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Abstract. Engineering, science, health, and other fields have all used machine
learning algorithms. The idea of machine learning is used in this study to forecast
solar energy output. Predicting solar energy, a well-known renewable source with
a number of advantages, can help with energy consumption planning. Inconsis-
tent weather makes it difficult for grid operators to manage solar energy output,
which makes it harder to satisfy customer demand. Utilizing various algorithms
including Lasso, Ridge, Linear and Support Vector Regression (SVR) algorithms,
our suggested strategy entails developing prediction models. These algorithms
produce forecasts based on past weather information such as temperature, dew
point, wind, cloud cover, and visibility. SVR algorithm outperformed the other
algorithms, according to the Jupyter Notebook examination.
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1 Introduction

Solar energy offers numerous merits; however, it is plagued by the issue of irregular
production, which creates difficulties for grid operators trying to meet consumer demand.
By anticipating the output of solar energy, grid operators can address this problem and
ensure that they are adequately prepared to reach the needs of loads. For prediction of
solar energy, one must acquire data on various factors that impact production, including
wind speed, humidity, temperature, and dew point. This information can be obtained
from meteorological departments or online sources. The effective way to examine this
data is through the application of machine learning, which can be segregated into three
categories: supervised, unsupervised, and reinforcement learning [1-14].

Unsupervised learning just includes input data, letting the model to independently
find patterns. Supervised learning necessitates providing the model both the input data
and the desired output. Contrarily, in reinforcement learning algorithm, a software deals
with an environment to accomplish a certain goal and receives feedback in the form
of incentives. Regression and classification are two subcategories of supervised learn-
ing, which is used in this work. Regression techniques including linear, ridge, lasso,
and support vector regression are the most often used ones. Regression involves using
independent variables to predict the dependent variable values.
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The implementation of algorithms involves a set of steps, including data collection,
analysis, wrangling, training and testing, and accuracy evaluation. The first step involves
collecting data, which is then analyzed for duplicates, missing values, and incorrect
formatting. Data cleaning, which involves removing duplicates, imputing missing values,
and correcting formatting errors, is performed as necessary. The model is then trained
using 80% of the data, with the remaining 20% used for testing. The final step is to
examine the accuracy of the model using error method. The efficiency of the model is
proportional to its accuracy.

Python’s numerous libraries make it easier to build machine learning methods. These
libraries facilitate and improve the implementation of algorithms. Due to its simplicity of
use and abundance of libraries, Python is frequently used for machine learning. Machine
learning algorithms are run on platforms like Anaconda, Google Colab, and Jupyter.
Jupyter stands out among them for its ease of use and ability to share files via Jupyter
Notebook. Users can conduct mathematical operations like trigonometry and Fourier
transforms using Jupyter, which is open source.

2 Methodology

2.1 Linear Regression

Several regression approaches, including linear regression, were used in this study [15].
A fundamental regression technique that aids in determining the relationship between
two variables (independent and dependent) is linear regression. It is based on minimizing
the error between the line and the data points by applying several strategies to determine
the line that best fits the data points. The least-squares approach is used to find the
regression line, also referred to as the line of best fit. Accuracy is measured using the
R-squared value, which measures how closely the data adhere to the regression line. A
good model is one that has an R-squared value better than 0.5. The evaluation of trends
and projections of sales and trend forecasting are two common uses of linear regression.
The slope for the predicted regression equation is represented by formulas (1).
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2.2 Lasso Regression

This algorithm is applied as a regularization method to prevent over fitting in machine
learning models. Over fitting occurs when a model performs exceptionally well on the
training dataset, but poorly on the testing dataset, due to a high cost function. To mitigate
this issue, Lasso Regression incorporates a regularization term represented by lambda,
which multiplies the weights of the model.
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2.3 Ridge Regression

Regularization further makes use of Ridge Regression [16]. It is a method to stop a model
from fitting too tightly. Sometimes a machine learning model performs well when tested
on training data, but when tested on testing data, it performs poorly compared to training
data, leading to over fitting. When using this, the objective function is modified by the
addition of a penalty factor. Ridge Regression Penalty is the measurement of the penalty
that was applied to the model.

