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Abstract

The importance of power quality issue on micro grids and
also the changing nature of power system distortions will
lead the future power systems to use distributed power
quality improvement (DPQI) devices. One possible choice of
these DPQIs are multifunctional DGs that could compensate
some harmonics in the location of generation and prevent
the harmonics to enter main power grid. In this paper a
control method based on virtual harmonic impedance is
presented for these multifunctional DGs and the effect of the
location of these DGs on compensation procedure is studied
with simulating the different situations. Finally a
comparison is presented between different states of using
DGs as PQI devices. To verify the feasibility of the control
method a comparison is done between the presented method
results and IEEE power quality standard limits.

1. Introduction

Nowadays the power quality issue in power electrical
systems has gained a lot of attention not only because of power
system faults or distortions made by huge power consumers of
electricity, but also the distributed nature of disturbances caused
by non-linear loads and DGs has been supposed as a new threat
to power quality of electrical power system. In the previous
ordinary power systems, the power quality problems was just
limited to unbalances caused by faults, switching transients
related to huge loads and harmonics created by non-linear load
currents. The power system has been experiencing changes in
configuration, generation sources size and nature, non-linear
load quantity incensement and increase on awareness of
costumers. The increasing number of non-linear loads in
residential applications is a new concern of power grid, since it
will cause distributed distortions that couldn’t be solved using
traditional compensation methods. Since in power systems of
today, small residential non-linear loads have a significant
portion of power quality disturbances in electrical grid, then
they should also have a role in solving these problems. Taking
into account that most of the DGs use power electronic based
inverters, and considering the cost of inverters, sometimes will
make a doubt about development of more small DG units.

Although some utility managers consider small DGs, non-
cost efficient, by adding some other features and capabilities to
these systems the doubt on cost effectiveness of DGs will be
vanished. Some of these capabilities would be harmonic
compensation, unbalances compensation, over and under
voltage compensation. Although the concept of Distributed
Generation was just referring to power plants with the capacity
of Several KWs or bigger generation plants earlier, nowadays
even the power generation sources of 1 KW are also called as a
distributed generation [1, 2]. Most of the DG inverters have the
insufficient output voltage to be used as a part of electrical
power system, so there should be a voltage converting stage
inside the converters. The two usual converter systems used for
DG applications are direct (DC/AC) converters [3, 4], that
outputs the AC to be used in power system and double stage
converters like (DC/DC + DC/AC), that fixes the DC voltage
level to an appropriate level in the first stage and then converts
this DC voltage to applicable AC voltage. Many researches have
been done in controlling inverters in recent years to have pure
sinusoidal AC voltage or current in the output but this is not all
the capability that a DG inverter is supposed to have [5].
Although other researches have focused on optimization
methods to solve power quality problems, such as PSO, ICA,
bee and genetic algorithms [6-8], the better way to improve the
operation of system is to get other functionality of these
inverters.

One of the over mentioned changes occurring in the power
systems is the growing number of photovoltaic panels at the
residential buildings connected to power grid with interfacing
inverters as shown in Fig. 1, so it is possible to use this
opportunity to improve the grid power quality. In this paper
effects of adding multifunctional DGs in residential power
systems with linear and non-linear loads will be discussed,
furthermore effects of number of added DGs and also the DG
location will be analyzed. Prior to presenting the idea general
view of residential power systems in addition to details of
harmonic loads and also the control methods used in this paper
will be discussed, and then a brief discussion on control
methods will be done.
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Fig. 1. An overall view of residential home with PV installation

These sections will be followed by some simulation
results of different compensation states with DGs placed
in different locations, and comparison tables that will
compare results with the results without any compensation
and also with some IEEE and IEC power quality standards
to verify the feasibility of the method.

2. The System modeling

In Fig. 1 a section of distribution power system is shown,
this system contains residential houses, the photovoltaic
system connected by interfacing inverters and control
system configuration. To explore the mentioned power
grid, it is better to start with residential loads, it is obvious
that various kinds of non-linear loads are being inserted in
power grids and most of these loads are related to home
appliance, computers and power electronic based devices.
The residential grid model that is shown in Fig. 1 is a
combination model of several devices to show the effects
of non-linear loads and harmonic compensators on an
electrical power system. To have a detailed vision of these
devices, a CFL and a PC are selected as a sample of non-
linear loads and the harmonic components of these
devices are analyzed in Table 3. It is worth noting that the
provided data are taken from [9, 10] in which the
harmonic current of different home appliances are
measured practically.

