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Abstract—This paper presents a three-phase Active Power
Conditioner to improve Power Quality of Grid Interfacing Inverter
Using SRF Algorithm for Renewable Energy Sources. The grid
interfacing inverter performs over all operation for the mitigation
of harmonics. The synchronous reference method is used to detect
the harmonics and generates the accurate value for grid
interfacing inverter. The SRF based inverter constitutes the fast
and dynamic response for the mitigation of harmonics and
improves the power quality. The grid interfacing inverter manages
the active and reactive power that harvested from the renewable
energy sources.

The Simulations using MATLAB / SIMULINK are carried out to
verify the performance of the proposed model . The results shows
the control strategy improves the dynamic response, high accuracy
of tracking the DC-voltage reference frame wind generator, and
strong robustness to load parameters variation.

Keywords— Active power filter, SRF algorithm, Distributed
generation, Grid interconnection, Hysteresis controller.

INTRODUCTION

The use of fossil fuels for electric power generation has
imposed several problems on the environment including
global warming and greenhouse effect. This has led to an era
in which the increasing power demand will be met by
Distributed Generation (DG) system which are based on
renewable energy sources such as solar power, wind power,
small hydro power etc. [1]-[2].

The DG systems are distributed near the user's facility.
These systems are mainly small scale generations having
capacity less than 20MW. These Distributed Generation (DG)
systems need to be controlled properly in order to ensure
sinusoidal current injection into the grid. However, they have
a poor controllability due to their intermittent characteristics
[3]. Grid connected inverter is the key element to maintain
voltage at the point of common coupling (PCC) constant and
to ensure power quality improvements. For safe and reliable
operation of power system based on DG system, usually
power plant operators should satisfy the grid code
requirements such as grid stability, fault ride through,
power quality improvement, grid synchronization and
power control etc. The major issue associated with
DG system is their synchronization with utility

voltage vector [4]. The information about the phase
angle of utility voltage vector is accurately tracked in

order to control the flow of active and reactive power and to
turn on and off power devices.

The DG systems are highly intermittent power generation
system and their power output depends heavily on the natural
conditions. To connect the DG systems with the utility grid
various grid code requirements must be met. But as DG
system are fragile power generation systems and their
characteristics are highly intermittent, power electronics
converter plays a very vital role. Whenever a DG system is
required to be connected to the utility grid, two types of
converter comes into picture. First is the Source-side
converter which helps to ensure maximum power point
tracking (MPPT) and the other is Grid-side converter which
helps to maintain the grid connections standards. The proper
operation of grid connected inverter system is determined by
grid voltage conditions such as phase, amplitude and
frequency. In such applications, an accurate and fast detection
of the phase angle, amplitude and frequency of the grid
voltage is essential. Various grid synchronization algorithms
for phase tracking of the 3-phase system Renewable energy
source (RES) integrated at distribution level is termed as
distributed generation (DG). The utility is concerned due to
the high penetration level of intermittent RES in distribution
systems as it may pose a threat to network in terms of stability,
voltage regulation and power-quality (PQ) issues. Therefore,
the DG systems are required to comply with strict technical
and regulatory frameworks to ensure safe, reliable and
efficient operation of overall network. With the advancement
in power electronics and digital control technology, the DG
systems can now be actively controlled to enhance the system
operation with improved PQ at PCC. However, the extensive
use of power electronics based equipment and non-linear
loads at PCC. generate harmonic currents, which may
deteriorate the quality of power [3]-[5].

