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Integrating the Solar PV and Wind Energy Systems with the conventional grid has proved to be a
great boon to the power industry. In this paper, we shall study about the Solar PV integration, a
comparison between the efficiency of Solar PV systems and Wind Energy Systems, the impacts of
Solar PV integration with the conventional grid and about the methods to mitigate the problems
arising from the increased Solar PV integration (penetration) in the conventional grid. Two or more
different system use for making energy called hybrid system. In this paper hybrid system is a
combination of wind energy and solar PV array with showing hybrid system is more important than
individual one. The proposed DC-DC boost converters are used for both sources i.e. wind and PV
having less number of switches. Using PI controller, varying DC output are converted into constant.
Hybrid system not only improves the power but also cost of the system. This paper proposed that the
power quality improvement of hybrid system using D-STATCOM use in the system. To remove the
harmonics in the current and give constant power supply. This proposed hybrid system simulates on
MATLAB software.

In this paper, Solar PV systems and Wind Energy Systems (hybrid system) serves as the main source
for improving Power Quality features. The control strategy for the hybrid system generator is
designed from Type-2 Fuzzy Logic Controller (FLC). Most of the applications are worked with high
uncertainties. Type-2 FLC have the capability to capture the uncertainties about membership
functions of fuzzy sets. For the different voltage instability, hybrid system generator is controlled to
cancel out of them. The performance measurement of the hybrid system generator with Type-2 FLC
for PQ improvement is validated in MATLAB/Simulink, which show the value of Total Harmonic
Distortion (THD) is 0.9103%, power factor is unity and injected values for sag/swell gets better
results compared to a traditional technique

Copyright © Adarsh Kumar and Qureshi M.F, 2018, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided

the original work is properly cited.

INTRODUCTION

concentrated to limited hours of the day. The reliability
challenges include power oscillations, imbalanced voltage

Both solar PV and wind energy systems (hybrid system)
undergo variation during the entire day which leads to the
inability of infallible forecasting. The major issue with wind
integration is anticipating and managing large, fast down-
ramps. The major up-ramps and down ramps are very easy to
forecast in the solar PV systems. The advantages of high solar
penetrations incorporate low cost thermal storage, load
balancing and easy forecasting. Solar energy is concentrated
over maximum hours of the day, which makes the system
balanced with high solar penetration challenges.

High solar penetrations lead to operational and reliability
challenges on the power system. Operational challenges result
from system balancing issues as the solar output is

*Corresponding author: Adarsh Kumar

supply, protection issues, increased losses, transformer and
cable rating issues and reverse power flow. Research has been
done in the past few years to mitigate the issues arising from
high solar PV penetration in the conventional grid. The impact
of high solar penetration that results in potentially problematic
low system damping operating conditions. The role of FACTS
devices in improving the power quality issues arising from
solar penetrations has been discussed in this paper.

In number of application multiple renewable energy system are
required to connect load or grid. For good power management
multiport DC-DC converters are proposed to hybrid
application. To generate variable DC into fixed DC the DC-DC
converter is use. PV panel can extract the solar irradiance and
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produced large amount of power. Wind energy is the form of
kinetic energy and this energy is convert into whatever
customer demands. Windmill is use in many rural area for
water pumping. In this paper, Wind-PV hybrid renewable
energy connected to load for proper power management with
uses only one controllable switch. Generation power from wind
is AC that converted first into DC then applied DC-DC Boost
converter. Similarly from PV is DC that directly applied to new
converter. This Multiport DC-DC boost converter are control
by PI/PID Controller. This PV-Wind Hybrid system provides
electricity power to private house, firm house, apartment, street
light, etc. electrical power depending on the need of where the
site is use. Aim of my project to connect the wind-PV to dc link
capacitor and fulfil all the needs from customer. The settling
time be reduced than the individual one with increasing output.

The SPWM inverter is connect to convert the DC sources into
AC for nonlinear AC load. The FACTS devices are connected
parallel between inverter and load. To improve power quality
reduces harmonics in supply and produces the same power at
all time. The paper Modeling and simulation of the system in
MATLAB Simulink.