The interfacing inverters are connected to distribution
system model to absorb harmonics and improve the power
quality of the grid, in this case DG inverters work as an
active power filter that will absorb certain harmonics by
the means of virtual harmonic impedance. To become
familiar with the concept of virtual harmonic impedance, a
section is dedicated to explain the concept of Virtual
harmonic impedance and the harmonic compensation
method based on this concept. The overall micro grid to
simulate the idea will be a 7 node system with linear and
nonlinear loads that represent the residential distribution
system with power generation and power consumption
that is connected to grid. A simple model of the residential
grid is shown in Fig. 3 and it can be seen that there are
two predefined locations for DGs and also there are linear
and non-linear loads. In this system current controlled
DGs are used to compensate the non-linear loads current
in order to have a pure sinusoidal voltage at PCC and also
sinusoidal current to be injected or absorbed from grid.

The non-linear loads are assumed to be residential loads
like CFL and PC as shown in Table 3, the other
parameters of system are presented in Table 1.

2.1. Virtual harmonic Impedance

In this paper DG inverters are controlled as virtual
harmonic impedance to absorb harmonic currents from
nonlinear loads. The operation of virtual harmonic
impedance is such that, it emulates the behavior of
physical impedance without connecting any physical
elements to circuit. Virtual impedance appears as a pre-
defined relation between voltage and current of controlled
inverter, such that it can show different behaviors in
different situations. It can be present at fundamental
frequencies as well as harmonic frequencies. Virtual
impedance will act like an infinite resistance against some
frequencies and it will present a low resistance when
encountering some other frequencies that would introduce
different applications.

The fundamental frequency virtual impedance is used to
help power flow control while the harmonic frequencies
virtual impedance is mainly used to control the harmonic
current flow and also it is used in active harmonic
compensation applications [11-13]. A  harmonic
compensation method using Virtual harmonic Impedance
is performed in a voltage — controlled DG unit in which
DG acts as a controlled voltage source that is in series
with output impedance of Z,, , [14] . The output voltage

of DG is controlled in accordance to the harmonic voltage
of point of common Coupling ( V,.. ), with a positive

feedback gain (G ) that is shown in the equation (1).
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From the above equations it can be concluded that, the
equivalent harmonic impedance of DG, Z,;_,_,.,can be

calculated by the equation (2).
Z pG-n-toa = Zpgi | 1+ G) 2)

In which G can take values from —1 to e , since in the
harmonic frequencies the grid impedance is mainly inductive,
this method can be used for microgrid applications. In current-
controlled inverters, DG acts like a shunt active power filter that
absorbs the harmonic current from non-linear loads or it injects
harmonic current to grid to feed the non-linear loads and prevent
the main grid to inject harmonics to micro-grid. Then the PCC
voltage is finally harmonic free and total harmonic distortion of
Vpee 1s decreased. One of the methods of operating as an

APF is to use the concept of virtual resistive to implement
resistive active power filter (R-APF) [12]. In this method
the harmonic components of grid voltage is extracted and
then the current reference for DG will be;
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Table 1. System parameters

Parameter Value
Distribution Voltage 230 V (RMS)
Line Impedance (40 Q + 150 mH) /KM
Load 1 1 kW
Load 2 0.8 kW
Load 3 0.5 kW+ 0.5 kVAR
DGl Capacity 8 Kw
DG2 Capacity 8 Kw

In which, R, is the value of virtual harmonic resistance and

DG acts like a virtual harmonic resistor only in harmonic
frequencies. It is worth noting that most of the grid connected
small DGs are current controlled, so this method is more
popular.

2.2. Inverter Control based on Virtual Harmonic Concept

In this paper the PV controller is selected as a two-stage
controller, a DC/DC converter to create the desired output DC
voltage and do the maximum power point tracking, followed by
a DC/AC converter to connect the system to power grid. Since
the focus of this paper is on second stage and similar works has
been done before for DC-DC stage, there is no need to go in
details about the first stage of conversion [15, 16]. The second
converter is a current controlled voltage source converter that
will be controlled as an R-APF.