2.4 Support Vector Regression

The Support Vector Regression (SVR) [17-20] algorithm is a machine learning method
that is used to predict continuous values. The SVR algorithm is based on the same
principle as Support Vector Machines (SVMs), where the aim is to find the best fit
hyperplane. The algorithm tries to minimize the distance between the predicted values
and the actual values, while also maintaining a margin of error. This margin of error is
controlled by the threshold value, which determines the trade-off between the accuracy of
the model and the complexity of the hyperplane. Overall, SVR is a powerful algorithm
for predicting continuous values and can be used in a variety of applications. When
compared to other algorithms, SVR offers the benefits of being extremely simple to use
and having a high degree of prediction ability.

2.5 Purpose

The study compares and analyzes the performance of four different machine learning
algorithms used for solar energy prediction. The main objective of the study is to identify
the most efficient method for forecasting energy output of solar system.

The algorithms used in the study are carefully selected and include the most com-
monly used methods for time-series forecasting. These algorithms are trained on histor-
ical solar energy data, and their performance is evaluated based on their ability to predict
future solar energy output accurately.

The study utilizes various performance metrics to evaluate the accuracy of each
algorithm, including the following,

e mean absolute error,
e root mean square error,
o Coefficient of determination.

The results of the study are then analyzed and compared to determine which algorithm
performs best for solar energy prediction.

By conducting a comparative analysis of these four machine learning algorithms, the
study aims to provide valuable insights into the most effective method for solar energy
forecasting. This information can help inform decision-making processes and support
the development of more accurate and reliable solar energy prediction models.
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3 Results

Understanding the link between the dependent and independent variables is crucial
before conducting an accurate analysis of solar energy forecast using machine learn-
ing algorithms. In this scenario, solar output is the dependent category, which implies
that numerous things impacting it, which are independent variables, are the output or
consequence of solar energy.

The study moves further with the implementation of machine learning models after
identifying the variables. In order to forecast solar energy output, the analysis employs
four alternative regression algorithms: support vector, lasso, linear, and ridge.

To facilitate the analysis, various Python libraries are imported into Jupyter Note-
book, including pandas, numpy, matplotlib.pyplot, and seaborn. The weather data is
imported into the platform i.e. Jupyter book using the various commands, which varies
depending on the file type (.xls or.csv).

The imported data is then analyzed using several methods, such as info(), describe(),
and isnull().sum(), to identify any empty, duplicate, or incorrectly formatted values. The
goal of this step is to minimize differences between values and improve the accuracy of
the analysis. If null values are present, they are replaced with suitable values through
mean or median methods. Rows with duplicate values are dropped, while rows with
incorrect formats are corrected to ensure the accuracy of the data.

Overall, this rigorous analysis of the solar energy data using different machine learn-
ing algorithms and data analysis techniques helps to provide accurate and reliable pre-
dictions of solar energy output, which can be valuable for various applications in the
renewable energy industry.

Finally, evaluating the effectiveness of different algorithms are obtained as follows
(Table 1).

Table 1. Evaluating the effectiveness of different algorithms

Algorithm Accuracy

In linear regression, 51.3%

In Lasso regression,51.2%

In Ridge regression, 51%

In Support vector regression, 88.4%

The results of various algorithms’ predictions for solar energy are depicted in Figs. 1,
2, 3 and 4. Upon analyzing the figure, it becomes evident that the SVR algorithm per-
forms better than the other algorithms tested. The SVR algorithm’s superior performance
indicates that it is the most accurate model among the algorithms compared. Therefore,
the results suggest that SVR is the optimal choice for predicting energy of solar system.



214 I. Kasireddy et al.

5000

4000

3000

2000

1000

-1000

T T T T T
0 500 1000 1500 2000 2500 3000

Fig. 1. The output from the SVR test is shown in blue, while the expected output is shown in red.
(Colour figure online)
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Fig. 2. The output from the linear regression test is shown in blue, while the projected output is
shown in red. (Colour figure online)
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Fig. 3. The output from the Lasso Regression test is shown in blue, while the expected output is
shown in red. (Colour figure online)
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Fig. 4. The output from the Ridge Regression test is shown in blue, while the expected output is
shown in red. (Colour figure online)

4 Conclusion

This study’s objective was to forecast solar energy using different models. Jupyter Note-
book was used to implement and analyse the models. After investigation, it was dis-
covered that the Ridge, Lasso, and linear regressions had accuracy levels between 51%
and 52%. The Support Vector Regression model, however, has a substantially higher
accuracy rate of 88.4%. The results clearly indicate that SVR outperformed the other
regression models in predicting solar energy. The higher accuracy of SVR suggests that
it is a more appropriate and reliable model for predicting solar energy as compared to
other models. Therefore, this study recommends the use of Support Vector Regression
for predicting solar energy.
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