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ABSTRACT: This work focuses on a program developed in MATLAB/Simulink of 36W photovoltaic module. This
program is based on mathematical equations and is described through an equivalent circuit including a photocurrent
source, a diode, a series resistor and a shunt resistor. The developed program allows the prediction of PV module
behavior under different physical and environmental parameters. This program can also be used to extract the physical
parameters for a given solar PV module as a function of temperature and solar radiation. Effect of two environmental
parameters of temperature and irradiance variations could be observed from simulated characteristics. The program
simulation results are compared with the datasheet information and they found to have good agreement.
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l. INTRODUCTION

Solar energy has the greatest potential of all the sources of renewable energy. If only a small amount of this
form of energy could be used, it will be one of the most important supplies of energy specially when other sources in
the country have depleted energy comes to the earth from the sun. This energy keeps the temperature of the earth above
than in colder space, causes current in the atmosphere and in ocean. It causes the water cycle and generates
photosynthesis in plants. The solar power where sun hits atmosphere is 1017 W. The solar power on the surface of
earth is 1016W. The total worldwide power demand of all needs of civilization is 1013W. Therefore, the sun gives us
1000 times more power than we need. If we can use 5% of this energy, it will be 50 times what the world will require
[1]. Electrical energy that can be produced from the solar energy by photovoltaic solar cells. SPV cell converts the solar
energy directly to electrical energy. The most significant applications of SPV cells in India are the energization of
pump sets for irrigation, drinking water supply and rural electrification covering street lights, community TV sets,
medical refrigerators and other small power loads. Sunshine available in India is for nearly 300 days in a year [2].

Solar Energy has been used by mankind since long. Earlier however the use was restricted to utilization of Solar
Energy for basic drying or heating purposes. It was soon realized that Solar Energy can be put to better use by
utilization of sophisticated system for Water heating used at domestic level, or Industrial level, drying etc. The use of
Solar Energy for electrical power generation dates back to Space age when Solar Photo Voltaic cells were used to
power Satellites orbiting around the Earth. With passing time it was realized that Solar Photo Voltaic can be used as a
Power source not just for satellites but as also the cleanest and greenest power source on Earth. Solar Energy thus
started being used not just for conventional purposes such as heating but also power generation [2].

Solar Energy is one of the cleanest and greenest technologies. Although Solar Energy in India is led by Solar
Thermal., it is expected that Solar PV in India will prove to be the single largest source of power in the times to come.
It is thus no surprise that Solar Energy is and will continue to play a dominant role in the Indian Power Scenario due to
various benefits it offers over other renewable technologies.
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Solar energy is a very important resource but is still largely underutilized in India. It currently accounts for only
about 0.8% of the total power generation capacity in India. On an average the country has 300 sunny days a year and
received an annual radiation of 1600-2200 kWh/m? translating into an annual estimated potential of 6 billion GWh. To
tap this vast potential of solar energy the MNRE has launched an initiative, solar radiation resources assessment
(SRRA) which aims to developed solar atlas by assessing and quantifying the availability of solar radiation across
country [3-4].

The amount of solar energy produced in India in 2007 was less than 1% of the total energy demand. The grid-
connected solar power as of December 2010 was merely 10 MW. Government-funded solar energy in India only
accounted for approximately 6.4 MW-yr of power as of 2005. However, India is ranked number one in terms of solar
energy production per watt installed, with an insolation of 1,700 to 1,900 kilowatt hours per kilowatt peak (KWh/KWp).
25.1 MW was added in 2010 and 468.3 MW in 2011. By January 2014 the installed grid connected solar power had
increased to 2,208.36 MW, and India expects to install an additional 10,000 MW by 2017, and a total of 20,000 MW by
2022 [3].

