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Abstract— In today’s world, non-renewable energy sources 

like the fossil fuels and nuclear fission are widely used for 

generation of power. This paper presents the ecofriendly 

method of generation of power by means of sunlight energy 

captured in photovoltaic cells. The model represents main 

components of the system that are the solar array, boost 

converter, the grid side inverter and MPPT. A proper control 

of the DC/DC converter is extract maximum amount of from 

the photovoltaic generator. The grid connected inverter 

transfers the energy drawn from the PV module into the grid 

by keeping common dc voltage constant. Maximum Power 

Point Tracking (MPPT) delivers maximum available power 

at a specific point. The overall efficiency of grid/load 

connected photovoltaic power generation systems depends on 

the efficiency of the DC-AC conversion. The simulation 

results are obtained by using MATLAB/SIMULINK 

software.  
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I. INTRODUCTION 

MANY electric drives and applications require advanced 

power electronics converter to fulfill the high power 

demands. This requirement resulted in power converter 

structure as an alternative in high power and medium voltage 

situations. Global warming has become a major for the world 

due to increasing use of nonrenewable resources. 

Nonrenewable resources like coal, nuclear elements, etc have 

given rise to many problems. The problem faced by the world 

includes pollution, uncertain rise in temperature, astonishing 

weather change and many more to add to this list. Moreover 

shortage of fossil fuels is the next big problem that the world 

will be facing in the near future. To overcome these 

shortcomings a permanent solution is required. The ultimate 

solution to this problem is to shift our concentration from 

nonrenewable sources to renewable source of energy. Hence 

nonrenewable sources of energy like solar, wind and hydro 

gaining importance over nonrenewable source of energy  due 

to its advantages over nonrenewable sources of energy. 

There are different types of renewable energies; the 

popular of them is photovoltaic (PV) system.  Initially PV 

modules used to be expensive, but with advancement of time 

their price have reduced to great amount, and the payback 

period also reduces, as they become increasingly economical 

due to their use in many applications. The efficiency of PV 

modules has also increased in recent years about 24 to 30%. 

Over the last 20 years or so th is a drastic change in the price 

of PV due to increase in its efficiency and reliability. This 

augmented to a grid connected photovoltaic system wherein 

PV system is coupled to mains of the system. 

The advantage of PV system is connected to the grid 

is that it can transmit the extra power to the grid after fulfilling 

the local demand. In case if the PV system generates less than 

the requirement in that case it can extract extra power from 

the grid to meet the load demands. Thus PV solar energy acts 

as an alternative resource of electricity. The PV system, 

designed in this work, aims to transfer electrical power from 

PV panels to the grid. The output of photovoltaic system is in 

DC. First, a dc-dc Converter is used to boost up PV voltage 

to a level higher than the peak of grid voltage. Aongwith this 

converter also tracks the maximum power point of PV 

module. There are many algorithm for tracking maximum 

power point. In this system perturb and observe method is 

used. Also Maximum Power Point Tracking (MPPT) is used 

to track maximum value of voltage and hence power.[1] 

Grid Connect solar PV systems consist of an inverter 

that convert direct current electricity from PV module into 

alternating current (AC). Then, a pulse width modulation 

(PWM) based dc-ac inverter (voltage source inverter) is used 

for enforcing sinusoidal voltage waveform with matching 

phase frequency with grid voltage. The output voltage wave 

shape of PWM inverter is square PWM wave. Therefore, 

filter are incorporated for coupling the inverter to the grid. It 

is one kind of low pass filter that converts PWM square wave 

to pure sine wave. 

MATLAB is one of the more well-known simulation 

software used by industries and as well as the institutions due 

to its range of advantages. To smoothen the progress of 

development of solar PV based power conversion systems, 

large numbers of simulation models developed in MATLAB 

are available in the literature. 

The system components and power control scheme 

were deled in terms of dynamic behaviors. The proposed 

models were simulated in Matlab/Simulink. 

