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Abstract — Solar energy has become a very popular source of energy in recent days because of its eco-friendly behavior
and never-ending amount in the nature. However, in practical case, the I-V and P-V characteristics of a solar panel
contain a huge amount of ripples which actually affect the performance of the system. Therefore, to utilize solar energy
efficiently, at a particular irradiance and temperature, Maximum Power Point (MPP) has to be determined and this
maximum power must be extracted. In Proteus 8.3 Professional software, a simulation model of a MPPT based solar
charge controller is designed using Arduino UNO, a multi-tasking programming platform based on AVR
microcontroller. At different irradiance, MPP changes, and the maximum power point voltage (Vmp) also changes. The
proposed model successfully tracks the Vmp at different irradiance. As finally charge controller circuit charges a dc
battery, hence, after extracting maximum power from the solar panel, buck converter feeds it to a buck-boost converter to
regulate the voltage.
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I INTRODUCTION

Due to exponential decay of the conventional energy sources, use of non-conventional energy sources has become a
topic of interest in recent few decades. For example, solar, geothermal, biomass, ocean and wind energy are becoming
significant sources of commercial power gradually [1, 8, 3]. Although, solar energy is one of the most significant
renewable energy sources on the earth because of its eco-friendly behavior and never-ending amount in the nature [2, 8,
12], efficiency of this energy source is very low because of two reasons. Firstly, output power of a solar PV panel is
much less as compared to its cost, and secondly, power is varying at every instant due to constantly changing solar
irradiation and temperature [5, 6, 13]. But by tracking the maximum power point of the working solar PV modules at a
certain instant, and by implementing various Maximum Power Point Tracking (MPPT) algorithms, we can increase the
efficiency of the PV system by extracting the maximum available power form the module [5, 6, 13, 14]. Although, there
are a number of MPPT algorithms, such as Perturb & Observe Method, Incremental Conductance method, Voltage Based
Peak Power Tracking Method, Current Based Peak Power Tracking Method and many more, in our work, we have opted
for Perturb & Observe Method because despite of oscillation around the maximum power point, it is one of the most
efficient MPPT algorithms as it can even increase the system efficiency up to 97% [11, 13]. In this algorithm, change in
power (AP) is calculated with respect to change in voltage (AV) at every instant [9]. Theoretically this value is zero at
MPP. Graphically, the magnitude of this calculated value is positive on the right side and negative on the left side and
slope of the maximum power point. So if the value is calculated at every instant, and finally at one instant, the magnitude
comes to zero, it’s assured that the maximum power point has been reached. Afterwards, maximum power extracted from
the panel is fed to a buck-boost converter and finally a rechargeable battery is charged [8]. In our work, we have designed
a microcontroller based programmable MPPT charge controller. The controller efficiently converts photovoltaic energy
to electrical energy in the form of DC current and charges a 12 volt battery.

Il.  SIMULATION MODEL IN PROTEUS 8 PROFESSIONAL
A. Configuration of 250 watt solar panel interconnecting 36 solar cells

A 250 watt solar panel is designed in Proteus 8 Professional. To this end, specifications of a standard 250 watt solar
panel of Sunmodule Pvt. Ltd. are taken as references. Since, there is no in-built solar module in Proteus 8
Professional, 36 single solar cells each with current sources of 8.28 ampere, shunt & series resistances of 100 kQ &
0.5 mQ respectively are interconnected in series. This entire configuration of 250 watt solar panel with short-circuits
current (Isc) and open-circuit voltage (Voc) of 8.28 ampere & 37.8 volts respectively, designed as per the data sheet,
is encapsulated within a module-like structure.
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Fig.1. Single Diode Model of a Solar Cell in Proteus 8.3 Professional
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Fig.2. Configuration of 250 watt solar panel interconnecting 36 solar cells
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Fig.3. Encapsulated 250 watt solar panel

B. Configuration of 250 watt solar panel interconnecting 36 solar cells

Output voltage from the aforesaid 250 watt solar panel is fed to a buck converter which is again series connected to a
buck-boost converter and finally to storage battery. Two power electronics switches of buck and buck-boost circuits,
MOSFETs IRF9520, which are P-channel power MOSFETS, are triggered by two separate dedicated PWM pins of
Arduino UNO.