Developing applications of RES like solar and wind (PV-Wind
Hybrid system) have additionally the difficulty of voltage
disturbances and harmonics due to the alternating nature of
sources and converters connected with them. The
incorporation of PV-Wind Hybrid system is growing due to
numerous benefits such as easy installation, safer process with
lesser operating costs, etc. Several researchers have examined
the effects of various kinds of techniques to PQ performance of
distribution systems. For grid connected PV-Wind Hybrid
system, many PQ problems may occur. By asking a
comprehensive solution to tolerate the power quality within
adequate limits, predominantly specified the nature of quickly
varying power systems.

Some of the studies with the outdated control strategies are not
appropriate for reactive power applications. As an end result,
current gets disturbed and PV-Wind Hybrid system inverter
injects that current with high total harmonic distortion (THD)
into the grid. To conquer the above mentioned problems, Type-
2 FLC strategy for PV-Wind Hybrid generators is utilized to
enhance the power quality improvements. Because, it has set of
fuzzy rules that can contain several models (equations). It is
much better because there is no out of control and it depends on
mathematical equations. Moreover, it has more number of
parameters (types and membership functions modules) to form
their control surface. FLC output completely depends on
change of output and there is not sudden change. With the help
of this controlling technique, the efficiency of the entire system
increases. Furthermore, Type-2 FLC controllers easy to
implement and understand because of their rule-base values.
By using Type-2 Fuzzy sets to represent the FLC inputs and
outputs will result in the reduction of the FLC rule base when
compared to using Type-1 Fuzzy sets. This is because the
uncertainty represented in the FOU in Type-2 Fuzzy sets
allows us to cover the same range as Type-1 Fuzzy sets with a
smaller number of labels. Finally, results showed that the extra
degrees of freedom produced by the FOU enables a Type-2
FLC to provide controlled outputs.

DSTATCOM (distributed static compensator) for harmonics
reduction and improve voltage stability

Because variable power produced from WIND-PV hybrid
system, the output of inverter is variable. Harmonics are
present in the system and inverting voltage is variable. Then
implement Distribution side means load side is DSTATCOM
(distributed static compensator) to reduced harmonics
compensation and gives the voltage stability all time. Shunt
connected reactive power compensation device that is D-
STATCOM to capable generating and absorbing reactive
power. The AC power is obtain from inverter and produced to
non-linear load with having fluctuation. To reduce that
fluctuation, D-STATCOM is very important to improvement of
power quality of supply.

A
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Canverter pe-pe Inverter

Canverter
D- Statcom

Direct Dive
Generator

PV Array De-pe
Converter

Fig 1 Hybrid system model with FACTS device

System component modelling
Wind System

One of the quickly growing electricity in the world is wind
generation. Wind is the form of kinetic energy that converted to
first mechanical with the help of turbine for generation of
electricity from wind, system having PMSG, inverter, Rectifier.
In the system wind turbine capture the energy from wind, and
generator convert that mechanical energy into electrical. With
the help of power electronics apparatus converts the power
from low to high quality and it control the rotor generator
speed. Fig. 2 shows Matlab winq model.
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Fig 2 Matlab wind model
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Fig 3 Equivalent circuit of PV model

PV Solar System
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The solar panel is convert solar energy into electrical energy
with DC-DC converter to step up the voltage of the solar
energy. In general Current source are connect with parallel to
the diode can be represented as a photovoltaic cell. The
equivalent circuit also combination of series resistance and
shunt resistance represented by Rsh whose value is large and
Rs is small. Photovoltaic cell is the semiconductor device that
absorb the energy and convert energy of light into electricity by
the effect of solar radiation and temperature. Fig. 3 shows
equivalent circuit of PV model.

DC-DC Boost Converter

DC-DC converter are operate as a Boost, Buck and Buck-Boost
in different way with different voltage output. There is one
MOSFET/IGBT used for ON-OFF control. ON-OFF control is
depend on the switching circuit. Fig. 4 DC-DC Boost converter
not only increases the output but also give constant output than
input. Because wind and PV gives a variable output and boost
converter gives the constant output than input. Fig.4 shows
DC-DC Boost converter.
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Fig 4 DC-DC Boost converter
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Fig 5 PI controller
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Fig 6 Basic D-STATCOM
PI Controller

In PI controller the output value is compared with reference
value and error calculate. These error goes to PI controller and
give the constant output. These constant value compared with
repeating sequence to generate gate pulse.

