Power Flow Management of Grid Connected
Wind Generation System with Power Quality
Improvement Features

Abstract-

In recent years with the excessive consumption of
electrical energy, the Contradiction between
generation and demand, the irrational structure of
World’s energy as well as the environnemental
pollution have become progressively more evident. It
has become crucial for ecological development to
reduce the consumption of conventional energy and to
enhance the development and utilization of renewable
energy. Wind energy and Solar are unlimited supply
of renewable energy. and it has no pollution. But this
concept suffer from the power quality issues from grid
and generator side, this paper presents a control
strategy for achieving maximum benefits from these
grid-interfacing inverter when installed in 3-phase 4-
wire distribution systems. The inverter can be
controlled to perform as a multi-function 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 (Active Power Filter) 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. With such a control,
the combination of grid-interfacing inverter and the 3-
phase 4-wire linear/non-linear unbalanced load at
point of common coupling appears as balanced linear
load to the grid. The design and implementation of
Wind turbine generation system studied, and
simulated in MATLAB/SIMULINK.

Keywords: Power Quality, Harmonics, Reactive
Power, DSTATCOM

1. INTRODUCTION

Now a day’s power demand is increasing at a
faster rate than power generation. Hence the utilities are
concentrated on power generation in order to meet the
increased demand. Out of total energy demand, 75% load
is supplied from fossil fuels. Because of this, there are so
many problems related to environment such as air
pollution, green house effect, lessening fossil fuels. Hence
it is necessary to check for another alternative for power
generation i.e. renewable energy sources. From past ten
years, many countries have concentrated on these
renewable energy sources for power generation.

Presently, the government also motivating the people
towards the use of renewable energy sources. Accelerated
the renewable energy sector growth. Injecting wind power
into the power system grid effects power quality problems
such as reactive power compensation, voltage regulation,
harmonics produced in the grid. We know reactive
problems may come due to non-liner loads balanced and
unbalanced loads some kind of power electronic devices
such as arc lamps welding machines etc. this all are
switching actions harmonics will present in the system so
that complete grid effects and also it effects on source
side.

Generally, current controlled voltage source
inverters are used to interface the intermittent RES in
distributed system. Recently, a few control strategies for
grid connected inverters incorporating PQ solution have
been proposed. In an inverter operates as active inductor
at a certain frequency to absorb the harmonic current. But
exact calculation of network inductance in real-time is
difficult and may deteriorate the control performance. A
similar approach in which a shunt active filter acts as
active conductance to damp out the harmonics in
distribution network is proposed in a control strategy for
renewable interfacing inverter based on theory is
proposed. In this strategy both load and inverter current
sensing is required to compensate the load current
harmonics. The non-linear load current harmonics may
result in voltage harmonics and can create a serious PQ
problem in the power system network. Active power
filters (APF) are extensively used to compensate the load
current harmonics and load unbalance at distribution
level. Here, the main idea is the maximum utilization of
inverter rating which is most of the time underutilized due
to intermittent nature of RES. It is shown in this paper
that the grid-interfacing inverter can effectively be
utilized to perform following important functions: 1)
transfer of active power harvested from the renewable
resources (wind, solar, etc.); 2) load reactive power
demand support; 3) current harmonics compensation at
PCC; and 4) current unbalance and neutral current
compensation in case of 3-phase 4-wire system.



Moreover, with adequate control of grid-interfacing
inverter, all the four objectives can be accomplished
either individually or simultaneously. The PQ constraints
at the PCC can therefore be strictly maintained within the
utility standards without additional hardware cost.

