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Abstract - Solar energy is available in the earth as an infinite 

source of clean energy. There is an increasing trend in the 

carbon emission in the world. Solar energy is one form of 

renewable energy emitting low carbon in the life cycle.  The 

efficiency of the system is directly related to the carbon 

emission of the system in the life cycle. There are two 

parameter mainly affect the efficiency of the solar system 

that is solar radiation and temperature. This study presents 

a generalized photovoltaic (PV) system simulation model for 

Matlab/Simulink simulation environment. The proposed 

model is based on a behavioral cell model for modeling solar 

radiance to electricity conversion and to verify the various 

factors affecting the solar PV system efficiency.  The 

Simulink model has been verified based the manufacture 

data of the 170W solar PV panel. The radiation and 

temperature data has been taken from the location of New 

Delhi.  
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I.   INTRODUCTION 

n the recent year, the consumption of fossil fuel has 

been increased due to industrialization, population, and 

economic development. The over utilization of fossil fuel 

is lead to the environmental pollution, global warming, 

resource depletion and energy shortage in the next 

generation. The world is switch over to utilize the 

renewable natural resource to produce the power. 

Renewable energy resources are generating energy from 

the natural resources such as sunlight, wind hydro, tide, 

geothermal and biomass. These natural resources are 

replenished naturally. There are many technologies used 

to extract the power from these natural resources. Also 

many factors are influencing to produce the power from 

these natural resources such as atmospheric temperature, 

pressure, wind speed and climatic condition.  

Among renewable energy resources, solar energy is the 

fastest growth in the world (at the rate of 20-25% 

annually) in many developed the developing countries in 

the last 20years [1]. There are two types of technology 

used to convert the solar energy such as solar thermal and 

solar cell. Solar cell (PV) converts the sunlight into 

electrical energy by the photovoltaic effect. Solar PV cell 

are made up of semiconducting material which having PN 

junction. Figure 1 shows the photocurrent generation 

principal of PV cells.   

PV modules are the fundamental power conversion unit of 

a PV generator system. The output characteristics of PV 

modules depend on the solar radiation, the cell 

temperature and the output voltage of the PV module [2]. 

Since PV modules exhibit nonlinear electrical 

characteristics, designing and simulation of this system 

require reliable PV modeling. Moreover, mathematical 

modeling of PV module is continuously updated to enable 

researcher to have a better understanding of its working 

[3]. Recently, photovoltaic system is recognized to be in 

the forefront in renewable electric power generation 

because it can generate direct current electricity without 

heavy environmental impacts and contamination [4]. 

 

Figure 1 Principal of Solar PV cell operation 

The environmental impact can be reduced by the bulk 

production of the system and improve the performance of 

the system. In terms of production, India has Solar 

Photovoltaic power generation potential of 20 MW per sq. 

km. Jawaharlal Nehru national solar mission will be 

carried out in three phases and aims to do the following: 

to create a policy frame work deployment of 20,000 MW 

by 2022; to add 1,000 MW of grid solar power by 2013, 

and another 3,000 by 2017.  The scheme also aims at 

strengthening indigenous manufacturing capability, and 

achieving 15 million sq. meters solar thermal collector 

area by 2017 and 20 million by 2022 [5]. The 

performance of the systems has been depending on the 

solar radiation and temperature. That has been tested with 

the developed Matlab/Simulink models. Many researchers 

have been proposed several models for Matlab/Simulink 

in the literature. Tsai et al. proposed a model taking 
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sunlight irradiance and cell temperature as input 

parameters [1]. Salmi et al. proposed a model of PV cell 

based on the fundamental circuit for a solar PV cell 

considering the effects of physical and environmental 

parameters [2]. Tsai developed a novel model of PV 

module using Matlab/Simulink and this model was 

verified for an experiment structure. Author also 

underlined the effect of solar irradiation on cell 

temperature, which made the output characteristics more 

practical [4]. Altas et al. developed Matlab/Simulink PV 

model using basic circuit equations of the PV solar cells 

including the effects of solar irradiation and temperature 

changes. They tested the model response in a DC load and 

an inverter simulation [6]. 

This study aims to developed a general propose Simulink 

PV module. This module can be easily reconfigurable for 

the electrical response of PV panels in a wide spectrum.  

For this, a modified sigmoid function was used to 

approximate electrical characteristics of PV panels, 

empirically. This gains the module considerable degree of 

freedom to represent diverse PV systems. The proposed 

PV model is composed of a behavioral PV block, based 

on electro-physics of the PV cell, and a power-limited 

electrical driver module, characterized by the modified 

sigmoid function. The behavioral PV block calculates 

voltage and current of PV module for a given solar 

radiance and panel temperature. Then, the power-limited 

electrical driver block receives the voltage and current 

values from the behavioral PV block and it injects an 

electrical power to electrical load appropriate to I-V 

characteristics of PV cells.  

II.   SYSTEM DESCRIPTION 

This study considers the Grid Interactive Roof Top Solar 

PV power plant at Sewa Bhawan, R.K.Puram, New Delhi. 

