feeder length would effect the location of active
filter installation [9]. Generally, the relationship can be
illustrated using the following equation.

1

fJLe

) represents the wavelength and
[frepresents frequency.

)

where

As the installation of active filter is on y < % at

end of the bus feeder, the most effective harmonics
damping would exists (note that y represents the feeder
length of the distribution line feeder). However, this is
acceptable respectively with the position of harmonic

voltage or current source. Whilst, for y > % as an

active filter represents as an impedance characteristic,
the whack-a-mole would be eliminated throughout the
feeder. This would correspond to the so-called
‘termination’ in transmission line theory [10]. Thus,
the harmonics current source should be existed at

distance 44 from end bus (y-y, = %,). Hence, the

highest value of harmonic voltage appeared at %
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from bus 1. As state in Wada et al [9], the installation
of the inverter current source can be determined using
this equation.

A
_y == 2
Yy=" P )

where v is the total length of the feeder and v, is the
length of feeder line that should allocate the inverter
current source.

3. Total Distortion Harmonics (THD)

THD signal is the measurement of harmonic
distortion. It is the ratio between total harmonic

components with fundamental frequency, which
usually state in percentage value [11].
2 2 2
THD:‘/(hZ) Hh‘*; ) 00% (3)
1
where hy, hs,..., h, represent the n™ harmonic

distortions and 4, is the fundamental harmonic.

4. Experiment Result

4.1 Single-source Inverter

The experimental and simulation using Wada et al
[9] model had been done. Throughout the model, the
analyses due to best location of inverter current source
were studied. All possible locations were tested. From
the analysis, the suitable location of inverter current

source should be existed at least % from end bus (y-

Y= %). This is caused by the relationship between

wavelength, frequency and feeder length. Besides, it is
due to mitigation of whack-a-mole effects [9], [10].
This can be proved using the equation (2).

As state in Wada et al [9], the best location of

inverter current source should be at least /% from end

bus (y-y; = % ). For example, let say the location of

inverter current source at fifth harmonic want to be
determine. From equation (1), value of A at fifth
harmonic frequency would give 18.35 km. As the total
length of feeder line tested is 10 km long. Thus, from
equation (2),

[,=10-4.59=541=6km
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Hence, the possible location of the installation of
inverter current source should be at 6 km of the bus,
which is at bus 6.

Figure 4 show simulation of voltage-magnifying
factor when an inverter current source installed at bus
6 and bus 2. The graph used Kv=1/z as its reference
data. This means that it just directly connected with an
active filter at end of the bus without any additional
inverter current source inject at the distribution line
feeder. The harmonic voltage appeared would be
approximately equal to bus 1. Thus, it can mitigate a
whack-a-mole phenomenon. The comparison between
the reference data (Kv=1/z) and inverter current source
installed either at bus 6 or at bus 2 were done. As the
inverter current source injected into bus 2, the highest
harmonic voltage appears at bus 3. This would give
slightly different simulation data compare to the
references (Kv=1/z). The fifth-harmonic voltage at bus
3 magnify by 1.1 than bus 1. However, the harmonic
voltage would equal to bus 1 at the end of bus.

As the inverter injected into bus 6, higher harmonic
voltage appears at bus 5. Besides, an equal harmonic
voltage of bus 1 would appear at the end of bus. It is
quite similar to the reference result simulation. Thus, it

implies that installation of inverter at distance of %

from the end bus would mitigate the whack-a-mole
phenomenon.

Figure 5 shows the effect of harmonic current as
inverter injected into bus 6. The lowest harmonic
current appears at bus 5. This is inversely proportional
with the harmonic voltage result. Thus, an impedance
characteristic is proved due to Ohm’s law.
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Figure 4: Effect of fifth harmonic voltage
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Figure 5: Effect of fifth harmonic current

The possible location for seventh harmonic can be
determined. However, the length of the feeder line had
to be adjusted. A for seventh harmonic is 13.1 km

which would give 4/ as 3.38 km. Thus, the length of

the feeder can be adjusted to 7 km and the possible
location for inverter is injected at bus 4. As the inverter
injected into bus 4, higher harmonic voltage appears at
bus 3. Besides, an equal harmonic voltage of bus 1
would appear at end of bus. Thus, it implies that

installation of inverter at distance of % from the end
bus would mitigate the whack-a-mole phenomenon.

