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Abstract 
 

This project, conducted at the Department of Electrical Engineering, Ahmadu 

Bello University, Zaria, focuses on the design, hybridization, and analysis of an 

islanded microgrid system. The study begins with an evaluation of the 

performance of an existing standalone solar (PV) system. It then explores the 

integration of a wind energy system to form a hybrid energy system, enhancing 

reliability and efficiency. A key component of this project is the integration of a 

data acquisition system for real-time monitoring of weather conditions, 

including solar irradiance, wind speed, temperature, and humidity, alongside 

load profiling. Additionally, a data storage system is implemented to facilitate 

future referencing and analysis. This comprehensive approach aims to optimize 

the hybrid microgrid's performance, ensuring a stable and sustainable energy 

supply in off-grid settings.  

Keywords:  Islanded Microgrid, Hybrid PV-Wind System, Data Acquisition, 

Energy Storage Systems, Renewable Energy Integration, Microgrid Control 

Strategies, Load Profiling 
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INTRODUCTION  

The global energy landscape is undergoing a fundamental transformation, driven by the 

urgent need to combat climate change, reduce dependency on fossil fuels, and ensure 

sustainable and reliable electricity access. Renewable energy technologies, particularly solar 

and wind, have emerged as key solutions in addressing these challenges. Both solar 

photovoltaic (PV) and wind energy systems offer clean, inexhaustible sources of power, but 

their intermittent and variable nature poses challenges for energy reliability, especially in 

remote or off-grid regions. In such areas, microgrid systems have become increasingly 

popular as a means to provide stable and resilient electricity through the integration of 

distributed generation sources. 

An islanded microgrid, or off-grid system, is one that operates independently from the 

main utility grid. These systems are particularly important in remote areas where grid 

extension is impractical or too costly. They provide an opportunity to enhance energy 

access, reduce dependency on imported fuels, and promote the use of local renewable 

resources (Liu et al., 2019). The integration of hybrid renewable energy systems, which 

combine different sources such as solar PV and wind, has proven to be an effective 

strategy for improving the reliability and efficiency of islanded microgrids (Oudih et al., 

2020). While solar energy is abundant during daylight hours and in sunny climates, wind 

energy can be available day and night, thus making wind and solar power complementary 

to each other. Together, they provide a more balanced and reliable power supply. 

The challenge of intermittency, where the availability of solar and wind energy fluctuates 

due to changing weather conditions, can be mitigated by adding energy storage systems 

(ESS) to the microgrid. These systems store excess energy during periods of high 

generation and release it during periods of low generation, ensuring that the energy supply 

remains stable even when renewable generation is insufficient (Zhao et al., 2020). This 

makes the combination of hybrid renewable energy sources and energy storage an ideal 

solution for off-grid regions, offering a consistent and sustainable energy supply. 

Another key component of modern microgrid systems is data acquisition. The integration 

of real-time data acquisition systems enables constant monitoring and analysis of critical 

environmental variables such as solar irradiance, wind speed, temperature, and humidity. 

This data is invaluable for understanding the performance of the microgrid and making 

data-driven decisions to optimize energy generation, consumption, and storage. The ability 
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to profile the energy demand (load profiling) and adjust the energy distribution accordingly 

can enhance the efficiency of the microgrid and help in identifying potential issues before 

they affect the system’s operation (Nema et al., 2017). 

Moreover, advanced control strategies are essential to ensure seamless integration of the 

various components in a hybrid microgrid. These strategies involve managing the output 

from both the solar and wind systems, coordinating energy storage, and optimizing the 

overall energy flow to meet the local load demand. By utilizing predictive algorithms and 

real-time data inputs, these systems can adjust to varying conditions dynamically, ensuring 

both optimal energy use and minimal energy wastage (Al-Sumaiti et al., 2018). 

Despite the clear advantages of hybrid PV-wind systems and their associated technologies, 

the design and operation of these systems require careful consideration of various factors, 

including local climate conditions, load profiles, and the available resources for energy 

storage. Furthermore, integrating a data acquisition system that continuously monitors 

weather conditions and system performance allows for better decision-making and future 

improvements. The importance of such systems is further underscored by the need for 

efficient, cost-effective solutions that do not compromise the environment or economic 

feasibility (Melo et al., 2019). 

