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Abstract — The increasing demand for electrical energy and 

the depletion of fossil fuel resources have led to the growing 

interest in renewable energy technologies. Among various 

renewable energy sources, solar energy and wind energy are 

widely used because they are clean, sustainable, and 

environmentally friendly. However, both solar and wind 

energy sources have limitations. Solar energy is available 

only during daytime and depends on sunlight intensity, while 

wind energy depends on wind speed and atmospheric 

conditions. Due to these limitations, using a single renewable 

energy source cannot always provide a continuous and 

reliable power supply. A hybrid renewable energy system 

combines two or more renewable energy sources to improve 

reliability and efficiency. The Solar–Wind Hybrid Microgrid 

System integrates solar photovoltaic panels and wind turbines 

to generate electricity. In this system, both sources work 

together to supply electrical energy to loads. When solar 

power generation decreases due to cloudy weather or 

nighttime conditions, wind energy can provide electrical 

power. Similarly, when wind speed is low, solar energy can 

generate power during daylight hours. The hybrid system also 

includes battery storage that stores excess energy generated 

by solar panels and wind turbines. This stored energy can be 

used when generation is low or when the load demand is high. 

An inverter is used to convert the stored DC power into AC 

power which is suitable for household or industrial loads. The 

proposed hybrid microgrid system improves reliability, 

reduces power interruptions, and provides a sustainable 

energy solution for rural and remote areas where grid. 
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I. INTRODUCTION 

A solar–wind hybrid microgrid system is a modern and 

efficient energy system that combines two renewable energy 

sources—solar energy and wind energy—to generate and 

supply electricity at a local level. It is called a microgrid 

because it operates on a small scale and can function either 

independently (off grid) or in connection with the main power 

grid.  

This system is widely used in rural areas, remote 

locations, islands, and industrial setups where a reliable 

power supply is required. With the increasing demand for 

electricity and the depletion of conventional energy resources 

such as coal, oil, and natural gas, there is a growing need to 

adopt renewable energy technologies. Solar and wind energy 

are among the most abundant and clean energy sources 

available in nature. However, both sources have certain 

limitations when used individually. Solar energy depends on 

sunlight and is only available during the day, while wind 

energy depends on wind speed, which can be unpredictable. 

To overcome these limitations, a hybrid system combining 

both solar and wind energy is developed. 

In a solar–wind hybrid microgrid system, solar 

panels (photovoltaic cells) convert sunlight into electrical 

energy. These panels are usually installed on rooftops or open 

land where they receive maximum sunlight. On the other 

hand, wind turbines are used to convert the kinetic energy of 

wind into mechanical energy, which is then converted into 

electrical energy using a generator. Wind turbines can 

generate power both during the day and at night, depending 

on wind availability. In conclusion, a solar–wind hybrid 

microgrid system is a highly effective and sustainable 

solution for modern energy needs. By combining solar and 

wind energy, it ensures continuous power generation, 

improves energy efficiency, and supports environmental 

protection. As the world moves towards clean and renewable 

energy, such hybrid systems play a crucial role in achieving 

a reliable and sustainable energy future. 

In summary, a solar–wind hybrid microgrid system 

is a smart, efficient, and sustainable solution that combines 

multiple renewable energy sources with storage and control 

systems to ensure uninterrupted power supply. 

II. LITERATURE SURVEY 

The rapid increase in global energy demand, along with 

environmental concerns and the depletion of fossil fuels, has 

encouraged researchers to explore renewable energy-based 

solutions. Among these, the solar–wind hybrid microgrid 

system has gained significant attention due to its ability to 

provide clean, reliable, and sustainable power. Over the past 

few decades, many researchers have contributed to the 

development, analysis, and improvement of such systems. 

In the early stages of research, studies mainly 

focused on individual renewable energy sources such as solar 

photovoltaic (PV) systems and wind energy systems. 

However, it was observed that both solar and wind energy 

sources are intermittent in nature. Solar power generation 

depends on sunlight availability and is limited to daytime, 

while wind energy depends on wind speed, which is highly 

variable and unpredictable. Due to these limitations, 

researchers proposed combining both sources into a hybrid 

system to improve reliability and efficiency. 

Several studies have demonstrated that solar and 

wind energy have a complementary relationship. For 

example, solar energy is generally available during the 

daytime, whereas wind energy can be available during 

nighttime or cloudy weather conditions. By integrating both 

sources, hybrid systems can provide a more continuous and 

stable power supply. This concept became the foundation for 

the development of solar–wind hybrid microgrid systems. 

