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ABSTRACT: Wind energy has become one of the most important renewable energy sources for sustainable power
generation. However, the amount of electricity produced by wind turbines varies significantly due to changes in
weather conditions such as wind speed, temperature, air pressure, and humidity. Accurate prediction of wind turbine
energy output is essential for efficient energy management, grid stability, and optimal power scheduling. Traditional
forecasting methods often struggle to capture the complex relationships between environmental factors and energy
production.

This project proposes a machine learning-based approach for time-based prediction of wind turbine energy output using
historical weather and turbine operational data. A Random Forest Regression model is used to analyse the relationship
between meteorological parameters and power generation to accurately forecast future energy output. The dataset used
for training and evaluation includes parameters such as wind speed, wind direction, temperature, air pressure, and
turbine power output.

Data preprocessing techniques including data cleaning, normalization, and feature selection are applied to improve
prediction accuracy and model performance. The trained model is deployed using a Flask-based web application that
allows users to input environmental parameters and obtain predicted wind turbine energy output in real time. The
system also provides an estimated power generation value based on the given conditions.

L. INTRODUCTION

Wind energy has emerged as one of the most important renewable energy sources for sustainable power generation and
reducing dependence on fossil fuels. Wind turbines convert the kinetic energy of wind into electrical energy, which is
then supplied to the power grid. However, the amount of electricity generated by wind turbines is highly dependent on
environmental conditions such as wind speed, wind direction, temperature, and atmospheric pressure.

Accurate prediction of wind power generation is essential for efficient renewable energy management, grid stability,
and effective power scheduling. Energy providers must know how much electricity will be generated in advance to
balance supply and demand within the power grid. Traditional forecasting methods often rely on statistical models or
simple physical calculations.

Recent advancements in machine learning and data-driven modelling have significantly improved the ability to analyse
large datasets and identify hidden patterns in time-series data. Algorithms such as Random Forest, Support Vector
Machines, and Neural Networks can learn complex relationships between environmental variables and energy
production.

This project aims to develop a machine learning-based system capable of predicting wind turbine energy output based
on time-dependent environmental parameters. The model is trained using historical wind turbine and weather data
obtained from publicly available datasets. The trained model is then deployed through a web-based application that
allows users to input environmental parameters and obtain real-time energy output predictions.
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II. LITERATURE SURVEY

Several research studies have explored the use of machine learning techniques for predicting wind turbine energy
output using historical weather and operational data. Accurate forecasting of wind power generation is essential for
efficient renewable energy management, grid stability, and reliable power scheduling. Machine learning-based
forecasting systems can assist energy providers by offering more accurate and data-driven predictions compared to
traditional statistical models.

One of the widely used approaches in wind power prediction is the application of machine learning algorithms such as
Random Forest, Support Vector Machines (SVM), and Artificial Neural Networks (ANN). These models are capable of
identifying complex relationships between meteorological variables such as wind speed, temperature, air pressure, and
turbine power output.

In recent years, researchers have proposed various machine learning models for wind power prediction. A study by
Zhang et al. (2018) demonstrated that machine learning algorithms trained on historical wind turbine datasets can
effectively predict short-term wind power generation. Their research showed that ensemble learning techniques such as
Random Forest can improve prediction accuracy.

Another research work by Liu et al. (2019) explored the use of Artificial Neural Networks for wind power forecasting.
The model was trained using historical weather parameters and turbine operational data, achieving promising results in
predicting future energy output. The study highlighted the ability of neural networks to capture nonlinear relationships
between environmental variables and power production.

Time-series forecasting methods have also been widely studied in wind energy prediction. Researchers have applied
models such as Long Short-Term Memory (LSTM) networks and Recurrent Neural Networks (RNN) to capture
temporal dependencies in wind speed and power generation data.

RANDOM FOREST

The Random Forest algorithm is an ensemble machine learning technique that combines multiple decision trees to
improve prediction accuracy and model stability. It works by constructing many decision trees during the training phase
and aggregating their outputs to produce a final prediction. This ensemble strategy helps reduce overfitting and
enhances the model’s ability to generalize when working with complex datasets. Random Forest is particularly
effective in handling nonlinear relationships and large volumes of data, making it widely used in predictive analytics.

In the context of time-based prediction of wind turbine energy output, the Random Forest algorithm analyses
patterns based on time-related parameters such as hour of the day, day of the week, month, and seasonal trends. By
learning from historical time-series data, the model identifies how energy generation varies across different time
intervals. It captures temporal dependencies and recurring patterns in wind turbine performance, allowing it to estimate
future energy output with improved accuracy. This makes Random Forest a reliable and efficient choice for time-based
renewable energy forecasting systems.

Time-Based Prediction of Wind Turbine Energy
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I1I. METHODOLOGY

The proposed methodology focuses on developing a machine learning—based predictive model for estimating wind
turbine energy output using time-based parameters such as timestamp, hour of the day, day of the week, and seasonal
trends. These temporal factors play an important role in understanding patterns in wind turbine energy generation and
help improve the accuracy of forecasting models.

