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Abstract: The development and optimization of a hybrid micro grid system integrating solar photovoltaic (PV), wind 
turbine, and diesel engine generators to create a reliable and sustainable energy solution. The micro grid is designed to 
operate with both AC (Alternating Current) and DC (Direct Current) components to maximize efficiency and 
flexibility in energy distribution and usage. Renewable energy sources—solar and wind—while ensuring a continuous 
power supply through a diesel generator as a backup during periods of low renewable energy availability. The system's 
architecture includes AC and DC buses, converters, inverters, and controllers to manage the power flow between 
different energy sources and loads effectively. 
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INTRODUCTION 
General information regarding microgrid As electric distribution technology steps into the next century, 

many trends are becoming noticeable that will change the requirements of energy delivery. These modifications 

are being driven from both the demand side where higher energy availability and efficiency are desired and 

from the supply side where the integration of distributed generation and peaks having technologies must be 

accommodated. Microgrid power system 2 Power systems currently undergo considerable change in 

operating requirements mainly as a result of deregulation and due to an increasing amount of distributed 

energy resources (DER). In many cases DERs include different technologies that allow generation in small 

scale (microsources) and some of them take advantage of renewable energy resources (RES) such as solar, 

wind or hydro energy. Having microsources close to the load has the advantage of reducing transmission 

losses as well as preventing network congestions. Moreover, the possibility of having a power supply 

interruption of end-customers connected to a low voltage (LV) distribution grid (in Europe 230 V and in the 

USA 110 V) is diminished since adjacent microsources, controllable loads and energy storage systems can 

operate in the islanded mode in case of severe system disturbances. 

 
This is identified nowadays as a microgrid. A typical microgrid. The energy storage systems usually include 

batteries and flywheels. The storing device in the microgrid is equivalent to the rotating reserve of large 

generators in the conventional grid which ensures the balance between energy generation and consumption 

especially during rapid changes in load or generation. From the customer point of view, microgrids deliver 

both thermal and electricity requirements and in addition improve local reliability, reduce emissions, improve 

power excellence by supportive voltage and reducing voltage dips and potentially lower costs of energy 

supply. From the utility viewpoint, application of distributed energy sources can potentially reduce the demand 

for distribution and transmission facilities. Clearly, distributed generation located close to loads will reduce flows 

in transmission and distribution circuits with two important effects: loss reduction and ability to potentially 

substitute for network assets. In addition, the presence of generation close to demand could increase service 

quality seen by end customers. 
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Microgrids can offer network support during the time of stress by relieving congestions and aiding 

restoration after faults. The development of microgrids can contribute to the reduction of emissions and the 

mitigation of climate changes. Technical challenges linked with the operation and controls of microgrids are 

immense. Ensuring stable operation during network disturbances, maintaining stability and power quality in the 

islanding mode of operation necessitates the improvement of sophisticated control strategies for microgrid’s 

inverters in order to provide stable frequency and voltage in the presence of arbitrarily varying loads. In 

light of these, the microgrid concept has stimulated many researchers and attracted the attention of governmental 

organizations in Europe, USA and Japan. Nevertheless, there are various technical issues associated with the 

integration and operation of microgrids. 

SYSTEM IMPLEMENTATION 

2.1 Existing System: 
In the existing system, power generation is often dominated by diesel generators, which provide a stable 

but environmentally harmful and costly energy source. Solar and wind energy are typically used as 

supplementary sources, but their intermittent nature poses challenges. AC loads are usually directly powered 

by these generators, while DC loads might have dedicated power supplies or use converters to step down the 

AC power. Energy storage, if present, is often minimal, resulting in an overreliance on diesel generators 

during periods of low renewable energy generation. 

Drawbacks: 
1. High operational costs due to diesel fuel consumption. 
2. Environmental pollution from diesel engine emissions. 

