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Abstract — Rising pollution levels and worrying changes in
climate, arising in great part from energy producing
processes, demand the reduction of ever-increasing
environmentally damaging emissions. Additionally an
emerging awareness of finiteness of the earth’s fossil fuel
reserves has caused many people to look for alternatives.
Generating €electricity, particularly by making use of
renewable resour ces, allows the attainment of notable effects.
Thereby the immense potentials of wind energy on the earth
assume great importance. The worldwide potential of wind
power means that its contribution to electricity production
can be of significant proportions. But there many constraints
in using wind energy to optimum level. In this paper control
scheme is proposed by using STATCOM which relates to
power quality issues of grid-connected wind turbines and the
interaction between wind turbines and the grid. In
particular, this control scheme concentrates on grid-
connected wind turbine with sguirrel cage induction
generator during continuous operation, and the solution of
various power quality issues.

Keywords — Wind Turbine, Power Quality, Induction
Generator, STATCOM, Non Linear Load.

|. INTRODUCTION

The total wind power generation in the world has
increased from 16000MW in 2000 to 283GW by the end
of August2013. Wind farms generate carbon dioxide free
electricity in more than 80 countries, 24 of which have at
least 1000MW. India has installed some 20GW of wind
power up till October 2013. Main reasons for this
development are environmental concerns, kyto targets and
improved efficiency in terms of cost of new wind farms.
As number of wind farms is increasing, problems related
to it should also be checked. Main concerns will be
voltage profile and reactive power compensation. Some
congtraints technically related to integration of wind farms
are voltage profile and stability. Up till now mechanical
switched capacitors and tap changing transformers are
used to solve power quality problems. These can improve
power factor and voltage regulations but power and
voltage fluctuations and harmonics is till a question mark
on them. Their repeatedly switching can cause resonance
and overvoltage transients that generate stress on turbine
gear box increasing cost and maintenance.

Now a days, main role in distributed energy system and
in integration of wind farms into electrical grid, is of
power electronic switches. These has undergone a fast
evolution, due to two reasons, what comes first is their fast
switching and high power handling and second one is real
time microprocessors which causes fast and reliable
control. The wind generating system causes disturbances
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into the grid. Generally induction generator is used to
connect wind energy system with the grid. The induction
generator is cost effective and robust. However there is
requirement of reactive power compensation as when
active power is varied due to variation in wind, this
consequently affects voltage profile. Hence a good scheme
isrequired in wind farmsin normal operating conditionsto
maintain desired voltage profile and consequently desired
active power [1]. STATCOM isviewed as important VAR
compensator as it has fast time response and good support
to voltage stability. It has low cost and faster switching;
hence it is one of the choices for integrating wind energy
system into electricity grid. First in this paper some
advance power electronics schemes are discussed. After
that how STATCOM can improve voltage profile is
discussed [3].

Il. WIND ENERGY SYSTEMS

A. Variable Speed Wind Turbines:

Wind energy has developed up to alevel whereit iswell
recognized as a utility generation technology. Wind
turbine technology has undergone a dramatic
transformation during the last 15 years, using the latest
power electronics devices. In last few years wind turbine
market has shown tremendous growth. Wind power
generation involve different types of wind turbine design
available in market. Study of these is essentia for
integration of wind energy system into the grid.
Technologies are available for variable speed conditions to
optimize the wind energy generation. Reactive and active
power can be controlled easily in case of variable speed
turbines. Flicker problems are less and voltage through
reactive power control can be done by varying reactive
power. Power convertors count to about 7% of the total
components [2], [9].

B. Wind Power Technologies:

Variable speed operation in wind energy system has
shown rapid growth in last few years. This can be
achieved through decoupling of grid electrical frequency
and turbine mechanical frequency. This is done by ac-dc-
ac convertors.

1) Variable-Speed Concept Utilizing Doubly Fed
Induction Generator (DFIG):

In this type of turbine stator is connected to grid and
convertor feeds the rotor. This converter, thus decouple
mechanical and electrical frequencies and make variable-
speed operation possible. As the convertor used is of
smaller power rating, turbine cannot operate at rated
speed. The rotor speed span is double the size of convertor
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and turbine. Losses are less as convertor size is small. The
control possibilities of the reactive power are similar to the
full power-converter system [10], [11].

2) Variable-Speed Concept Utilizing  Full-Power
Converter:

In this also decoupling concept is used. Rectification is
done from generator side and then through dc link it is
converted back to suitable ac energy for the grid. The
majority does not use induction generator with gear box as
these introduces additional losses instead multi-pole
synchronous generators are used [12].