2. PROBLEM FORMULATION
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Fig.1.Block diagram of grid connected wind generation system at
distribution level

The proposed system consists of RES
(Renewable Energy Source) connected to the intermediate
circuit of an inverter network-interface as shown in Fig. 1.
The voltage source inverter is a key element of a system
of DG and interconnecting the source of renewable
energy to the grid and provides power generated. The
RES can be a DC source or an AC source coupled to
rectifier dc-link. Usually energy sources fuel cell and
photovoltaic energy generated in lower variable voltage
dc, while variable-speed wind turbines generate power in
variable AC voltage. Therefore, the energy generated
from these renewable power conditioning needs (dc / dc
or ac / dc) before connecting the dc-link [6] - [8]. The
DC-capacitor-RES decouples the network and also allows
independent control of converters on both sides of dc-link

A. Wind Energy Generating System.

In this configuration, the production of wind energy is
based on topologies constant speed with ground control
turbine. The induction generator is used in the proposed
scheme because of its simplicity, it does not require a
separate field circuit, it can accept constant and variable
loads, and the natural protection against short circuit. The
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power available from the wind energy system is presented
as:

1
Pyina = EpAVviind 1)

It is not possible to extract all kinetic energy of wind.
Thus extracts a fraction of the power called power
coefficient ‘Cp’ of the wind turbine, and is given by

Prech = CpPWL'nd (2)

The mechanical power produced by wind turbine is given
by

1
Prech = ET[RZ Vmg;indcp (3)

B. 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. The current injected by renewable
into dc-link at voltage level can be given as:
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Fig.2.DC-Link Equivalent Diagram.

The current flow on the other side of dc-link can be
represented as,

Piny _ PG+PLoss (5)

Id =
2
¢ Vac Vac

If inverter losses are negligible then PRES= PG.



3. Ibog CONTROL TECHNIQUE

By using instantaneous active and reactive
currents iq.q control technique reference current can be
obtained through the non linear load.

Calculations follow like the instantaneous power
theory, but dq load currents are often obtained from
equation (6)2 stage transformations make known relation
between the stationary and rotating system with active
and reactive current methodology. The transformation
angle ‘0’ is wiseto all or any voltage harmonics and
unbalanced voltages; as a result d6/dt might not be
constant.

The systemd-q (d direct axis, g-quadrature
axis) is set by the angle 0 with
respect to the o-p frame utilized in the p-q theory. The
transformation from o — 3 — zero frame to d—q —0 frames
is given by

Iy L 1

[idl = U—[O cosf sm@l (6)
iq “®lo —sing cosd

If the d axis is within the direction of the voltage space

vector, since the zero-sequence part is invariant, the
transformation is given by

] = <] Y
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Where the transformation matrix K, satisfies ||K|| =
landK™*=KT

Each current component (lg, Iq) has an average value or dc
component and an oscillating value or ac component

=i+ } (10)

The compensating strategy (for harmonic
reduction and reactive power compensation) assumes that
the supply should deliver  the average of the direct-

axis element of the load current. The
reference supply current can so be

isdref =T isqref = isOref (11)

In this methodology, the currents magnitude
changes its axes and p-q formulation is simply performed
on the instant active id and instant reactive Iq parts. If the
d axis has constant direction because the voltage space
vector v, then the zero-sequence element of current
remains invariant. Therefore, the ig.q methodology is also
expressed as follows:

[lql @ —UB va H i (12)
vaﬁ

In this strategy, the supply should deliver the constant
term of the direct-axis of the load (for harmonic
compensation  and power issue correction). The
reference supply currentis going to be calculated as
follows:

isqa =g isq =i =0 (13)
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The dc component of the above equation will be

P P
= () = e (15)
Yapg / g¢ vg+vg

dc

Where the subscript “dc” suggests that the mean
value of the expression inside the parentheses. Since the
reference supply current should to be sinusoidal and in
phase with the voltage at the PCC (and hasn’t any zero-
sequence component), it'll be calculated (in a-B-0
coordinate) by multiplying the on top of equation by a
unit  vector within  the direction of the PCC
voltage space vector (excluding the zero sequence
components):

lsref = lLd I Uﬁl (16)
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Fig.3. Transformation and injection of harmonic current

4. MATLAB MODELEING AND SIMULATION
RESULTS

The proposed control scheme is simulated by using
MATLAB/SIMULINK in power system block set. The
Simulation parameters used for the system is given in
table 1.