This project aims to design, model, and analyze a hybrid PV-wind microgrid system with 

integrated data acquisition and energy storage capabilities. By evaluating an existing 

standalone PV system and exploring the integration of wind energy, the study will assess 

the performance of the hybrid system under various environmental and operational 

conditions. In addition, the project will explore the effectiveness of the data acquisition 

system in real-time monitoring and provide recommendations for improving system 

design, performance, and reliability. The results of this study will contribute to the ongoing 

efforts to advance sustainable, off-grid energy solutions, particularly in rural and remote 

communities. 

The focus of this research is not only on optimizing energy generation from hybrid 

renewable sources but also on integrating the necessary infrastructure to ensure the long-

term sustainability of the system. This holistic approach, combining renewable energy 

generation, storage, and monitoring, offers a pathway to realizing more resilient and self-

sufficient microgrid solutions worldwide. 
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Literature Review 

Microgrids are localized energy systems that can operate either independently or in 

coordination with the main grid. Islanded microgrids, which function autonomously, are 

particularly relevant in remote or off-grid locations where centralized grid access is 

unfeasible (Liu et al., 2019). They offer enhanced energy reliability and resilience by 

utilizing locally available renewable energy resources such as solar, wind, and biomass 

(Baker et al., 2020). A hybrid microgrid integrates multiple renewable energy sources to 

mitigate the intermittency of individual systems, ensuring more stable and reliable energy 

output (Oudih et al., 2020). Hybrid systems, specifically combining solar PV and wind 

energy, have gained attention for their complementary characteristics. Solar power typically 

peaks during the day while wind energy often reaches its highest potential at night or 

during cloudy weather, thus ensuring continuous energy availability (Ahmed et al., 2020). 

The integration of these two resources can enhance the efficiency and reliability of the 

microgrid system, especially in areas with variable weather conditions (Sathyajith et al., 

2020). Photovoltaic (PV) systems are a key component of hybrid energy systems in 

microgrids. These systems convert solar energy into electricity using semiconductor 

materials, with their performance heavily dependent on factors such as solar irradiance and 

temperature (Yamamoto et al., 2021). PV systems are favored for their low operating costs, 

scalability, and ease of integration into microgrids (Kumar et al., 2018). However, their 

intermittent nature due to varying sunlight levels—can create challenges in maintaining a 

consistent power supply. 

Recent studies have focused on improving the efficiency of PV systems in hybrid settings. 

For instance, Gielen et al. (2020) discussed the advancement of high-efficiency solar panels 

and their integration into hybrid energy systems. Zhao et al. (2020) proposed various 

optimization strategies for sizing PV arrays in off-grid settings to maximize energy 

production while minimizing costs. However, despite these improvements, the reliance on 

sunlight means that solar energy alone often cannot meet the full energy demands of a 

community, especially during cloudy periods or at night. Wind energy also plays a 

complementary role in hybrid systems, addressing the intermittency issues associated with 

solar PV. Wind turbines can generate electricity even when solar generation is low, 

especially at night or during overcast days (Gonzalez et al., 2017). Wind turbines, however, 

also face challenges, including fluctuations in wind speed and varying seasonal patterns that 
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affect their output. As such, efficient forecasting and performance monitoring are critical in 

hybrid systems (Sathish et al., 2018). 

Melo et al. (2019) explored the integration of wind energy with PV systems, concluding 

that the combination of both can enhance the overall reliability and cost-effectiveness of 

the energy supply. However, wind energy generation is highly sensitive to local wind 

conditions, which means that system optimization must take local climate factors into 

account (Gonzalez et al., 2020). Energy storage systems (ESS) are integral to hybrid PV-

wind microgrids, allowing excess energy generated during peak renewable production times 

to be stored for later use. Batteries, especially lithium-ion and flow batteries, are commonly 

used in such systems due to their high energy density and efficiency (Zhao et al., 2020). 

Storage helps manage periods of low renewable generation, ensuring a continuous and 

stable power supply. Bhowmik et al. (2019) provided a comprehensive review of various 

ESS technologies, highlighting their advantages and limitations. Lithium-ion batteries, while 

highly efficient, are often costly, and their lifespan can be limited by charge/discharge 

cycles. Flow batteries, on the other hand, offer longer cycle life and scalability but are less 

efficient in comparison (Gonzalez et al., 2020). The optimization of ESS, including its 

sizing, integration, and management, is crucial for ensuring that stored energy is used 

effectively and that the storage system does not become a bottleneck in the overall system 

performance (Al-Sumaiti et al., 2018). A data acquisition system (DAQ) plays a vital role in 

monitoring and controlling hybrid energy systems. DAQ systems collect data on various 

environmental and system parameters, including solar irradiance, wind speed, temperature, 

humidity, and energy production. Real-time data helps to optimize energy generation and 

storage and ensures that the system is operating efficiently (Zhang et al., 2019). 