3) Semiconductor-Device Technology:

Power semiconductor devices with better electrical
characteristics and lower prices are the key components of
power electronics variable speed drives. The insulated gate
bipolar transistor (IGBT) is now the main component for
power electronics and also for wind-turbine applications.
These are used very extensively for high power
requirement. Recently, GTO integrated with delicate hard
drive circuit, known as the integrated gate control thyristor
(IGCT) has been developed with a large safe operation
area (SOA), lower switching losses, and a short storage
time [1]. The comparison between IGCT and IGBT for
frequency converters that are used, especialy in wind
turbines, is given below:

1) IGCTs have lesser switching frequency than IGBTSs.
2) Thermal stressis higher in IGCTsthan IGBTSs.
3) IGCTs have lower ON sate voltage drop than IGBTSs.

Overal IGBTs are better choice for wind turbine
applications.

C. Grid-Connection Standards for Wind Farms
1) Voltage Fault Ride-Through Capability of Wind
Turbines:

Consumer power quality should not be compromised as
wind power isincreased so that a turbine should continue
to be connected and contribute to the grid in case of a
problem such as voltage sag. Wind energy system should
operate as conventional power plants, supplying active and
reactive powers, immediately after the fault occurred.
Thus, several utilities have introduced specia grid
connection codes for wind-farm developers, covering
reactive power control, frequency response, and fault ride
through. They define the operational boundary of a wind
turbine connected to the network in terms of frequency
range, voltage tolerance, power factor, and fault ride
through. Among al these requirements, fault ride through
is regarded as the main challenge to the wind-turbine
manufacturers [13].

2) Power-Quality Requirements for Grid-Connected Wind
Turbines:

The Wind turbine measurement codes for power as per
International standards are developed by the International
Electro-technical Commission (IEC), |EC standard 61400-
21, [4] describes the procedure for determining the power
quality characteristics of the wind turbine. The standard
norms are gpecified. |IEC 61400-21: Wind turbine
generating system, part-21. Measurement and Assessment
of power quality characteristic of grid connected wind
turbine IEC 61400-13: Wind Turbine—measuring
procedure in determining the power behavior. IEC 61400-
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3-7: Assessment of emission limit for fluctuating load IEC
61400-12: Wind Turbine performance. The varying
voltage is due to the wind velocity which is in direct
connection with real and reactive power changes. The
varying voltage types are given below:

1) Voltage Sag.

2) Voltage Dip/Voltage Swells.

3) Short Interruptions/ Long duration voltage variation.

Power convertors are responsible for harmonics. These

should be controlled to the range which does not cause
disturbance in the system. To ensure the harmonic voltage
within limit, each source of harmonic current can allow
only a limited contribution, as per the IEC-61400-36
guideline. The rapid switching gives a large reduction in
lower order harmonic current compared to the line
commutated converter, but the output current will have
high frequency current and can be easily filter-out.
The way of connecting the wind generating system into
the power system highly influences the power quality.
Thus the operation and its influence on power system
depend on the structure of the adjoining power network.

The self excitation of wind turbine generating system
(WTGS) with an asynchronous generator takes place after
disconnection of wind turbine generating system (WTGS)
with local load. The risk of self excitation arises especialy
when WTGS is equipped with compensating capacitor.
The capacitor connected to induction generator provides
reactive power compensation. However the voltage and
frequency are determined by the balancing of the system.
The disadvantages of self excitation are the safety aspect
and bal ance between real and reactive power.

The voltage variation, flicker, harmonics causes the mal-
function of equipments namely microprocessor based
control system, programmable logic controller; adjustable
speed drives, flickering of light and screen. It may leads to
tripping of contractors, tripping of protection devices,
stoppage of sensitive equipments like personal computer,
programmable logic control system and may stop the
process and even can damage of sensitive equipments.
Thus it degrades the power quality in the grid.

[11. POWER QUALITY IMPROVEMENT

STATCOM helps in injecting current into the grid in
such a manner that source current becomes approximately
in phase with source voltage. Source current becomes
harmonic less as these injected current cancels out the
reactive power component of load and induction generator
current. Hence there is much better quality of power we
can get. First grid voltage is sensed through sensor and
then corresponding current is given to the inverter [8]. The
required connection is done at point of common coupling
(PCC) asshownin Fig.1.