With about 300 clear, sunny days in a year, India's theoretical solar power reception, on only its land area, is
about 5000 Petawatt-hours per year (PWh/yr) (i.e. 5,000 trillion kWh/yr or about 600,000 GW) [2,3]. The daily average
solar energy incident over India varies from 4 to 7 kWh/m? with about 1,500-2,000 sunshine hours per year (depending
upon location), which is far more than current total energy consumption. For example, assuming the efficiency of PV
modules were as low as 10%, this would still be a thousand times greater than the domestic electricity demand
projected for 2015 [3].

Solar powered electrical generation relies on photovoltaic system and heat engines. Solar energy's uses are
limited only by human creativity. To harvest the solar energy, the most common way is to use photo voltaic panels
which will receive photon energy from sun and convert to electrical energy. Solar technologies are broadly classified as
either passive solar or active solar depending on the way they detain, 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 circulate air. Solar energy has a vast area of application such as electricity generation
for distribution, heating water, lightening building, crop drying etc.

In PV power generation, due to the high cost of modules, optimal utilization of the available solar energy has to
be ensured. Also PV system requires special design considerations due to the varying nature of the solar power
resulting from unpredictable and sudden changes in weather conditions, which change the radiation level as well as the
cell operating temperature. This mandates an accurate and reliable simulation of designed PV system prior to
installation [5, 6]. Solar photovoltaic systems performance depends on several environmental parameters like solar
insolation, temperature, wind speed and shading. The performance of such system requires a precise knowledge of the
I-V and P-V characteristics curve.

1. RELATED WORK

Research work on solar photovoltaic systems has shown exponential growth in the past few years, with these
systems becoming increasingly commercially feasible. Numerical modeling has proved to be a valuable tool in
understanding the operation of these systems. Many researchers have been proposed several models for
MATLAB/Simulink in the literature. Tsai et al. (2010) have suggested four different types of generalized MATLAB
models to examine the effect of solar irradiance and cell temperature and to optimize the generalized model
[7].Longatt (2005) the first complete solar photovoltaic power electronic conversion system in circuit-based simulation
model to simulate the electrical behavior of the PV systems in a grid connected application has been designed [8].Nema
et al. (2010) a matlab/simulink based study of PV cell, PV module and PV array under different operating conditions
and load has been carried out [9].Hernanz, et al. (2010) have analyzed the performance of solar cells and developed a
complete model to simulate the electrical behavior of the PV systems [10]. Kumari and Babu (2012) have also carried
out mathematical modeling and simulation of PV Cell in matlab/simulink Environment to find the parameters of the
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nonlinear 1-V equation by adjusting the curve at three operating conditions: open circuit, maximum power, and short
circuit points [11]. Bhatt and Thakker (2011) studied electrical characteristics of PV Array have been obtained as a
function of temperature [12].Alsayid and Jallad (2011) a matlab/simulink/PSIM based simulation of PV cell, PV
module and PV array has been carried out and compared with 50W solar panel [13].Mohammed (2011) have carried
out matlab/simulink based modeling of modules with the output power of 60W and 64W have been attempted
[14].Richhariya and Pachori (2011) have designed a user friendly solar cell model with irradiance and cell temperature
as input parameters, by using matlab/simulink and have verified it with a commercial module [15]. Ramos-Hernanz et.
al. (2012) have compared two PV Simulation Models in time domain by using matlab/simulink, to achieve an 1-V curve
similar to the manufacturer’s data sheet. However, these models have been developed with a large number of
assumptions, some of which are even practically unrealistic [16]. Bikaneria et.al (2013) have studied in this paper one
diode photovoltaic cell model are focused. Simulation studies are carried out with different temperature [17].
Venkateswarlu and Raju (2013) the study of photovoltaic systems in an efficient manner requires a precise knowledge
of the IV and PV characteristic curves of photovoltaic modules. A Simulation model for simulation of a single solar
cell and two solar cells in series has been developed using sim electronics (matlab/simulink) environment and is
presented here in this paper. A solar cell block is available in sim electronics, which was used with many other blocks
to plot I-V and P-V characteristics under variations of parameters considering one parameter variation at a time. Effect
of two environmental parameters of temperature and irradiance variations could also be observed from simulated
characteristics [18]. Vajpai and Khyani (2013) presents the development of a matlab/simulink model for the solar PV
cell, module and array. The simulation of photovoltaic module for obtaining the performance characteristics has also
been carried out in this paper. The developed model is then simulated and validated experimentally using PSS1237
solar panel. The experimental results obtained, exhibited a good agreement with the simulated data [19]. Bonkoungou
et al. (2013) this paper presents a photovoltaic (PV) cell to module simulation model using the single-diode five
parameter models. The model was implemented in matlab software and the results have been compared with the data
sheet values and characteristics of the PV module in Standard Test Conditions (STC). Parameters values were extracted
using Newton Raphson’s method from experimental Current (I)-Voltage (V) characteristics of Solar ex MSX60
module. The results obtained are in good agreement with the experimental data provided by manufacturer. The
approach can thus, be very useful for researchers or engineers to quickly and easily determine the performance of any
photovoltaic module [20].