Zhao et al. (2020) explored the use of IoT-based data acquisition systems for microgrids, 

enabling real-time monitoring and control of renewable energy systems. The integration of 

sensors and communication networks allows for the continuous collection and 

transmission of data to a central system, where it can be analyzed to make decisions on 

load balancing, storage charging, and energy dispatch (Rosenberg et al., 2017). 

However, challenges persist in terms of data accuracy, integration with existing 

infrastructure, and the high cost of advanced DAQ systems. Mohan et al. (2020) proposed 

that cloud-based systems could be used to store and analyze large datasets from hybrid 

microgrids, allowing for predictive analytics and performance optimization. Energy 
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management systems (EMS) are essential for efficiently managing the interaction between 

multiple energy sources (solar, wind, storage) and the load demand in hybrid microgrids. 

EMS algorithms help prioritize energy sources, control storage charging and discharging, 

and optimize energy distribution to reduce costs and improve system reliability. 

Recent studies on EMS have focused on the development of optimization-based control 

strategies. Al-Sumaiti et al. (2018) presented a model predictive control (MPC) approach 

for hybrid energy systems, optimizing energy dispatch and minimizing fuel consumption in 

off-grid environments. Sathyajith et al. (2020) emphasized the use of fuzzy logic controllers 

(FLC) in hybrid microgrids, enabling adaptive control based on real-time inputs from the 

DAQ system. 

Moreover, Oudih et al. (2020) explored multi-agent systems (MAS) for distributed control, 

where individual microgrid units can communicate and share information to optimize the 

overall energy management. These systems are essential for ensuring that all components 

(generation, storage, and load) work harmoniously together in a hybrid microgrid. Case 

studies on hybrid PV-wind microgrids have shown promising results in improving energy 

access and sustainability in remote areas. Baker et al. (2020) evaluated a hybrid PV-wind 

system in an off-grid village, demonstrating a significant reduction in reliance on diesel 

generators and improvements in energy efficiency. Similarly, Gielen et al. (2020) conducted 

a case study of a hybrid system in a rural area of Southeast Asia, showing that such systems 

could provide a reliable and cost-effective energy solution 

 

DISCUSSION 

Integration Of a Wind Energy System to Form a Hybrid Energy System: Enhancing 

Reliability and Efficiency 

The integration of a wind energy system with other renewable energy sources, such as solar 

power, forms a hybrid energy system that significantly enhances both the reliability and 

efficiency of energy supply, particularly in off-grid or remote areas 

1. Complementary Nature of Solar and Wind Energy 

Intermittency Mitigation: Both solar and wind energy sources are intermittent, meaning 

they do not generate electricity continuously. Solar energy is dependent on sunlight, while 

wind energy depends on wind speeds, both of which fluctuate throughout the day and 
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across seasons. By integrating wind energy with a solar photovoltaic (PV) system, these 

fluctuations can be balanced, reducing the impact of intermittency. When solar power 

generation decreases (e.g., during cloudy days), wind generation may still provide power, 

and vice versa. This complementary nature ensures a more stable and continuous energy 

supply. 

Temporal Diversity: Wind energy often peaks at night or during certain weather conditions, 

while solar energy is generated primarily during the day. By combining these two resources, 

the hybrid system can provide power almost around the clock, maximizing the available 

energy and reducing gaps in supply. For example, a wind turbine can generate electricity 

when solar energy is not available, such as during nighttime or cloudy weather, while solar 

panels will produce energy during the day when wind generation might be low. 

 

2. Improved System Reliability 

Reduced Downtime: A hybrid system with both wind and solar power increases the 

reliability of the energy supply. In isolated or off-grid areas, having only one energy source 

(e.g., solar) could lead to periods of low generation, resulting in power shortages. However, 

by integrating wind energy, the likelihood of extended periods without power decreases. 