Current
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Fig. 2. An overall scheme of current control method

The controller used in second stage gets a current
reference and then tracks it. The overall scheme of a
current controlled controller is shown in Fig. 2. The
current reference introduced in this application is formed
as a combination of fundamental and harmonic current
references as followed;

*
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For tracking the reference Current, P+Resonant controller is

used, as it is obvious from Equation (6) for each harmonic
frequency a parallel resonant term is added to the controller.
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3. Simulation Results

The simulations are performed in four sessions in
Matlab/Simulink, the first results will show the grid
voltage and current without any compensation, in the
second one the DG located in Node 1 will act as an APF,
the third simulation presents the results when only DG2
(located at Node 4) acts as an APF and in the last session
both of the DGs will take part in the process of
compensating. A comparison between results is presented
in Table 4. From the figures 6-9 and Table 4 the
comparison results shows that the minimum THD for
Vpce occurs in the situation that DG1 and DG2 are

compensating non-linear load harmonics, but also it is
obvious that in this situation that grid Compensates
harmonics, the micro grid gets a distorted current from
grid with THD of 7.15 %. The minimum amount of grid
current THD occurs when both DGl and DG2 are
compensating non-linear load currents with amount of
1.83 %. The switching frequency is set to be 10 kHz and
the inverter used in the DC/AC stage of converter is a
single phase H-Bridge converter.

Table 2 and Table 5 presents the voltage and current
distortion limits based on IEEE 519 standard [17], it can
be seen that the voltage and current distortion of the PCC
is below the limits.

Table 2. Voltage distortion limits standard

Total harmonic

T
V L<1kV 5.0 8.0

1kV SV L<69kV 3.0 5.0

69kV <V <LI61kV 1.5 2.5
161kV <V 1.0 1.5a

4. Conclusion

Using distributed generation sources has many benefits for
grid as well as its disadvantages to power grid, this paper
presented a comparison on effect of location and number of DGs
that are compensating harmonics inside a micro grid. The
concentration was on a residential system consisting power
electronic based renewable energy sources, linear loads as well
as non-linear loads. The simulation results revealed that using
distributed power compensation devices (Multifunctional DGs)
has the lowest value of THD on PCC and it can be implemented
on a real residential system as well. A comparison of
compensation results with IEEE power quality standard verified
the feasibility of the compensation method.



Table 3. Harmonic details of home appliances

Device Data Harmonic Load Current Data
Name Type Ist 3rd Sth 7th 9th 11th 13th
CFL Mag 0.15 0.13 0.09 0.07 0.07 0.06 0.039
Ang 21.2 53.9 105.5 169.4 -134.8 -84.2 -21.8
pC Mag 0.83 0.65 0.41 0.160 0.101 0.121 0.12
Ang 0.50 1.60 3.60 8.60 58.11 168.6 178.0
IMG
I’C(
[

= NL-load 1 = NL-load 2
Fig. 3. A simplified view of simulated residential power grid

Table 4. Comparison results

THD % Vecc  lGria  Iroadi  Iroad2  Iroad3s  Vieadt  Viead2  Vioad3 I Inn-2
No DG 2.19 7.15 1.79 1.75 0.46 1.79 1.75 1.60 22.17 8.09
DG1 2487 696 2.53 2.43 0.16 2.53 243 2.30 23.26 7.65
DG 2 2.04 249 201 2.04 0.07 2.01 2.04 2.06 23.13 8.22

DGs1&2  0.38 1.83  2.26 2.10 0.04 2.26 2.10 1.97 23.09 8.61

Table 5. Current distortion limits for systems rated 120 V through 69 kV

Maximum harmonic current distortion in per cent of /.

Individual harmonic order (odd harmonics) ?

ISC/IL 3<h<11 11<h <17 17<h<23 23<h<35 35<h<50 TDD

<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 35 2.5 1.0 0.5 8.0
50 <100 10.0 4.5 4.0 1.5 0.7 12.0

2 Even harmonics are limited to 25% of the odd harmonic limits above.
Where /se = maximum short-circuit current at PCC &
I = maximum demand load current (fundamental frequency component) at the PCC under normal load conditions
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