The widespread increase of non-linear loads nowadays,
significant amounts of harmonic currents are being injected
into power systems. Harmonic currents flow through the
power system impedance, causing voltage distortion at the
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currents’ frequencies. The distorted voltage waveform causes
harmonic currents to be drawn by other loads connected at the
point of common coupling (PCC). The existence of current
and voltage harmonics in power systems

increases losses in the lines, decreases the power factor and
can cause timing errors in sensitive electronic equipments

addition to the hazard of cables and transformers overheating

The harmonic currents and voltages produced by balanced 3-
phase non-linear loads such as motor drivers, silicon
controlled rectifiers (SCR), large uninterruptible power
supplies (UPS) are positive-sequence harmonics (7th, 13th,
etc.) and negative-sequence harmonics (5th, 11th, etc.).
However, harmonic currents and voltages produced by single
phase non-linear loads such as switch-mode power supplies in
computer equipment which are connected phase to neutral in a
3-phase 4-wire system are third order zero-sequence
harmonics (triplen harmonics—3rd, 9th, 15th, 21st, etc.).
These triplen harmonic currents unlike positive and negative-
sequence harmonic currents do not cancel but add up
arithmetically at the neutral bus. This can result in neutral
current that can reach magnitudes as high as 1.73 times the
phase current. In the third harmonic can reduce energy
efficiency. [6]

The traditional method of current harmonics reduction
involves passive LC filters, which are its simplicity and low
cost. However, passive filters have several drawbacks such as
large size, tuning and risk of resonance problems. The
increased severity of harmonic pollution in power networks
has attracted the attention of power electronics and power
system engineers to develop dynamic and adjustable solutions
to the power quality problems. Such equipment, generally
known as active filters (AF’s) [7], Active power filters (APF)
are extensively used to compensate the load current harmonics
and load unbalance at distribution level. This results in an

additional hardware cost. However, in this paper authors have
incorporated the features of APF in the, conventional inverter
interfacing renewable with the grid, without any additional
hardware cost. That conventional inverter is called as a "grid
interfacing inverter". The inverter is controlled to perform as a

multifunction device by incorporating active
power filter functionality. The inverter can thus be
utilized as: 1) power converter to inject power
generated from RES to the grid, and 2) shunt APF
to compensate current unbalance, load current
harmonics, load reactive power demand and load
neutral current. All of these functions may be
accomplished either individually or simultaneously.

In this paper, it is shown that using an adequate control
strategy, with a four-leg four-wire grid interfacing inverter, it
is possible to mitigate disturbances like voltage unbalance.
The topology of the investigated grid interfacing inverter and
its interconnection with the grid is presented in Fig. 1. It
consists of a four-leg four-wire voltage source inverter. The
voltage source inverter is a key element of a DG system as it
interfaces the renewable energy source to the grid and delivers
the generated power. In this type of applications, the inverter
operates as a current controlled voltage source. Fourth leg is
used for neutral connection. The RES may be a DC source or
an AC source with rectifier coupled to dc-link. In this paper
wind energy is used as a RES, the variable speed wind
turbines generate power at variable ac voltage. Thus, the
power generated from these renewable sources needs to
convert in dc before connecting on dc-link [8]-[10]. The
simulink model of wind farm is given in Fig2.Wind farm
generates a variable ac supply; this variable ac supply is
converted into dc by connecting a rectifier at output side.

The paper is arranged as follows: Section |l describes the
system under consideration and the controller for grid
interfacing inverter. samulation study is presented in Section
[11. Section IV concludes the paper.

2.SYSTEM DESCRIPTION

A. DC-Link Voltage and Power Control Operation

Due to the intermittent nature of RES, the generated power is
of variable nature. The dc-link plays an important role in
transferring this variable power from renewable energy source
to the grid. RES are represented as current sources connected
to the dc-link of a grid-interfacing inverter. Fig. 2 shows the
systematic representation of power transfer from the
renewable energy resources to the grid via the dc-link. The
current injected by renewable into dc-link at voltage level Ve
can be given as

Idc1=Presvac (1)
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DC-Link equivalent diagram. where Pres is the power
generated from RES.The current flow on the other side of dc-
link can be represented as
Idc2=PinvVdc=PG+PLossVdc (2)

Where Pinv,Pc and Ploss are total power available at grid-
interfacing inverter side, active power supplied to the grid and
inverter losses, respectively. If inverter losses are negligible
then Pre=Pg

B. Control of Grid Interfacing Inverter

control diagram of grid- interfacing inverter for a 3-phase
4-wire system is shown in Fig. 3. The fourth leg of inverter is
used to compensate the neutral current of load. The main aim
of proposed approach isto regulate the power at PCC during

1) Pres=0 , 2) Pres< Total load power (P.) and 3)
Pres>PL.