3. Underutilization of renewable energy potential. 

4. Limited energy storage leading to inefficient energy management. 

2.2 Proposed System: 
The proposed hybrid microgrid system aims to enhance efficiency, sustainability, and reliability by 

optimizing the use of solar and wind energy, incorporating advanced energy storage solutions, and ensuring 

seamless integration of AC and DC loads. Solar panels and wind turbines will be the primary energy sources, 

supported by a diesel generator as a backup for periods of low renewable generation. Advanced battery 

storage systems will store excess renewable energy for use during periods of high demand or low generation.  

Key Features: 
1. Enhanced Renewable Integration: Solar and wind power will be the primary energy sources, 

significantly reducing reliance on diesel generators. 
2. Advanced Energy Storage: Efficient battery systems will store excess renewable energy, ensuring a 

stable energy supply even when renewable generation is low. 
3. Smart Energy Management: An intelligent energy management system will optimize the use of 

different power sources based on availability and demand, enhancing overall system efficiency.  
4. Dual Load Handling: Both AC and DC loads will be managed seamlessly, with converters 

ensuring efficient power distribution and utilization. 
5. Environmental and Economic Benefits: Reduced diesel consumption will lower operational costs and 

environmental impact, promoting a greener and more sustainable energy solution. 

Advantages: 

1. Cost Efficiency: Reduced fuel costs and lower maintenance requirements for diesel generators. 
2. Environmental Impact: Lower emissions and a smaller carbon footprint. 
3. Reliability: Improved energy reliability through diversified energy sources and robust storage solutions. 
4. Scalability: The system can be easily scaled up or down based on energy demand and 

resource availability. 
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2.3 Block Diagram: 

Figure 2.1: Proposed Block Diagram 

2.3.1 Block Diagram Description: 
Solar Panel 
• Converts sunlight into DC electrical energy. 

DC/DC Converter (Solar Panel) 
• Regulates the DC output from the solar panel to a suitable level for charging the battery and 

supplying the system. 

Wind Mill 
• Converts wind energy into DC electrical energy. 

DC/DC Converter (Wind Mill) 
• Regulates the DC output from the wind mill to a suitable level for charging the battery and 

supplying the system. 

Hybrid System 
• Combines the power from the solar panel and wind mill, ensuring efficient energy use and stability. 

DC/DC Converter (Hybrid System) 
• Further regulates the combined DC output from the hybrid system to ensure a consistent and 

suitable voltage for the battery and the rest of the system. 

Opto Coupler 
• Provides electrical isolation between different parts of the system, protecting sensitive components like 

the microcontroller (ATmega 328) from high voltages. 

ATmega 328 (Microcontroller) 
• Central control unit that manages the operation of the battery management system, 

including monitoring, control, and communication. 

Voltage Measurement 
• Measures the voltage levels of various parts of the system (e.g., battery, DC outputs) and 

provides feedback to the microcontroller for monitoring and control. 

LCD Display 
• Displays system parameters and status information, such as voltage levels, charge status, and 

load conditions, for user monitoring. 

Interface 
• Allows user interaction with the system, possibly including buttons or a touch interface for 

configuring settings and viewing information. 

Inverter 
• Converts DC electrical energy from the battery to AC electrical energy for AC loads. 

AC Load 
• Devices and appliances that operate on AC power supplied by the inverter. 

DC Load 
• Devices and appliances that operate on DC power directly from the system. 
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Battery 
• Stores electrical energy generated by the solar panel and wind mill, and supplies power to the 

system when generation is insufficient. 

2.4 Circuit Diagram: 
 

Figure 2.2: Proposed Circuit Diagram 

2.4.1 Circuit Diagram Description: 

Solar Panel and Wind Mill generate DC power. Each has its own DC/DC Converter to regulate voltage. 

Outputs from these converters are fed into the Hybrid System. Combines the energy from both sources. 

