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Distributed Generation source have wide application due to their phenomenal
advantages. These sources include Photovoltaic (PV) cells producing DC
voltage at their output that connects the network through a power electronic
interface. PV characteristics, on the other hand, illustrate the fact that
maximum power can be extracted at the optimal operating point depending
upon the solar radiation and ambient temperature. In order to keep the PV
module at its optimal operating point, a DC-DC converter is often used
between a PV module and inverter. Consequently, Maximum power point
trackers (MPPT) grab the foremost position in the efficiency analysis of the
global PV system. Among the several MPPT algorithms, Incremental

BMPPT Conduction technique isemphasised upon as it is extremely simple in

CPV implementation within electronic programmable circuits. This paper

DBoost converter incorporates the MPPT model using a PV module that always works in its

EPWM inverter optimal operating point. Design and experimental results of a small prototype
of MPPT is presented here based on the Simulink model to verify the
advantages of proposed integrated system.
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1. INTRODUCTION

The immediate measures to switch over to greener energy are being called for by the rapidly
diminishing conventional energy resources. We are entirely dependent on the non-renewable energy
resources that are posing aserious threat to a sustainable future in the present world. Thus, there is a demand
for a clean and green energy in the present scenario [1-6]. Photovoltaic systems, wind turbines and energy
storage systems are some of the most popular and widely used renewable energy resources for electricity
generation. The most feasible among them is the Solar cell owing to its utility in the various fields of
application, both residential and industrial. On account of fewer losses, D.C power is more preferred over
A.C. Since photovoltaic systems provide a D.C output, they are more beneficial [7].

A significant portion of today's research in the field of solar energy is being represented by
modelling of photovoltaic devices and simulating their behaviour. The photovoltaic devices suffer from few
major flaws in spite of being environment friendly. Their efficiency of converting solar energy to electrical
energy being their major flaw. There is a complex relationship between the surrounding environment of
operation and the maximum power that can be produced in case of photovoltaic cells. The effect of the
temperature also has a significant impact on solar PV cells [8]. It can be seen that the cell with the lowest
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temperature produces the highest output power and vice versa. Due If a load is diredtly connected to a solar
panel, its operating point will rarely produce peak power and the impedance seen by the panel determines the
operating point of it. Therefore, if the impedance seen by the panel is varied, the operating point can be
traversed towards the peak.

Considering this disadvantage, an improved approach for employing solar power has been
developed in this paper. The maximum power point tracking (MPPT) which is implemented in PV inverters
is an algorithm which continuously adjusts the impedance experienced by the solar array for keeping the PV
system operating close to the peak power point of the panel under changing conditions of solar irradiation,
temperature etc. Maximum Power point tracking through Incremental Conduction algorithm is executed to
obtain a more optimized system.

There are several strategies that can be followed for optimizing the power output of an array and
MPPT devices can switch between different algorithms on the basis of the operating condition of the array.
The P&O (Perturb and observe) and Incremental conductance are both the examples of “hill
climbing”method which are used to find in the operating condition of PV array, the local maximum of power
curve for providing a true MPP. The P&O method suffers from the requirement of oscillating output power
even under steady state irradiance around the MPP. The Incremental Conductance method has the advantage
of determination of MPP without oscillations around the value unlike the P&O method and thus can perform
MPPT under rapidly varying irradiation conditions with better accuracy on comparison with P&O.
When there is abrupt change in weather conditions, the irradiance changes. On account of this, as the MPP
continuously changes, the P&O method considers it as a change in MPP rather than irradiance due to
perturbation ending up calculating the wrong MPP in some cases. The developed model works at a higher
efficiency and can also serve as base model for implementation of other MPPT techniques. A joint simulation
of the photoelectric device with power electronics interfaces can be performed by using an equivalent circuit
for its modeling [9-13]. The system was optimized before practical application using these simulations, thus,
being cost effective. The standard of a good PV Generator is its efficiency which can be carried out if it
constantly converts the maximum of the available solar power all the time. Thus, it can be statedthat the
maximum power delivered should always be in co-ordination with the prevailing conditions, i.e.,
temperature, irradiance, wind speed (for windmills) for keeping the MPP [maximum power point] at its
global maximum [14]. A voltage converter associated with an electronic maximum power point tracking
(MPPT) system are used for accomplishing maximum power production [15-18]. Testing and execution of
the MPPT technique which is based on the Incremental Conduction method is performed by the Simulink
model as well as a small prototype model.

2. RESEARCH METHOD

The desired power output is obtained by joining several PV cells together. The proposed model of a
photovoltaic generator, supplying a DC load through an adaptation stage, composed by a boost converter
driven by an MPPT technique assuming the maximum efficiency for the energy transfer is constituted in the
physical model of the process under inspection. The schematic arrangement of the model is displayed in
Figure 1. A simulated model of the real process in agreement with the physical model has been developed
using simulink to improve the efficiency.
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Figure 1. Schematic diagram of grid—connected solar PV with MPPT.

2.1. Mathematical Model of Solar Cell

For analysis of mathematical representation, a basic single-diode model is chosen [19]. The PV cells
are connected in series to obtain the desired power output. Figure 2 shows a simplified model of the
solar cell.
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Figure 2. Simplified equivalent circuit of a PV Cell

Where 1 ;, = photon generated current
The following equation describes the mathematical modelling of photovoltaic array:

[
I=N_I,—N_I|e ™ 1 (€
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Where, the number of cells connected in series and parallel are N;and N, as used in the PV module to

achieve the desired output. R;and R are the intrinsic parallel and series resistances associated with the

panel. Deviation of the characteristics of an ideal p-n junction is evaluated by the actualization factor denoted
by ‘A’. Kand q represent Boltzmann constant and charge on an electron respectively.
The photon generated current 1, depends on temperature and solar irradiance.