Many research papers have focused on the design 

and configuration of hybrid microgrids. These studies discuss 

different system architectures, including AC microgrids, DC 
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microgrids, and hybrid AC/DC microgrids. Each 

configuration has its own advantages and limitations. For 

instance, DC microgrids are more efficient for systems 

dominated by solar PV and battery storage, while AC 

microgrids are suitable for conventional loads and grid 

integration. Hybrid AC/DC systems combine the benefits of 

both and are considered more flexible and efficient. 

Recent research trends in this field include the 

development of smart microgrids. These systems use 

advanced technologies such as Internet of Things (IoT), real-

time monitoring, and data analytics to optimize energy 

generation and consumption. Smart microgrids can 

automatically adjust system operation based on demand and 

supply conditions, improving efficiency and reliability. 

Artificial intelligence and machine learning techniques are 

also being used for load forecasting and system optimization. 

Furthermore, many case studies have been 

conducted to analyze the practical implementation of solar–

wind hybrid microgrid systems. These case studies 

demonstrate the feasibility and effectiveness of hybrid 

systems in different geographical locations and 

environmental conditions. They also highlight the importance 

of proper system design, resource assessment, and 

maintenance for successful implementation. 

III. PROPOSED METHODOLOGY 

Working: The hybrid power system shown in the block 

diagram is a sophisticated grid-interactive hybrid renewable 

energy management setup that intelligently combines wind, 

solar, battery storage, and mains grid electricity to deliver 

reliable power to both DC loads (e.g., LED lights, DC motors, 

electronics) and AC loads (e.g., fans, refrigerators, pumps). 

 
Fig. 1: Block Diagram of Solar Wind Hybrid Microgrid System 

The brain of the entire system is the Power Control 

Microcontroller (Arduino or PIC), which continuously 

monitors voltages, currents, battery state-of-charge (SOC), 

load demand, and grid availability, then makes real-time 

decisions on power routing, switching, and protection. This is 

not a simple parallel connection of sources; it is a fully 

orchestrated DC-bus-based architecture with multiple power- 

flow paths, energy prioritization logic, and seamless fallback 

mechanisms. 

1) Power Sources and Initial Conversion Stage 

All energy sources are ultimately converted to a common DC 

bus (typically 12 V, depending on system scale) so that the 

microcontroller can treat them uniformly. 

Wind Turbine → DC-to-DC Converter A small-

scale wind turbine (usually a permanent-magnet synchronous 

generator or PMSG) produces variable-frequency AC whose 

voltage and frequency both rise with wind speed. An internal 

diode-bridge rectifier (not shown separately in the diagram) 

first converts this AC to pulsating DC. The external DC-to-

DC converter (almost always a buck-boost or SEPIC 

topology with MPPT algorithm) then performs two critical 

functions: – Maximum Power Point Tracking (MPPT): Wind 

power has a cubic relationship with speed (P ∝ v³). The 

MPPT algorithm (Perturb & Observe or Incremental 

Conductance) continuously adjusts the duty cycle of the DC-

DC converter to keep the turbine operating at the optimal tip-

speed ratio. – Voltage regulation: It steps the wildly 

fluctuating DC (e.g., 10–60 V) up or down to the stable DC-

bus voltage. Output is clean, regulated DC ready for the 

charge controller. 

Solar Cell → DC-to-DC Converter Photovoltaic 

(PV) panels produce DC whose voltage drops as irradiance 

falls or temperature rises. The DC-to-DC converter here is 

again an MPPT controller (usually boost or buck-boost). It 

tracks the maximum power point on the I-V curve of the panel 

array (typically using the same P&O algorithm) and forces 

the panels to deliver maximum watts instead of operating at 

the battery voltage (which would waste 20–40 % of available 

energy). Output is again regulated DC at the common bus 

level. 

Main Grid Supply → Rectifier The 230 V / 50 Hz 

(or 110 V / 60 Hz) single-phase AC mains is stepped down if 

needed and fed to a bridge rectifier (four diodes or a diode 

module) followed by a filter capacitor. This produces 

unregulated but relatively stable DC In most practical 

implementations, a PFC (Power Factor Correction) stage or a 

dedicated AC-DC SMPS module follows to produce clean, 

regulated DC matching the system bus voltage. The diagram 

shows this DC line feeding directly into the Power Control 

block, giving the microcontroller an always-available backup 

source. 

