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ABSTRACT: At present, we are more concerned about the environmental issues caused by the consumption of
conventional energy sources. That’s why; we are focusing on the non-conventional energy sources like solar energy,
wind energy, biomass energy, etc. to generate the required amount of electrical energy. Out of all the available energy
resources solar energy is the most promising source of energy. But a photovoltaic system has two major drawbacks; the
high installation cost and the low conversion efficiency of a PV system. To increase the efficiency of photovoltaic
systems different types of MPPT techniques have been developed in past. In this paper we study and designed a PV
system with incremental conductance (INC) based MPPT controller in SIMULINK. It also consists of a DC-DC
converter. The implemented model extracts the maximum power from PV system and makes it available to the load
hence it enhances the efficiency of the system.
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I.INTRODUCTION

The recent alteration in the environmental surroundings such as global warming and the speedy increase in the demand
for electricity led to a need for new generation sources of energy that is cheaper and sustainable with reduced carbon
emissions. Solar energy is the best solution of the problem to meet the energy demands in a clean and economic way.
Solar energy is harnessed by using the solar cells which are the basic building blocks of solar power system. A solar
cell converts the solar light directly into electricity by using photovoltaic effect. The Solar cells has nonlinear PV
characteristics. These characteristics vary with the varying environmental conditions such as temperature and solar
radiations [1]. Fig. 1 shows I-V and P-V characteristics of a PV system. As shown in fig. 1, there is an inimitable point
at which PV system operates at maximum efficiency; this point is the maximum power point (MPP). To track this point
a number of techniques have been proposed in literature, called Maximum power point tacking (MPPT) techniques. A
MPPT is used to extract the maximum power from the PV system. Therefore it improves the efficiency of the PV
system and hence reduces the cost.
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Fig.1 I-V & P-V characteristics of PV system

The incremental conductance (INC) method of maximum power point tracking (MPPT) has been studied and simulated
along with the modeling of a PV system. A dc-dc converter is used to optimize the power of the PV system. A boost
converter has been used for this purpose; an IGBT is used as switch whose gate terminal is connected to the duty cycle
output variations. By varying the duty cycle the load impedance is varied and coordinated at the peak power point with
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the source to transmit the maximum power [2]. In this work a dc-dc converter is connected in series with the PV
module. Fig. 2 shows a series connection of dc-dc converter with a MPPT controller.

PV DC/DC
Module converter

A 4 A 4

MPPT
Controller

Fig.2 DC-DC converter in series with PV module

II.LITERATURE SURVEY

A lot of work has been done in the past related to the PV modelling and different MPPT techniques to extract the
maximum power from the PV system to make it more efficient. Sohan Lal et. al. in [1] discussed about three different
MPPT techniques to increase the efficiency of the PV systems. Hairul Nissah Zainudin et. al. in [2] presents
comparative study between two most popular algorithms technique which is incremental conductance algorithm and
perturb and observe algorithm. The buck, boost and cuk converter was used in this study. A Matlab/Simulink based
modeling and simulation of PV cell was presented in [3], [4] and [6]. They also discussed about the non-linear 1-V
characteristics of PV cell. Many methods to track Maximum Power Point (MPP) for PV arrays have been discussed by
Trishan Esram et al [5]. The designing of DC-DC converter has been proposed in [8] and [9].

111.SOLAR CELL MODELING

A PV cell converts the solar energy directly into electricity, without polluting the environment. It has a PN junction
made up of a semiconductor material. A variety of semiconductors is used to manufacture a PV cell using different
types of manufacturing technology. A number of PV cells are connected in series or parallel to form PV array or
modules. An equivalent circuit of an ideal solar cell is given below [4].

o Y= -
€ AV

Fig. 3 Equivalent circuit of Ideal single diode model

The output current ‘I’ is given as:

I=1lpn—1g (1)
Here | is the current of diode connected in anti-parallel with light generated current source and 1, is the photocurrent.
Diode current is given as:
qv 2
Iq = lp| exp —— | -1
a=tolox{ 2] @

V is the voltage imposed on diode; ‘I,’ is the reverse saturation current, k’ is the Boltzmann constant (1.38065*10%
JIK), <q’ is the electron charge (1.602176*10™ C), “T” is the junction temperature; ‘a’ is the diode ideality constant.

In practical case it is necessary to take into account series resistance Rs and parallel resistance Ry as they affected the
efficiency of the PV cell. Fig. 4 shows a practical PV cell’s equivalent circuit.
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Fig. 4 Equivalent circuit of a practical model with Rs and Rp

Now current is given as:

I=lpp-lg-1lp 3)
Where I = current leak in parallel resistor.
Now the current equation can be given as:

V+IR V4Rl
I=15n—lo|ex S |-1|-—=s “)
P ol: p( Via ] } Rp

Above equation describe the single diode model we considered. Table 1 shows the parameters we have taken for
modelling of a PV system at a temperature of 30°C and solar insolation of 500w/m?.

