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Abstract—This paper is based on integration of PV and unified power flow controller ( UPFC) which will help us to
reduce the harmful effects on environment due to generation of electricity through conventional sources of energy
and it would also help usin compensation of reactive power which will lead to improvement in power quality and
power factor. In this paper a UPFC is integrated to a PV connected grid which makes it environmental friendly and
provides it long life with higher quality of power. The PV module is using MPPT controller so that we could extract
maximum energy of the day and other than this we are using boost converter to step up the voltage level so that it
could satisfy the need of power demand .At the output of boost converter we will get the dc and therefore we need to
convert it into ac voltage and for this we have used inverter through which we will get ac voltage .Next step is to
integrate UPFC so that reactive power could be compensated and we get high quality of power supply. To develop
this model we have MATLAB/SIMULINK software and results obtained are eco-friendly as well as efficient and
dynamic.

Index Terms— Integration, MATLAB, PV, reactive power, UPFC.

| INTRODUCTION

Due to the dwindling of reserves of fossil fuels and increase inglobal warming day by day alternative energies
are gaining popularity. From all the alternative sources of energy availablemaximum attention is towards solar
energy as it is available inabundance[1]. Solar cells and solar thermal are the two technologies that are employ
the solar energy[4]. A solar cell employs the phenomenon of photovoltaic effect. Because of several advantages
of solar energy such as they are eco- friendly and do not add pollution to the environment therefore they are
employed in number of applications such as solar water pumps, satellite power systems etc.

UPFC is a device that belongs to the family of FACTS which can be used to regulate number of parameters
such as power factor, voltage, power or phase angle[7]. It helps in multi- tasking control on different parameters
of the system as well as it also provides flexibility to the system[4]. When we incorporate this device into the
transmission line then it helps to improve the quality of power by reactive power compensation which results
in increasing flow of active powerand thus makes the system more efficient.

Due to the several advantages of PV module and UPFC as described above we have integrated these devices
to get environmental friendly and high quality of power which would also be less expensive as it is more
efficient as compared to the power that we get through the conventional sources of energy[2][3]. In order to
integrate these two powerful devices we took the help of MATLAB/SIMULINK software.

11 PV MODULE

A power conversion unit of a PV generator system is a PV module. Solar insulation and cell temperature are
the two factors on which characteristics of PV module is dependent. The characteristics of PV module are
non-linear and therefore it was necessary to model the design and simulation of maximum power point
tracking or a number of applications ofa PV system. The figure shown below is the equivalent circuitof PV
module.

In the below module by applying Krichoff’s law we could

obtain (1) which is the current flowing through the module.

Here | represents the current at the output terminals I,n standsfor the current of the photocell 14 stands for the
current flowing through diode and I, stands for the current through the shunt resisI=Iph'Id'I§h

Id = Io[e(—%)-1]
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Here |, stands for the reverse saturation current. The voltage due to thermal effects can be given as
Ve = kT /q
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Figurel, PV MODULEThe current flowing through shunt resistance can be given as

Ish=Vj/Rsh
~[4]

By placing these above defines equations in equation 1 we getfollowing equations

s +IRs "-_ " . q(V+IRs)
= ()1} | o
o o +IRs)/Rsh
where Iph is given as
Iph = [Ish+ K(T — 298) » (I(foo)

[6]

The current through the module can be found out using
Imodule = Np * Icell and Vmodule = Ns * Vcell
L/l

(8l
Using these equations modeling of PV was done and results are as follows.

The output of so developed PV cell is shown in results as lpsv and Vpy[1] .The output of the PV cell is
converted and displayed as Voc and Ipc[2]. After this d.c component is removed out to get the pure a.c
content which is represented inthe figure 2 as Isoostand Vp.c.

The PV module is using MPPT which stands for maximum power point tracking so that maximum power
can be tracked and converted into electricity which has helped in improving the power factor and hence the
stability of the system. MPPT is able to track and capture maximum power and we have been able to built
most efficient and eco-friendly system to generate power with long time and low losses as more and more
reactive power can be transferred with least amount of reactive power and this also helps in increasing the
efficiency of the system[5].

[I¥13
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Figure 2, SOLAR SUPPLY SYSTEM
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Figure 3 SOLAR POWER RESPONSE CURVES FOR VOLTAGE AND CURRENT

11l UPFC

UPFC is a device that belongs to the family of FACTS device. It is one of the most power device as it can
control several parameters of the power system. It is a combination of static series synchronous compensator
(SSSC) and static synchronous compensator (STATCOM). This device can perform the functions of thyristor
controlled reactor (TCR), thyristor switched capacitor (TSC) or STATCOM and it can also perform functions
by the combination of above defined controllers[9]. It helps in regulating the real as well as reactivepower flow.

