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Abstract- A PV system connected to the network with the functionality of the reactive power compensation and harmonic is 

introduced in this thesis. The output of the PV system varies due to changes in solar irradiance and climate conditions. PQ 

theory can be used to control the VSC, which is independent of the control of the maximum power point of the buck / boost dc 

/ DC converter. Then the VSC is used to interact with the electric grid through the network. Increasingly, the use of static 

power converter and switching mode power consumption injected current harmonics and reactive power in the electrical 

system. It will be shown that the VSC can be controlled to compensate the harmonic current and supplying active and reactive 

power. The harmonic current is extracted by using the theory of PQ. According to this strategy of sunlight during the active 

system sends power to the grid and also compensates the reactive power of the load and compensate harmonics. If there is no 

sunlight, the inverters compensate the reactive power and harmonic load and greatly improve the power factor of the 

installation. The proposed control strategies validated using MATLAB Simulink system/ Simpower. 
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I. INTRODUCTION 
 

With increasing concern about lack of fossil fuel, global 
warming, oil price and damage of environment and 

ecosystem, the promising incentive to developed different 

energy resources and high efficiency and low emission are 

of great important .Among the renewable energy 

resources, the energy through the solar photovoltaic effect 

can be considered photovoltaic system is a promising 

alternative. They are lavish, pollution free, distributed 

throughout the earth and recyclable.  

 

The hindrance factor is its high equipment cost and small 

conversion efficiency. Our aim is the efficiency and power 
output of the system is to increase. It is also required that 

constant voltage is supplied to the load irrespective of the 

deviation in solar irradiance and temperature.  

 

PV arrays are consisting combination of parallel and series 

PV cells that are used to generate electrical power 

depending upon the atmospheric conditions (sun based 

irradiation and temperature). So it is essential to couple the 

PV array with a boost converter. Also our system is 

designed in such a way that with deviation in load, the 

change in input voltage and power fed into the converter 

follows the close circuit characteristics of the PV array and 
PID controller is one of the most popular controllers. It 

provides vigorous and reliable performance for most 

systems if the PID parameters are determined or tuned to 

ensure a satisfactory closed-loop performance.  

Our system can be used to supply constant stepped up 

voltage to variable loads [1].Block diagram is shown in fig 

 

 
Fig 1. General Design for Power flow control of PV. 

 

II. WORK SUMMARY 
 

We have discussed regarding the renewable energy, solar 

energy, delivery of solar radiation reaching the earth’s 

surface. The regarding the PV cells have been discussed 
details in Section 2. The PV array exhibit has been 

designed in MATLAB environment. The close loop 

characteristic of the PV cell has been studied in detail. The 

design of boost converter, the coupling of the PV array 

with the converter has been described and also connected 

PID and MPPT controller. The deals with the simulation 

results and discussions part.  
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The P-V, I-V, P-I bends have been gotten at different light 

dimensions and temperatures. The PWM signal generation 
has been shown. We get stable voltage across the load 

resistance of the boost converter. Boost converter Output 

load is varied and the variation in the input voltage and 

current fed into the boost converter is noted. The different 

estimationsof the voltage and current have been plotted in 

the open loop curves of the PV array. The voltage and 

current values lie on the curves and thereby prove that our 

coupling of the boost converter with the PV array is 

proper. 

 

1. Solar Energy: 

Solar energy is a non-conventional energy. Solar energy 
has been harnessed by since ancient times  humans using a 

variety of technologies solar radiation, along with 

secondary solar-powered resources such as wave ,wind 

power, hydro electricityand biomass etc. all are  non-

conventional type of energy . Only a small fraction of 

theavailable solar energy is used [2]. 

 

Solar energy electrical generation release on photovoltaic 

system and heat engines. Solar energy's uses are limited. 

To crop the solar energy, the most common is to use photo 

voltaic panels which will receive photon energy from the 
sun and convert to electrical energy. Solar technologies are 

generally classified as either passivesolar or active solar 

depending on the way they hold, convert and distribute 

solar energy. 