The collected data undergoes data preprocessing to improve its quality and reliability. During this step, missing values
are handled, duplicate records are removed, and outliers that may affect prediction accuracy are eliminated. Timestamp
data is converted into meaningful time-based features such as hour, day, week, and month. This transformation allows
the model to capture temporal variations in energy production. The dataset is also standardized to maintain consistent
variable formats and improve the efficiency of model training.

Time-Based Prediction of Wind Turbine Energy Output:
An Advanced Approach to Renewable Energy Management
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IV. EXPERIMENTAL RESULTS

The Time-Based Wind Turbine Energy Prediction System was evaluated using a dataset containing time-related
parameters such as timestamp, hour, day of the week, month, season, and historical power output values. These
parameters help capture temporal patterns in wind energy generation.

The dataset was divided into training and testing sets using an 80/20 split. Data preprocessing techniques such as
cleaning, encoding, and normalization were applied to ensure data quality. Time-based features were extracted from
timestamp data to enhance model performance.

The models were trained and tuned using 5-fold cross-validation. The performance of each model was evaluated using
the following metrics:

Mean Absolute Error (MAE)

Mean Squared Error (MSE)

Root Mean Squared Error (RMSE)

R? Score (Coefficient of Determination)
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Hardware/Software:
Python3.11, Scikit-learn, Flask
Intel i5 Processor, 16 GB RAM (CPU-based execution)

Baselines and Models

To evaluate the effectiveness of the proposed approach, multiple machine learning models were implemented and
compared, including:

e Linear Regression

e Support Vector Regression (SVR)

e Gradient Boosting

e Random Forest Regression

Among these, the Random Forest Regressor was selected as the final model due to its ability to capture nonlinear
temporal relationships and provide stable predictions.

Main Results (Test Set)
Model [[MAE W) |RMSE kW) |R* ]
|Linear Regression ||:|| 18.5 ||27.2 ||0.72 |
[SVR (RBF) [[15.0 [22.5 0.83 |
[Gradient Boosting [][13.8 [20.2 0.87 |
[Random Forest (Final) |[[[11.9 [18.7 0.90 |

Observation:
The Random Forest model achieved the lowest error and highest R> score, demonstrating its effectiveness in
capturing time-based patterns in wind turbine energy output.

Error Analysis

The Predicted vs Actual plot shows that most predictions lie close to the diagonal line, indicating strong accuracy.
The residual distribution is centered around zero, meaning:

¢ No major bias

e Balanced prediction errors

Some deviations occur during peak time intervals, where energy output fluctuates rapidly.

Predicted vs Actual Scatter Plot

16000

14000

12000

10000

8000

6000 +

Predicted Power Output (kW)

4000 -

2000

T T T T T T T
2000 4000 6000 8000 10000 12000 14000
Actual Power Cutput (kW)

IJIRSET©2026 | An ISO 9001:2008 Certified Journal | 3999



http://www.ijirset.com/

Impact
Factor

8.699

ﬂ:’g‘ @  International Journal of Innovative Research of
[FIT;:TJ =) Science, Engineering and Technology (JIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 3, March 2026
|DOI: 10.15680/IJIRSET.2026.1503277|
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V. RESULTS

The model achieved high prediction accuracy on the testing dataset and showed strong capability in identifying patterns
in historical power generation data. Accurate prediction of wind turbine energy output is important for renewable
energy systems, as it helps energy providers plan electricity distribution and maintain stability in the power grid.

Several evaluation metrics were used to assess the performance of the prediction model, including Mean Absolute Error
(MAE), Mean Squared Error (MSE), Root Mean Squared Error (RMSE), and the R? Score. These metrics help measure
how closely the predicted power output matches the actual energy generated by the wind turbine.

The analysis of prediction results showed that most prediction deviations occurred during sudden fluctuations in energy
generation. These variations can occur due to rapid changes in wind conditions or operational factors affecting the

turbine. However, the model was able to capture overall time-based trends in energy production with good reliability.

Such predictive systems can assist energy providers in better planning renewable energy utilization, improving grid
stability, and enhancing the efficiency of wind energy management.

Evaluation Results:

Time-Based Prediction of Wind

Turbine Energy Output

Figure 1: Home Page
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The prediction input interface of the Time-Based Wind Turbine Energy Prediction System. This page allows users to
enter the required parameters for estimating wind turbine energy output.

Predict Wind Energy Output

Figure 2: Prediction page
VI. CONCLUSION

The Time-Based Wind Turbine Energy Prediction System demonstrates the effective application of machine
learning techniques in renewable energy forecasting. By analyzing temporal patterns such as hour of the day, day of the
week, monthly trends, and historical power generation data, the system predicts wind turbine energy output with
improved accuracy using the Random Forest algorithm. Compared with traditional statistical approaches, the
proposed model captures nonlinear temporal relationships and provides reliable predictions for wind energy generation.

The integration of the trained prediction model into a Flask-based web application, developed using HTML, CSS,
and JavaScript, enables a user-friendly platform for real-time energy forecasting. The system allows users to input
time-based parameters and instantly obtain predicted power output values. This capability supports data-driven
decision-making for renewable energy planning and efficient power grid management.
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