D-Statcom

The D-STATCOM is a controlled reactive, capable to
generating and absorbing reactive power sources. D-
STATCOM includes the VSC i.e. voltage sources converter
and DC link capacitor connected in parallel or shunt. The aim
of the D-STATCOM is to control the voltage at a PCC i.e.
power point coupling where the lode is connected to the
system.

Hybrid system simulation model

Fig 7 Overall Simulink model of Wind-PV hybrid system with D-Statcom

Input data use for hybrid solar, wind power generation system
are given in table 1, 2, 3

Table 1 Parameters of PV cell

Parameter Variable | Value
Current at Maximum Power Im 15A
Voltage at Maxinum Power Vi 250V
Open Circuit Voltage Vo 300V
Short Circuit Voltage Isc 204
Temperature Coefficient of S.C Current | a 0.015 APK
Temperature Coefficient of 0.C Voltage | b 0.7VK
Internal Series Resistance Rs 27Q
Reference Solar Radiation Sref 1000 W/m2
Reference Temperature Tref 25°C

Table 2 Parameter of Wind model
Wind Turbine model

Wind speed 9 m/'s

Base wind speed 4m/s

Pitch angle 0

Rated power 20e3 W
Base generator speed 0.5pu
Generator speed 1pu

PMSG model

Stator resistance 0.2Q
Armature Inductance 0.00015 mH

Pole 5
Rated power 20e3 W

Table 3 Parameter use in simulation

T.oad 1623 W.0.8 pfiS0 Hz.400 WV
DC-D(C boost converter C=1e-3 F

I—0.005H
DC link capacitor 20e-3T

Transformer

20e3 W .50 Hz

Winding 1=100 'V
Winding 2=250 V
BT m—200

Output Power of wind take more time to constant than the
hybrid Wind-PV. The settling time for wind is 1.2 sec and for
hybrid wind PV is to take 0.4-0.6 sec, so hybrid generation of
power is more important than the indivisiual one. Power
become increase with the help of PV i.e. solar plant. Because
when in winter the sun become low and wind high in summer
vice-versa. In part A. wind power shown and then in part B.
hybrid generation of power without DSTATCOM nd at last in
part c. hybrid generation of power with D-STATCOM.

Hybrid Wind-PV system without D-STATCOM
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Fig 8 Load voltage and current THD of hybrid system without D-STATCOM

In the fig. 8, it shows that the graph of hybrid system wind-PV.
Because of PV hybrid power increases than individual wind
system. Harmonics present in the system because hybrid
system without D-STATCOM i.e. without facts device

Hybrid Wind-PV system with D-Statcom

In the fig.9 Shows below, this hybrid system wind-PV with D-
STATCOM. To reduce harmonics present in the system some
facts device is used. For variable generation of power, D-
STATCOM is useful device to reduce harmonics and maintain
power in both side
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Fig 9 Load voltage and current THD of hybrid system w1th D- STATCOM
Power oscillation mitigation measures

Emerging Mitigation methods: The emerging mitigation
methods comprise of the reactive power control of the PV
inverters, Distributed energy storage systems (DESS), Dynamic
voltage restorer (DVR), and FACTS devices. The main focus
of this paper shall be on the mitigation of power oscillations
using the FACTS devices.

Dstatcom: Dstatcom is a solid-state device based on voltage
source convertor topology and is connected in parallel to the
point of common coupling of a distribution system. It is
basically used for the voltage regulation and is supported by the
energy stored in the dc capacitor. When a Dstatcom is
connected with a particular load, it injects a compensating
current in the system so as to meet the total demand of the
connected utility. The PV installation capacity can be
prominently increased by increasing the size of the Dstatcom.
As the Dstatcom improves the voltage regulation of the system,
to the power oscillations can also be compensated by varying
the amount of current injected in the system.
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Fig 10 Solar PV module integrated with conventional grid
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Fig 11 Solar PV module with Series
FACTS controller

In Fig.10, we see a schematic block diagram of a PV array
module connected with the grid. The DC-DC boost converter
incorporated with the MPPT algorithm is used to enhance the
PV voltage injected into the system. For better system
performance, a VSI and PV inverter are also used. Penetration
levels are checked up to which the PV array integrated with
grid works without any distortions or damping’s. As soon as
the power oscillation damping occurs, FACTS devices can be
used as mitigation measures as illustrated in Fig.11 and Fig.12.
The series FACTS controller controls the active and reactive
power flow in the system and also control the power
oscillations by balancing the voltage levels injected in the
system.
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Fig 12 Solar PV module with Shunt FACTS controller

The shunt FACTS controllers are connected at the end of the
line and are used to regulate reactive power flow in the system.
They are also used for power factor correction when used in
capacitive mode of operation.