2) Charge Controller and Battery Storage 

The combined DC output from wind and solar DC-DC 

converters first enters the Charge Controller. This is not a 

simple on/off switch; modern controllers (especially MPPT 

types) contain their own microcontroller or dedicated IC that: 

a) Measures battery terminal voltage and current. 

b) Implements a three-stage charging algorithm (Bulk 

→ Absorption → Float) for lead- acid batteries or 
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CC/CV (Constant Current / Constant Voltage) for 

lithium-ion/LiFePO₄ packs. 

c) Prevents over-charging (which damages batteries) 

and deep discharge (which shortens life). 

d) Includes temperature compensation (charging 

voltage is reduced ~3 mV/°C per cell above 25 °C). 

e) Provides reverse-current blocking (via MOSFET or 

diode) so the battery cannot discharge back into the 

panels/turbine at night or in calm wind. 

3) From the charge controller, energy flows into the Storage 

Battery. This is the energy buffer: 

a) Stores surplus renewable power when generation > 

load. 

b) Supplies the load during night, cloudy days, or low 

wind. 

c) Acts as a ―shock absorber‖ so the microcontroller 

does not have to switch to grid instantly. Typical 

capacities range from 100 Ah to several thousand 

Ah at 12/24/48 V. The microcontroller constantly 

reads battery SOC via voltage sensing, current 

integration (coulomb counting), or a dedicated BMS 

(Battery Management System) for lithium packs. 

A direct line from the renewable DC-DC converters 

also bypasses the charge controller and feeds the Power 

Control block. This allows direct renewable-to-load power 

flow when the battery is full, reducing conversion losses. 

4) Central Intelligence: Power Control Microcontroller 

(Arduino) 

This is the most critical block. Whether implemented with an 

Arduino Mega (for ease of prototyping and many analog 

inputs) or a PIC microcontroller (for industrial robustness and 

lower cost in production), it performs the following deep-

level operations: 

Sensing Layer 

Multiple ADC channels read: – Voltage of 

renewable bus, battery, grid DC bus, DC load, and inverter 

input. – Current (via shunt resistors or Hall-effect sensors) on 

every major path. – Battery temperature, ambient 

temperature. – Optional: wind speed, solar irradiance (via 

anemometer/pyranometer). 

Decision / Control Logic (typically written in C/C++ 

or assembly) The firmware runs a priority- based state 

machine, refreshed every 10–100 MS 

Renewable Priority Mode (default): If renewable 

power (wind + solar) ≥ load demand, the microcontroller 

routes power directly from the DC-DC converters to the loads 

and simultaneously charges the battery with any excess. This 

is done via high-side MOSFET switches or relays controlled 

by GPIO pins. 

Battery Discharge Mode: If renewables < load, the 

microcontroller enables the battery- to-bus path (again via 

MOSFETs) and continues to draw from renewables. It 

continuously calculates remaining battery energy and stops 

discharge at a safe SOC (e.g., 20–30 % for lead-acid, 10 % 

for Li-ion) to prevent sulfation or lithium plating. 

Grid Backup Mode: When battery SOC falls below 

the low threshold and renewables are still insufficient, the 

microcontroller closes the relay/MOSFET connecting the 

rectified grid DC to the bus. This supplies the deficit instantly. 

Because everything is on a common DC bus, there is no 

phase-synchronization problem (unlike direct AC grid-tie 

inverters). 

Grid Failure / Islanding Mode: If the microcontroller 

detects loss of grid voltage on the rectifier output, it 

immediately opens the grid relay (anti-islanding protection) 

and relies solely on renewables + battery. The transition is 

sub-cycle (<20 ms) so loads do not notice (true UPS 

behaviours). 

Battery Charging from Grid (optional, if firmware 

allows): Some advanced implementations allow the 

microcontroller to charge the battery from grid DC when 

electricity tariffs are low (nighttime) or when renewables are 

chronically insufficient. This requires an additional 

bidirectional DC-DC stage (not shown in the basic diagram). 

Protection & Safety Layer 

Over-voltage / under-voltage lockout on every source and 

bus. 

Over-current shutdown with software fuse. 

Short-circuit detection. 

Thermal shutdown. 

Fault logging to EEPROM or SD card. 

User Interface & Communication (usually added on 

Arduino/PIC) LCD/OLED display showing real-time 

voltages, currents, SOC, power from each source, daily 

energy yield. Optional IoT module (ESP8266/ESP32) for 

remote monitoring MQTT. 

