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Abstract: Wind energy conversion systems are now
occupying important space in the research of renewable
energy sources with Microgrid. The main challenge in wind
power generation is power quality problem and their
connection with the distribution network in Microgrid. The
main factor behind poor power quality is the impact of
harmonics in current and voltage in power network. In
Microgrid the converter and rectifier are using to convert
AC-DC-AC to interconnection of wind power and load to
Microgrid. The converter and rectifier are producing the
significant harmonics. In this paper presents a three-phase
Active Power Conditioner to improve power quality in
Microgrids based on renewable energy. A Microgrid is a
weak electrical grid which can be easily subject to
disturbances. The Active Power Conditioner (APC)
presented in this paper acts as an interface between
renewable energy sources and the AC bus of a Microgrid
and uses an improved control strategy, which makes
possible to inject energy in the Microgrid, compensate the
current harmonics and correct the power factor. Simulation
results show the validity of the innovative control strategy.
Keywords: Active Power Conditioner, Microgrids,
Renewable Energy, Current control, Harmonics
I. INTRODUCTION
DUE to an increase in power demand and fossil fuel
shortage, renewable energy supplies have become an
essential to full fill the energy demand in the age of
technology. The wind power plants have huge contribution to
the production of renewable energy. Although wind power
plant has a major contribution in renewable energy, the
power generated by wind turbines overtime is uneven due to
the unpredictable nature of their primary sources of power
which increases the problems inherent to the integration of a
great number of wind turbines into Microgrid. The
contribution of wind power plants faces certain challenge like
voltage and frequency regulation [1]. In an electrical power
system Microgrid is the name given to a group of electric
loads and power generation from different sources like wind,
solar etc. operation as a controllable system that inject
electric power to its local area and regional grid [2][3]. The
Microgrid play an important role to enhance local reliability,
increase efficiency, support local voltage, voltage sag
correction, on provide uninterruptible power supply function
[4][5]. A possible solution to overcome the above mentioned
drawback is to use the APC as a power interface between the

www.ijtre.com

renewable energy sources and the AC bus of the Microgrids
as shown in Fig. 1. The APC has proved to be an important
alternative to compensate current and voltage disturbances in
power distribution systems [6], [7]. Different APC
topologies have been presented in the technical literature [8],
but most of them are not adapted for Microgrids applications.

Figure 1. APC for Microgrid applications
This paper presents an APC used to improve the power
quality in a Microgrid. The attention will be mainly focused
on the innovative control strategy, which allows injecting
energy in the Microgrid, compensating the current
harmonics, correcting the power factor and balancing the
supply voltage at the PCC. The validity of the control
strategy has been proved through many simulation tests
using SimPowerSystems from MATLAB/SIMULINK.
II. MICROGRID STRUCTURE
The Microgrid structure assumes an aggregation of loads and
micro sources operating as a single system providing both
power and heat. The majority of the micro sources must be
power electronic based to provide the required flexibility to
insure controlled operation as a single aggregated system.
This control flexibility allows the Microgrid to present itself
to the bulk power system as a single controlled unit, have
plug-and-play simplicity for each micro source, and meet the
customers’ local needs. These needs include increased local
reliability and security. Key issues that are part of the
Microgrid structure include the interface, control and
protection requirements for each micro source as well as
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Microgrid voltage control, power flow control, load sharing
during islanding, protection, stability, and over all operation.
The ability of the Microgrid to operate connected to the grid
as well as smooth transition to and from the island mode is
another important function. Figure 2 illustrates the basic
Microgrid architecture. The electrical system is assumed to
be radial with three feeders – A, B, and C – and a collection
of loads. The micro sources are either micro turbines or fuel
cells interfaced to the system through power electronics. The
Point of Common Coupling (PCC) is on the primary side of
the transformer and defines the separation between the grid
and the Microgrid. At this point the Microgrid must meet the
prevailing Interface requirements, such as defined in draft
standard IEEE P1547. The sources on Feeder A & B allow
full exploration of situations where the micro sources are
placed away from the common feeder bus to reduce line
losses, support voltage and/or use its waste heat. Multiple
micro sources on a radial feeder increase the problem of
power flow control and voltage support along the feeder
when compared to all sources being placed at the feeder’s
common bus, but this placement is key to the plug-and-play
concept. The feeders are usually 480 volts or smaller. Each
feeder has several circuit breakers and power and voltage
flow controllers. The power and voltage controller near each
micro source provides the control signals to the source,
which regulates feeder power flow and bus voltage at levels
prescribed by the Energy Manager. As downstream loads
change, the local micro source’s power is increased or
decreased to hold the total power flow at the dispatched level.