In this paper, performance characteristics of 36W (Tata BP 184459) PV module under varying module
temperature and varying solar irradiance level is analyzed by a single-diode equivalent circuit model in matlab/simulink
script. The proposed modeling method avoid complexities involve in PV parameters identification while achieving
comparable accuracy.

1. GENERAL DESCRIPTION OF APHOTOVOLTAIC CELL

Photovoltaic cells convert solar radiation directly into DC electrical energy. The basic material for almost all the
photovoltaic cells existing in the market, which is high purified silicon (Si), is obtained from sand or quartz. Basically,
three types of technology are used in the production of photovoltaic cells. monocrystalline; polycrystalline; and
amorphous silicon [32]. The crystalline-Si technology is commonly used as a reference, or baseline, for the solar power
generation technology. In general, the status of a photovoltaic cell technology depends on the cell efficiency, and
manufacturing cost. The focus of R&D all over the world is on improving its efficiency and cost, where the optimal
solution is based on a trade-off between the two. The efficiency of a photovoltaic cell is determined by the material’s
ability to absorb photon energy over a wide range, and on the band gap of the material. Photovoltaic cells are
semiconductors that have weakly bonded electrons at a level of energy called valence band [33, 34]. When energy
strikes this valence band, it frees those bonded electrons and moves them to another energy level called conduction
band. At the conduction band, the electrons are able to conduct electricity through an electrical load. PV cells use the
energy of photons from sunlight to break their band gap energy thereby producing DC current. Typically, PV cells
produce low power (approximately 2-3Watts); [39] hence several cells are connected together to form modules and
panels for higher power applications. Power regulation elements (e.g. battery, charge controller, converter, etc....) mare
also incorporated to match the output power form to the demanded application. Figure 1 shows the simple concept of
photovoltaic system.
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Figure 1. Concept of photovoltaic [21]

Crystalline and polycrystalline silicon’s are the materials most commonly used in photovoltaic cells. The advantage of
silicon cells is primarily the abundance of silicon on earth. The photovoltaic cell consists of several layers of
semiconductor materials with different electronic properties [35]-[38]. In a typical polycrystalline cell, the bulk of the
material is silicon, doped with a small quantity of boron to give it a positive or p-type character. A thin layer on the
front of the cell is doped with phosphorous to give it a negative or n-type character. The interface between these two
layers produces an electric field and forms the so-called a “cell junction” [39]. When the cell is exposed to sunlight, a
certain percentage of the incoming photons are absorbed in the region of the junction, freeing electrons in the silicon
crystal. If the photons have enough energy, the electrons will be able to overcome the electric field at the junction and
are free to move through the silicon and into an external circuit. The direction of the electric current is opposite to its
direction if the device operates as a diode. The next section dwelled on the modeling of photovoltaic system.

A photovoltaic array (PV system) is a interconnection of modules which in turn is made up of many PV cells in
series or parallel. The power produced by a single module is not enough for commercial use, so modules are connected
to form array to supply the load.