A. Synchronous Reference Frame (SRF)

The transformation from 3-axis to 2-axis is mainly used for
the SRF method. There are five steps to calculate the reference
currents for a shunt active power filter using the SRF method.

Step 1: Transform the three-phase load currents (izg. 75,
ic) to a0 frame (iyg. iz izg) by:

1 1]
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Step 2: Transform the i, and irgto the dg-axis by:

i1 cos(at) sin(exr) || iy,

irg B —sin(er) cos(axr) || iz,

when @ is the fundamental frequency of the system (rad/s).
The vector diagram for dgq-transformation is depicted in Fig.2.

ih

In Fig2, the 774 and izg consists of two terms, the
fundamental and harmonic terms. For harmonic terms, it
means all harmonics are included behaving as an AC
component, while the fundamental terms behave as a DC

component. The equations to explain these load current on dg-
frame are:

irg 3 g+ i 3)
iy i, + i,

when 7;,. 7;, and 7. 7, are the DC components and AC

component of the load currents on dq-frame. respectively.

Step 3: From Step 2. it is shown that the dq load currents
consist of two terms. For this step, the high-pass filter (HPF) is
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used to separate the harmonic components (7., 7; o) from the

dq load currents (7, .7, o) as shown in Fig 3.

i 1 I L F
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a) HPF for d-axis b) HPF for q-axis
Fig.3 Separation of harmonic components on dq-frame

Note that the idea for selecting the cutoff frequency of the
HPF can be found in [6].

Step 4: Transform the harmonic currents on dg-frame ( ’Zd-
i) from Step 3 to o f-frame ( 3‘;& Ty g) by:

i, cos(er) —sin(er) ]| oy 4
— = }
i sin(er)

cos(ax) |}£q
Calculate the

Step 5: reference currents

*

(imqf:bj;) for a shunt active power filter (SAPF). These

three-phase

currents are then used as the input for SAPF to compensate the
harmonic of the power system as shown in Fig.l. The
purposed reference currents can be determined from the

harmonic currents on a/f-frame (7, . I 5 ) from Step 4 and the

zero current (7, ) from Step 1 by:
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The control diagram of grid- interfacing inverter for a 3-phase
4-wire system is shown in Fig. 3. The fourth leg of inverter is
used to compensate the neutral current of load. The main aim
of proposed approach is to regulate the power at PCC during:
1) Pres=0, 2) Pres< Total load power (P.) and 3) Pres>PL
While performing the power management operation, the
inverter is actively controlled in such a way that italways
draws/ supplies fundamental active power from/ to the grid. If
the load connected to the PCC is non-linear or unbalanced or
the combination of both, the given control approach also

1. SIMULATION RESULTS

In order to verify the proposed control approach to achieve
multi-objectives for grid interfaced DG systems connected to
a 3-phase 4-wire network, an extensive simulation study is
carried out using MATLAB/Simulink. A 4-leg current
controlled voltage source inverter is actively controlled to
achieve balanced sinusoidal grid currents at unity power factor