5) Output Stages 

DC Load: Fed directly from the regulated DC bus after the 

Power Control block. No further conversion needed. The 

microcontroller can also PWM-dim or switch individual DC 

loads for energy saving. 

Inverter → AC Load: The DC bus is fed to a pure 

sine-wave inverter (typically H- bridge with SPWM – 

Sinusoidal Pulse Width Modulation at 10–20 kHz). The 

microcontroller can: – Enable/disable the inverter via a 

control pin. – Monitor inverter input voltage and current to 

prevent overload. – Synchronize with grid frequency if the 

system ever operates in grid-tie mode (advanced firmware). 

The inverter converts the DC back to 230 V / 50 Hz 

AC with <5 % THD, suitable for all household/industrial AC 

appliances.   

6) Power-Flow Scenarios (Real-World Operation) 

Scenario A – Sunny & Windy Day, Light Load Wind + solar 

DC-DC converters produce excess. Charge controller fills 

battery → once full, excess is routed directly to loads via 

Power Control block. Grid and inverter may be completely 

off → zero grid draw. 

Scenario B – Night, Moderate Wind, Medium Load 

Solar = 0. Wind provides partial power. Microcontroller 

supplements from battery. If wind drops, battery takes over 

until SOC limit, then grid is engaged. 

Scenario C – Grid Outage (Storm) Rectifier output 

voltage collapses → microcontroller opens grid relay 

instantly. System runs entirely on wind + solar + battery. 

Loads continue uninterrupted. 

Scenario D – Battery Full, High Renewable, High 

Load Direct renewable-to-load path is maximized; battery is 

isolated to avoid unnecessary cycling. 

Scenario E – All Sources Low, Battery Depleted 

Microcontroller forces grid-only mode and may send an alert 

(SMS/buzzer) that renewable contribution is zero. 
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IV. ACTUAL MODEL 

 
Fig. 2: Model of Solar Wind Hybrid Microgrid System 

Working: - The model operates by generating electricity from 

renewable energy sources such as solar and wind, storing this 

energy in a battery, and then supplying power to both DC and 

AC loads through a controlled system. Even when renewable 

sources are not available, the system continues to function by 

using the stored battery energy or switching to grid supply, 

ensuring uninterrupted operation. In the model, energy 

generation takes place through both solar and wind sources. 

When light falls on the solar panel, it produces DC voltage, 

which is then sent to a DC-DC converter or charge controller 

for further use. In practical demonstration, when sunlight or 

a torch is directed onto the panel, the system begins 

generating power. Similarly, the wind turbine generates 

electricity when air flows over its blades. The rotation of the 

turbine, caused by wind or a fan, produces electrical energy, 

which contributes to the overall system output. 

Since the power generated from solar and wind 

sources is not stable and varies with environmental 

conditions, it is passed through DC-DC converters. These 

converters regulate and stabilize the voltage, match it to the 

required level, and protect the system from fluctuations. This 

ensures smooth and reliable operation of the model under 

varying input conditions. All the generated power is directed 

to the battery through a charge controller. The battery stores 

energy when generation is available and supplies it when 

generation is low. The charge controller plays an important 

role by preventing overcharging, maintaining proper voltage 

levels, and improving battery life. In the model, the charging 

status is often indicated by LEDs, showing when the battery 

is being charged. 

The system is controlled by a microcontroller, such 

as an Arduino, which acts as the brain of the model. It 

continuously monitors important parameters like voltage 

levels, battery charge, and power availability. Based on these 

inputs, it controls the switching between different energy 

sources, manages load supply, and ensures system 

protection. For example, if solar power is available, the 

system uses it; if not, but the battery is charged, it switches to 

battery power; and if the battery is low, it can switch to grid 

supply if connected. The generated and stored power is then 

supplied to loads. DC loads such as LEDs and small motors 

are powered directly from the battery, and their operation can 

be observed when LEDs glow, indicating that DC output is 

working. For AC loads, an inverter is used to convert DC 

power from the battery into AC power. In the model, this can 

be demonstrated using a small AC bulb or device, showing 

that AC output is functioning properly. 

Additionally, if the model includes grid backup, AC 

supply from the grid is provided and converted into DC using 

a rectifier. This DC power is then used to charge the battery 

and supply loads when renewable energy sources are not 

available. In this way, the system ensures continuous and 

reliable power supply under all conditions. The model 

operates by generating electrical energy from renewable 

sources such as solar and wind, storing this energy in a 

rechargeable battery, and then supplying power to both DC 

and AC loads through a controlled and intelligent system. The 

main objective of this model is to ensure a continuous and 

reliable power supply under all conditions. Even when 

renewable sources are not available, the system continues to 

operate by using stored battery energy or by switching to grid 

supply, which makes the system dependable and efficient. 