 

Active solar techniques include the use of PV panels and 

solar thermal collectors to strap up the energy. Passive 

solar techniques include orienting a building to the Sun, 

selecting materials with favorable thermal mass or light 

dispersing properties and design spaces that naturally 

circulateair [3-4]. Sun based energy has an immense 

region of utilization, such as electricity generation for 
distribution, heating water, lightening building, crop 

drying etc. 

 

 Solar energy and gravitational energy are the primary 

sources of energy for the earth atmosphere system. 

 In the ideal case (referred to as "black body") matter will 

soak up all the energy impinging on it in the form of 

electromagnetic waves and as a result will warm up. This 

"give and take" of energy leads to a state of symmetry, 

where the outgoing radiation balances the incoming one. 

The energy radiated from a black body is spread over all 
wavelengths, in a "bell-shaped" dependence on the 

wavelength. Highest energy is radiated at a wavelength 

inversely proportional to the absolute temperature. 

 The total (integral over all wavelengths) black body 

energy radiated is proportional to the fourth power of its 

absolute temperature. 

 The energy flux radiating from a point source falls of as 

the square of the distance from it. This is why light dims 

rapidly as one moves away from its source. 

 Using these fundamental laws and knowing the Sun's 

temperature, we can calculate the so-called "effective" 
or "emission" temperature of any of its surrounding 

planets. When viewed from outer space this is the 

temperature that the plant will appear. 

 The total daily radiation reduces from equator to pole. 

Thus the earth surface should inherently be warmer at 

the equator than it is at the poles.  

 Because of its spherical shape incoming solar radiation 

is not equally distributed over the planet. At all time, 

only the sun lights only half of the planet's surface, with 

maximum radiation coming in at local noon and a 

smaller amount in other times of the day. 

 The Earth's axis of rotation tilts at a 23.5° away from the 

plane of rotation around the sun, that makes the poles 

point towards the sun during solstice time. This is the 

reason for the seasons. During solstice, the pole pointing 

to the sun and the surrounding area receive radiation 

during all 24 hours of the day while the opposite pole 

does not receive any solar energy. This has the potential 

for making the poles as warmer than the equator in their 

respective summer time if it were not for the large 

albedo of the Polar Regions. 

 

III. MOTIVATION AND THESIS 

OBJECTIVES 
 
In the past, typical applications of distribution generation 

generally included reciprocating Engines or small hydro 

plants, where AC power injection was relatively constant. 

The PV System has the intermittent resource 

characteristics that vary the power output throughout the 

day and requires the conversion of DC-AC power through 

inverters and having higher power rating with 

sophisticated control.  

 

The proliferation of PV systems represent a less familiar 

challenge for distribution utilities and give rise to various 
impacts which are different from that of the conventional 

PV based power generation because of its different 

characteristics. So there is a requirement for an in-depth 

investigation of the potential dynamic impact of a PV 

system on the distribution network under various load and 

generating conditions.  

 

The major motivation of the thesis is to identify the 

oscillations occurring in the grid-connected PV system. To 

develop a technique, to achieve damping of these 

oscillations provide a stable power system [5]. 

 
Despite the need, there is no standard benchmark model of 

large scale PV systems for power System simulation 

studies. Thus, there is a need for developing moreover the 

components (inverter, PV sources etc.) present in a PV 

system is supplied by different manufacturers, who may 

not disclose their product dynamic properties (control 

structure or methodology, parameters).   
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Therefore, the only option is to build an adequate model, 

which may not exactly represent the real world PV system 
but provides a satisfactory tool to analyze the PV system 

by an expert point of view.  

 

The main objectives of this thesis are: 

 To develop the mathematical model for the grid-

connected PV system. 

 To build an adequate simulation model in 

MATLAB/SIMULINK for analysis power quality 

purpose Along with the control architecture. 

 To design a power system stabilizer VSC, to achieve 

better stability, power quality and damping of 
oscillations to the grid-connected PV system.  

 To perform stability analysis on the grid-connected PV 

system with the proposed   control technique. 

