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Abstract—In this paper, a detailed study is carried out on the dc-dc converter based solar photovoltaic (PV) system under varying environmental conditions (VECs). The performance of PV module is studied in detail using MATLAB/Simulink. In this paper, the modeling of Incremental conductance MPPT algorithm and dc-dc converter has been successfully implemented in the Matlab/Simulink. With the help of MPPT algorithm, the PV system has achieves maximum extracting power point and the result shows that the power of PV system is enhanced with the help of boost converter. 
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I. Introduction

Renewable energy (RE) is replenished energy generated from natural resources such as wind, wave, solar, biomass etc. RE sources are inexhaustible, clean and environmental friendly. Due to depleting fossil fuels and concerns of environmental pollution, the research on RE based generation is picking up fast [1]. Further; the demand of electrical power is increasing exponentially due to its various advantages. The photovoltaic system is currently one of the most promising RE source for distribution power generation. The PV system is beneficial due to its various advantages e.g. no adverse environmental effects and low maintenance requirement [2].

The PV system converts directly 30-40% of solar energy into electrical energy. It is challenging to enhance the power generation through PV system under partial shaded (PS) conditions. In this context, various maximum power point tracking (MPPT) techniques e.g. Fuzzy logic, Neural network, Neuro-fuzzy, and optimization techniques e.g. particle swamp optimization (PSO), ant colony optimization (ACO) and Genetic Algorithm (GA) etc. are reported [6-8]. Various Solar PV array configurations e.g. series, parallel, SP (series-parallel), TCT (total cross tied), BL (bridge link), HC (honey comb) etc. are discussed in literature [3-4]. 

J. Merten, et al.[4] proposed a concept of an improved equivalent circuit for hydrogenated amorphous silicon solar cells and modules is presented. It is based on the classic combination of a diode with an exponential current–voltage characteristic. The model is clearly separates effects related to the technology of the device (series and parallel resistance) and effects related to the physics of the pn-junction. H. Altas and A. M. Sharaf [5] are proposed a concept on a photovoltaic array (PVA) simulation model to be used in Matlab-Simulink GUI environment is developed and this model is including the effects of solar irradiation and temperature changes. T. Esramand and P. L. Chapman [6] are proposed the many different techniques for maximum power point tracking are described the many variations on implementation of photovoltaic (PV) arrays. I. W. Christopher and R. Ramesh [7] are proposed à comparative simulation study of two important MPPT algorithms perturb and observe and incremental conductance.  These  algorithms  are  widely  used  because  of  its  low-cost  and  ease  of realization.  Some  important  parameters  such  as  voltage,  current  and  power  output  for  each  different combination  has  been  traced  for  both  algorithms. M. A. S. Masoum, H. Dehbonei and E. F. Fuchs [8] are proposed on the voltage-based (VMPPT) and the current-based (CMPPT) concepts. A microprocessor-controlled tracker capable of online voltage and current measurements and programmed with VMPPT and CMPPT algorithms is constructed. The load of the solar system is either a water pump or resistance. These new MPPT are more efficient, less expensive, and more reliable for PV system. R. F. Coelho, F.M. Concer and D.C. Martins [9] are proposed a concept on a temperature-based Maximum Power Point Tracker (MPPT) algorithm applied to photovoltaic (PV) systems. The proposed MPPT method (MPPT-temp) employs a temperature sensor is obtaining a sample of the photovoltaic module surface temperature and calculates the optimal voltage to be imposed across the photovoltaic device. S. Selvan [10] are  proposed  the study of incremental conductance MPPT  algorithm  and   the  PV  system  with  MPPT  algorithm  is a process which tracks one maximum  power point from  array  input, &  varying  the  ratio  between  the  voltage  and current  delivered  to  the  most  power  of system. M. A. G. Brito, et al. [11] are proposed a concept on a digitally controlled boost dc–dc converter was implemented and connected to an Agilent Solar Array and conventional MPPT algorithms and improved MPPT algorithms named IC based on proportional–integral (PI) and perturb and observe based on PI. 

The dynamic response and the TF are also evaluated using a user-friendly interface, which is capable of online program power profiles and computes the TF. S. Arezki and M. Boudour [12] are consists a cascade of two photovoltaic’s sources-two inverters voltages of five-level NPC structure-DSIM. T. Abdelkrim, et al. [14], the implementation of boost converter for a resistive load using photovoltaic energy as a source is reported. The  model  of  photovoltaic  cell  and  operating  principle  of  boost converter  are  described. S. Z. Mirbagheri, S. Mekhilef and S. M. Mirhassani [15] are proposed the maximum power point tracker (MPPT) with incremental conductance method with implantation of two different topologies of boost converter. These systems are compared together in the case of efficiency and speed. For both topologies MATLAB/Simulink is applied to model the system.