The details of the site are given in the Table 1. 
Table 1 Technical details of the 170W solar PV Panel 

Description Poly crystalline 

Model  170 W 

Model Dimension 795X1580 mm 

Model weight  17 kg 

Open circuit voltage (Voc) 42.8 V 

Short circuit current (Isc) 6A 

Voltage at peak power point (Vmp) 34 V 

Current at peak power point (Imp) 5A 

Maximum system voltage  1000V 

Normal Operating temperature  25oC 

Standard Test 
IEC 61215 and IEC 

61730 

No of solar panel 150 

 

III.  SOLAR PV MODEL 

A general mathematical description of I-V output 

characteristics for a PV cell has been studied for over the 

past four decades [7- 8]. Such an equivalent circuit-based 

model is mainly used for the MPPT technologies. The 

equivalent circuit of the general model which consists of a 

photo current, a diode, a parallel resistor expressing a 

leakage current, and a series resistor describing an internal 

resistance to the current flow, is shown in Fig. 2. The 

voltage-current characteristic equation of a solar cell is 

given as 

     

      (1) 

 

 

Figure 2 General model circuit for PV cell 

Where IPH is a light-generated current or photocurrent, IS 

is the cell saturation of dark current, q (= 1.6 ×10−19C) is 

an electron charge, k (= 1.38 ×10−23J/K) is a 

Boltzmann’s constant, TC is the cell’s working 

temperature, A is an ideal factor, RSH is a shunt resistance, 

and RS is a series resistance. The photocurrent mainly 

depends on the solar insolation and cell’s working 

temperature, which is described as 

                                                                                    (2)  

 

Where ISC is the cell’s short-circuit current at a 25°C and 

1kW/m
2
, KI is the cell’s short-circuit current temperature 

coefficient, TRef is the cell’s reference temperature, and λ 

is the solar insolation in kW/m
2
. On the other hand, the 

cell’s saturation current varies with the cell temperature, 

which is described as 

     

(3) 

 

Where IRS is the cell’s reverse saturation current at a 

reference temperature and a solar radiation EG is the 

bang-gap energy of the semiconductor used in the cell. 

The ideal factor A is dependent on PV technology [10] 

and is listed in Table 2. 
 

Table 2 Ideal factor for different type of PV technology 

Technology  A 

Si-mono 1.2 

Si-poly 1.3 
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a-Si:H 1.8 

a-Si:H tandem 3.3 

a-Si:H triple 5 

CdTe 1.5 

CIS 1.5 

AsGa 1.3 

 

A model of PV module with moderate complexity which 

includes the temperature independence of the 

photocurrent source, the saturation current of the diode, 

and a series resistance is considered based on the 

Shockley diode equation. It is important to build a 

generalized model suitable for all of the PV cell, module, 

and array, which is used to design and analyze a 

maximum power point tracker. Bing illuminated with 

radiation of sunlight, PV cell converts part of the 

photovoltaic potential directly into electricity with both I-

V and P-V output characteristics. A generalized PV model 

is built using Matlab/Simulink [11] to illustrate and verify 

the nonlinear I-V and P-V output characteristics of PV 

module. The proposed model is implemented and shown 

in Figure 3.  

Using the Simulink the effect of irradiation and 

temperature on the power production of the system has 

been tested. In this study the particular two model of the 

solar PV configuration with subsystem and tested.  
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Figure 3 Matlab Simulink model for solar PV system 

A. Effects of Solar Radiation on PV system  

In the above model, 170W solar panel manufacturing data 

has been fixed to run the model. The result has been 

shown in the figure 4 to 9 as Voltage Vs current and 

Voltage Vs Power. From that, the PV cell current is 

strongly dependent on the solar radiation. However, the 

voltage has a 45 mV increase as the solar radiation 

increased from 400 W/m
2
 to 1000 W/m

2
. 

 

Figure 4 Current Vs. Voltage, Temperature-25oC and Solar Radiation – 

531W/m2 

 

Figure 5 Voltage Vs Power Temperature -25oC and Solar Radiation – 

531W/m2 

 

Figure 6 Current Vs Voltage Temperature -25oC and Solar Radiation – 

708W/m2 

 

Figure 7 Voltage Vs Power, Temperature -25oC and Solar Radiation – 

708 W/m2 
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Figure 8 Current Vs Voltage, Temperature -25oC and Solar Radiation – 

372W/m2 

 

Figure 9 Voltage Vs Power, Temperature -25oC and Solar Radiation – 

372W/m2 

 

B. Effects of Solar Radiation on PV system  

In general, for a given solar radiation, when the cell 

temperature increases, the open circuit voltage Voc, drops 

slightly, while the short circuit current increases. This 

behavior is validated and presented in Figure 10 to 15. 

 

Figure 10 Current Vs Voltage, Solar Radiation - 531W/m2, Temperature 

– 15oC 

 

Figure 11 Voltage Vs Power, Solar Radiation - 531W/m2, Temperature – 

15oC 

 

Figure 12 Current Vs Voltage, Solar Radiation - 531W/m2, Temperature 

– 35oC 

 

Figure 13 Voltage Vs Power, Solar Radiation - 531W/m2, Temperature – 

35oC 

 

Figure 14 Current Vs Voltage, Solar Radiation - 531W/m2, Temperature 

– 45oC 
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Figure 15 Voltage Vs Power, Solar Radiation - 531W/m2, Temperature – 

45oC 

As a result of the study, one can benefit from this model 

as a photovoltaic generator in the framework of the Sim- 

Power-System Matlab/SIMULINK toolbox in the field of 

solar PV power conversion systems. In addition, such a 

model would provide a tool to predict the behavior of any 

solar PV cell, module and array under climate and 

physical parameters changes. 

IV. CONCLUSION 

This paper examine factors that affecting efficiency of 

solar cells. Solar radiation and cell temperature are 

important parameter to optimize the efficiency of the solar 

PV cell.  

A Simulink model has been developed for the solar PV 

model and presented in this paper.  This model has 

developed based on the fundamental circuit equations of 

solar PV cell with account of physical and environmental 

parameter.  The model has validated using the 170W solar 

panel data. From the result, increase in temperature the 

rate of photon generation increases thus reverse saturation 

current increases rapidly and this result on reduction in 

band gap. Hence this leads to marginal changes in current 

but major changes in voltage. 

Optimization of these factors is very critical for solar cell 

efficiency. The optimum factors make it possible to get 

the great benefits of solar electricity at a much lower cost. 
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