Fig.2 Microgrid Architecture
III. ACTIVE POWER CONDITIONER TOPOLOGY
The most utilized topology, to manage four currents, is fourleg converters [9]. This topology has proved better
controllability [10] than the classical three-leg four-wire
converter but the latter is preferred because of its lower
number of power semiconductor devices. In this paper, it is
shown that using an adequate control strategy, even with a
simple three-leg four-wire system, it is possible to mitigate
disturbances like voltage unbalance, THD and others. The
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topology of the investigated APC and its interconnection
with the microgrid is presented in Fig. 2. It consists of a
three-leg four-wire voltage source inverter. In this type of
applications, the VSI operates as a current controlled voltage
source. In order to provide the neutral point, two capacitors
are used to split the DC-link voltage and tie the neutral point
to the mid-point of the two capacitors. This topology allows
the current to flow in both directions through the switches
and the capacitors, causing voltage deviation between the
DC capacitors.
𝑖𝑓𝑎 + 𝑖𝑓𝑏 + 𝑖𝑓𝑐 = 𝑖𝑓𝑁 ……………………(1)
Where:
𝑖𝑓𝑎 , 𝑖𝑓𝑏 , 𝑖𝑓𝑐 are phase APC currents and ifN is the APC neutral
current.
Therefore, the total DC voltage will oscillate not only at the
switching frequency but also at the corresponding frequency
of the neutral current. As shown in [2], if the current control
is made by hysteresis, the above mentioned drawback can be
limited with a dynamic offset level added to both limits of
the hysteresis band.
For the investigated topology presented in Fig. 3, the current
at (PCC) is:

𝑖𝑙𝑥 + 𝑖𝑓𝑥 = 𝑖𝑥 …………………………….(2)

Figure 2. APC topology
𝑖𝑥 , 𝑖𝑙𝑥 , 𝑖𝑓𝑥 are the Microgrid side current, the load current, and
the APC current respectively. The x index points the a, b and
c current phases.
The instantaneous load current is:
1
𝑖𝑙𝑥 = 𝑖𝑙𝑥
+ 𝑖𝑙𝑥𝑘 + 𝑖𝑙𝑥𝑞 …………………………..(3)
where:
1
- 𝑖𝑙𝑥
the fundamental active current component;
-𝑖𝑙𝑥𝑘 the addition of current harmonics;
- 𝑖𝑙𝑥𝑞 the reactive current component.
The three-phase APC current is given by:
1
~
𝑖𝑓𝑥 = 𝑖𝑓𝑥
+ 𝑖𝑓𝑥
………………………………..(4)
1
𝑖𝑓𝑥 - the fundamental conditioner current component;
~
𝑖𝑓𝑥
- the deforming component of the current.
As shown in Fig. 3 the current drawn from the grid has to be
sinusoidal and moreover, in phase with the voltage at PCC.
Consequently, the control strategy for the APC has to be
designed in order to ensure a sinusoidal wave for the grid
current (ix).
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1
~
𝑖𝑙𝑥
+ 𝑖𝑙𝑥𝑘 + 𝑖𝑙𝑥𝑞 + 𝑖𝑓𝑥
+ 𝑖𝑓𝑥
= 𝑖𝑥 ……………(5)
The APC switches generate undesirable current harmonics
around the switching frequency and its multiples.
Considering the switching frequency of the APC sufficiently
high, these undesirable current harmonics can be filtered with
the LR passive filter.