Problem identification

PV-Wind Hybrid system (hybrid) had been successfully
employed for enhancing the voltage quality of the power
system. It was majorly employed as the power source for
power quality conditioners such as predictive control method,
SVPWM and sliding mode approaches. The challenging task of
this type of system design was 1) an appropriate topology of
PV generator, 2) its control strategy and 3) the entire PV-Wind
Hybrid system (hybrid) operation as a power quality
conditioner. Regarding this, the scope of the research develops
in new instructions; 1) it is potential to progress multilevel
topologies for decreasing the total harmonic distortion (THD)
of the voltage, 2) soft computing methods for control
algorithms of PV-Wind Hybrid system (hybrid) generator and
3) new FACTS device theory to minimize the system difficulty.
Owing to the declared possibility of new ideas, in this paper, it
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is determined to develop a grid-connected system with a PV-
Wind Hybrid system generator. The design of the Type-2 FLC
system is presented first. Then, the overall proposed control
scheme is described. Finally, the Type-2 FLC structure is
illustrated as per power quality requirement.

PV-Wind Hybrid system generator with Type-2 FLC control
strategy

Proposed Type-2 FLC design

Type-2 FLC is an expansion of the method of familiar standard
fuzzy sets. The Type-2 fuzzy set is denoted by a membership
function (MF) of fuzzy (i.e.) for every element present with
membership category is also called a fuzzy set. These sets are
3-dimensional and comprise a foot point of uncertainty (FOU),
which is mentioned as new (or) third dimension of fuzzy sets in
Type-2 technique.

Output Processing

|

|

| | Crisp output
Rule Base | Defizzifier ———
| 'y
| Tvpe-1 reduged fzzy
Crisp input | sels
»  Fuzzfier | Type Reducer
|

*  Inference
Type-2 output
firzy sets

Type-2 input
fizzy sete

Fig 13 Architecture of Type-2 FLC

From the Fig. 13, in Fuzzifier section the inputs are converted
into the fuzzy set because numbers are not able to activate the
defined rules which is explained in terms of fuzzy sets only.
Next these fuzzy sets are calibrated into an output set of fuzzy
with the help of inference section. At first, this one is
established by measuring every rule using the theory of fuzzy
set after that using the mathematical method to determine the
output of every rule. Inference make only one rule at a time.
From this, output of inference section will be fired rule output
with one or more sets. Apparently, the output sets of fired rules
have to be transformed into number in the output section. In
type reducer section, fuzzy set of type-2 is reduced into fuzzy
set of interval value of type-1. Output processing happens after
completing the type reducer reduction, yet called as
defuzzification. Since, a fuzzy set of type reducer has been
always a number of finite intervals, the value of defuzzifier is
just the difference between the end points of two intervals.

UMF

LMF

0 .t
Fig 14 Membership function of Type-2 FLC

Series Transformer Load

* Type-2FLC =

PV-Wind Hybrid system

Fig 15 The block diagram of system under study for PQ enhancement by PV
cell.

In Fig. 14, the design process of Type-2 FLC, it has 2-input, 1-
ouput and each variable for input/output has 7 linguistic
variables. Even though, by using the Type-2 FLC which
terminates the FOU, upper membership function (UMF) and
lower membership function (LMF) to provide firing strengths.
The area between the UMF and LMF is defined as FOU. It
produces a further degree of freedom that create it feasible to
solve uncertainty. Although in real world environments, the
fuzzy sets of Type-2 FLC have the ability to produce a relevant
framework to solve the uncertainty. In the proposed work, four
inputs are given to Type-2 FLC to attain the control signal for
inverter of the PV-Wind Hybrid system. In Type-2 FLC, the
fuzzy set in X is A~ and the membership grade is A (x,u)