A. Wind Energy System Generation:

Due to simplicity the induction generator is used, it does
not require a field circuit separately; it can accept loads
varying in nature. These are inherently protected from
short circuit. The wind power of the system is given as
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Fig.1. Grid connected system for power quality
improvement.
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Wherep(kg / m3): air density
A(m?) = area swept by the blade
Pying (M/ s) = wind speed
Extraction of total power of wind is not possible so there

is power coefficient is defined as under which shows the
fraction of power extracted through the wind,

Pinech = Cprind
Where C is wind power coefficient, that depends on

operating conditions and type of wind turbine. Mechanical
power developed is given by

1 2,3
Pinech :EPﬂR Vaind Cp

Where R isradius of the blade (m)
B. Wind Power BESS

Although there are many kinds of energy storage
medium, various types of utility scale BESS have been in
use for some time. These include the lead—acid battery
facility [5]. BESS possess some desirable electrical
qualities: quick response to load changes and the relatively
high round-trip efficiency of some 60%-80%. Amongst
the beatteries, lead-acid, vanadium Redox, and NaS
batteries have shown much promise for large-scale wind
power schemes. In the literature, one most common form
of battery electrical performance data supplied by
manufacturers is the set of battery terminal voltage (Vdc)
versus f curves under various constant current charge/
discharge conditions, such as the one shownin Fig. 2 [4].

The data are often given a dipulated ambient
temperature conditions when the battery is in its pristine
state. For voltage regulation BESS is used. It stabilizes the
grid by injecting and absorbing reactive power. It
maintains dc voltage at capacitor constant. It also has fast
control over transmission and distribution. By charge and
discharge method, the BESS can be used to level the
power fluctuations. [5] The battery is connected in parallel
to the dc capacitor of STATCOM. The STATCOM is a
three-phase voltage source inverter having the capacitance
on its DC link and connected at the point of common
coupling. The STATCOM injects a compensating current
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of variable magnitude and frequency component at the bus
of common coupling.
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Fig.2. Vdc versus f curves under constant
charging/discharging current conditions of atypical
electrochemical battery. Shaded area corresponds to the
battery feasible operating zone.

C. Energy System Operation:

Between induction generator and non linear load, shunt
STATCOM is connected at point of common coupling.
Through variationsin STATCOM output quality of power
is tried to be maintained. A STATCOM using IGBT is
proposed for reactive power control of induction generator
and non linear loadsis shown in Fig. 3.
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Fig.3. System operational schemein grid system.

A STATCOM can improve power system performance
as follows: The dynamic voltage control in transmission
and distribution systems. The power oscillations need
damping in power transmission systems. The transient
stability, the voltage flicker control, and the control of not
only reactive power but also (if needed) active power in
the connected line, requiring a dc energy source.

In principle, the exchange of real power and reactive
power between the STATCOM and the power system can
be controlled by adjusting the amplitude and phase of the
converter output voltage. In the case of an ideal lossless
power converter, the output voltage of the converter is
controlled to be in phase with that of the power system. In
this case, there is no real power circulated in the
STATCOM; therefore, a real power source is not needed.
To operate the STATCOM in capacitive mode or VAR
generation, +Q, the magnitude of the converter output
voltage is controlled to be greater than the voltage at the
PCC. In contrast, the magnitude of the output voltage of
the converter is controlled to be less than that of the power
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system at the PCC on order to absorb reactive power or to
operate the STATCOM in inductive mode, -Q. However,
in practice, the converter is associated with internal losses
caused by non ideal power semiconductor devices and
passive components. As a result, without any proper
controls, the capacitor voltage will be discharged to
compensate these losses, and will continuously decrease in
magnitude. To regulate the capacitor voltage, a small
phase shift is introduced between the converter voltage
and the power system voltage. A small lag of the converter
voltage with respect to the voltage at the PCC causes real
power to flow from the power system to the STATCOM,
while the real power is transferred from the STATCOM to
the power system by controlling the converter voltage so
that it leads the voltage at the PCC.

A STATCOM can provide fast capacitive and inductive
compensation and is able to control its output current
independently of the AC system voltage. There are mainly
two approaches to mitigate power quality problem. The
first approach is load conditioning, which ensures that
equipment is made less sensitive to power disturbances,
allowing the operation even under significant voltage
distortion. The other solution is to install line conditioning
system that suppresses the power disturbances.

V. CONTROL SYSTEM

Bang-Bang controller is used for injecting current into
the grid for control purpose. Hysteresis control is used by
the controller. Control variable is kept within the range of
hysteresis boundaries. The control system scheme for
generating the switching signals to the STATCOM is
shown in Fig. 4.

from rource
unit vector
un’usb’um
\" —
dc — o
— O -
— B
Sc
o - Current
v Voltage Limiter i controller
controller Sabc

dcref

Fig.4. Control system scheme.