Wind power can compensate for solar generation during cloudy weather or at night, 

ensuring a continuous energy supply to meet the demand. 

Stabilized Output: Wind and solar resources behave differently under varying weather 

conditions. The output of a solar panel is directly correlated to sunlight levels, while wind 

turbine output depends on wind speed, which can vary independently of sunlight. By 

combining the two, a hybrid system reduces the likelihood of total system shutdowns or 

blackouts, as the variability of one source can be offset by the other. This contributes to 

grid stability and reduces the need for backup fossil fuel-based generation. 

 

3. Increased Efficiency of Energy Generation 

Optimized Energy Generation: A hybrid PV-wind system optimizes energy generation by 

utilizing both resources in parallel. With both technologies, the system can capture energy 

from different sources under different conditions, maximizing overall generation efficiency. 

For example, during the day when sunlight is abundant, the solar panels will generate the 
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majority of the energy, while the wind turbine may still contribute during the evenings or 

during windy weather. 

Higher Capacity Factor: The capacity factor (the ratio of actual energy output to the 

maximum possible output) of a hybrid system is typically higher than that of standalone 

systems. Solar systems alone tend to have a lower capacity factor because of the 

dependence on sunlight, and wind turbines have a lower capacity factor due to inconsistent 

wind speeds. However, by integrating both, the hybrid system has a higher overall capacity 

factor because both sources complement each other and help to fill the gaps in energy 

production. 

 

4. Sustainability and Environmental Benefits 

Reduced Carbon Emissions: The primary advantage of hybrid renewable energy systems is 

their environmental sustainability. By integrating wind energy with solar power, these 

systems significantly reduce or eliminate the need for fossil fuels. Wind and solar energy 

systems produce no direct emissions, contributing to the reduction of greenhouse gases 

and other pollutants. As a result, the hybrid system helps to mitigate climate change while 

providing a sustainable, clean energy supply. 

Renewable Resource Utilization: By harnessing both wind and solar resources, a hybrid 

system maximizes the use of available renewable resources, leading to a more sustainable 

energy infrastructure. This is particularly important in remote areas where energy 

infrastructure may be limited or nonexistent, as it provides a reliable and renewable 

solution without relying on non-renewable resources. 

 

5. Energy Storage Integration 

Efficient Use of Energy Storage: A key feature of hybrid PV-wind systems is the 

integration of energy storage (typically batteries). Energy storage systems are crucial for 

managing the variability of both solar and wind power. During times of excess generation, 

the system can store energy in batteries for use during low-generation periods. This helps 

to smooth out fluctuations in renewable energy generation, ensuring that the system can 

meet the demand at all times. 
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Optimization of Storage Charging and Discharging: The integration of wind and solar 

energy allows for more optimized use of energy storage. For example, when solar 

generation is high, the storage system can be charged, and when wind power is available, 

the storage can provide energy. The combination of these two renewable resources means 

that the storage system is used more efficiently, avoiding overcharging or deep discharging, 

which can reduce the lifespan of the storage system. 

 

Integration of a Data Acquisition System for Real-Time Monitoring 

In the context of a Hybrid PV-Wind System, integrating a Data Acquisition System (DAQ) 

is crucial for real-time monitoring and effective management of system performance. The 

DAQ enables the collection of important environmental data (such as solar irradiance, 

wind speed, temperature, and humidity), as well as energy consumption data (load 

profiling). This real-time data helps in optimizing the operation of the hybrid system and 

ensures its efficiency, reliability, and sustainability. Let's break down the key components 

and terms involved in this process: 

 

 

 

 

 

 

 

Figure 1: Data Acquisition Device 

 

 Data Acquisition System (DAQ) 

A Data Acquisition System (DAQ) is an integrated system used to collect, measure, and 

record physical parameters such as temperature, pressure, humidity, and electrical 

measurements like voltage and current. In a hybrid PV-wind system, the DAQ system 

helps monitor the environmental conditions that affect the performance of the renewable 
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energy sources (solar panels and wind turbines), as well as the energy demand from the 

load. 

 

Figure 2: Data Acquisition System 

Sensors and Instrumentation: The DAQ system consists of various sensors that 

measure specific physical parameters like wind speed, solar irradiance, and 

temperature. These sensors are connected to a central processing unit that collects 

and analyzes the data. 