In the model, energy generation is achieved through 

solar and wind sources working together. When sunlight falls 

on the solar panel, it converts solar energy into DC electrical 

energy. This generated voltage is then sent to a DC-DC 

converter or charge controller for regulation. During 

demonstration, when sunlight or a torch is directed onto the 

panel, the system immediately starts producing power. 

Similarly, the wind turbine generates electricity when air 

flows over its blades. The movement of air, either naturally 

or through a fan, causes the turbine to rotate, and this 

mechanical motion is converted into electrical energy. This 

allows the system to generate power even when sunlight is 

not available, such as during nighttime or cloudy conditions. 

Since the output from both solar and wind sources is 

not constant and varies with environmental conditions, it 

cannot be directly used in the system. Therefore, the power 

generated is passed through DC-DC converters, which play a 

crucial role in stabilizing the voltage and adjusting it to the 

required level. These converters also protect the system from 

voltage fluctuations and ensure a smooth and continuous 

power flow. This step is very important for maintaining the 

overall stability and efficiency of the system. All the 

regulated power is then directed to the battery through a 

charge controller. The battery acts as an energy storage 

device, storing excess energy when generation is high and 

supplying energy when generation is low. The charge 

controller ensures that the battery is charged safely by 

controlling the voltage and current. It prevents overcharge, 

which can damage the battery, and prevents deep discharge, 

which can reduce battery life. In the model, LED indicators 

are often used to show the charging status, making it easy to 

understand the operation during demonstration. 

The entire system is controlled by a microcontroller, 

such as an Arduino, which acts as the brain of the project. It 

continuously monitors various parameters like voltage levels, 

battery condition, and availability of power sources. Based on 

this information, it makes decisions and controls the switch 

between solar, wind, battery, and grid supply. For example, 
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when solar power is available, the system uses it as the 

primary source. If solar power is not available but the battery 

is charged, it switches to battery supply. If both renewable 

sources and battery power are insufficient, it switches to grid 

supply. This automatic control ensures efficient energy 

utilization and eliminates the need for manual operation. The 

stored and generated power is then supplied to different types 

of loads. DC loads such as LEDs and small motors are 

powered directly from the battery, which increases efficiency 

by reducing conversion losses. The operation of DC loads can 

be easily observed in the model when LEDs glow, indicating 

that power is being supplied. For AC loads, an inverter is used 

to convert the DC power from the battery into AC power. This 

allows the system to operate common household appliances. 

In the model, this can be demonstrated by connecting a small 

AC bulb or device, showing that the inverter is working 

properly. 

V. COMPONENTS USED 

A. Arduino Nano:  

The working of the Arduino Nano begins with sensing the 

electrical parameters of different sources. Since the voltages 

from the solar panel, wind turbine, and battery are higher 

than what the Arduino can directly handle, voltage sensing 

circuits such as voltage dividers are used to scale these 

voltages down to a safe level. These scaled signals are then 

fed into the analog input pins of the Arduino Nano, allowing 

it to monitor the real-time condition of each energy source. 

Once the Arduino receives these input signals, it processes 

them according to a pre-programmed control algorithm. This 

algorithm is designed to make decisions based on the 

availability and condition of different energy sources. For 

example, when sufficient sunlight is available, the Arduino 

detects an adequate voltage from the solar panel and gives 

priority to solar energy. It allows the solar power to supply 

the load and simultaneously charge the battery. If solar 

energy becomes insufficient, such as during cloudy 

conditions or at night, the Arduino checks the wind energy 

input. If wind energy is available, it automatically switches 

the system to utilize power from the wind turbine. In 

situations where both solar and wind sources are not 

available, the Arduino then evaluates the battery status. If the 

battery is charged, it allows the battery to supply power to the 

loads. However, if the battery level falls below a certain 

threshold, the Arduino activates the grid supply by 

controlling the rectifier section, ensuring that the loads 

continue to receive power without interruption. 

 
Fig. 3: Arduino Nano 

In the solar–wind hybrid microgrid system, the 

Arduino Nano works as the central intelligence that manages 

the entire operation of the project. It continuously interacts 

with all parts of the system, including the solar panel, wind 

turbine, battery, grid supply, and loads, to ensure smooth and 

efficient power flow.  

