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Wind energy, which comes from the kinetic energy of moving air, can be 
turned into mechanical power or electrical energy. A wind turbine is an 
important part of any wind energy system, as it converts wind into 
mechanical power for various uses. Improvements in turbine design, 
generator technology, and power electronics have increased efficiency, 
including gearless turbine designs. Motorcycles produce a lot of kinetic 
energy while moving, but this energy is usually wasted. There is no current 
system to capture and store this energy for later use. This paper offers a 
solution by developing a mini DC generator turbine system for 
motorcycles, combined with real-time IoT monitoring for power usage and 
turbine speed. A DC motor is installed on the motorcycle to generate 
electrical energy from wind during motion. The energy is stored in a 
battery and used when needed and providing a sustainable power source. 
To make the system efficient and reliable, a real time IoT platform is used 
to monitor energy generation, battery storage, and system performance. 
This helps users manage energy use, perform maintenance and avoid 
system failure. By combining wind energy with IoT system, this project 
supports eco-friendly transportation and energy efficiency. Results show 
that when the wind turbine speed increases, the voltage also increases. The 
system can generate up to 12V when the turbine reaches 36 m/s. For every 
1 m/s increase in speed, the voltage increases by 0.33V, with a ratio of 3 
m/s : 1 V. The results confirm that wind speed is directly proportional to 
voltage, and the increase is consistent as speed changes. 
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1.0 INTRODUCTION 

The rapid growth of the global population, combined with technological advancements, has led to 
a significant rise in the consumption of fossil fuels, which are finite and contribute heavily to 
environmental issues like global warming and climate change(1)(2)(3). As a result, researchers 
globally are actively exploring alternative methods to reduce or eliminate the reliance on fossil fuels. 
Three primary strategies have emerged to address this challenge: improving the efficiency of 
traditional energy conversion systems through waste heat recovery, developing environmentally 
friendly energy technologies like fuel cells, and shifting towards renewable energy sources that have 
minimal environmental impact(4)(5). Among these approaches, renewable energy is considered the 
most viable long-term solution, as it can substantially reduce or eliminate dependence on fossil fuels. 
In the past decade, there has been notable progress in the production and utilization of renewable 
energy, with large-scale applications in solar, wind, biomass, and ocean energy. These advancements 
demonstrate the potential of renewable energy to meet global power demands sustainably. Table 1 
shows some of the large-scale projects implemented worldwide(6)(7)(8). 

 
Table 1: Examples of The Largest Renewable Energy Projects of Different Technologies Around The World  

 
 
Wind energy, derived from the kinetic energy of the wind, can be converted either directly into 

mechanical power or indirectly into electrical energy. A wind turbine is a crucial component of any 
wind energy system, responsible for transforming the wind's potential energy into mechanical power 
usable in various applications(9)(10). The first wind turbine designed to generate electrical power 
was constructed in the early 20th century. Since then, while wind turbine technology has steadily 
progressed, significant advancements have particularly been made in wind turbine design. Modern 
innovations and enhancements to turbine components have led to notable improvements in power 
production and efficiency. Additionally, advancements in generator technology and the incorporation 
of power electronics have facilitated the development of gearless turbine designs. The main 
components of a wind turbine include the tower, blades, and nacelle, which houses the generator, 
gears, and control systems. Just as an airplane wing generates lift, the wind moves the blades, causing 
them to rotate. The generator within the nacelle converts the kinetic energy generated by the turbine 
into electrical energy, which is then transmitted to the grid via a transformer. As illustrated in Figure 
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1.1, modern wind turbines are primarily categorized into two types: horizontal axis wind turbines 
(HAWT) and vertical axis wind turbines (VAWT). HAWTs dominate the wind energy sector due to 
their higher efficiency and greater electricity output compared to VAWTs. In contrast, VAWTs, which 
are typically situated closer to the ground and thus less exposed to the wind, tend to produce less 
power and are inherently less reliable. Furthermore, VAWTs are generally more expensive, as they 
require more material and a larger size to achieve the same output as AWTs(11)(12)(13)(14). 

 
 

 
Figure 1: Wind turbine types: VAWT and HAWT 

 
The increasing global demand for sustainable energy solutions has driven innovation in various 

sectors, including transportation. Motorcycles, a widely used mode of transportation, primarily rely 
on fossil fuels, contributing to environmental pollution and energy inefficiency. To address this issue, 
integrating renewable energy systems into motorcycles presents a promising alternative. One such 
approach is the development of a wind-powered energy storage system that can harness the kinetic 
energy generated by a motorcycle’s movement(15)(16)(17)(18). 