(UPF) despite of highly unbalanced nonlinear load at PCC
under varying renewable generating conditions. A RES with
variable output power is connected on the dc-link of grid-
interfacing inverter. The SRF algorithm accurately calculated
the values of error and the grid interfacing inverter injects
immediately after the 0.72s, the SRF algorithm improves the
dynamic response when compared to the normal PLL. An
unbalanced 3-phase 4-wire nonlinear load, whose unbalance,
harmonics, and reactive power need to be compensated, is
connected on PCC. The waveforms of grid voltage(Va,Vb,Ve) ,
grid currents (IqIbIcand I ), unbalanced load current and
inverter currents liq,Iin,licand Im are shown in Fig. 4. The
corresponding active-reactive powers of grid (Pioad,Qload),
load and inverter(Pinw Qinv) are shown in Fig. 5.
Positive values of grid active-reactive powers and inverter
active-reactive powers imply that these powers flow from grid
side towards PCC and from inverter towards PCC,
respectively. The active and reactive powers absorbed by the
load are denoted by positive signs. Initially, the grid-
interfacing inverter is not connected to the network (i.e., the
load power demand is totally supplied by the grid alone).
Therefore, before time t=0.72 s, the grid current profile in Fig.
4(b) is identical to the load current profile of Fig. 4(c). At s,
the grid-interfacing inverter is connected to the network. At
t=0.72 s, this instant the inverter starts injecting the current in
such a way that the profile of grid current starts changing from
unbalanced non linear to balanced sinusoidal current as shown
in Fig. 4(b). As the inverter also supplies load neutral current
demand, the grid neutral current (I») becomes zero after s
t=0.72 s At t=0.72 s, the inverter starts injecting active power
generated from RES Pres=Pinv . Since the generated power is
more than the load power demand the additional power is fed
back to the grid. The negative sign of Pgrid , after time 0.72 s
suggests that the grid is now receiving power from RES.
Moreover, the grid-interfacing inverter also supplies the load
reactive power demand locally. Thus, once the inverter is in
operation the grid only supplies/receives fundamental active
power. At t=0.82 s, the active power from RES is increased to
evaluate the performance of system under variable power
generation from RES. This results in increased magnitude of
inverter current. As the load power demand is considered as
constant ,this additional power generated from RES flows
towards grid, which can be noticed from the increased
magnitude of grid current as indicated by its profile. At
t=0.92s;

the power available from RES is reduced. The
corresponding change in the inverter and grid currents can be
seen from Fig. 4. The active and reactive power flows
between the inverter, load and grid during increase and
decrease of energy generation from RES can be noticed from
Fig. 5. The dc-link voltage across the grid- interfacing inverter
(Fig. 5(d)) during different operating condition is maintained
at constant level in order to facilitate the active and reactive
power flow. Thus from the simulation results, it is evident that
the grid-interfacing inverter can be effectively used to
compensate the load reactive power, current unbalance and
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V. CONCLUSION
This paper has presented a novel control of an existing
gridinterfacing inverter to improve the quality of power at
PCC for a 3-phase 4-wireDGsystem. It has been shown that
the grid-interfacing inverter can be effectively utilized for
power conditioning without affecting its normal operation of
real power transfer with integration of wind energy system
and PV model. The grid-interfacing inverter with the proposed
approach can be utilized to:
i) inject real power generated from RES to the grid, and/or,

ii) operate as a shunt Active Power Filter (APF).

This approach thus eiminates the need for additiona power

conditioning equipment to improve the quality of power at
=l = ! ; 1 PCC. Extensve MATLAB/Simulink simulation aswell asthe
g ab . s o Qesd | .4 DSPbased experimental results have validated the proposed
< sf , , 7 . ; i approach and have shown that the grid-interfacing inverter can

0.7 ° oo ”" ° " be utilized as a multi-function device. is further
£ ol ' iR Py oo a0 ' ] demonstrated that the PQ enhancement can be achieved under
s o : R three different scenarios:
T 1 1) Pres=0,
400 y . . T T T 2)PRES < PLoad ,and

F 200 : R S e d 3)PRES> PlLoad
- ) : : : The current unbalance, current harmonics and load reactive

Figure 4

unity power factor.

o7 075 5 @oes o9 0% " power, dueto unbalanced and non-linear load connected to the
PCC, are compensated effectively such that the grid side
currents are always maintained as balanced and sinusoidd at
Moreover, the load neutral current is

prevented from flowing into the grid side by compensating it
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locally from the fourth leg of inverter. When the power
generated from RES is more than the total load power
demand, the grid-interfacing inverter with the proposed
control approach not only fulfills the total load active and
reactive power demand (with harmonic compensation) but
also ddlivers the excess generated sinusoidal active power to
the grid at unity power factor.

Figire 4 and figure 5 shows the results that the SRF
based Grid interfacing inverter improves the dynamic
perfprmance of the renewable energy sources.
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