B. Solar panel:  

In the solar–wind hybrid microgrid project, the solar panel 

works by converting sunlight into electrical energy using the 

photovoltaic effect. When sunlight falls on the surface of the 

solar cells, it generates DC (direct current) power. The 

amount of power produced depends on the intensity of 

sunlight, so the output can vary during different times of the 

day or weather conditions. Since the output of the solar panel 

is not stable, it is passed through a converter or charge 

controller to regulate the voltage and make it suitable for use. 

This regulated power is then used to charge the battery and 

supply power to the loads. The Arduino Nano monitors the 

solar output and gives it priority whenever available, ensuring 

efficient use of renewable energy in the system. 

 
Fig. 4: Solar panel 12v 

C. Charge Controller:  

In the solar–wind hybrid microgrid project, the charge 

controller works as a regulating unit between the energy 

sources (solar panel and wind turbine) and the battery. It 

receives the generated power and controls how it is supplied 

to the battery for charging. When the battery is in a low or 

partially charged condition, the charge controller allows 

current to flow and ensures that the battery is charged with 

the correct voltage and current. As the battery becomes fully 

charged, the charge controller limits or stops the charging 

process to prevent overcharging, which can damage the 

battery. It also protects the battery from deep discharge by 

disconnecting the load when the voltage drops below a safe 

level. In this way, the charge controller ensures safe, efficient, 

and long-lasting operation of the battery and maintains proper 

energy flow in the system. 

 
Fig. 5: Charge Controller 

D. Rechargeable Battery:  

In the solar–wind hybrid microgrid project, the rechargeable 

battery works as an energy storage unit that stores electrical 

generated from the solar panel and wind turbine. When 

renewable energy sources produce more power than required 

by the load, this excess energy is stored in the battery in 
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chemical form. This stored energy can then be used later 

when the generation from solar and wind is low or 

unavailable, such as during nighttime or low wind conditions.  

During operation, when there is no sufficient power 

from renewable sources, the battery supplies the stored 

energy to the loads, ensuring continuous power supply. The 

battery also helps in maintaining a stable voltage in the 

system and acts as a backup source  

E. LCD Display (16x2 LCD):  

 
Fig. 6: LCD Display 6x2 LCD 

A 16×2 LCD is a display device used to show text in 

electronic projects. It can display 16 characters in one line and 

has 2 lines, so it can show a total of 32 characters at a time. It 

is mainly used to show messages, sensor values, or system 

status. The LCD is connected to the Arduino using its pins. It 

needs power supply, control pins, and data pins to work. The 

Arduino sends commands and data to the LCD to display text. 

Commands are used to control the LCD (like clearing the 

screen or moving the cursor), while data is the actual text we 

want to show. 

When the Arduino runs the program, it sends signals 

to the LCD. The LCD receives these signals and shows the 

characters on the screen. It keeps updating the display as new 

data comes from the Arduino. In simple words, a 16×2 LCD 

takes data from Arduino and shows it on the screen, so the 

user can easily see the output or system information. 

F. Relay: 

 
Fig. 7: Relay module 

In the solar–wind hybrid microgrid project, the relay works 

as an electrically operated switch that controls the connection 

between different power sources and the loads. Since the 

Arduino Nano operates at low voltage and cannot directly 

handle high-power circuits, the relay acts as an interface 

between the control system and the power system. When the 

Arduino sends a signal (HIGH or LOW) to the relay module, 

it energizes the internal coil of the relay, which then changes 

the position of its contacts. This allows the relay to turn ON 

or OFF the connection of a particular power source such as 

solar, wind, battery, or grid supply. The relay plays an 

important role in automatic switching power sources. Based 

on the availability of energy, the Arduino activates the 

appropriate relay to connect the selected source to the load. 

For example, if solar power is available, the relay connects 

the solar supply to the system. If solar is not available, the 

relay switches to wind or battery power. In case both 

renewable sources are unavailable, another relay may connect 

the grid supply. This switching happens quickly and 

automatically without manual operation. Additionally, the 

relay also helps in protecting the system and controlling the 

loads. It can disconnect the load when the battery voltage is 

too low or during fault conditions, preventing damage to the 

components. In your project model, the operation of the relay 

can often be observed by a clicking sound when switching 

occurs, indicating that the system is actively managing power 

flow. Overall, the relay works as a key switching device that 

enables safe, automatic, and efficient control of power 

distribution in the solar–wind hybrid microgrid system. 

