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ABSTRACT

This study presents a comprehensive analysis of reactive power compensation in grid-connected photovoltaic (PV) systems
through the synergistic use of Static Synchronous Compensator (STATCOM) and Fixed Capacitor (FC), validated by MATLAB
software simulations. Aimed at addressing voltage stability and improving power factor, the integration of STATCOM and FC

provides a dual strategy for dynamic and steady-state reactive power support, respectively. The MATLAB-based simulation
framework meticulously evaluates the performance under varying solar irradiance, load fluctuations, and grid disturbances,
focusing on voltage regulation, power factor enhancement, and the efficacy of reactive power management. Results demonstrate
that the combined application of STATCOM and FC significantly improves voltage stability and maintains a high power factor,
underscoring the effectiveness of this approach in enhancing the efficiency and reliability of grid-connected PV systems. This
study contributes valuable insights into optimizing reactive power compensation mechanisms, facilitating the seamless
integration of renewable energy sources into the power grid.

KEYWORDS: Reactive Power Compensation, Grid-Connected Photovoltaic System, Static Synchronous Compensator
(STATCOM), Fixed Capacitor (FC), Voltage Stability, Power Quality

1. INTRODUCTION

Most of the world's energy needs are now met by
burning rapidly depleting fossil fuels including
petroleum, coal, and natural gas. Carbon dioxide, a
byproduct of burning fossil fuels, is a key contributor to
global warming and poses a serious threat to all forms of

life on Earth [1].

480

e
International Journal for Modern Trends in Science and Technology

The PV array systems are expected to play a key part in
future energy generation among all the existing
Renewable energy sources. Photovoltaic (PV) systems
convert light into electricity. Fuel cells, wind generation,
and solar systems all provide low voltage output and
need large step-up dc/dc converters to meet their various
application requirements. The rising need for power,

coupled with the scarcity and high cost of nonrenewable
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sources, has led to the development of the photovoltaic
(PV) energy conversion system, which offers a viable
alternative due to its cheap initial investment, absence of
environmental impact, and ease of upkeep. Therefore,
both independent and grid-connected PV systems
should make more use of this energy source. Even
though photovoltaic (PV) is a renewable energy
resource, its installation cost is very costly and its
reliability varies depending on factors like location, time
of year, and the weather. Operating the system close to
the MPP so as to acquire about the maximum power of
PV array is a key aspect for improving the efficiency of
PV systems. To get the most power from a solar array.

In order to maximize the output of PV systems,
maximum power point tracking (MPPT) methods are
used, and a high efficiency power converter tailored to
draw maximum power from a PV panel is often taken
into account. In most cases, there will be a single
maximum power point (MPP) on the V-1 curve where
the PV system is both most efficient and provides the
most power [I5-17]. In any case, search techniques or
computation models may be used to pinpoint the MPP's
location, which is currently unknown. The operational
point of the PV array is kept at the sweet spot where
maximum power is generated by using Maximum
Power Point Tracking Techniques (MPPT) [26-28].
Perturb (P&O) [2-5],
Conductance (1C) [2-6], Artificial Neural Network
(ANN) [7], Fuzzy Logic (FL) [8], etc. are only a few of the
MPPT algorithms that have been examined in the

and Observe Incremental

literature. Two of the most common methods are P&O
and IC. In this study, four MPPT algorithms —P&O, the
Incremental Conductance (1C) technique [2-6], the Fuzzy
Logic (FL) method [8], and the
Optimization (PSO) method [10] —are examined. These

Particle Swarm

techniques are simple to execute and have found
widespread use in low-budget uses because of this.
Sliding Mode [9], along with other similar approaches,
are not discussed in this study due to their added
complexity and low frequency of use.

In order to build and scale the hybrid system
appropriately for different loads and weather situations,
this work focuses on constructing a simulation model.
Mat lab and SimPower Systems are used to run a
simulation model, and the resulting data is used to prove

that the proposed system works as intended. In Figure 1,
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we can see the hybrid energy generating system that will
be linked to the grid.
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Figure 1: Configuration of proposed grid connected

hybrid system
2. LITERATURE SURVEY:

Single-stage photovoltaic (PV) inverter control
solutions were examined by Ciobotaru et al. It has been
developed and compared experimentally, using two
distinct current controllers. A full control system for the
single-phase PV system is also provided. To preserve
active and reactive power equilibrium during isolated
operation of micro grids, Mahmud et al. suggested a
resilient nonlinear distributed controller architecture.
this

inverter-dominated networks that include renewable

Micro grids are defined in research as
energy sources (RESs) and battery energy storage
systems (BESSs), such as solar photovoltaic generators
and plug-in hybrid electric cars. The implementation and
enhancement of the performance of the electrical power
system rely heavily on power electronics converters.
More and more DERs are being implemented as a direct
result of the increasing need for both new power sources
and improved power supply quality. A model predictive
controller's goal is to reduce common mode voltages and
voltage deviations from nominal values across
capacitors. Finally, a diagram, parameters, and results
from a simulation run in the programme PLECS are
supplied to prove the efficacy of the suggested control

approach and the value of multilevel inverters..