Passes the combined energy through another DC/DC Converter for further regulation. The regulated DC 

power charges the battery. The battery is connected to the Inverter for AC power generation and directly to 

DC loads. Voltage Measurement units are placed at key points (e.g., battery terminals) to monitor system 

voltages. Opto Couplers provide isolation and protection for the microcontroller (ATmega 328).The 

microcontroller processes the data, controls charging/discharging, and interfaces with the LCD Display for 

user information. The user interface allows interaction with the system. The Inverter converts battery DC 

power to AC for AC loads. DC loads are powered directly from the battery or hybrid system. 

HARDWARE DETAILS 

3.1 DC to DC Boost Converter: 
The low input DC voltage is converted into high output DC voltage using DC to DC boost converter. As 

the input voltage is stepped up compared to output voltage, hence, it is also called as a step up converter. 

Generally, DC to DC converters can be designed using power semiconductor switching devices and discrete 

electrical and electronics components. 

 
Figure. 3.1 DC to DC Boost Converter Continuous Conduction Mode Circuit 

The continuous conduction mode circuit of the DC to DC boost converter is shown in the 

figure that consists of an inductor, capacitor, switching device, diode, and input voltage source. This boost 

converter 

https://www.watelectrical.com/wp-content/uploads/DC-to-DC-Boost-Converter-Continuous-Conduction-Mode-Circuit.jpg
https://www.watelectrical.com/wp-content/uploads/DC-to-DC-Boost-Converter-Continuous-Conduction-Mode-Circuit.jpg
https://www.watelectrical.com/wp-content/uploads/DC-to-DC-Boost-Converter-Continuous-Conduction-Mode-Circuit.jpg
https://www.watelectrical.com/wp-content/uploads/DC-to-DC-Boost-Converter-Continuous-Conduction-Mode-Circuit.jpg
https://www.watelectrical.com/wp-content/uploads/DC-to-DC-Boost-Converter-Continuous-Conduction-Mode-Circuit.jpg
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circuit switch is controlled using a pulse width modulator (PWM). If this switch is in ON state, then energy 

will be developed in the inductor and thus more energy will be delivered to the output. 

3.2 Opto Coupler: 

Figure 3.2 Optocoupler Circuit 
In electronics, an opto-isolator, also called an optocoupler, photocoupler, or optical isolator, is "an 

electronic device designed to transfer electrical signals by utilizing light waves to provide coupling with electrical 

isolation between its input and output". The main purpose of an opto-isolator is "to prevent high voltages 

or rapidly changing voltages on one side of the circuit from damaging components or distorting transmissions on 

the other side." Commercially available opto-isolators withstand input-to-output voltages up to 10 kV and voltage 

transients with speeds up to 10 kV/μs. 

3.3 ATMEGA-328 IC: 

 
Figure. 3.3 ATMEGA-328 PIN Diagram 

This ATMEGA-328 integrated chip consists of 28 pins. It consists of 6 analog inputs that are 

shown in the pin diagram. Analog inputs can be represented as PC0 to PC5. These analog input pins 

possess the continuous time signal which acts as an analog input for the system. Further it also consists of 12 

digital inputs. It can be represented as PD1 to PD11 which act as a digital input ports based on pulse width 

modulation (PWM). These PWM, which transmits the signal in the form of discredited form. Both analog and 

digital input ports can be used for various applications for the input power supply, VCC and GND pins are 

used. Pins PB6 and PB7, which acts as a crystal to generate a clock signal. By using these crystal, we can 

generate the clock signals and by these clock signals, we can use this clock signals for input sources. PC6 pin are 

the one where it can be used for the reset option. Resetting the program can be done by using this PC6 pin. 