IV. CONTROL OF THE APC
A. Control Strategy
There are many ways to design a control algorithm for an
APC [11]. Generally, the controller design is made
considering that the grid voltage at the PCC is balanced. In a
Microgrid, the supply voltage itself can be distorted and/or
unbalanced. Consequently, the controller of an APC used to
improve the power quality in the Microgrid has to be
designed according to the weakness of this kind of grid. The
proposed control algorithm is a compensation method that
makes the APC compensate the current of a non-linear load
by forcing the Microgrid side current to become sinusoidal
and balanced (Fig. 3). The controller requires the three-phase
grid current (ia, ib, ic), the three-phase voltage at the Pcc (va,
vb, vc) and the DC-link voltage (VDC). As shown in Fig. 4,
the sinusoidal waveform and the phase of the grid current
reference (ia*, ib*, ic*) comes from the line voltage thanks to
a PLL. The magnitude of the same current is obtained by
passing the error signal (ε) between the DC-link voltage (Vdc)
and a reference voltage (V*dc) through a PI controller.

switches changes and the current begins to decrease until the
error reaches a certain negative value. Then, the switches
status changes again. Compared with linear controllers, the
non-linear ones based on hysteresis strategies allow faster
dynamic response and better robustness with respect to the
variation of the non-linear load. A drawback of the hysteresis
strategies is the switching frequency which is not constant
and can generate a large side harmonics band around the
switching frequency. To avoid this drawback, the switching
frequency can be fixed using different solutions like variable
hysteresis bandwidth or modulated hysteresis. But this is not
the object of this paper.
V. SIMULATION RESULTS
The simulation was performed on the MATLAB/
SIMULINK package. Simulink is a software package for
modeling, simulating and analyzing dynamic systems. It
supports linear and nonlinear systems, modeled in
continuous time, sampled time, or a hybrid of the two.
Systems can also be multirate, i.e., having different parts that
are sampled or updated at different rates. In this the Simulink
models of the shunt active filter with hysteresis current
controller are given along with simulation results.
An extensive simulation study is carried out using
MATLAB/Simulink in order to verify the proposed control
strategy. To achieve balanced sinusoidal grid currents at
unity power factor, the 3-leg grid interfacing inverter is
actively controlled using renewable energy source. The
simulation results are grouped and presented according to the
following power quality indicators: THD(Total Harmonic
Distortion),power factor and unbalanced load.
A. Harmonics compensation
During this case study, the APC is investigated using a threephase diode bridge rectifier with a 60Ω resistor in series with
a 0.1mH inductor at the DC side.

Figure 4. APC control strategy
Using this magnitude and phase displacement of 120° and
240° respectively, the reference three-phase grid currents
𝑖𝑎∗ , 𝑖𝑏∗ 𝑎𝑛𝑑 𝑖𝑐∗ can be expressed as:

Fig.5- shows the nonlinear load current

Fig. 6-shows the APC side current

B. Switching control
As shown in Fig. 4, the hysteresis control has been used to
keep the controlled current inside a defined band around the
references. The status of the switches is determined
according to the error. When the current is increasing and the
error exceeds a certain positive value, the status of the
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Fig.7 shows the source side current
Fig.5,6,7 shows the currents at the PCC. As can be seen,
most of the current required by the load is injected by the
APC and the balance comes from the microgrid, The current
absorbed by the rectifier is not sinusoidal
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B. Power factor correction
The second case study shows the effectiveness of the APC to
compensate the power factor. The power faction can be
controlled with the capacitor banks, but this is the manual
operation. In distorted conditions the results are power and
also the capacitor life is shorter. So maintenance cost also
high. For this case study, the load is composed by a threephase inductor in series with a three-phase resistor and
requires about 3KW active power and 4kVAR reactive
power.

Fig.8- Before Compensation

Fig.9- After Compensation
Fig.8 illustrates the load current, the microgrid side current
and the supply voltage respectively at the PCC of phase-a. As
shown in fig.9 the measured power factor between the load
current and the supply voltage is 0.58. Thanks to the
proposed control strategy, the APC is able to impose a unity
power factor between the microgrid side currents and the
supply voltage. The phase of the microgrid side currents is
inverted relatively to the phase of supply voltages at the PCC
because the power injected by the APC exceeds the power
required by the load. Consequently, the surplus renewable
energy is injected into the microgrid.
VI. CONCLUSIONS
In this paper, an APC used to improve power quality in
microgrids based on renewable energy has been presented.
The APC is controlled using an innovative control strategy
allowing the line current at the point of common coupling to
be balanced and sinusoidal even when the load is unbalanced.
This approach presents the following advantages:
 The control system is simpler, because only three
sinusoidal waveforms have to be generated for the
reference currents.
 These sinusoidal waveforms to control the current
are generated in phase with the main supply,
allowing unity power-factor operation.
 The control of the three-phase line current enables
the three-phase voltage balance at the PCC, allowing
excellent regulation characteristics.
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