Figure 2: Solar PV Cell, Module and Array

Most PV arrays use an inverter to convert the DC power into alternating current that can power the motors,
loads, lights etc. The modules in a PV array are usually first connected in series to obtain the desired voltages; the
individual modules are then connected in parallel to allow the system to produce more current [21].

V. METHODOLOGY

MATHEMATICAL MODELING OF A PHOTOVOLTAIC MODULE:

Modeling is the basis for computer simulation of a real system. It is usually based on a theoretical analysis of the
various physical processes occurring in the system and of all factors influencing these processes. Mathematical models
describing the system characteristics are formulated and translated into computer codes to be used in the simulation
process. Photovoltaic cell models have long been a source for the description of photovoltaic cell behavior for
researchers and professionals. The most common model used to predict energy production in photovoltaic cell
modeling is the single diode circuit model that represents the electrical behavior of the pn-junction is given in [32] -
[39]. Figure 2 shows how photovoltaic system works. The ideal photovoltaic module consists of a single diode
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connected in parallel with a light generated current source (I.) as shown in Figure 3.3, the equation for the output
current is given by:

PV cells are made of semiconductor materials, such as silicon. For solar cells, a thin semiconductor wafer is
specially treated to form an electric field, positive on one side and negative on the other. When light energy strikes the
solar cell, electrons are knocked loose from the atoms in the semiconductor material. If electrical conductors are
attached to the positive and negative sides, forming an electrical circuit, the electrons can be captured in the form of an
electric current - that is, electricity. This electricity can then be used to power a load.

The power produced by a single PV cell is not enough for general use. So by connecting many single PV cell in
series (for high voltage requirement) and in parallel (for high current requirement) can get us the desired power.
Generally a series connection is chosen this set of arrangement is known as a module. Generally commercial modules
consist of 36 or 72 cells. The p-n junctions of mono-crystalline silicon cells may have adequate reverse current
characteristics and these are not necessary. Reverse currents waste power and can also lead to overheating of shaded
cells. Solar cells become less efficient at higher temperatures and installers try to provide good ventilation behind solar
panels.

A solar cell is the building block of a solar panel. A photovoltaic module is formed by connecting many solar
cells in series and parallel. Considering only a single solar cell; it can be modeled by utilizing a current source, a diode
and two resistors. This model is known as a single diode model of solar cell. Two diode models are also available but
only single diode model is considered here [24], [25], [26], [29], [30] and [31].

— ]

Figure 3: Single diode model of a solar cell

1-V Equation of PV cell: General mathematical description of I-V output characteristics for a PV cell has been studied
for over the past four decades [24]. The PV cell is usually represented by the single diode model. The single diode
equivalent circuit of a solar cell is shown in Figure 3.The |-V characteristics equation of solar cell [23] is given as
follows:

V+I
=1t 1o {exp ] - 1}—% €
I_ is a light generated current or photo current (representing the current source), lo is the saturation current
(representing the diode), R series resistance, A is diode ideality factor, k (= 1.38 x10% W/m’K) is Boltzmann’s
constant, q (=1.6x10™°C) is the magnitude of charge on an electron and T is working cell temperature.
Photo current or light generated current, mainly depends on the solar insolation and cell working temperature, which is
described as:

IL=G [lsc+ K (Tc—Tre] )

Where I is the short circuit current at 25°C and 1IKW/m?, K, is the short circuit current temperature coefficient, T is
the reference temperature and G is the solar insolation KW/m?, on the other hand, the cells diode current or saturation
current varies with the cell temperature which is described as:

N
lo = Irs (TTC )3 exp —(T”f TC) ®)

ref KA

Where Igs is the cells reveres saturation current at reference temperature and a solar radiation, Eg is the band-gap
energy of the semiconductor used in cell
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1-V equation of a PV module: I-V equation of a PV module is similar to that of solar cell, except that the module 1-V
curve is the combination of I-V curves of all solar cells connected in a module.
Equation 1 can be written in terms of voltage of a single solar cell as well

V= - IRs + K log[ 2] (@)

Where, K is a constant (= %).