Table:1 System parameters

S. .

No System quantities Parameters values
1 Source 3 phases, 11kv, 50Hz
2 Wind DC voltage 800Vdc, 1200Vref.
3 3 phase A/Y Winding kv A4Sy Y

transformer

3phase, 4 Wire Diode
Rectifier Circuit,

4 Non-Linear Load L1=(R=20Q, L=20mH)

L2=(R=20Q, L=20mH)

L3=(R=20Q, L=20mH)

3phase un balanced load
5 Linear Load L6:(R:6,L:20mH),L7=(R=15,
L=20mH),L8=(R=8)

MATLAB simulation circuit consist of wind integrated
grid system is shown in fig.4 it holds an unbalanced linear
load and diode bridge rectifier for analyzing the
unbalanced and harmonic problems. 132kV grid system is
step down to 415V by using 3 phase A/Y winding
transformer and the system specification are shown in
table. The IGBT based three phase inverter is connected
to grid. The generation of switching signals from
reference current is simulated within hysteresis band of
0.08 for Bang-Bang current controller. The real power
transfer from the batteries is also supported by the
controller of this inverter. The three phase inverter
injected current are shown in fig 6.
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Fig.5: Simulink model of wind turbine



Source current

Load Current

Inverter current

(

Sm;ee voltage

Fig 6: Three phase wave forms of source current, Load current,
inverter currents and source voltage
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Fig 7: Simulated output wave forms of Source, load and
Compensated active and re-active powers.

Fig 8: Power factor maintained unity when the STATCOM is
acting from 0.6 sec.
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Fig 10: Total Harmonics distortion of source currents.

Analysis from the results

The simulation work is done for 3 phase, four
wire grid interface wind system using
MATLAB/Simulink. A four-leg hysteresis controlled
voltage source inverter is actively controlled to reach fair
sinusoidal currents from nonlinear load and varying
renewable generating conditions. Fig 6 shows grid
voltage, grid currents, UN balanced load current and
inverter currents. At t=0 s, the controlled inverter is not
connecting to the system up to 0.6 s it fallows the grid
current profile is similar to the load current profile. At
t=0.6 s, the controlled inverter is attached to the system.
Right now the inverter start injects the current in such a
way that the profile of grid current starts changing from
unbalanced non linear to balanced sinusoidal current and
Grid side neutral current becomes zero after t=0.6 s.

At t=0.6s, the inverter starts injecting active
power from RES. since the generated power is more than
the demand the additional power is fed back to the grid.
The more amount active power injection from renewable
source to the grid is observed at t=0.8 s, this shows the
magnitude of the inverter current is more. Treated load



demand is remains unchanged. At t=0.92 s, the active
power injection from renewable source is reduced.
Corresponding grid currents are shown in fig 6
Corresponding active and re-active power flows between
the inverter, load and grid during increase and decrease of
energy generation can be observed in fig. 7 Voltage
across The DC-Link should be maintained constant at
different conditions. From the results we conclude the
grid-interfacing inverter can be efficiently used to balance
the load reactive power at l4q control strategy.

5. CONCLUSION
In the presented paper improve the power
quality is the main objective for grid connected wind
generation system for that choose as a interfacing inverter
i.e grid interfacing inverter at PCC for 3-phase 4 wire
system from the results it is observed that interfacing
inverter works efficiently used for power controlling
without effecting the normal operation. The inverter
operates as both the functions draws or supplies the active
and reactive power from RES to grid. And it is also used
as APF when no generation from RES. The advantage of
the proposed work is doesn’t require additional equipment
for improves the power quality. Due to unbalanced and
non-linear load, the problems of current unbalance,
current harmonics and load reactive power, are eliminated

by controlling the inverter gate pulses.

For generating the gate pulses to the inverter
lag(SRF)control theory control theory is presented. For
nonlinear load it is observed that the source current is
having THD of 24.12%. After compensation, by the
results it is clearly observed the THD values are reduced
to 1.97%, whereas the power Quality is improved.
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