C. Arduino UNO

Arduino is basically a family of multitasking programmable platform based on AVR microcontroller. By default, its
clock speed is 16 MHz, however, in this work, it is made to operate at 50 kHz frequency. UNO has 6 analog input
pins and 14 digital 1/O pins of which 6 are dedicatedly PWM pins.
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Fig.4. Arduino UNO in Proteus 8.3 Professional

D. Gate Triggering Circuit

A Gate triggering circuit is used to boost the voltage level of the PWM signal generated by the PWM pins of
Arduino UNO up to the gate-threshold voltage (VTh) of the MOSFET switch IRF9520.

PWM GENRATOR

Fig.5. Gate Triggering Circuit

This gate triggering circuit consists of the optocoupler PC817. This PC817X is a series of optocoupler which
efficiently isolates the control circuit and the power circuit and boosts the input voltage level.
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Fig.6. Gate triggering circuit consfsting of PC817

E. Current Sensor ACS712

ACS712 is a Hall current sensor. Current from the 250 watt solar panel is fed to the IP+ terminal of the current
sensor ACS712 and output signal from it is fed to Al pin of Arduino UNO through a LC current filter.
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Fig.7. Current Sensor ACS712

F. Final Simulation model of the circuitry
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Fig.8. Simulation model of MPPT based charge cdntroller circuitry

Ill. ARDUINO PROGRAMMING
In Arduino Programming software, pulses for desired buck and buck-boost operations are programmed. From
Pin 9 and Pin 10, respectively, these two pulses are generated and fed to analog input pins Al and AQ

respectively of Arduino UNO.
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Fig.9. Arduino programming for buck and buck-boost pulses, Part |
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Fig.10. Arduino programming for buck and buck-boost pulses, Part 11

V. SIMULATION RESULTS

Perturb & Observe method of MPPT algorithm is compiled in Arduino programming language. As solar irradiance
and temperature will be changing at every instant, for real time simulation, a potentiometer is varied to change the
voltage from the solar panel abruptly. Maximum power point voltage (Vmp) is successfully traced at these different
values of solar panel voltages. Since there is no in-built option in Proteus 8.3 Professional to vary the irradiance and
temperature incident on the solar panel, a potentiometer is connected in the circuit at the output of the panel so that
voltage coming out of it can be varied abruptly assuming the effect of different irradiance and temperature
conditions. For different values of potentiometer, solar panel operating wattage is taken. As the potentiometer
resistance gradually increases, i.e. irradiance incident decreases, wattage of the panel reduces. These five
potentiometer values, at 0%, 25%, 50% & 75% and their corresponding solar panel wattages & Vmp are shown
below:
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Fig.11. Potentiometer re5|stance at 0% & corresponding panel wattage and maximum power point voltage
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Fig.12. Potentiometer resistance at 25% & corresponding panel wattage and maximum power point voltage
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Fig.13. Potentiometer resistance at 50% & corresponding panel wattage and maximum power'point voltage
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Maximum Power Point Voltage (Vmp) is traced in a very precise range and plotted for these different values of
potentiometer resistance and shown in the graph below:
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Fig. 12. Maximum Power Point voltage (\V_mpp) characteristics
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Output voltage of the buck-boost converter is stable at 12.1 volts and is traced in a graph and is shown below
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Fig. 16. Output voltage characteristics
Simulation results are summarized in the table below:

Table 1. Summary table of the simulation results obtained

Sr. | Potentiometer | Irradiance (W/m?) | MPP Voltage (volts) | Extracted Power Charging Charging
No | Resistance (%) (watts) Voltage (volts) Currents
. (Amps)
01 0 1000 31.9 205 12.45 5.67
02 25 750 31.6 131 12.23 4.18
03 50 500 313 106 12.10 2.12
04 75 250 30.9 90 12.10 1.29

V. CONCLUSION

A MPPT based charge controller circuitry model is proposed that can successfully track the maximum power points
(MPP) at different irradiance values. Afterwards, the maximum power extracted from the panel at that particular
irradiance and temperature condition is fed to a dc-dc buck-boost converter circuit to regulate it according to a fixed dc
voltage and finally fed to a 12 volt battery.
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