Motorcycles generate significant amounts of kinetic energy during motion, yet this energy 
typically goes to waste as there is no system in place to capture and store it for later use. This presents 
a missed opportunity to harness renewable energy and reduce reliance on fossil fuels. While installing 
a wind-powered DC motor to capture energy from the movement of the motorcycle is a potential 
solution, the absence of a real-time monitoring system for energy generation and storage limits its 
effectiveness(19)(20)(21)(22). Without real-time data on energy levels, storage capacity, and system 
performance, it becomes challenging to optimize energy use and ensure the system operates 
efficiently. Additionally, the unpredictability of system performance poses a significant challenge, as 
components like the DC motor and battery are prone to wear and tear. Without a monitoring system 
in place, potential issues cannot be detected early, leading to unexpected breakdowns and reduced 
efficiency in energy storage. Therefore, a comprehensive IoT-based system that provides real-time 
monitoring and predictive maintenance is essential to ensure the reliability and sustainability of 
wind-powered energy storage in motorcycles(23)(24)(25)(26)(27)(28)(29)(30). 

This paper proposes an innovative solution to this challenge by utilizing a DC motor installed on 
the motorcycle, which generates electrical energy from the wind created during motion. The 
generated energy will be stored in a battery and made available for later use, providing an additional, 
sustainable power source for the vehicle. However, to ensure the efficiency and reliability of this 
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system, a real-time IoT monitoring platform is crucial. This platform will allow users to track energy 
generation, storage levels, and system performance, ensuring optimal energy utilization and enabling 
predictive maintenance to prevent unexpected system failures. By combining renewable energy 
generation with Internet of Things (IoT) technology, this paper aims to reduce the environmental 
impact of motorcycles and provide an efficient, self-sustaining energy system. This integration offers 
the potential for energy optimization and real-time management, contributing to the advancement of 
eco-friendly transportation solutions. This paper will focus on the design and implementation of the 
Wind Energy Harvesting Storage System (WEHSS), the development of the IoT-based real-time 
monitoring platform, and the enhancement of energy efficiency through predictive maintenance. 

 

2.0 METHODOLOGY 

2.1 Materials and equipment 

The development of the system consists of three main parts: input, processing, and output. The 
input components include a DC generator, voltage sensor, current sensor, and speed sensor, which 
function to measure the electrical output and wind speed generated during motorcycle movement. 
The second part is the processing unit, where the ESP32 microcontroller is used to process sensor 
data and manage communication. Lastly, the output includes an OLED display to show voltage, 
current, and wind speed values, and a power bank to store the generated electrical energy. Figure 2 
shows the block diagram of the WEHSS system. 
 

 

 
 

Figure 2: Block Diagram for WEHSS System 

 

 
The paper begins when the motor starts moving, causing the wind turbine to rotate. This rotation 

drives the DC generator to produce electrical power. The system then displays the voltage and current 
readings. If the output voltage from the buck converter is greater than or equal to 5V, the power bank 
begins to charge, and the data is sent to the IoT platform. If the voltage is less than 5V, the system 
returns to the DC generator to continue producing power until the required voltage is reached. Figure 
3.9 shows flow chart of WEHSS system. 
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Figure 3: Flow Chart for WEHSS System 

 

2.2 WEHSS Design 

Below is the actual project design for WEHSS. Figure 4(a) shows the top view of the project, where 
the upper section features the wind turbine blade, and the middle section consists of a casing. On top 
of the casing is an OLED display, while inside of box the voltage sensor and current sensors along with 
the ESP32 microcontroller. The lower part contains a power bank that function to receive the power 
from wind turbine and also for supplies power to the ESP32. Figure 4(b) presents the back view of 
the project, where the DC generator is positioned at the top of the middle section. The remaining 
structure is a bracket designed for mounting the system onto a motorcycle. A white USB cable is 
connected to the power bank for charging purposes. 

 
 

          
 

(a) Front View             (b) Back View 

 
Figure 4: WEHSS Design 
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a. WEHSS Schematic Design  

The schematic design had created using fritzing software. Fritzing is an open-source hardware 
initiative that make electronics accessible as a creative material for anyone. In Figure 5, it shows how 
component had connected to microcontroller ESP 32. A DC generator, wind turbine blades, voltage 
and current sensors, an ESP32 microcontroller, an OLED display for real-time monitoring, and a 
power bank to both supply and store energy. Once all components are gathered, the next phase is to 
assemble them neatly within a compact case. This involves securely mounting the generator and 
blades, installing the sensors and display, and carefully wiring the components to ensure proper 
electrical connections and reliable system operation.  