 

IV. MPPT WITH PID CONTROLLER 
 

In industrial control systems is widely used a proportional-
integral-derivative controller (PID controller). PID 

controller is a control loop feedback mechanism. A PID 

controller calculates an error value as the variation 

between a measured process variable and the desired set 

point. The controller tries to reduce the error by correct the 

process through the use of a manipulated variable.  

 

The response of the controller can be illustrated in terms 

of the sensitivity of the controller to an error, the degree to 

which the controller overshoots the set point, and the 

degree of system oscillation. Note that the application of 
the PID algorithm for control does not guarantee optimal 

control of the system or system stability. Some 

applications may need using only one or two actions to 

provide suitable system control.  

 

This is attaining by setting the other parameters to zero. In 

the absence of the respective control actions a PID 

controller will be called a PI, PD, P or I. PI controllers are 

somewhat common controller, since derivative action is 

sensitive to measurement noise, whereas the absence of an 

integral term may avoid the system from reaching its 

target value due to the control action. 
 

The basic terms that one would require to understand PID 

are: 

1. Error: 

The error is the amount at which a device isn’t doing 

somewhat right. For example, suppose the robot is located 

at x=7 but it should be at x=9, then the error is 2. 

 

2. Proportional (P): 

The proportional term is proportional to the error at 

present. 
 

3. Integral (I): 

The integral term depends on the cumulative error made 

over a period of time (t). 

4. Derivative (D): 

The derivative term depends on the rate of change of error. 
 

5. Constant (factor): 

Each term (P, I, D) will need to be tweaked in the code. 

Therefore, they are included in the code by multiplying 

with respective constants. 

5.1 P-Factor (Kp) - A constant value used to increase or 

decrease the impact of Proportional 

5.2 I-Factor (Ki) - A constant value used to increase or 

decrease the impact of Integral 

5.3 D-Factor (Kd) - A constant value used to increase or 

decrease the impact of Derivative 

 

Flowchart of the algorithm:  

 

 
Fig 2. Flowchart of the algorithm. 

 

V. VOLTAGE SOURCE CONVERTER 

(VSC) 

 
Basically a voltage-sourced converter generates ac voltage 
from a dc voltage. It is for historical reasons, often 

referred to as an inverter, even though it has the capability 

to transfer power in either direction. With a voltage source 

converter, the magnitude, the phase angle and the 

frequency of the output voltage can be controlled. In these 

converters the dc side voltage always has one polarity, and 

the power reversal takes place through reversal of dc 

current polarity. 

 

On dc side the voltage is supported by a capacitor. This 

capacitor is large enough to at least handle a sustained 
charge/discharge current that accompanies the switching 

sequence of the converter valves and shifts in phase angle 

of the switching valves without significant change in the 

dc voltage .For the purpose of discussion in this thesis, the 

dc capacitor voltage will be assumed constant. On the 

other hand the ac side is the generated ac voltage 

connected to the ac system via an inductor. 

 

Voltage Source Converters (VSC) is a self-commutated 

converter to connect HVAC and HVDC systems using 

devices suitable for high power electronic applications, 
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such as Insulated Gate Bipolar Transistors (IGBTs). VSCs 

are capable of self-commutation being able to generate AC 
voltages without the need to rely on an AC system.  

 

This allows for independent rapid control of both active 

and reactive power and black start capability. VSCs 

maintain a constant polarity of the DC voltage for their 

building blocks, such as the 2-level or 3-level converter as 

well as the so-called “Modules” in a Modular Multi-Level 

Converter (MMC).  

 

The change of power flow direction is achieved by 

reversing the direction of the current. Therewith, VSCs are 

easier integrated in multi-terminal DC systems.  
 

VSC based HVDC systems offer a faster active power 

flow control with respect to the more mature CSC-HVDC, 

while also ensuring flexible and extended reactive power 

controllability at the two converter terminals. 

 

1. Technology Types: 

VSC can be classified with respect to the converter 

technology types used, which have evolved over time: 

 Two-Level VSC – earliest technology used 

 Three Level Diode Neutral Point Clamped (NPC) or 

Three Level Active NPC 

 Two Level with Optimum Pulse-Width Modulation 

(OPWM) 

 Cascaded-two Level Converter (CTL) 

 Modular Multi-Level Converter (MMC), which is the 

latest and most advanced technology used for HVDC 

transmission. MMC differentiates further into the so-

called Half Bridge type and Full Bridge type MMC. 