II. MODELING OF PHOTOVOLTAIC SYSTEM 

A Photovoltaic (PV) system directly converts solar energy 

into electrical energy. The basic device of a PV system is the 

PV cell. Cells may be grouped to form arrays. The voltage 

and current available at the terminals of a PV device may 

directly feed small loads such as lighting systems and DC 

motors or connect to a load by using proper energy 

conversion devices.[2] 

This photovoltaic system consists of three main 

parts which are PV module, balance of system and load. The 

major balance of system components in this systems are 

charger, battery and inverter. A. Photovoltaic cell is basically 

a semiconductor diode whose p–n junction is exposed to light 

as depicted in fig. 1. Photovoltaic cells are made of several 

types of semiconductors using different manufacturing 

processes. [8] 

 
Fig. 1: PV module 
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III. MODELING OF DC TO DC BOOSTER 

Boost converter is used to step-up a source voltage to a higher 

voltage level. The gain from boost converter is directly 

proportional to the duty cycle (D). The equation is given 

below:- 

 
When boost converter is in PV applications, the 

input voltage coming from PV panel is changed with 

atmospheric conditions. Therefore if the duty cycle varies 

than we get maximum power point of PV module. The 

MATALB model of boost converter is given in fig. 2. [5] 

IV. MAXIMUM POWER POINT TRACKING (MPPT) 

Typical solar panel can only convert 30% to 40% of the 

incident solar irradiation into electrical energy. However, 

usually solar panel delivers less than that, because according 

to the MPT theorem, the actual power output of a circuit 

reaches its maximum when the source impedance matches 

with the load impedance, a match which is usually not 

guaranteed. MPPT algorithms are used to ensure impedance 

match to improve the efficiency of the solar panel in 

delivering its maximum power. In the source side a boost 

converter is connected to a solar panel in order to enhance the 

output voltage. By changing the duty cycle of the boost 

converter appropriately the source impedance is matched 

with that of the load impedance. As we have reviewed in 

Section III, several approaches have been proposed for 

tracking the MPP. One of the most widely used algorithms is 

the P&O algorithm.[3] 

It produces duty cycle which is dependent on PV 

module‘s voltage and power. Value of duty cycle is less than 

compared to a high frequency saw tooth wave signal. So that 

the comparator produces a PWM signal that is fed to Mosfet 

in the dc to dc converter. The duty ratio of the PWM signal 

depends on the value of duty cycle. Furthermore the 

frequency of the PWM signal is the same as the frequency of 

the saw tooth waveform.  The P&O algorithm is used due to 

its simplicity and easy implementation. The operation of 

P&O consists in periodically perturbing the panel operating 

voltage incrementally, so that the power output can be 

observed and compared at consecutive perturbing cycles. If 

the power difference is positive, further perturbation is added 

to the operating voltage with the same increment, and again 

the output power is observed. This perturbing process is 

continued until the power difference becomes negative. [10] 

 
Fig. 2: Characteristics of MPPT 

Thus, the direction of perturbation in operating 

voltage must be reversed. When the OP is located on the left 

of MPP (Fig. 2), the P&O works by increasing V, which 

results in an increase in the power output. When the OP is on 

the right of the MPP, P&O will work in the opposite direction 

by decreasing V; this results in an increase in power output. 

If a perturbation produces an increase of power (dP/dV> 0), 

it means that the OP is moved closely towards the MPP. The 

subsequent perturbation must be kept in the same direction to 

bring the OP closer towards the MPP until it is reached. 

Based on this algorithm as shown in fig. 3 a program 

is developed in Matlab 

 
Fig. 3: Algorithm 

V. DC TO AC- INVERTER 

Convert DC into AC. Here Single Pulse Width Modulation 

technique is used. The output will be square waveform. The 

reference sine wave is of 50 Hz which is compared a high 

frequency saw tooth wave. Due to the varying amplitude of 

the reference signal, the widths of the output pulses of PWM 

inverter is varied as well, resulting in pulse widths that are 

proportional to the amplitude of the reference signal wave. 