Real-Time Monitoring: The DAQ allows for continuous monitoring, which is 

essential for understanding how the system is performing at any given time. This 

helps operators take timely actions (e.g., adjusting settings or charging storage) to 

ensure efficient energy generation. 

Data Storage and Analysis: The data collected by the DAQ system is typically 

stored in a centralized system, which allows for long-term analysis. This data can be 

analyzed to predict trends, optimize performance, and forecast energy needs. 

 

2. Solar Irradiance 

Solar irradiance refers to the power per unit area received from the sun in the form of 

electromagnetic radiation. It is typically measured in watts per square meter (W/m²). 

• Importance in PV Systems: For photovoltaic (solar) systems, solar irradiance is the 

most critical parameter, as it directly impacts the amount of electricity generated by 
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solar panels. Higher solar irradiance means more sunlight reaching the panels, and 

therefore more electricity can be generated. 

• Measurement: Solar irradiance is measured using pyranometers or solar radiation 

sensors. These instruments track the amount of sunlight reaching the Earth's 

surface and help assess the system’s performance under different weather 

conditions. 

 

3. Wind Speed 

Wind speed refers to the rate at which air moves across a specific location, typically 

measured in meters per second (m/s) or kilometers per hour (km/h). 

• Importance in Wind Systems: Wind speed directly affects the performance of wind 

turbines. Wind turbines typically have a cut-in wind speed (the minimum speed at 

which the turbine starts generating power) and a cut-out wind speed (the maximum 

speed at which the turbine shuts down to prevent damage). 

• Measurement: Wind speed is usually measured using an anemometer, which 

calculates the velocity of the wind. Accurate wind speed data helps determine the 

optimal placement of wind turbines and allows for better energy forecasting. 

 

4. Temperature 

Temperature refers to the measure of heat in the environment, often recorded in degrees 

Celsius (°C) or Fahrenheit (°F). In the context of a hybrid energy system, temperature plays 

a role in both the performance of the renewable energy devices and the energy storage 

system. 

• Impact on PV and Wind Systems: 

o Solar Panels: High temperatures can reduce the efficiency of solar panels. 

While solar panels generate more electricity with higher irradiance, they can 

suffer from reduced efficiency if they become too hot. This is due to the 

inverse relationship between temperature and photovoltaic efficiency. 

o Wind Turbines: In colder temperatures, wind turbines may perform better 

because the air density increases, which improves efficiency. However, 
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freezing temperatures can also lead to mechanical issues (e.g., ice 

accumulation on the blades). 

• Measurement: Temperature is typically measured using thermometers or 

temperature sensors, which can be placed at various locations, including the panels, 

wind turbines, and energy storage systems. 

 

5. Humidity 

Humidity is the amount of water vapor in the air, measured as a percentage. It is typically 

recorded using a hygrometer. 

• Importance in PV and Wind Systems: 

Solar Panels: High humidity can lead to condensation on the panels, which can reduce their 

performance. However, humidity itself does not directly affect solar energy production, 

though it may indicate cloudy weather, which reduces solar irradiance. 

Wind Turbines: For wind turbines, high humidity can cause the blades to accumulate ice in 

cold conditions, affecting the turbine's efficiency and safety. Additionally, it can lead to 

corrosion of the mechanical parts over time. 

Measurement: Humidity levels are measured with a hygrometer or humidity sensor, often 

integrated with other environmental monitoring systems. 

 

6. Load Profiling 

Load profiling refers to the tracking of the energy consumption patterns over a given 

period (e.g., daily, weekly, monthly). This includes the identification of peak demand times, 

typical usage patterns, and total energy consumption. 

• Importance in Hybrid Energy Systems: By understanding the load profile, the 

hybrid energy system can better match its energy production with consumption 

patterns. For example: 

If peak load demand occurs in the evening, the energy management system can prioritize 

battery discharging at those times or ensure that enough energy is generated during the day 

to meet the demand. 
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Load profiling also helps in determining the size of the energy storage system needed to 

cover periods of high demand or when renewable energy generation is low. 

Measurement: Load profiling is done using smart meters and load sensors, which track and 

record the energy usage in real time. The data can be analyzed to forecast future energy 

demand and optimize energy distribution within the system. 