This paper operates by capturing wind energy generated during vehicle movement using a small 
turbine connected to a DC generator. The system begins operation when the motor starts moving, 
causing the wind turbine to rotate. This rotation drives the DC generator, which converts mechanical 
energy into electrical energy. Voltage and current sensors measure the generated power, and the 
ESP32 microcontroller processes this data, also estimating wind speed based on voltage output. 
These real-time values voltage (V), current (mA), and wind speed (m/s) are displayed locally on a 
128x64 OLED screen. If the output voltage from the buck converter is greater than or equal to 5V, the 
system directs power to charge the power bank while simultaneously transmitting data to the 
Thinger.io IoT platform for remote monitoring. If the voltage is below 5V, the system continues 
operating the DC generator until the required voltage is achieved. This smart energy management 
ensures efficient harvesting and storage. 
 

 
 

Figure 5:  Schematic Design. 

 

b. WEHSS Thinger IO Platform. 

The integration of Thinger.io with the wind turbine monitoring system enables real-time tracking 
and visualization of crucial parameters such as voltage, current, and wind speed. The Thinger.io 
dashboard presents these key metrics in a clear and organized manner, allowing users to monitor the 
turbine’s electrical output and environmental conditions simultaneously. Voltage readings are 
displayed alongside a graph that tracks their fluctuations over time, providing insights into the 
generator’s performance stability. Current values are shown with a corresponding graph, illustrating 
how the electrical load varies as wind conditions change. Wind speed data is also visualized with a 
real-time graph, helping users correlate wind conditions with electrical output. Figure 6 show the 
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Thinger.io dashboard layout, where all these parameters are combined into a single interface. This 
comprehensive data visualization supports efficient energy management by enabling remote 
monitoring, timely detection of anomalies, and informed decision making to optimize the wind energy 
harvesting system’s performance. 

 

 
 

Figure 6: Thinger.io Dashboard 

 
 

3.0 RESULTS AND DISCUSSION 

The voltage readings obtained from the WEHSS system show a consistent increase in response to 
rising wind speeds, which aligns with the expected performance of a wind driven DC generator. When 
compared to a standard multimeter, WEHSS consistently records slightly lower voltage values across 
all wind speed levels. The percentage error between the two readings remains relatively stable, 
averaging around 3%. For example, at a wind speed of 6.33 m/s, the WEHSS reading is 1.40 V 
compared to 1.45 V from the multimeter, resulting in a 3.45% error. At higher wind speeds, such as 
20.89 m/s, the readings are 7.67 V and 7.91 V respectively, with a 3.03% error. This consistent margin 
suggests that WEHSS, although slightly underestimating voltage, performs reliably and 
proportionally across varying wind conditions. the WEHSS system demonstrates stable and 
repeatable voltage measurement behaviour, making it suitable for wind speed and power monitoring 
in small scale renewable energy applications. The detailed comparison between WEHSS and 
multimeter readings is provided in Table 2. 
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Table 2: Comparison Between WEHSS and Multimeter Readings 

 
 
This monitoring section show the relationship between wind speed, voltage, and current 

generated by the wind turbine system. At a wind speed of 6.33 m/s, the voltage produced is 1.4 V with 
a current of 0.117 A. As the wind speed increases to 7.77 m/s, the voltage rises to 2.35 V and current 
to 0.196 A. Further increases in wind speed to 11.04 m/s and 11.78 m/s correspond to voltages of 
3.21 V and 4.00 V, with currents of 0.268 A and 0.333 A, respectively. At higher wind speeds such as 
13.71 m/s and 16.7 m/s, the voltage reaches 5.32 V and 5.48 V, with currents of 0.443 A and 0.457 A. 
Near the upper range, wind speeds of 18.7 m/s, 19.55 m/s, 19.98 m/s, and 20.89 m/s generate 
voltages of 6.13 V, 6.61 V, 7.57 V, and 7.67 V with corresponding currents of 0.511 A, 0.551 A, 32 0.631 
A, and 0.639 A. This clear trend shows that as wind speed increases, the turbine produces higher 
voltage and current output, which is critical for assessing the turbine’s power generation 
performance and optimizing energy harvesting in real-time. Table 3 illustrates the graph between 
wind speed and voltage.  

 
Table 3: Wind Speed, Voltage and Current Reading 
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The table 4 shows the relationship between wind speed, voltage, current, and the estimated time 
to charge 1% of a 5000mAh battery using a wind turbine system. At lower wind speeds ranging from 
10 km/h to 50 km/h, although the system generates increasing voltage and current—from 1.4V and 
0.117A at 10 km/h to 5.32V and 0.443A at 50 km/h—the output is still insufficient to begin charging 
the battery effectively.  

