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Introduction
Photovoltaic electricity generation offers the benefits of: clean, 

non-polluting energy generation, production of energy close to 
the consumer (in case of DPGS), the very little or no maintenance 
requirement, and of having a very long lifetime. Due to these 
advantages, today, the photovoltaic is one of the fastest growing 
markets in the world. However, PV power is still considered to be 
expensive, and the cost reduction of PV systems is subject to extensive 
research. From the point of view of power electronics, this goal can 
be approached by maximizing the energy output of a given PV array. 
The inverter should ensure the highest possible conversion efficiency, 
while the requirement for the MPPT control is to operate the PV array 
at the optimum working point (MPP) in all environmental conditions. 
A considerable amount of PV capacity today is installed in temperate 
climate zones. Although modern PV inverters’ MPPT efficiency is very 
high in stable conditions, further research is needed to achieve similar 
performance levels in variable conditions. The primary objective of this 
project is to build efficient solar charger that will recharge the battery 
properly with minimum loss with overcoming the voltage variation 
in solar panel. This charge controller will protect the battery from 
overcharge and deep discharge. It will maximize the solar generation 
by MPPT method.

The proposed system is to present a novel cost effective and 
efficient microcontroller based MPPT system for solar photovoltaic 
system to ensure the maximum power point operation at all changing 
Environmental condition. The P&O MPPT algorithm is used to control 
the maximum transfer power from a PV panel. This algorithm is 
executed by MPPT Controller using LM324 [1-5]. 

Block Diagram 
The Solar output is given to the MPPT Circuit. MPPT Circuit 

parameters and solar input parameters are given to the Arduino UNO. 
Here we use Arduino for interfacing LCD Display and the Bluetooth 
Module. The Bluetooth module used to take real time reading of solar 
output current and voltages (Figure 1).

Solar output power is stored in Battery from where we can utilize 
the generated energy. A LED is connected to the Load.

Arduino UNO

It is a development board consists of ATMega328 microcontroller. 
It provides user friendly interface having analog to digital convertor, 

different analog I/O pins, digital I/O pins. It gives better interface for 
Bluetooth and WiFi modules.

Solar panel

Solar panel is an array of solar cells. The solar cell produces 
electrical energy when sunrays incident on the solar cells. The solar 
produces DC electricity as photons in sunlight hits on solar cells where 
semiconducting material (silicon) absorbs photons and generation of 
electricity takes place due to combinations of electron and holes pairs.

Optocoupler

Opto coupler are designed to provide complete isolation between 
an input and output circuits. The useful purpose of isolation is to 
provide protection from high voltage, surge voltage and low level 
noises that could be produces errors in the output. Optocoupler also 
provides interface between different voltage levels.
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Figure 1: Block diagram.
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IC LM324

LM124 series consists of four independent, high gain, internally 
frequency compensated operational amplifiers which were designed 
specifically to operate from a single power supply over a wide range 
of voltages.

Advantages

•	 Eliminates need for dual supplies

•	 Four internally compensated op amps in a single package

•	 Allows directly sensing near GND and VOUT also goes to
GND.

•	 Power drain suitable for battery operation.

Circuit Diagram 
The MPPT control circuit is implemented in a MPPT controller 

that has IC LM324. The comparator is having 4 op amps used to 
compare voltage and current. It read the voltage and current of the 
solar panels through the Optocoupler and calculates the output power. 
The control circuit compares the PV output voltage and battery voltage 
and gives required output to the battery. It checks the solar panel 
output and if the battery voltage is less then it increases the voltage. 

The charger charges battery up to 12.9 volt and then it charges very 
slowly. If the battery is fully charged the Optocoupler senses, it and 
cut off the supply. Input voltage and Battery voltages are compared by 
comparators (Figure 2) [1-5].

Results
The real time results taken are shown in Table 1 and Figure 3.

Conclusion
This project presents analog circuit of MPPT charge controller 

using LM324. We get a better battery protection from overvoltage 
using Optocoupler and MOSFETs. The perturb observe method gives 
boosted results by comparator and use of Arduino to interface LCD 
and Bluetooth module helps to monitor the results.
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Figure 2: Circuit diagram.

Figure 3: Working circuit results are displayed on LCD.

Time Output Voltage (Volt) Current (Ampere)
10 AM 13 0.36
11 AM 13.7 0.59

12 Noon 13.9 0.95
1 PM 13.6 0.91
2 PM 13.7 0.71
3 PM 13.2 0.70
4 PM 13.01 0.60
5 PM 12.59 0.50
6 PM 12.01 0.39

Table 1: Real time results.
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