If 1, and Vy,, are the current and voltage of solar PV module, respectively than relationship between I, and V,, will
be similar to that of a solar cells I-V relationship, i.e

Vino = = Imo Rsmo + Ko 10g( W) (%)

Where 1, light generated current of module, lome is reverse saturation current of the module, Ry, is the series
resistance of the module and K, is the constant for the module. If there are Ng cells connected in series in a module,
than its series resistance will be the sum of each cells series resistance Rsn, = NsXRs. Similarly, the module constant
will be written as K,,,= NsxK. But since same current flows in series connected cells, the current terms in equation 5
will be the same as that of individual cell i.e lono= I, and I o= I.. Thus, the module I,,-Vm, €quation of Ng series
connected cells will be written as:

I, —Imo +1o

Ving = - Ino Ns Rs +Ns Klog(“—2e-t22) ®)

In the similar fashion, the current-voltage equation can be written for the parallel connected cells. If there are Np cells

connected parallel in a module, than relationship between the current and voltage of the module will be given as:
Ngplp—Imo +Nplu

Vino = ‘Imoﬁ_; +K IOg(T) (7
In the case of parallel connection the series resistance is divided by the number of cells in parallel (N,) and light
generated current and reverse saturation current get multiplied by the Np, In this case the module factor K remains
unaffected and is same as that of K of a single cell [22].
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Figure 4: Equivalent circuit models of PV module (Generalized model)
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V. PROGRAMMING BASED SIMULATION ON MATLAB/SIMULINK FOR SOLAR PV
MODULE

Simulation program is developed with considering single-diode PV cell mathmatical model with neglecting series
and shunt resistances. Specific values of the input and climatic parameters are taken account at Bhopal location.
Simulation program tested on matlab/simulink for 36 W Tata BP 184459 solar PV module at two conditions:

1. Constant solar radiation intensity and varying module temperature.
2. Constant temperature and varying solar radiation intensity.

Simulation parameters for above two conditions are listed in Table 1. and Table2

Table 1: Simulation Parameters for constant solar radiation intensity and varying module temperature.

Simulation Parameters Values
Solar radiation intensity (S) 800W/m? (constant)
Temperature of cell (Tmoq) 25°C,35 °C,40 °C,45 °C
Reference temperature (T e) 40°C
Short Circuit Temperature Coffecent (Kj) 0.00023mA/°C
Reverse Saturation Current (1) 21x10° A
Boltzman’s constant (k) 1.38x102W/m*-K
Charge of electron (q) 1.602x107°C
Cell Saturation Current (ls ) 0.75Ma
Fil Factor (FF) 0.85
Area of the Module (A, 0.40 m?
Ideality Factor (A) 4
The Curent Temperature Cofficient(o) 0.473mA/°C
The Voltage Temperature Cofficient (B) 636 V/°C
Band Gap Energy (Eq) 6.5eV
Number of Cells connected in parallel (Ny) 4
Number of Cells connected in series (Ns) 9

Table 2 : Simulation Parametersfor Constant temperature and varying solar radiation intensity.

Simulation Parameters Values
Varying Solar radiation intensities (S) 200W/m? ,400W/m? , 600W/m? , 800W/m? , 1000W/m?
Temperature of cell (Tmoq) 25 +273 (Constant)
Reference temperature (T e) 40+273
Short Circuit Temperature Coffecent (Kj) 0.00023mA/°C
Reverse Saturation Current (I,,) 21x10° A
Boltzman’s constant (k) 1.38x102W/m*-K
Charge of electron (q) 1.602x10°C
Cell Saturation Current (ls ) 0.75mA
Fil Factor (FF) 0.85
Area of the Module (A,) 0.40 m?
Ideality Factor (A) 4
The Curent Temperature Cofficient(a) 0.473mA/°C
The Voltage Temperature Cofficient () 636 V/°C
Band Gap Energy (Eq) 6.5eV
Number of Cells connected in parallel (Np) 4
Number of Cells connected in series (N) 9
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Table 3: Specification of the PV module