E. Román, et al. [16] is proposed the intelligent PV module concept, a low-cost high-efficiency dc–dc converter with maximum power point tracking (MPPT) functions, control, and power line communications. The intelligent PV module are analyzed the topology of boost dc–dc converter. Besides, the incremental conductance MPPT methods are performed and which shows the best results.
 With the motivation of above literature review, in this paper is organized as follows. In Section II, the mathematical modeling of PV system is described. In Section III, the modeling of PV array topologies are proposed. Furthermore, in Section IV, partial shading patterns are proposed for performance evaluation. The results and discussion are presented in Section V and Section VI concludes this paper.
II. modeling of SOLAR PV System

A photovoltaic system is a system which uses one or more solar panels to convert solar energy into electricity. It consists of multiple components, including the photovoltaic modules, mechanical and electrical connections and mountings, means of regulating and modifying the electrical output. Fig. 1 shows a PV system consists of multiple strings connected in series/parallel, each PV modules at standard test conditions (STC). 
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Fig. 1. Block diagram of solar PV system

A. Mathematical model of PV cell
The equivalent circuit diagram of single diode solar cell is shown in Fig. 2 as,
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Fig. 2. Equivalent circuit diagram of single diode solar cell
Solar PV cell voltage (
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) is the function of current (
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The operating temperature 
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 of  PV cell varies with solar irradiation level
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. These effects are shown with temperature coefficients for voltage and current (
[image: image9.wmf]TV

C

 and 
[image: image10.wmf]TI

C

) for PV cell respectively in Eq. (2) [11] as,
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The effect of irradiation level (
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) on the voltage and photo current can be determined with the help of constants, 
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) on the cell voltage and photocurrent. These can be expressed in Eq. (3) [11] as,
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Where, reference solar irradiation and new irradiation level are represented by 
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 are helpful to determine the new values of the PV cell voltage 
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Table 1. Specifications of a PV Module at STC (1000W/m2 and 250C)

	Parameters
	Values

	PV power
	170 W

	Open circuit voltage
	44.2 V

	Short circuit current
	5.2 A

	Current at MPP
	4.75 A

	Voltage at MPP
	35.8 V

	No. of cell
	72


B. Incremental Conductance MPPT Algorithm
This algorithm determines when the MPPT has reached the MPP, where as P&O oscillates around the MPP [16-19].  This is clearly an advantage over P&O.  Also, incremental conductance can track rapidly increasing and decreasing irradiance conditions with higher accuracy the n perturb and observe method. The disadvantage of this algorithm is that it is more complex when compared to P&O. The algorithm can be easily understood by the following flow chart which is shown in Fig. 3.
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Fig. 3. Flow chart of incremental conductance method
The mppt  regulates  the  PWM  control  signal  of  the  dc  to  dc power  converter  until; the  condition:  (dI/dV)  +  (I/V)  =  0  is satisfied. 

The output control signal of the IC method  is  used  to  adjust  the  voltage  reference  of  PV  array  by increasing or decreasing a constant value (∆V=δ) to the previous reference  voltage. In  this  method  the  tracking  of  MPP  is accomplished  by  a  fixed  step  size  (+  δ)  regardless  to  the  gap between  the  operating  point  of  PV  and  MPP  location.  In this method the peak power of the module lies at above 97% of its incremental conductance.

III. Simulation Results
The performance of MATLAB/Simulink model of PV system with boost converter is investigated with extensive results as, 
A. P-V and I-V Characteristics of PV module 
Electrical characteristics of the PV module are affected by environmental conditions such as the temperature, the solar irradiation, dust accumulation and the shadow caused by hotspot, sand, ash, clouds. Under varying environmental conditions, solar cells not only reduces the cell power, but it also changes the open circuit voltage (VOC), the short circuit current (ISC) and the efficiency. The single PV module P-V and I-V curve at standard temperature conditions and at different irradiation level are shown in Fig. 4.
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Fig. 4. P-V & I-V characteristic of PV module at different irradiations and temperatures
B. Solar PV module with Boost Converter at VECs

Under VEC, the power, current and voltage of solar PV system is increased when irradiation level is increased and it is represented in Fig. 5. According to Fig. 5, it is clearly observed that the solar PV system can achieves maximum power, current and voltage at standard irradiation level (1000W/m2). With the help of boost converter, the output voltage of PV system is doubled as comparison of without boost converter and it is shown in Fig. 5(c).
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Fig. 5. PV module Characteristics at VEC condition with Boost Converter
IV. CONCLUSION
The performance of PV module is studied in detail using MATLAB/Simulink. The temperature and irradiation level of PV modules have been analyzed. The results show that the current produced by PV module depends on the solar irradiation and the open circuit voltage is depends upon the temperature. Where the temperature level of PV module is increased so, the open circuit voltage is also increased. 

By the simulation of the PV system with Incremental conductance MPPT algorithm has been successfully implemented in the Matlab/Simulink.  So that it forces the PV module to operate at close to maximum power operation point to draw maximum available power.  The  results  of  the  output converter  power  shows  that  it  is  achieving  the  maximum extracting power and it is constantly working near the maximum operating point of the PV Module. 
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APPENDIX
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Fig. 6. Simulink model of solar PV system with boost converter
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