3.4 LCD Display: 

 
Figure 3.4 LCD Display 

Liquid Crystal Displays (LCDs) have materials, which combine the properties of both liquid and 

crystals. Rather than having a melting point, they have a temperature range within which the molecules are 

almost as mobile as they would be in a liquid, but are grouped together in an ordered form similar to a 

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/High_voltage
http://en.wikipedia.org/wiki/Volt
http://en.wikipedia.org/wiki/Microsecond
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consists of two glass panels, with the liquid crystal material sand witched in between them. The inner surface of the 

glass plates are coated with transparent electrodes which define the character, symbols or patterns to be displayed 

polymeric layers are present in between the electrodes and the liquid crystal, which makes the liquid crystal 

molecules to maintain a defined orientation angle. One each polarizer are pasted outside the two glass panels. This 

polarizer would rotate the light rays passing through them to a definite angle, in a particular direction. 
 

3.5 Voltage Measuring Circuit: 
 

 

10K 
 
 
 
 
 
 

 
1MF 
CAP 

 
Figure 3.5 Measurement circuit DC voltage 

The attenuator circuit reduces the voltage to a required level.  The attenuator circuit usually passive 

devices made from simple voltage divider networks. Switching between different resistances forms adjustable 

stepped attenuators and continuously adjustable ones using potentiometers. A capacitor is connected across the 

rectifier to filter out the ripples. Then the filtered output is given to the micro controller. 

3.6 Battery: 

Lead–acid batteries are the oldest type of rechargeable battery. Despite having a very low energy-to-

weight 
ratio and a low energy-to-volume ratio, their ability to supply high surge currents means that the cells maintain a 

relatively large power-to-weight ratio. These features, along with their low cost, make them attractive for use to 

provide the high current. 
 

Figure 3.6 Battery 6V 

3.7 Solar Panel: 
A solar panel (also solar module, photovoltaic module or photovoltaic panel) is a packaged, connected 

assembly of solar cells, also known as photovoltaic cells. The solar panel can be used as a component of a 

larger photovoltaic system to generate and supply electricity in commercial and residential applications.  

 
Because a single solar panel can produce only a limited amount of power, many installations contain several 

panels. A photovoltaic system typically includes an array of solar panels, an inverter, and sometimes a battery and 

interconnection wiring. 

 
 

 
 

  

 
 

 
 

 

https://en.wikipedia.org/wiki/Passive_device
https://en.wikipedia.org/wiki/Passive_device
https://en.wikipedia.org/wiki/Voltage_divider
https://en.wikipedia.org/wiki/Switch
https://en.wikipedia.org/wiki/Potentiometer
http://en.wikipedia.org/wiki/Rechargeable_battery
http://en.wikipedia.org/wiki/Surge_current
http://en.wikipedia.org/wiki/Power-to-weight_ratio
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Figure 3.7 Solar panel 

RESULT& DISCUSSION 

4.1 Working Principle: 
The development and optimization of a hybrid micro grid system integrating solar photovoltaic (PV), 

wind turbine, and diesel engine generators aim to create a reliable and sustainable energy solution. This micro 

grid is designed to operate with both AC (Alternating Current) and DC (Direct Current) components to 

maximize efficiency and flexibility in energy distribution and usage. The renewable energy sources, solar and 

wind, are supplemented by a diesel generator to ensure a continuous power supply during periods of low 

renewable energy availability. The system's architecture includes AC and DC buses, converters, inverters, and 

controllers to manage power flow effectively between different energy sources and loads.  

The hardware model implements a 12V DC system and a 230V AC system, supporting a 1-watt AC 

load and a 12V DC load, such as a DC motor. Key components include a 9V, 5-watt solar panel, a 

windmill, a diesel generator, an Atmega328 microcontroller, an LCD display for monitoring input voltage, a 

voltage measurement circuit, a DC-DC converter to boost voltage to charge a 12V battery, an inverter for AC loads, 

and PWM control to manage power output. The system operates by generating DC power from the solar panel and 

windmill, while the diesel generator provides backup power. The DC-DC converter boosts voltage to ensure 

stable energy storage in the battery. Energy distribution is managed through AC and DC buses, converters, 

inverters, and controllers, ensuring effective power flow. The Atmega328 microcontroller monitors input 

voltage via the voltage measurement circuit and displays it on the LCD. When the input voltage exceeds 6V, the 

PWM control adjusts the power output to maintain system stability. The inverter converts DC to AC power for 

the 230V AC load, while the DC power directly supplies the 12V DC load, such as a DC motor. This 

hardware model demonstrates the feasibility and functionality of the hybrid microgrid system, showcasing its 

potential for reliable and sustainable energy distribution in practical applications. 