The PWM based voltage source dc to ac inverter in 

MATLAB model is shown in fig. 5.  Here, in PWM based 

inverter it is ensured that saw tooth signals amplitude must 

greater than reference signals amplitude. The reference signal 

is mainly grid signal because to operate initially in same 

phase with grid.[4] 

 
Fig. 4: Three phase topology 
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VI. GRID CONNECTED PV-STANDALONE SYSTEM 

The PV generators exhibit non-linear I-V characteristics. On 

the other hand, the optimum operating point changes with the 

solar irradiation, and cell temperature [2].Therefore, online 

tracking of the maximum power point of a PV array is an 

essential part of any successful PV system. A variety of 

maximum power point tracking (MPPT) methods is 

developed in literature. For example, in [3] a MPPT is 

implemented with a boost converter the Incremental 

Conductance algorithm, is based on the principle that the 

slope of the PV array power curve is zero at the maximum 

power point. Dual boost converter based MPPT using fuzzy 

logic has been reported [4]. In order to extract the maximum 

amount of power from the PV generator, „Perturb and 

observe‟ control method for the MPPT of a PV system under 

variable temperature and insulation conditions, is generally 

considered. This method compares the PV output power 

before and after and adjusts the duty cycle of the switch 

control waveform for MPPT as a function of the evolution of 

the power input at the DC/DC boost converter. In this control 

system, it is necessary to measure the PV array output power 

and to change the duty cycle of the DC/DC converter control 

signal. This paper presents the analysis, modeling and control 

model of the electric part of a PV generation system 

connected to the induction drive system by a boost converter 

and DC/AC inverter.[6] 

The penetration of renewable sources (particularly, 

solar power) in to the power system network has been 

increasing in the recent years. Load connected PV generator 

systems always a connection to the electrical network via a 

suitable inverter because a PV module delivers only DC 

power. Fig. 5 depicts configuration of the I.M drive-

connected PV generation system. PV array is connected to the 

DC bus via a DC/DC boost converter, and then to the AC 

machine via a DC/AC inverter. 

 
Fig. 5: Grid connected PV-Standalone system 

A Capacitor is used Between Boost converter & 

PWM inverter. This is the energy stored capacitor. It provides 

energy storage necessary to balance instantaneous power 

Pac(t)  delivered to the grid. The whole design model of 

Single phase grid connected PV inverter in MATLAB is 

shown in fig. 7. [7] 

VII. SIMULATION RESULTS AND DISCUSSIONS 

Here the simulation results are obtained for PV System Fed 

Standalone Induction Machine Drive. 

 
Fig. 6: PV module in MATLAB 

 
Fig. 7: PV characteristics 
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Fig. 8: MPPT in MATLAB 

 
Fig. 9: Characteristics of MPPT 

 
Fig. 10: Booster circuit 

 
Fig. 11: PWM based Inverter 

 
Fig. 12: PV Standalone grid connected system 

 
Fig. 13: DC voltage 

 
Fig. 14: Converter output 

 
Fig. 15: Output Grid Voltage and Current 

VIII. CONCLUSION 

The efficiency of the photovoltaic system may be 

substantially increased by using Maximum Power Point 

Tracker (MPPT). A number of algorithms are developed to 

track the maximum power point efficiently. Among all MPPT 

methods, Perturb and Observe (P&O) method and 

Incremental Conductance method are most commonly used. 

Most of the existing MPPT algorithms suffer from the 

drawback of being slow tracking. Due to this the utilization 

efficiency is reduced. The simulated model demonstrated an 

excellent and flexible environment for studying various PV 

solar cells operating under different environments of 

irradiance and temperature. Many other parameters can be 

modeled and investigated using the same model which all left 

for future research. Furthermore, the same simulation 

approach can be equally applied to other renewable energy 
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sources, such as the wind energy system. These all simulation 

results are verified through Matlab/simulink software. 
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