Model Tata BP 184459
Maximum power 36W
Open circuit voltage 18V
Short circuit current 2A
Number of cells 36
Dimensions 950x425x35 mm
Weight 6 kg
Fill factor 0.85
VI. RESULTS AND DISCUSSION

The most important points widely used for describing the modules electrical performance are: the short circuit
point, where the current is at maximum (Short circuit current Iy, ) and the voltage over the module is zero; the open
circuit point, where the current is zero and the voltage is at maximum (Open circuit voltage V,.); the maximum power
point , where the product of current and voltage has its maximum. The power delivered by a PV module attains a
maximum value at the points (1mp,Vmp).

Typical three points (1s0),(Voc,0) and (Imp,Vimp) are provided by the manufacturer data sheet at standard test
condition (STC) . An accurate estimation of these points for other conditions is the main goal of every modeling
technique .from the aforementioned models, it is obvious that the PV module acts as a current source near the short
circuit point and as a voltage source in the vicinity of the open circuit point.

e VARYING MODULE TEMPERATURE WITH CONSTANT IRRADIANCE:
Table 4. Simulated output parameters at varying temperature (25°C, 30°C, 35°C, 40°C, 45°C) with constant solar irradiance (8300W/m?).

Temperature Voc lsc Vm I B (W)
(c) V) GV E\Y)] (A)
25 18.40 242 16.00 2.26 36.16
30 17.80 242 | 15.00 229 | 34.47
35 17.00 242 15.00 2.15 32.35
40 16.80 242 | 14.00 222 | 31.07
45 15.70 242 13.00 2.26 29.48

Fig 5, 6 and Table 4 shows the simulation results of I-V, P-V characteristics for the varying temperature from
25°C to 45° C in 5°C steps with constant solar irradiance 800W/m?. In this condition, short circuit current (Is) is staying
almost constant. Similarly with increase in cell temperature the open circuit voltage (Vo) and maximum power output
of the P-V module both are decreases. The results thus confirm the non-linear nature of P-V module. The simulation
results obtained are identical with the curves given by the manufacturer.

0

Figure 5 : 1-V characteristics of 36W (Tata BP 184459) solar PV module with varying temperature and constant solar radiation intensity.

On the contrary the temperature increase around the solar cell has a negative impact on the power generation
capability. Increase in temperature is accompanied by a decrease in the open circuit voltage value. Increase in
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temperature causes increase in the band gap of the material and thus more energy is required to cross this barrier. Thus
the efficiency of the solar cell is reduced [17].

| | i i i
2 4 5 8 10 12 14 16 18 20

Figure 6: P-V characteristics of 36W (Tata BP 184459) solar PV module with varying temperature and constant solar radiation intensity
e VARYING IRRADIANCE WITH CONSTANT TEMPERATURE.

Table 5. Simulated output parameters at varying irradiance (1000W/m?, 800W/m?, 600W/m?, 400W/m?, 200W/m?) with constant module

temperature (25°C)
Irradiation Vo ™ Vi I Pm
Level(W/m?) M @l v | ®w (W)
200 16.50 0.50 14.00 0.47 6.65
400 17.00 1.01 15.00 0.93 13.85
600 17.60 151 15.00 1.42 21.42
800 17.90 2.01 15.00 1.93 28.99
1000 18.00 2.52 16.00 2.27 36.37

Fig 7, 8 and Table 5 shows the simulation results of 1-V, P-V characteristics at the varying solar irradiance (200W/m?
to 1000W/m?) in 200W/m? steps with constant module temperature (25°C).The 1-V and P-V curves of a solar cell are
highly dependent on the solar irradiation values. It is very clear that current generated increases with increasing solar
irradiance and maximum output power (P.,) also increases.