G. Inverter:  

In the solar–wind hybrid microgrid project, the inverter works 

as a power conversion device that converts DC (direct 

current) from the battery into AC (alternating current), which 

is required for operating common electrical appliances. Since 

the energy generated by the solar panel and wind turbine is 

stored in the battery in DC form, it cannot directly run AC 

loads such as fans, bulbs, or household devices. Therefore, 

the inverter is used to convert this DC power into AC with 

the required voltage and frequency. During operation, when 

the system needs to supply power to AC loads, the inverter 

takes DC input from the battery and uses electronic switching 

circuits to generate an alternating waveform. 

 
Fig. 8: Inverter- 12v/24v dc to ac 

This converted AC power is then supplied to the 

connected loads. The Arduino Nano and relay system help in 

controlling when the inverter should operate, depending on 

load demand and power availability. In this way, the inverter 

enables the system to support both DC and AC loads, making 

the hybrid microgrid more practical and suitable for real-

world applications. Additionally, the inverter helps in 

maintaining stable and usable power output by regulating 

voltage and frequency to safe levels for appliances. It ensures 

smooth operation of devices without fluctuations or 

interruptions. In advanced designs, the inverter may also 

include protection features such as overload protection, short 

circuit protection, and low battery cut-off. This improves the 

overall safety and efficiency of the system, making the 
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inverter an essential component in delivering reliable AC 

power from renewable energy sources. 

H. DC Generator:  

In the solar–wind hybrid microgrid project, the DC generator 

is mainly used in the wind energy section to convert 

mechanical energy into electrical energy. When the wind 

turbine blades rotate due to the flow of air, this rotational 

motion is transferred to the shaft of the DC generator. As the 

shaft rotates, it creates magnetic interaction inside the 

generator, which produces electrical energy based on 

electromagnetic induction. This generated output is in the 

form of DC (direct current), which is suitable for charging the 

battery and supplying the DC bus of the system. 

 
Fig. 10:  DC Generator 

The output of the DC generator is not constant 

because it depends on the speed of rotation of the turbine. 

Higher wind speed results in higher rotation and more 

electrical output, while low wind speed produces less power. 

Therefore, the generated DC power is usually passed through 

a converter or charge controller to stabilize the voltage before 

it is used in the system. The regulated power is then either 

stored in the battery or supplied to the loads, depending on 

the system condition. Overall, the DC generator works as an 

energy conversion device in the project, transforming wind 

energy into usable electrical energy and contributing to the 

continuous and efficient operation of the hybrid microgrid 

system. 

I. Voltage Sensor (INA219): 

A voltage sensor is used to measure the voltage level in an 

electrical circuit. It helps us to know whether the voltage is 

normal, too high, or too low. This is important for protecting 

devices and checking the condition of the system. The voltage 

sensor is connected across the circuit where we want to 

measure voltage. Most voltage sensors work using a voltage 

divider principle. Since Arduino can only handle low voltage 

(0 to 5V), the sensor reduces the high voltage into a smaller 

and safer value. This reduced voltage is then sent to the 

Arduino through an analog pin. The Arduino reads this value 

and converts it into a digital number using its internal 

converter. After that, it calculates the actual voltage using a 

formula in the program. In simple words, a voltage sensor 

reduces high voltage to a safe level, sends it to the Arduino, 

and helps the system measure and monitor voltage easily. 

 
Fig. 11: Voltage Sensor INA219 

VI. RESULTS 

The solar–wind hybrid microgrid system demonstrates a 

highly efficient and reliable method of generating and 

managing electrical power using multiple energy sources. 

The results of this project clearly show that combining solar 

and wind energy improves overall power generation 

compared to using a single source. During daytime, the solar 

panel produces sufficient DC power when sunlight is 

available, and this energy is used to supply the loads as well 

as charge the battery. In conditions where sunlight is weak or 

unavailable, such as in the evening or during cloudy weather, 

the wind turbine contributes to power generation, ensuring 

that the system continues to operate effectively. This 

complementary nature of solar and wind energy enhances 

system reliability and ensures better utilization of natural 

resources. Another important result observed in the project is 

the effective operation of the battery storage system. The 

battery successfully stores excess energy generated from 

solar and wind sources and supplies it to the loads when 

generation is low. This ensures continuity of power supply 

without interruption. The charge controller plays a key role in 

maintaining proper charging and discharging cycles, 

protecting the battery from overcharging and deep discharge. 