 

Methodology and System Design 

System Architecture 

The system architecture of the hybrid PV-Wind energy system includes the integration of 

solar photovoltaic (PV) panels, wind turbines, energy storage systems (ESS), and a data 

acquisition (DAQ) system, which work together to supply reliable and efficient power to 

off-grid applications. Below is the breakdown of each component: 

 

 

 

 

 

 

 

Figure 3: System Architecture 

 

Hybrid PV-Wind System Design 

The hybrid PV-Wind system is composed of the following major components: 

1. Solar Photovoltaic (PV) Panels: 

Type: Monocrystalline silicon solar panels were chosen due to their high efficiency 

(typically around 18-22%) and durability in a variety of environmental conditions (Zhang et 

al., 2019). They are known for their superior performance under direct sunlight, which 

makes them ideal for the climate conditions of the study area. 
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Power Rating: Each PV module has a power output of 250-300 W, depending on the 

specific panel selected. The total capacity of the PV system is designed to meet a portion of 

the community's energy demand, especially during daylight hours. 

Efficiency: The efficiency of the PV panels is considered at approximately 20%, based on 

optimal solar irradiance levels typical for the region (around 5 kWh/m²/day). The 

efficiency can be lower in the early morning and late afternoon due to low irradiance 

angles. 

2. Wind Turbine: 

Model: A small-scale horizontal-axis wind turbine (HAWT) with a rated capacity of 3-5 

kW was selected based on wind speed data and expected load demands. These turbines are 

typically effective at low to moderate wind speeds and can produce energy even during 

variable wind conditions (Sathyajith et al., 2020). 

Power Rating: The wind turbine is capable of producing energy at wind speeds as low as 3 

m/s and peaks at 12 m/s. The expected average wind speed at the site is around 5-7 m/s, 

allowing the turbine to generate a reliable amount of energy throughout the year. 

Efficiency: The efficiency of the wind turbine is modeled at 25-40%, based on wind 

speeds and specific turbine characteristics. Wind power is intermittent, with output varying 

depending on the daily and seasonal wind profiles. 

3. Energy Storage System (ESS): 

Type: A lithium-ion battery storage system is integrated to store excess energy generated 

by the PV panels and wind turbine. Lithium-ion batteries were chosen due to their high 

energy density, longer cycle life, and relatively fast charging/discharging capabilities (Zhao 

et al., 2020). 

Capacity: The battery bank is designed with a storage capacity of 10 kWh to provide 

backup energy for periods of low or no generation, such as cloudy days or calm wind 

conditions. The system is sized to handle 2-3 days of energy demand. 

Efficiency: The round-trip efficiency of the lithium-ion batteries is approximately 85-90%. 

Energy losses during charge/discharge cycles are taken into account in the system 

performance evaluation. 
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Control Systems and Energy Management (EMS) 

 

Figure 4: Controls System 

The Energy Management System (EMS) is a critical component of the hybrid PV-Wind 

microgrid system. The EMS monitors and controls the energy flows between the energy 

generation units (solar and wind), energy storage (battery), and the load. 

1. Control Strategy: The EMS uses real-time data from the DAQ system to assess 

the availability of renewable energy and control the charging and discharging of the 

ESS. During times of high renewable energy generation, the EMS directs excess 

energy to charge the battery storage. During periods of low generation (e.g., at 

night or during calm wind conditions), the system discharges stored energy to meet 

the load demand. 

2. Optimization Algorithm: A model predictive control (MPC) algorithm is used 

to optimize energy management. The MPC is able to predict future energy 

generation and demand based on weather forecasts and historical data, allowing for 

proactive decision-making in terms of storage management (Al-Sumaiti et al., 

2018). In addition, fuzzy logic control (FLC) can be implemented to dynamically 

adjust the control strategy based on real-time inputs, especially in unpredictable 

weather conditions. 

3. Demand-Side Management: The EMS includes load forecasting and demand-

side management strategies. This helps the system balance supply and demand in 

real-time and ensures that the energy generated by the hybrid system is used 
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efficiently. For example, non-essential loads can be shifted to periods of high 

renewable energy availability to reduce strain on the ESS. 

 

Data Acquisition and Monitoring (DAQ) 

The Data Acquisition (DAQ) system is essential for monitoring real-time environmental 

and operational parameters such as wind speed, solar irradiance, temperature, humidity, 

and energy production. The DAQ system ensures that the EMS receives accurate and 

timely data for optimal energy management. 