=

1000W/m’
800W/m’
GOOW/m’
'. 400W/m®
p 200W/m’

2 4 6 8 10 12 1 16 18 20
valtage (V)

Figure 7: 1-V characteristics of 36W (Tata BP 184459) solar PV module with varying solar radiation intensity and constant module
temperature

The solar irradiation as a result of the environmental changes keeps on fluctuating, but control mechanisms are
available that can track this change and can alter the working of the solar cell to meet the required load demands.
Higher is the solar irradiation, higher would be the solar input to the solar cell and hence power magnitude would
increase for the same voltage value. With increase in the solar irradiation the open circuit voltage (V) increases. This
is due to the fact that, when more sunlight incidents on to the solar cell, the electrons are supplied with higher excitation
energy, thereby increasing the electron mobility and thus more power is generated.
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Figure 8: P-V characteristics of 36W (Tata BP 184459) solar PV module with varying solar radiation intensity and constant temperature.

VILI. CONCLUSION

The employment of classical and modified single-diode models with ignoring series and shunt resistance for

modeling the electrical performance characteristics of Tata BP 184459 PV module in the programmable simulink
platform. Simulation results I-V and P-V characteristics are validated with manufacturer 1-V ,P-V characteristics under

two

different operating conditions : First, varying solar radiation intensity from 200W/m? to 1000W/m? with

considering constant temperature of the PV module is 25°C and Second ,varying temperature from 25°C to 45°C with
taking solar radiation intensity constant 800W/m? and Input information was available on standard PV module data
sheet Table 1 for (Tata BP 184459) .The accurateness of the simulation results is verified with manufacturer results I-V
and P-V characteristics. Following conclusions are drawn in this study:

1.

2.

With increasing temperature (25°C to 45°C) PV module, open circuit voltage (V) got decreasing but short circuit
current () slightly increasing due to band gap of silicon.

Maximum power (P,) decreases with increasing the temperature from 25°C to 45°C. At temperature 25°C
maximum power is 36.16W where at temperature 45°C it is 29.48W.

Voltage produced by PV module at open circuit and current produced at short circuit are increased with increasing
the solar irradiance level from 200W/m? to 1000 W/m?. This increment is linear function of the solar radiation
intensity. Increment of short circuit current is more significant as open circuit voltage.

The output power PV modules strongly depend on the solar irradiance falling on it. The power of the module
increases almost linearly with increasing in intensity of solar radiation.

Output power obtained 6.65W on solar irradiance level 200W/m? and it is obtained 36.37W at 1000W/m?.
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NOMENCLATURES
Diode Ideality Factor
Air Mass

A or Aneg:  Area of Module (m?)

DOl

Eg or Eg: Band Gap Energy (eV)

Fill Factor

Light Generated Current or Photo Current of PV Cell (A)
Light Generated Current of PV Module (A)

Current of Solar PV Module (A)

Current at Maximum Power Point (A)
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Saturation Current (A)

lomo: Reverse Saturation Current of Module (A)

Igs OF Iy Cell Reverse Saturation Current at Reference Temperature (A)

lsc: Short Circuit Current (A)

lser: Cell Saturation Current (A)

k: Boltzmann’s Constant (1.388 x 102 )( W/m?-k)

Ki: Short Circuit Temperature Coefficient (mA/°C)

Kmo: Constant for the Module

MATLAB: MATrix LABoratory

Np: Number of Cells Connected in Parallel

Ns: Number of Cells Connected in Module

q: Magnitude of Charge on the Electron (1.6 x 10™°C)

Rs: Series Resistance (Q2)

Rsh: Shunt Resistance ()

Rsmo Series Resistance of Module ()

S: Solar Radiation Intensity (W/m?)

Tc: Working Cell Temperature (°K)

T Module Temperature (°K)

V: Voltage of Single Solar Cell (V)

Vino: Voltage of Solar PV Module (V)

Vinp: Voltage at Maximum Power Point (V)

Voo Open Circuit Voltage (V)

o The Current Temperature Coefficient (mA/°C)

B: The Voltage Temperature Coefficient (V/°C)

c: Stefan Boltzmann’s Constant (5.67x10%)(W/m-K*)
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