1:’-1 = {((_‘{, i), Ju;i{x, u))|vx € X}

A Can also be expressed as

A = [ [pa(x,u)/(x,0)
A

where J'IJE_Q [0,1]
Where ff ()denote union over all admissible xelnd u.For

.4

discrete universe of discourse @is replaced by can be

re-expressed as

A = {(x, uxDIVE X3}
A

4 = [[f futu)/ul /x], € [0,1]

If Xand "I * are both discrete then
A =ZNE fre,u) /u] x;

Uncertainty in the primary membership of a type-2 fuzzy set,

A consists of bounded region that we call the FOU. It is the
union of all primary membership, that is,

FOU (A) = UJ.

In Fig.15, the block diagram for PV-Wind Hybrid system
generator based Type-2 FLC is shown. In this, the grid is
connected to the load through a series transformer, which is
used to minimize the voltage problems. That transformer is
coupled with PV-Wind Hybrid system through an inverter. The
determination of that transformer associated to PV-Wind
Hybrid system is that, to transfer the power with requisite
voltage and angle for regulating source voltage instabilities.
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The voltage quality can be evaluated by means of its voltage
sag and swell deviation from load reference value. If the output
voltage deviation is less, the output voltage quality is
extraordinary. Otherwise, Type-2 FLC is designed to rectify the
voltage quality problems regardless of the supply voltage
distortion. Meanwhile, it is observed that, for the Type-2 FLC
strategy, certain system constraints are specified to deliver an
adaptive control signal for the inverter.

P owar

[ ]

Fig 16 Overall control strategy with Type-2 FLC design

The overall control strategy with Type-2 FLC design is shown
in Fig.16. This structure is extended with four input values and
one output value. The four inputs are (P, (load power),
Vs(source voltage), I; (injected current) and P; (PV injection
power)) and output is Pis(injective power reference). From
that, once the inputs and output of the Type-2 FLC is trained, it
will be used to produce Piref to control signal PWM generator
to the inverter of PV-Wind Hybrid system. The mathematical
demonstration of the above mentioned points is written as
follows.

Py

V. = Interval Type2 Fuzzy Logic Plinar

Controller
I — |

—_—
P

Fig 17 Structure of Type-2 FLC extended with four input values and one
output value.

Let the source voltage and load voltage are expressed as:
L©= V< p®

Where, Vo(£) and Ve (0 are the vector representation of

source and load voltages correspondingly at time - Ve (1)

and V(O are magnitudes of source and load voltage

respectively at time . P(t) and 6'(” are the phase angle
of source and load voltages at time t. Now, the magnitude of
load voltage must be equal at all periods to preserve the load
away from destruction regardless of distortion in source
voltage. In spite of maintaining the reference voltage, suitable
control signals given to PWM generator. If there is some
trouble in voltage source, at first it is declared by Type-2 FLC,
because it is one of the inputs for controlling.

SIMULATION RESULTS AND DISCUSSIONS

In this section, the performance of the Type-2 FLC controller
for enhancing the power quality is investigated. Type-2 FLC
handles both balanced and unbalanced situations without any
difficulties and injects the appropriate voltage component to
correct rapidly any variance in the supply voltage to keep the
load voltage balanced and constant at the nominal value. As

compared with conventional controllers, Type-2 FLC has low
steady state errors and low settling time. In this paper, four inputs and
single output fuzzy inference system are considered. The input for the
fuzzy system is represented as error of PI controller. In order to
confirm the above mentioned work, a modest single phase
system is established and verified for different voltage
sag/swell disorders. To authenticate the performance of Type-2
FLC, it is analysed with two cases and compared with
traditional controller techniques. From the paper, power quality
features are improved with the help of PI controller. The results from
those papers are compared with the proposed technique in the below
mentioned comparison table 1.