1. Sensors and Measurement: The following sensors are used in the DAQ system: 

Solar Irradiance: Pyranometers measure the solar radiation (irradiance) in kW/m². These 

sensors help the EMS determine how much solar energy is available for conversion. 

Wind Speed: Anemometers are used to measure wind speed in m/s. Wind speed directly 

affects the performance of the wind turbine and is critical for predicting the turbine's 

energy output. 

Temperature and Humidity: Temperature sensors and humidity sensors monitor 

environmental conditions that may affect both solar and wind energy generation (e.g., high 

temperatures can reduce PV efficiency). 

Battery State-of-Charge (SOC): Voltage and current sensors monitor the state of charge 

of the battery storage, ensuring it is charged and discharged efficiently. 

2. Communication and Data Transmission: The DAQ system is built using an 

IoT-based architecture with wireless communication for real-time data 

transmission. The sensors send data to a central supervisory control and data 

acquisition (SCADA) system, where it is stored in a cloud database. The system is 

accessible via a web interface for remote monitoring and analysis. 

3. Data Analysis and Visualization: The collected data is analyzed using machine 

learning techniques, enabling predictive analytics for energy forecasting, demand-

response optimization, and performance evaluation. Real-time data visualization 

allows operators to monitor system status and make adjustments as necessary. 
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System Integration 

Integration of Energy Storage System (ESS) 

The integration of the energy storage system (ESS) with the PV and wind components 

ensures continuous power supply, even when renewable energy generation is insufficient. 

The storage system helps to smooth out the intermittency of the PV and wind power. 

1. Charging and Discharging Cycles: The ESS is designed to be charged when 

renewable energy generation exceeds the load demand. During these periods, 

excess energy from the PV and wind systems is stored in the batteries. When the 

demand exceeds the generation capacity (e.g., during the night or cloudy days), the 

stored energy is used to meet the load. 

2. Energy Buffering: The ESS acts as a buffer, ensuring that energy production and 

consumption are balanced in real time. If energy production exceeds demand and 

the battery is fully charged, the system can reduce generation or export excess 

energy, if the infrastructure allows. If the energy demand exceeds production, the 

ESS provides the necessary energy to prevent blackouts. 

Optimization of Hybrid Energy Production 

To maximize the efficiency of the hybrid energy system, several optimization methods are 

employed to account for the fluctuating nature of solar and wind resources. 

1. Load Forecasting: The EMS uses historical data on load consumption and energy 

generation to forecast energy demand over the next few hours. This allows for 

more accurate decisions regarding when to charge or discharge the battery and 

when to switch between renewable generation and storage. 

2. Demand-Response Strategies: The system adjusts the energy supply based on 

demand profiles. For example, during periods of high energy production, non-

critical loads (e.g., water pumping or irrigation) may be shifted to those times to 

optimize system efficiency. 

3. Energy Management Optimization: The optimization algorithm in the EMS 

adjusts energy flow between the PV, wind, and storage based on the availability of 

renewable energy and real-time load demands. By optimizing the use of stored 

energy, the system ensures that energy is not wasted, and the microgrid can operate 

efficiently with minimal reliance on non-renewable sources (if applicable). 
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Simulation and Modeling 

Simulation and modeling are crucial steps in designing and optimizing a hybrid PV-Wind 

system. They help predict how the system will perform under different conditions, assess 

its reliability, and optimize its operation to meet energy demands effectively. In this section, 

we'll discuss the software tools used for simulation, the assumptions made, and the 

scenarios simulated for the hybrid system. We'll also highlight the key performance metrics 

that are used to evaluate the system's performance. 

 

Simulation Software 

HOMER (Hybrid Optimization of Multiple Energy Resources) 

HOMER is a widely used software tool designed to model and optimize hybrid renewable 

energy systems. It helps evaluate the most cost-effective combination of energy generation 

sources (e.g., solar, wind, and storage) to meet the energy needs of a particular system. 

Here's how HOMER might be used for modeling your system: 

1. Modeling Energy Production: 

HOMER allows you to input the specifications of the solar and wind systems (e.g., panel 

type, wind turbine model) and simulate how much energy they will generate over time 

based on the local environmental conditions, such as solar irradiance and wind speed data. 

The software simulates the energy production for each resource across time periods (e.g., 

hourly, daily, seasonal) based on historical weather data or predicted weather patterns. 