4.2 Result: 

Figure 4.1: Hardware prototype model “Hybrid Micro Grid” 

The above figure 4.1 is show known we are used some electronics components for following 
1. Solar Panel (9V/5Watts) 
2. Isolation Transformer (0-12V/300mA) 
3. Power supply Transformer (0-12/1Amps) 
4. DC Voltage Measurement 
5. Solar Voltage Measurement 
6. Microcontroller (Atmega328) 

7. Battery (12V) 
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8. DC Load 12V Fan 
9. AC Load 
10. Diesel Power Source (9V) 
11. Windmill Power Source (9V) 
12. DC-DC Boost Converter 

13. L1, L2, L3 -Inductor 

 
Figure 4.2: Power ON Hardware Model 

The figure 4.2 is shown an power ON the hardware model. The hardware model to monitoring the solar 
voltage, wind voltage (9V battery), Diesel voltage (9V battery) to using LCD display to help of Microcontroller 
Atmega328. The input for every power source above 6V the controller output PWM. 

 
Figure 4.3: PWM pulse Output 

Figure 4.3 shows the PWM output for the Atmega328 microcontroller on pins 10, 12, and 3. The PWM 
pulse has a frequency of 5 kHz and an amplitude of 5V. The duty cycle ranges from 0% to 100%. 

 

Figure 4.4: Hardware Display for SV 

 

Figure 4.5: Charging Voltage Solar Energy 
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The above figure 4.4 and 4.5 shows solar input voltage is 8V to display the LCD. The solar voltage above 

6V PWM pulse control through DC-DC converter output voltage to increase the 13.4V DC for 12V battery 
charging voltage. 

 

Figure 4.6: Hardware Display for WV 
 

Figure 4.7: Charging Voltage Wind energy 

The above figure 4.6 and 4.7 shows wind generator for prototype voltage for (9V battery) input voltage is 
9.38V to display the LCD. The wind voltage above 6V PWM pulse control through DC-DC converter output 
voltage to increase the 13.8V DC for 12V battery charging voltage. 

 

Figure 4.8: Hardware Display for WV 
 

Figure 4.9: Charging Voltage Wind energy 
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The above figure 5.8 and 5.9 shows Diesel generator for prototype voltage for (9V battery) input voltage is 
9.34V to display the LCD. The diesel generator voltage above 6V PWM pulse control through DC-DC converter 
output voltage to increase the 13.8V DC for 12V battery charging voltage. 

CONCLUSION 
The hardware model of the hybrid micro grid system demonstrates the integration of solar photovoltaic 

(PV), wind turbine, and diesel engine generators to provide a reliable and sustainable energy solution. The 

system is designed to operate with both AC (Alternating Current) and DC (Direct Current) components, 

enhancing efficiency and flexibility in energy distribution and usage. The renewable energy sources—solar 

and wind—are supplemented by a diesel generator, ensuring a continuous power supply during periods of 

low renewable energy availability. The system architecture includes AC and DC buses, converters, inverters, 

and controllers to manage power flow effectively between different energy sources and loads. In this hardware 

model, we implemented a 12V DC system and a 230V AC system, supporting a 1-watt AC load and a 12V DC 

load, such as a DC motor. This configuration successfully demonstrates the feasibility and functionality of the 

hybrid micro grid system, showcasing its potential for reliable and sustainable energy distribution in practical 

applications. 
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