3. SOLAR SYSTEM:

A solar cell is the fundamental building block of any
photovoltaic (PV) system. To generate the necessary
current, voltage, and high power, solar cells in a PV
array are linked in series or parallel. Each solar cell may
be thought of as a diode with a p-n junction made of

semiconductor material [5]. By virtue of the photovoltaic




effect, it generates currents whenever light is incident
onto the junction. Power characteristics at insulation
level for PV array are shown in Figure 3. Each
characteristic curve for output power displays a
maximum power point. The (I-V) and (P-V) properties of
the PV array are shown at varying solar intensities in
Figure 3. A solar cell's equivalent circuit consists of a
forward-biased diode connected in series with the
current source. The terminals at the output are hooked

up to the load. The solar cell's current equation is as

follows:
I ™ Iph ~ ID -Ish

I=Iph Lo [exp (q V o/ nKT)] - ( vb/Rs)
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+
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0

Figure 2: Equivalent circuit of PV Module
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Figure 3: Output characteristics of PV Array

MAXIMUM POWER POINT TRACKING METHOD:

The output power characteristics of a PV system are
mostly determined by its irradiance and temperature
curves. In addition, solar radiation and temperature hold
these two constant for a short time. In Figure 1 we can
see how the levels of solar radiation will sharply
fluctuate during the day, as was previously described.
Only around 30% to 40% of the solar irradiance that hits
a typical solar panel is converted into usable electricity.
The Maximum Power Transfer theorem states that a

circuit's power output is maximised when its thevenin
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impedance (source impedance) is in phase with its load
impedance. Therefore, the Maximum power point
tracking approach must be used to raise the solar panel's
efficiency.

In response to rising input voltage or current, a PWM
generator's repetition rate may be raised, hence
increasing the output current. Simultaneously, the
inductor's charge current is increased by applying a
higher voltage to it. Where sensor-collected data on
current and voltage are used to calculate initial voltage
and power [9]. After determining the true power output,
the Vref reference voltage is adjusted by comparing the

current measurement to the previous one.
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Figure 4: DC-DC converter MPPT Controller

3. PROPOSED SYSTEM:

The amount of solar insolation affects the
amount of active electricity put into the grid by a solar
inverter that is connected to the grid. If the solar
irradiation is not high enough, the solar inverter will not
be able to provide as much active electricity to the grid as
it was intended to (which actually happens as the solar
irradiance is not uniformly maximum throughout the
day). It causes the inverter to be underutilised. The
inverter can still function at its rated capacity even when
the solar resource is not at its full potential if it is set to
supply reactive power in addition to active power
(depending on solar irradiance availability). Through the
injection and absorption of reactive power, network
voltages may be controlled, and reactive power
compensation using solar inverter is an intriguing

approach for doing so.
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Figure 5: Structure of Grid Connected PV system for

Reactive Power Control

Space Vector Modulation Technique:

As an alternative to the standard pulse width
modulation method, gate triggering signals may be
obtained by using the system's two phase vector
components, d and q, in space. Figure 6 depicts the 8
space vector switching pattern locations of the inverter,
each of which is represented by a space vector

representation of the neighbouring vector V1 and V2.
W00} V110

V{011 VA(100]
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Fig 6: Space Vector Modulation Technique

By using the Space Vector Modulation Technique,
which is one of the most common pulse width
modulation techniques for three-phase voltage source
inverters, it is possible to reduce harmonic distortion in
the applied ac motors' voltage and current. In this
research, the reference vectors are formed by varying the
switching time sequence of space vectors in each of six
sectors, as illustrated in figure 6. As shown in Figure 6,
six of the sectors are employed for inversion, while two
act as null vectors. The following methods may be used

to carry out space vector modulation:
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Converting three-phase values to their two-phase
counterparts.

Calculate T1, T2, and TO to see how long each event
takes.

This formula produces the voltage reference signals, the
switching time sequences, and the VO0-V7 voltage
references.

V* Tz = V1 *T1 + V2 *T2 + VO *(T0/2) + V7 *(T0/2)

4. RESULTS AND DISCUSSION:
Figure 1 depicts the whole hybrid grid-connected
The

series-connected array of PV modules and a boost

system. photovoltaic  system includes a

converter.
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Figure 8: Simulation Waveform for Active and Reactive

Powers of PV System




Figure 9: Simulation Waveform for Grid Current
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Figure 10: Simulation Waveform for Reference and
Actual Reactive Power under fixed Q-Mode

Table-1: Comparative Analysis Between Conventional

and SVM Controller
PWM SVM
PARAMETER CONTROLLER CONTROLLER
POWER FACTOR 0.79 0.84
DC VOLTAGE (V) 495 847
ACTIVE POWER
750 750
W)
REACTIVE POWER
(VAR) 385 236.3
LOAD VOLTAGE 232 1
V)
LOAD CURRENT 175 40
(A)
THD (%) 7.27 0.32

5. CONCLUSION

In this piece, we present a SVM-controlled PV system
that can be connected to the grid and used to offset
reactive power demands. The article also describes the
best converters to use with each MPPT method, whether

the system is grid-tied or operates independently. In this

article, we will go over the latest hybrid MPPT
techniques and their advantages. It is hoped that the
designers and commercial manufacturers of PV systems
will also find this review to be a useful resource. This
research shows that the foundations of both P&O and IC
are in the extreme value theory. They should be able to
accurately monitor the maximum power point if the
condition for maximum value is met. However, due to
noise and quantization error etc., it is difficult to
guarantee the stability and accuracy of the numerical
approximation of differentiation upon which both
methods rely. There is a fundamental flaw in the
algorithms that causes them to perpetually bob up and

down near the sweet spot.
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