Table.1 Electrical Parameters for PV system modelling

S. No. Symbols Values
1. Tret 25°C
2. Sref 1000w/m?
3. Voc 66
4. Vi 54.2
5. ls 25.44
6. I 23.25

Fig. 5 shown below is the simulink subsystem of a PV module for 30°C temperature and 500 w/m? is the solar
irradiance.
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Fig.5 Simulink subsystem of PV Module

The figure which is shown below, is the internal circuitry of the PV module subsystem which has been implemented in
simulink with different parameters shown in table 1
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Fig.6 Internal circuit of the simulink PV subsystem
IV.DC-DC CONVERTER

A DC-DC converter is a power optimizer that is widely used in PV systems as an interface between PV module and the
load. It is used to deliver the maximum power from the source i.e. solar module to the load. Basically three types of dc-
dc converter circuits, termed as buck, boost and buck-boost are used for this purpose. In this paper we have used a
boost converter with IGBT as a switch. It is a power converter with an output voltage greater than its input voltage and
output current is smaller than the input current. Fig.7 shows the basic circuit diagram of Boost converter.

L. L D
-> > b
+ w N +
f -
5 :
Vs \ E Vo o
H A
D

l Switch l

Fig.7 Circuit diagram of a Boost converter
The figure given below shows the waveform of source current (is).
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Fig. 8 waveforms of source current (is)

When switch ‘S’ is ‘ON’, the output voltage V, is zero and current from source (is) starts flowing across the inductance
‘L’. The equation of this circuit can be given as:

dis _Vs
dt =

When switch ‘S’ is ‘OFF’, current (i) starts decreasing and the equation during OFF period (T = T-To,) for this
circuit can be given as:

Vg = LdjTS or during interval T,, >t>o0 (5)

di

Vs:VoH_iS or dis _Vs—Vo
dt

dt L
As shown in fig. 6 current varies linearly from Iy (Iin) t0 15 (Inay) in time interval To,.

during interval T>t>T,, (6)
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Therefore we can write expression for dis _12-11 _ I'max ~Imin ©)
d  Ton Ton

By comparing the above equation with equation 2, we get dis _ Vs /o (8)
dt  Top
Similarly in time interval To current goes from I, (Imax) to 11 (Imin) and therefore we get the expression for

dis _12-11 _Imax—Imin _(Vo-Vs)/L ©)

dt  Toff Toff Toff
From equations (8) & (9), VsiL _ (Vo = Vs)/L (10)
Ton Totf
From above equation we get the average output voltage given as: V, =V, 1 - Vs( 1 j (1)
1-(Ton /T) 1-k
Here time period, T = Ty + Toq and duty ratio, k — Ton _ Ton  with rangeof 1>k >0
T Ton+Totf
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Fig. 9 Boost converter simulink model
A boost converter model developed in simulink is shown above in above figure.

V.MAXIMUM POWER POINT TRACKING CONTROL METHODS

In a PV system, tracking the maximum power point is an important part to improve the efficiency of the PV system.
Many MPPT algorithms have been developed and presented in past. All these algorithms or techniques to track MPP
vary in some respects such as; complexity, sensors requirement, speed of convergence, overall cost, range of efficacy,
and attractiveness. Some of them are Perturb and Observe (P&O), Incremental conductance (INC) method, Parasitic
Capacitance (PC), Fractional open circuit voltage, Fractional short circuit current, neural network, fuzzy logic control
etc [5]. Out of them in this paper we discussed about INC method.

VI.INCREMENTAL CONDUCTANCE METHOD

Due to some drawbacks of P&O algorithm, we used incremental conductance (INC) method. The incremental
conductance (INC) technique is based on the information that the PV array power curve slope is either zero at the
Maximum Power Point, positive on the left, or negative on the right, as specified by equations:

At Maximum power point,dP/dV =0, at Left of maximum power point, dp/dv> 0, and at Right of maximum power

point, dP/dV < 0.

AsP = IV, therefore ® _d(V) _, , d _ ., Al
av  adv av AV
Therefore from above equations we can write,

At maximum power point, AI/AV =—1/V, at Left of maximum power point, Al/av> —1/V, and at Right of
maximum power point Al/AV < —1/V

Therefore a maximum power point (MPP) can be tracked by comparing the instantaneous conductance (I/V) to the
incremental conductance (A I/ A V). INC algorithm is shown in flowchart given below in Fig. 10.
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Fig.10 Flow chart of INC MPPT algorithm

Fig.11 represents the simulink model of INC MPPT algorithm.
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Fig.11 Simulink model of INC MPPT algorithm

The figure given below shows the whole simulink model of PV system with INC MPPT controller that we have
implemented in simulink.
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Fig.12 Combined model of PV system with MPPT controller and DC- DC converter
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VII.LRESULTS AND DISCUSSION

From the simulink model of photovoltaic (PV) module with incremental conductance (INC) based maximum power
point tracking (MPPT) control system we observe different values of output current, voltages and power from the
module. Different waveforms shown below are the results we obtained from simulink model.

Fig.13 output current of Boost converter

Above figure shows the output current of boost converter.

Fig.14 output voltage of Boost converter

Above figure shows the voltages of boost converter.
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Fig. 15 Duty cycle waveform and output Power with INC MPPT controller

In fig. 15, it shows the duty cycle waveform and output power with INC MPPT controller that we have simulated.
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Fig.16 Complete output waveform of power with and without MPPT controller
The figure shown below is the combined waveform of output power with and without MPPT controller.

VIII.CONCLUSION

In this paper a PV system with MPPT controller using incremental conductance algorithm has been simulated. It helps
the system to track the maximum power point MPP without much affecting by varying weather conditions like. It
draws the maximum power from the system. Hence it improves the efficiency of the system and reduces the overall
cost of the system.
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