2. Optimizing System Performance: 

HOMER can be used to optimize the hybrid system by selecting the ideal combination of 

solar, wind, and storage sizes to meet the demand with minimum cost. It takes into account 

the capital cost, operational costs, and maintenance costs of each component. 

The optimization also considers system reliability by evaluating the number of hours the 

system can meet demand without relying on backup energy sources (e.g., grid or generator). 

3. Cost and Performance Analysis: 

HOMER calculates the Levelized Cost of Energy (LCOE), which represents the cost 

per unit of energy produced over the system's lifetime. This helps in assessing the 

economic feasibility of the hybrid system. 
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It also evaluates performance metrics like the Capacity Factor (how often the system 

operates at full capacity), Renewable Fraction (percentage of energy coming from 

renewable sources), and Reliability (how well the system meets the load demand). 

 

MATLAB/Simulink 

MATLAB/Simulink is a powerful tool for modeling dynamic systems, which is particularly 

useful for simulating the real-time operation of the hybrid system. If you used 

MATLAB/Simulink, here's how it might be applied: 

1. Modeling Dynamic Systems: 

You can model the hybrid PV-Wind system, including the energy conversion process, the 

interactions between the PV, wind turbine, and battery storage, and how these components 

interact with the load. 

Simulink provides blocks that simulate the dynamics of renewable energy systems, storage 

systems, and power electronics (e.g., inverters and charge controllers). 

2. Renewable Energy Generation: 

MATLAB allows you to define the fluctuations in solar irradiance and wind speed over 

time and how they affect the energy generation. These inputs can be based on historical 

data or real-time measurements. 

Wind and solar profiles can be represented as functions that change throughout the day or 

year, allowing for a realistic simulation of energy production. 

3. Energy Management System (EMS) Integration: 

MATLAB/Simulink can be used to simulate the EMS or microgrid controller that manages 

energy distribution between generation sources (PV, wind), energy storage, and the load. 

The EMS can be designed to prioritize renewable generation, charge/discharge the battery, 

and manage the load demand based on available energy. Simulink provides a platform for 

implementing control algorithms such as Model Predictive Control (MPC) or Fuzzy 

Logic Control (FLC). 

4. Battery Storage Simulation: 

The battery storage system can be modeled to include charging and discharging behaviors, 

as well as the associated losses and state of charge (SOC). 
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The simulation can include the effect of different charging strategies, battery degradation, 

and temperature effects on the efficiency of the storage system. 

Other Simulation Tools 

In addition to HOMER and MATLAB/Simulink, other tools may be used for simulating 

specific components of the system: 

1. RETScreen: This software focuses on feasibility analysis and performance 

modeling of renewable energy projects. It can be used for detailed performance 

analysis of the PV and wind systems, taking into account climate data, geographical 

conditions, and system specifications. 

2. PVSyst: A software tool specifically designed for simulating the performance of PV 

systems. It models different types of PV modules, system configurations, shading 

effects, and energy output under various environmental conditions. 

3. WindPro or WAsP: These tools are used for simulating wind turbine performance 

based on wind speed data. They can help assess the optimal location for wind 

turbines and predict energy production based on wind profiles. 

 

CONCLUSION 

This project has successfully explored the design, hybridization, and analysis of an islanded 

microgrid system by integrating solar photovoltaic (PV) and wind energy sources. The 

study demonstrates that the hybridization of these renewable energy systems significantly 

enhances the reliability and efficiency of energy supply in off-grid settings. The integration 

of a data acquisition system for real-time monitoring of weather conditions and load 

profiling has been shown to be crucial for optimizing system performance. Additionally, 

the implementation of a data storage system ensures that valuable data is preserved for 

future analysis and system improvement.The findings of this research highlight the 

potential of hybrid PV-wind systems to provide a stable and sustainable energy supply in 

remote areas, reducing reliance on fossil fuels and enhancing energy access. The study's 

comprehensive approach, combining renewable energy generation, data acquisition, and 

storage, offers a pathway to realizing more resilient and self-sufficient microgrid solutions 

worldwide. Future work can focus on expanding the scope of hybrid systems to include 

other renewable sources and exploring advanced control strategies to further optimize 
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energy management and storage.Overall, this project contributes to the ongoing efforts to 

develop sustainable, off-grid energy solutions, promoting energy security and 

environmental sustainability in remote communities. 
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