This indicates that the turbine’s output at these speeds does not meet the minimum charging 
threshold, either due to insufficient voltage, current, or both. Once the wind speed reaches 60 km/h, 
charging begins with a time of approximately 12.1 minutes to add 1% (50mAh) to the battery, 
corresponding to a modest output of 5.48V and 0.457A. As wind speed continues to increase, both 
voltage and current rise, resulting in faster charging times. For instance, at 70 km/h, the system 
produces 6.13V and 0.511A, reducing the charging time to 8 minutes per 1%. At 80 km/h, this 
improves to 6.61V and 0.551A with a 6-minute charging time, and further to 7.57V and 0.631A at 90 
km/h, with a time of just 4.8 minutes. At the highest speed tested, 100 km/h, the turbine delivers 
7.67V and 0.639A, bringing the charging time for 1% down to 4 minutes. This data clearly 
demonstrates a positive correlation between wind speed and the efficiency of power generation, with 
both voltage and current contributing to reduced charging times as speed increases. 

 
Table 4: Voltage, Current and Charging Time 

 
 
The ANOVA table for the quadratic model evaluates the effect of Motorcycle Speed and its squared 

term on the response variable, which in this case is voltage. The linear term of Motorcycle Speed 
explains a significant portion of the variation, with a sum of squares of 4.9008, an F-value of 101.19, 
and a highly significant p-value of 0, indicating a strong linear relationship between motorcycle speed 
and voltage. Additionally, the quadratic term (Motorcycle Speed²) also significantly influences the 
model, with a sum of squares of 0.6343, an F-value of 13.1, and a p-value of 0.0085, demonstrating 
that the relationship is not purely linear but has a curved component. The residual sum of squares is 
relatively low at 0.339, suggesting that the model explains most of the variation in the data. The 
quadratic model is expressed by the equation 1: 

 
Voltage = -16.27 + (0.254 × Motorcycle_Speed) + (1.34 × Anemometer) − (0.00144 ×Motorcycle_Speed²) 

− (0.0347 × Anemometer²) − (0.0128 × Motorcycle_Speed × Anemometer) … Eqn. (1) 
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Figure 7 (a) shows this quadratic model with motorcycle speed as the predictor, while (b) 

illustrates a 3D surface plot depicting the voltage response as a function of both motorcycle speed 
and anemometer readings. This visualization highlights the complex interaction between these 
variables and their combined effect on voltage generation. 

 

 
(a) 

 

 
 

(b) 
 

Figure 7: (a) Quadratic Model with Motorcycle Speed, (b) 3D Surface Plot of Voltage Vs Speed and 
Anemometer 
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4.0 CONCLUSIONS 

This paper shows a strong link between motorcycle speed, wind speed, and the voltage output of 
the WEHSS system. The data fits a second-order polynomial model, where higher motorcycle speeds 
lead to higher wind speed and voltage. A peak of 7.67 Vdc is reached at 100 km/h. Analysis confirms 
speed and speed² are reliable predictors of voltage. The system works efficiently above 50 km/h, 
producing over 5 Vdc, enough for low-power devices. Although voltage increases slow down at very 
high speeds, the system proves effective for small-scale energy harvesting, making it a potential 
sustainable solution for mobile use. 

Despite its contributions, the research presents several limitations that should be acknowledged. 
The experimental setup, which used motorcycle-induced wind to simulate varying wind speeds, does 
not fully capture the complexity and unpredictability of natural wind conditions, limiting the 
generalizability of the results to real-world environments. While the WEHSS system proved 
consistent, its tendency to slightly underestimate voltage readings suggests a need for periodic 
calibration to maintain accuracy over time. The battery charging analysis focused solely on the time 
required to charge 1% of a 5000mAh battery, omitting broader evaluations such as full charging 
cycles, the impact on battery longevity, and overall system efficiency.  

Furthermore, the testing was conducted under a fixed electrical load, whereas actual applications 
may involve dynamic load variations that could significantly influence system performance. Lastly, 
the scalability of the system remains uncertain, as the current prototype may require substantial 
modification to be viable for larger-scale wind energy installations. Therefore, while the findings are 
valuable, they are most applicable to micro-generation systems and controlled research contexts. To 
improve the reliability and applicability of the wind turbine monitoring system, future research 
should prioritize conducting experiments in natural wind environments. Unlike the controlled 
motorcycle-induced airflow used in this study, real-world wind conditions include variability in 
speed, turbulence, and direction. Testing the system in such conditions would provide more accurate 
data on its performance and allow for better understanding of how environmental factors affect 
power generation. This would also help validate the system’s resilience and adaptability under 
fluctuating weather patterns.  

Finally, efforts should be made to enhance the scalability and technical capabilities of the system. 
This includes upgrading the wind turbine and electrical components to handle higher power outputs, 
as well as improving the RIMPEM measurement system for greater accuracy and expanded parameter 
monitoring. Integrating advanced control features, such as adaptive load balancing or predictive 
algorithms, would further improve system performance. These enhancements would not only 
increase the system's potential for real-world deployment but also open the door for applications in 
larger-scale or hybrid renewable energy systems. 
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