The control agorithm needs the measurements of
several variables such as three-phase source current, i gy, ,
DC voltage V. , inverter current i, with the help of
sensor. The current control block, receives an input of
reference current igy, and actual current are igy.

subtracted so as to activate the operation of STATCOM in
current control mode [6], [7].
A. Synchronizing Grid

Through sampling frequency method source voltage
amplitude is calculated by source voltage (Vg,Vg),Ve)

and is shown asVg,,
1

Vgn = {\/; +V2 +v;}5
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The in-phase unit vectors are obtained from AC source-
phase voltage and the RMS vaue of unit vector
Ug,Ug, U asshown below

V, V, V,
U$=V_w,usb zv;sb,usc zv_sc
sm sm sm

The in-phase generated reference currents are derived
using in-phase unit voltage template as given below
i =1 Ugig=1Ug,icz=1Ug

Where, | is magnitude of filtered source voltage for
respective phases. This ensures that the source current is
controlled to be sinusoidal. The unit vectors implement the
important function in the grid connection for the
synchronization for STATCOM. This method is simple,
robust and favorable as compared with other methods [7].

Bang-Bang current controller is implemented in the
current control scheme. The reference current is generated
and actual current are detected by current sensors and are
subtracted for obtaining a current error for a hysteresis
based bang-bang controller. Thus the ON/OFF switching
signals for IGBT of STATCOM are derived from
hysteresis controller. The switching function S,for phase
‘a’ isexpressed as

i < iz — HB)—> S, =0

i, > (i% ~HB)—> S, =1
where HB is a hyseresis current-band, similarly the
switching functions Sg, S can be derived for phases ‘b’

and ‘c’ [8].
V.SIMULATIONSAND RESULT

The proposed control scheme is simulated using
SIMULINK in power system block set. The system
parameter for given system is given Table 1. Table 1
System parameters

S.No. Parameters | Ratings
1 Grid voltage | 3-phase, 415V, 50Hz
2 Induction 3.35 KVA, 415V, 50Hz, P=4,
Generator Rs=0.01Q, Rr=0.015 Q,
Ls=0.06H, Lr=0.06H.
3 Inverter DC link Voltage=800V DC
Parameters | link Capacitance=100uF
Switching frequency =2kHz
4 IGBT rating | Collector Voltage =1200V,
Forward Current =50A,Gate
voltage = 20V Power
dissipation =310W
5 Load Non-Linear Load 25kW,
Parameter 50kVAR

The wind energy generating system is connected with
grid having nonlinear load. The performance of the system
is measured by switching the STATCOM at timet=0.2 s
in the system. The response of STATCOM to the step
change (increase) in additional load at 1.0 s is shown in
the simulation. When STATCOM controller is switched
ON, without change in any other load condition
parameters, it starts improvement in reactive demand as
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well as mitigation of harmonic current. The dynamic
performance is also carried out by step change in the load,
when applied at 1.0 s. This additional demand is fulfilled
by STATCOM compensator. Thus, STATCOM can
regulate the available real power from source. The result
of source current, load current are shown in Fig. 5(b) and
Fig. 5(c) respectively. While injected inverter current is
shown in Fig 5(a):
H\' “H“"\ i
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Fig.5. (a) Three phase injected inverter Current
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Fig.5. (c) Load Current

Fig.5. (d) Dc Link Voltage
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The DC link voltage regulates the source current in the
grid system, so the DC link voltage is maintained constant
across the capacitor as shown in Fig.5 (d).

It is observed that the source current on the grid is
affected due to the effects of nonlinear load and wind
generator, thus purity of waveform may be lost on both
sides in the system. The inverter output voltage under
STATCOM operation with load variation is shown be Fig.
6(a). The source current with and without STATCOM
operation is shown in Fig. 6(b). This shows that the unity
power factor is maintained for the source power when the
STATCOM isin operation:

Fig.6. () STATCOM Output Voltage

Fig.6. (b) Supply Voltage and Current at PCC
VII. CONCLUSION

This paper presents scheme for control of quality of
power in wind energy system using STATCOM. Power
quality problems and its effects on consumer and utility
are discussed. STATCOM control scheme in MATLAB
environment is done. Harmonics is mitigated through its
use. Utilization of transmission line is enhanced as voltage
and current at source are in phase and reactive power
demand is also compensated at induction generator and at
the load end when STATCOM is connected at PCC of
power system. Performance of the scheme proposed is as
per power quality norms specified under IEC standards.
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