Case 1: System performances during voltage sag

In this case, voltage sag of 60% is applied in supply voltage to
check the conventional and proposed systems performances.
The illustration of system performance for the above case is
presented in Fig. 18.
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Fig 18 The performance of Type-2 FLC systems in 60% sag: (a) PV-Wind
Hybrid system voltage output (b) PV-Wind Hybrid system current output (c)
Dc link Voltage (d) Transformer voltage () Source voltage (f) Load voltage
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Fig 19 The performance of Type-2 FLC systems in 125% swell: (a) PV-Wind
Hybrid system voltage output (b) PV-Wind Hybrid system current output (c)
Dc link Voltage (d) Transformer voltage (¢) Source voltage (f) Load voltage

From above Fig. 19, it is notable that, 125% of swell is applied
to supply voltage during 4.1S to 4.6S. Here, during swell time,
opposite to as a case in sag time; PV-Wind Hybrid system
output voltage, current and DC voltages work in opposite way
can be visible in Fig.19. Injected voltage from the transformer
is reduced to cancel out the swell supply voltage. The
difference in its phase with supply voltage results in good load
voltage. It is visible for both conventional and proposed
systems. Supply voltage with swell is also shown. Finally, in
conventional PI controlled system, load voltage had tried to
reach the reference of supply voltage and little bit lower than
the supply voltage where as in Type-2 FLC system and it had
reached the reference. It is due to the superior control
capability of Type-2 FLC. The in-depth view of sag and swell
operations in conventional and proposed systems presented in
Fig.20. It is shown as follows.
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Fig 20 The performance of Type-2 FLC system during sag and swell:(a) Load
voltage during sag (b) Load voltage during swell

Table 1 Comparison table for Type-2 FLC with existing PI

Controller
PI
Parameler coniroller T:E_-{i;z
[17]
PYV-Wind
Output Current 3.4 0.4
PV Wind p— 4
Ouiout Veltare 45 78
Injected
transformer 150w 200+
voltage (sag)
Injected
transformer
voltage 100w 40w
(swell)
0.8 .
Power factor : 1 (nnity)
lagging ;
THD 4% 0.9103%

From the above discussions, it shows that, proposed Type-2
FLC is much better control strategy than a traditional controller
for enhancing power quality during voltage sag/swell. Table 1
shows the performance measurements of Type-2 FLC with
traditional techniques. The above table displays Type-2 FLC
achieves better results when compared with other conventional
techniques.

CONCLUSION

In this paper, Type-2 FLC is employed in terms of emerging a
control scheme to enhance the power quality features, when
RES interfaced with grid. Here, PV-Wind Hybrid system are
used as the main source to minimize the voltage sag/swell. The
performance measurement of the Type-2 FLC is verified from
60% sag and 125% swell operation and proved to be much
better results when compared with conventional controllers.
The PV-Wind Hybrid system based approach is found to be
well-organized and it provides strong power quality
enhancement in power distribution systems. The characteristic
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structures of PV-Wind Hybrid system output voltage, current,
transformer injected voltage, DC voltage and supply/load
voltages are also exposed for the period of sag and swell
operations. The results of simulation presented and discussed in
this paper are total harmonic distortion (THD) of voltage at the
PCC, supply current, and load voltage. It is observed that the
load voltage THD reduced to the level of 0.9103%. The THD
and the amount of unbalance in load voltage decreased by the
application of Type-2 FLC. It performed better than the
traditional methods in mitigating harmonics and voltage
sag/swell. This work can be extended for different types of load
and THD can be minimized. Recent optimization techniques
may be used to find optimal solutions; their performances may
be compared. FACTS technology has till date proven to be the
best for mitigating power oscillations from the system. The
idea is to mitigate the power oscillations arising from PV
integration in the grid using the various FACTS devices and to
draw a conclusion that which FACTS device is the best suited
for mitigating the power oscillations.

To improvement power quality of the hybrid system it needs
the study of all controllers and facts devices. In this work, a fast
and cost effective D-STATCOM is proposed for reducing the
problems of harmonics and maintain AC voltage at both side in
distribution system. The result of the simulation are shown with
and without D-STATCOM. Hysteresis loss current control used
to find the error signals which is the difference between the
reference current and the load current to trigger the switches of
an inverter using PWM (pulse width modulation). The D-
STATCOM wuse in the distribution system without any
difficulties and injected voltage component to correct the
supply voltage by keeping the load voltage constant. In this
study, the D-STATCOM is reduced the ability of harmonics in
the system, total harmonics reduction has been proved by
implementation of simulation. According to IEEE standards
THD should be less than the 10%. With using D-STATCOM in
distribution side the THD are reduced up to 5.73%.
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