As a result, the battery operates safely and efficiently, which 

increases its lifespan and improves the overall performance 

of the system. The system also shows stable voltage output, 

which is essential for protecting connected electrical devices.  

The Arduino Nano-based control system also shows 

excellent results in automatic operation and energy 

management. It continuously monitors the voltage levels of 

solar, wind, and battery, and intelligently switches between 

different power sources depending on availability. This 

automatic switching ensures that the most efficient and 

available source is always used, reducing energy wastage. 

The system responds quickly to changing environmental 

conditions, such as sudden reduction in sunlight or wind 

speed, and maintains a stable power supply to the loads. This 

proves that the system can operate in real-time without 

manual intervention. Furthermore, the project demonstrates 

that both DC and AC loads can be powered effectively. DC 

loads receive power directly from the battery or DC bus, 

resulting in higher efficiency due to reduced conversion 

losses. AC loads are powered through an inverter, which 

successfully converts DC into AC with stable output. The 

system maintains proper voltage and frequency levels for AC 

loads, proving its capability to handle practical household or 

small industrial appliances.  

Another significant result is the reduction in 

dependency on conventional grid electricity. The system 

minimizes the use of grid power by prioritizing renewable 
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sources, which helps in saving energy costs and reducing 

electricity bills. However, when both renewable sources and 

battery power are insufficient, the grid supply acts as a 

reliable backup, ensuring uninterrupted operation. This 

hybrid approach makes the system highly dependable and 

suitable for areas with unstable or limited grid supply. In 

addition, the system shows good efficiency in energy 

utilization with minimal power loss during conversion and 

transmission. The coordinated operation of all components 

results in smooth power flow and better system performance. 

It also highlights the environmental benefit by reducing 

carbon emissions and promoting clean energy usage. The 

successful integration of solar, wind, battery storage, and 

intelligent control proves that such systems are not only 

technically feasible but also economically and 

environmentally beneficial. 

VII. CONCLUSION 

The solar–wind hybrid microgrid system presented in this 

project proves to be an efficient, reliable, and sustainable 

method of generating electrical power using renewable 

energy sources. By combining solar and wind energy, the 

system overcomes the limitations of using a single source and 

ensures continuous power generation under different 

environmental conditions. Solar energy is effectively utilized 

during daytime, while wind energy supports the system 

during low sunlight or nighttime, making the overall system 

more dependable and balanced. 

A key achievement of this project is the successful 

integration of energy generation, storage, and intelligent 

control. The rechargeable battery plays a vital role by storing 

excess energy and supplying power when generation is 

insufficient. The charge controller ensures safe charging and 

discharging of the battery, preventing overcharging and deep 

discharge, which increases battery life and system reliability. 

The Arduino Nano-based control system adds automation by 

continuously monitoring system parameters and 

automatically switching between solar, wind, battery, and 

grid supply based on availability and demand. This reduces 

manual intervention and improves overall efficiency.  

VIII. FUTURE SCOPE 

The future scope of the solar–wind hybrid microgrid system 

is very broad and promising as the world is rapidly shifting 

towards renewable and sustainable energy solutions. One of 

the major improvements in future lies in the integration of 

advanced digital technologies such as IoT, cloud computing, 

and real-time data monitoring systems. These technologies 

will allow users to monitor and control the system remotely 

through smartphones or computers, making the system more 

user-friendly and efficient. Real-time data analysis will also 

help in identifying faults quickly and improving overall 

system performance. 

Another important area of development is the use of 

advanced power electronics and control techniques. 

Technologies like Maximum Power Point Tracking (MPPT) 

can be implemented to extract maximum possible energy 

from solar panels and wind turbines under all environmental 

conditions. More efficient inverters and converters can be 

used to reduce energy losses and improve system efficiency. 

Additionally, the use of smart energy management systems 

will allow better coordination between generation, storage, 

and consumption, ensuring optimal utilization of available 

energy. 

Energy storage systems will also see significant 

advancements in the future. Instead of traditional lead-acid 

batteries, modern storage technologies such as lithium-ion 

batteries, solid-state batteries, and supercapacitors can be 

used. These offer higher efficiency, longer life, faster 

charging, and reduced maintenance. Integration of hybrid 

storage systems (combining batteries and supercapacitors) 

can further enhance performance and reliability.  

The scalability of the system provides another strong 

future scope. The current project model can be expanded to 

power entire residential complexes, commercial buildings, 

villages, and small industries. 
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