 

In offshore HVDC grids, MMC is becoming the preferred 

power electronic converter for converting between AC and 
DC since presenting several benefits:  

 Ability to reverse the power flow without reversing the 

polarity of the DC voltages by DC current reversal;  

 Modularity and scalability features make it 

advantageous compared to other VSC topologies;  

 Its inherent capability of storing energy internally in the 

converter.  

 

This can benefit the system in which it is connected and 

enables drastic reduction of operating losses of the 

converter stations, by avoiding the need for high frequency 
switching of the semi-conductor devices. 

 

VI. RESULT AND SIMULATION 

 
To overcome the above problem the study system was 

modeled as shown in Fig. with Matlab/PowerSim 

software. In this system the PV-VSC generates the 

required reactive power at the PLL of the MODEL and at 

the same time it can generate active power if there is no 

reactive power needed by the grid as indicated in the 

control system for the PV-VSC in Fig.6.1 above. 
 

1. Simulink Modelling: 

 

 
Fig 3. Simulink modelling 2015a Software. 

 

 
Fig 4. Solar simulation modelling. 

 

 
Fig 5. VSC Simulink modelling. 

2. Simulink Power Quality Outcomes Result: 
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Fig 6. Voltage across grid generation. 

 

 
Fig 7. Current across generation. 

 

 
 

Fig 8. VSC across Outcomes. 

3. Transient Analysis Outcomes: 

   

 
Fig 9. Transient analysis Outcomes. 

 

VII.CONCLUSION 
 

In this thesis MPPT based photovoltaic (PV) system has 

been developed. MPPT method has its own advantages 

and limitations. While using solar panels in residential 
locations, it is necessary to track the maximum power 

point constantly and quickly. Furthermore, the MPPT 

should be capable of minimizing the ripple around the 

MPP. Therefore two techniques stages i.e., incremental 

conductance (IC) and perturbation and observation (P & 

O) algorithms are suitable.  

 

These two methods have been evaluated by simulating a 

standalone PV system utilizing DC-DC boost converter by 

connecting the PV panel to the load. In particular, the 

performance of each method has been considered over a 
wide range of different irradiation and temperature 

conditions. Results show that the enhance of perturb band 

observe algorithm exhibits faster dynamic performance 

and achieves steady-state level better than the incremental 

conductance method over a broad range of irradiation 

settings and load profiles.  

 

PV fluctuation compensation can be done by adding a 

VSC-PID control algorithm to the operation of the 

associated generators to perform a load sharing system. 

Parameter setting of VSC-PID controller will affect how 

fast and smooth load sharing system work on 
compensating the rise and fall of PV output power. The 

implemented system can be used to flatten power 

delivered by a microgrid and reducing frequency deviation 

concurrently maintains grid stability. In this Thesis, a 

general presentation of the photovoltaic systems and its 

components has been made. Models have been analyzed 

regarding the MPPT interaction.  

 

Various MPPT Techniques have been described and 

simulated. It is seen that among all other methods Perturb 
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& Observe Method (P&O) is the fastest and stable, due to 

its variation in perturbed value. 
 

VIII. FUTURE SCOPE 
 

The work can be extended in hybrid systems, depending 

upon the type of application, design and feasibility, 

different strategies can be performed for enhancing the 

system performance by implementing it through software. 
However, the structure of the algorithm includes multiple 

optimization processes; this scheme may demand high 

computational integrity.  

 

Hence, the software implementation of proposed hybrid 

configurations is a challenging task. Therefore Artificial 

intelligence technique may be used in hybrid solar 

photovoltaic and wind power system in Battery 

management for stand-alone applications. Conversely, 

many other hybrid configurations can be utilised with 

different sources like a fuel cell, Bio fuel and micro 
turbines in the field of hybrid power systems. They can 

provide good results with various energy sources. Also the 

work can be done in the Faulty grid and clear the fault 

using PID controller. 
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