The UPFC as shown in figure consist of comprises of two branches. With the help of transformer voltage
source converter injects a voltage in series while in shunt of the power system we connect a inverter at its input
end[11]. An another inverter is connected in series with the ac transmissionsystem. UPFC is able to exchange
real power as it can inject voltage to the circuit of varying magnitude and phase angle.
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Figure 4, SCHEMATIC DIAGRAM OF UPFC

The UPFC at its shunt connected output provides reactive power support and satisfies the need of
transmission linewhile at its series connected output it can control the real power transmission. UPFC is very
versatile device as it can control the flow of real and reactive power independently[10].

IV POWER FLOW CONTROL OF UPFC

In order to control the flow of active and reactive power we have discussed control capability of UPFC.
Series part of UPFC has more effects on power flow control as compared toshunt part of UPFC. Therefore
more focus is kept towards theseries part so as to control more and more flow of power. In UPFC this control
capability can be done by two methods[9].

a) By load control capability

b) By remote control capability

When the angle of series voltage is varied and magnitude is kept constant then we could obtain a elliptical
region. It was seen that the area under this region is the region that could be controlled through the series
voltage and with the decrease or increase of injected voltage this controllable shifts.

The series part of UPFC has its own advantages .1t is helpful in remote control capability as by changing the
parameters of the series part it is capable of controlling power flow through the other lines[11]. Therefore
both series and shunt part of UPFC has their own contribution in controlling power flowby the regulation
of operating parameters respectively. Inspite of their independent significance the conclusion can be drawn
that the series part is more powerful as compared to shunt part of UPFC and controlling character of UPFC
is more dependent on the series part. To have a better understanding

““of UPFC simulink model of UPFC is
developed and resultsare as shown.
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UPFC (Detailed Model)
48-Pulse, GTO-Based Unified Power Flow Controller

Figure 5, SIMULINK MODEL OF UPFC
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The above diagram is the next part of my simulink model which demonstrates UPFC as a FACTS device
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connected to a3 phase transmission line. It is capable of both series and shunt conversions. The pulse involved
for controlling theseries and shunt converters is controlled by UPFC controllers[4] [7].

By the use of feedback measurement the controller provides firing pulses to the shunt and series converter thus
regulating the power quality. The following waveforms of figure 6 showthat active and reactive power under
the different conditions of load and irradiation the response is capable of tracking the reference power demand
while maintaining low value of reactive power.

Figure 6, ACTIVE POWER VARIATION

V INTEGRATION OF PV AND UPFC

With the increase in demand of energy it is becoming imperative for us to think about the alternative sources
of energy and the most easily available source of energy is solar energy that could be harnessed through PV
cell and utilizedto satisfy the ever-growing demand of ever-growing population. Therefore in my project |
have integrated PVmodule to the UPFC[11].

We know that UPFC is capable of compensating reactive power and helps in improving the power
quality and thus improving the efficiency of the system and PV helps to make the system more reliable in
terms of life and also makes the system eco-friendly. It means that by we integrating thesetwo systems
then we can achieve two targets at the same timethat is we will drift towards the non-conventional sources of
energy and at the same time we have improved the power quality by reactive power compensation[3][2][7].

Linear Load

e

Threo-Phase Scurce
Grid system

Figure 7, GRID CONNECTED TO BUS WITH SOLARAND UPFC

““A unit which acts as a interfacing unit in my model is UPFC as it improves power factor and also capable of
proving reactive power as required by the transmission line. Another important role which is being performed
by UPFC in my model is the exchange of solar energy source from load to grid[8][9]. If the power demands of
load is more than the power that the source can supply then UPFC can satisfy this requirement and alters the
flow of active and reactive power accordingly. In the similar way if the output that we get from solar energy

©iJournals Publications 2024 | 51




iJournals: International Journal of Software & Hardware Research in Engineering
ISSN:2347-4890, ijournals.in/ijshre
Volume 12 Issue 3, March 2024

source is greater than the power demand of load then this excess power is delivered back so that it could be
used at the time of need.

VI RESULTS

In my work a solar PV based grid connected model of the system is developed using the simulink under power
quality regulations using one of the most powerful device of thefamily of FACTS and this device is UPFC
which can control more than one parameters of the system simultaneously. The results that we have obtained on
interfacing the UPFC to the PV connected grid are as follows.

Figure 8, OUTPUT OF SIMULINK MODEL

From the waveforms that have been traced at the oscilloscopeit can be observed that when UPFC is interfaced
to a PV connected grid then also we could maintain the lowest reactive power values and use of PV also makes
the system eco-friendly with its long life.

CONCLUSION

We know that demand of energy is increasing day by day with the increasing population and due to
excessive use of non renewable sources of energy our environment is facing the problems of global
warming, pollution and these resources cannot be replenished again so we need to take care of these
resources. Considering all these reasons we need to shift our focus towards the other renewable sources of
energywhich are available in abundance. The best resource availableto us is solar energy. When we interface
the UPFC to the PV connected grid then and analyzed the model under the voltage

, current and power at different buses then it was observed that reactive power is reduced significantly and
power factor has been improved. In future we could make use of hybrid technology instead of solar energy
to further improve theperformance of the system.
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