This can be seen in Figure 6.
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Figure 6: Effect of seventh harmonic voltage.

Universiti Telnikal Malaysia Melaka



4.2 Multiple-Source Inverter

Figure 7(a) shows the effect of harmonic voltage as
set combinations of frequency harmonic were installed
at bus 2. In this case, the harmonic voltage effect
would be higher at bus 5 and bus 6. The harmonic
voltage is approximately equal to bus 1 at the end of
bus. Thus, the whack-a-mole phenomenon is occurred.
Whilst, the highest harmonic voltage appeared at bus 5
as combination of frequencies harmonic installed at
bus 6 as shown in Figure 7(b). The harmonic voltage is
approximately equal to bus 1 at end of bus. Thus, the
whack-a-mole phenomenon is mitigated. This proves
that the most suitable location for harmonic current

source is at distance of % from end bus.
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(a): Harmonic voltage at bus 2
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Figure 7: Effect of harmonic voltage
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4.3 THD performance of Multiple-source
Inverter

Figure 8 show the THD effect as combination of
harmonic current source is injected at bus 6. It shows
that it would give lower THD performance at bus 5.
Thus, it would identical with the mitigated the whack-
a-mole phenomenon. Besides, it proved that the

location of inverter should be % from end bus.
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Figure 8: Effect of THD performance

Figure 9 shows the effect as two set combination of
harmonic current injected into the feeder line. It shows
that the sinusoidal wave of graph trend would appear
as the both similar set of harmonic current source
applied to the feeder line. From the analysis, there
would be several possible location of combination
inverter can be installed into the feeder. The location of
inverter should give lower THD performance. Thus,
effectively to mitigated fifth and seventh harmonics.
Besides, the whack-a-mole phenomenon would also be
mitigated. There would be three possible effective
locations to install the harmonics current source. The
location would be at bus 6 and bus 2, bus § and bus 3,
and also bus 6 and bus 10. \Ihus, it is proven that the

harmonic current source should be located at % or

% from end bus. It would give lower THD

performance and mitigated fifth and seventh
harmonics.

Table 2 shows the THD value for these
combinations of harmonic current source due to its

harmonics.
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Table 2: THD data performance

Combination | THD | 180 Hz | 300 Hz | 420 Hz
of inverter (%) (h3) (hS) (h7)
Bus 6-2 029 | 0.12% [ 0.19% | 0.18%
Bus 8-3 027 | 0.17% | 0.19% | 0.10%
Bus 6-10 0.26 | 0.21% 0.15% 0.05%
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Figure 9: The effect of THD performance

5.0 Conclusion

This paper has described the suitable location of
inverter current source in feeder line. It used the lump-
circuit with per-kilometer parameter as a model for the
simulation. From the analysis, the suitable location of

inverter installation should be existed at least % or

% from end bus. Thus, the suitable location of

inverter installation for fifth harmonics should be at
bus 6. Besides, as ideal situation is applied, the best
location of inverter installation is still at bus 6 for fifth
harmonics effects. While, for seventh harmonic is at
bus 4 with length of feeder is 7 km. Thus, the whack-a-
mole phenomenon can be mitigated. Besides, there
would be several combination of set harmonic current
source that can be injected into the feeder. The
combination of bus can be either at bus 6 and bus 2,
bus 8 and bus 3, or bus 6 and bus 10. All these
combination would give lower THD performance and
also the fifth and seventh harmonics. From this
analysis, it proved that the suitable location of inverter

installation existed at least 7% .or % from end bus.

This is due to nmitigation of whack-a-mole
phenomenon as well as its fifth and seventh harmonics.
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