I ph = [I ser T Kl (Top _Tref )]%
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The diode reverse saturation current is denoted by 1, and it varies with temperature based on the
equation between solar panel current and voltage as followed:
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In the above expression, the energy gap of the semiconductor is denoted by E,-

oT 2
E :Eg(O)—B+T (4)

The final output power is given by the product of load current and thermal voltage which is in turn
given by the following equation:

qVv
P=VI=N_1,|—— -1 5
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If 14,is considered to be the shunt current then,
I =V +IR))/R, (6)
I being the load current.

Iz(lthp_(Ish+|d)) (M
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Where, N, is the number of cells connected in parallel.
V being the output voltage across the load, and I, the load current.

2.2. Incremental Conduction MPPT Algorithm

Incrementally comparing the ratio of the derivative of conductance with the instantaneous
conductance is the idea behind IC. It is derived from the fact that at MPP, the derivative of power with
respect to voltage (dP/dV) is in fact zero, i.e. [20].

dP, d(Vpg | dl
PG _ ( PG ' PG ) =1 - +VPG PG =0 (9)
Ve | dVpg Ve

As shown in (9) can be rearranged in the following form:

_Yee _dles (10)

Vee  dVpg

Where, d 1,5 and dVpg are the increments of PV current and voltage, respectively. The basic rules for IC
can thus be derived from the PV characteristics can be written as:

dlpg |
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Using the rules in (11), the basic flow chart for IC is depicted in Figure 3.
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Figure 3. Incremental conduction algorithm flow chart
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3. RESULTS AND ANALYSIS

A sample system has been simulated by MALAB/Simulink in order to illustrate and verify the
advantages underlying the proposed integrated system. In this context, by varying the solar radiation and
maintaining constant temperature, the proposed system has the ability to extract maximum power from PV.
The proposed model utilizes the output from the PV panel and is followed by the implementation of MPPT
tracking into the system. By means of incremental conductance algorithm the maximum global efficiency is
attained with the help of these trackers. Besides, the dc voltage obtained is converted into 3 phase ac voltage
using an inverter. For controlling the output, a PWM inverter is incorporated into the system. The graphs
displaying the Maximum output power, voltage versus the variation of duty cycle and irradiance are shown in
Figure 4 a, b, c, d respectively. Nevertheless, at constant temperature condition, the variation of solar
radiation has been considered. Assume that temperature is 25°C and solar radiation varies from 1000 to
250 W/m?2,
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Figure 4. (a) Generated power of PV in varying solar radiation, (b) Generated voltage of PV in varying solar
radiation, (c) variation of Duty Cycle, (d) variation of solar radiation

The irradiance experienced by the solar panel changes depending on the time of the day and in in
this case it is maintained at 1000 W/m? in the interval of 0 to 0.75 and then switches through an interval of
0.75 to 1.20 to 250 W/m?2and is maintained there upto 1.5. Depending on the change in the solar irradiance,
the program varies the duty cycle of the Boost converter so that the voltage output can be maintained within a
particular range of around 16 to 18 volts. For irradiation on the solar panel has its impact on the output
voltage. From Figure 4 it can be distinctly observed that there is an increase in output voltage with increase in
the irradiation. The simulation results and the results obtained from the hardware implementation are found
to be in close proximity.

For extracting the maximum power point the voltage is tracked by trackers utilizing incremental
conductance. The MPP is efficiently trackedby this algorithm which can be verified from the
obtained results.

A DC-DC boost converter is used to step up th voltage to the desired value and Figure 5
demonstrates the boost-voltage profile depicting the final output voltage that is optimized using trackers.
The output of the boost converter is having a fixed voltage level and it is then fed to a PWM inverter for
converting DC power to 3 phase AC power.
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Figure 5. Output voltage of boost converter

For obtaining the desired results, a pulse width modulation has been utilized in both the simulation
as well as in the prototype. The simulation result of the PWM is illustrated in Figure 6.

For converting the obtained dc voltage to ac voltage, PWM inverter has been incorporated.
The Figure 7 illustrates the sinusoidal wave obtained from the inverter. Red, blue and green colours are used
to depict the three phases respectively. The voltages generated are in phase with each other.
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4. CONCLUSION

Theestablishment of a proposed simulation model as well as a small hardware model for the solar
photovoltaic system performed along with Incremental Conduction technique for Maximum Power Point
Tracking is being primarily presented by this paper. The development of an efficient and optimized system is
the aim of this paper. The load of the maximum power point tracker has to match its load to that of the
maximum available power from a PV generator (PVG) providing the highest global electrical efficiency.
This was achieved by the integration of Incremental Conduction algorithms into the MPPT controller.
The Aforesaid algorithm is used to control the duty cycle of the boost converter. The prototype model
efficiently tracks the maximum power point. The common method is implemented under
MATLAB/Simulink environment. The intensity of sunlight may reach up to 1000W/m?n many countries
located in the tropical and temperate belt. From simulated characteristics, the impact of irradiance variations
at constant temperature could also be observed. The PV array output is stepped up by using the boost
converter with the Incremental Conduction technique for controlling the duty ratio of boost converter switch.
Future scope involves the development of stand-alone grid fed systems which can perform independently.
The primary goal of simulating the proposed system and the development of proposed model prototype has
been achieved.
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