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Abstract. Machine Learning is almost applied in every field such as engineer-
ing, science, medical etc. In this work, the concept of machine learning has been
adopted for predicting solar energy. The solar Energy is widely known renewable
energy due to its massive advantages. Solar energy prediction can help to deter-
mine the energy consumption beforehand and plays amajor role in future planning.
The grid operators are facing hardships because of unreliable weather conditions,
which lead to the reduction in solar energy output. So, they are unable to satisfy the
needs of consumers. Our proposed solution intends to make prediction models by
using machine learning algorithms such as Linear Regression, Lasso Regression,
Ridge Regression and Support Vector Regression (SVR). These algorithms use
past weather data including temperature, dew, wind, cloud and visibility. Based
on these data, analysis has been carried out in Jupyter Notebook. From the anal-
ysis, it has found that, SVR algorithm performed well when compared with other
algorithms.
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1 Introduction

Solar energy hasmany advantages but it also has its own downsidewhich is its production
is highly irregular. Grid operators are facing problems because of the irregular output
of solar energy as they are unable to meet the demand of consumers. But, by predicting
solar energy grid operators can satisfy the consumers. If the production of solar energy
at particular time is known then it is easy to plan according to the needs of users. There
are many factors that affect the solar energy prediction. To predict solar energy one
must collect data regarding these factors. The factors that are effecting the solar energy
production involve wind, humidity, temperature and dew etc. Solar energy production
can be predicted by analyzing the data which includes various factors that affect the solar
energy with respect to the time and some other essential data. The data required can be
collected from meteorological department or it is easily available in online. Machine
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learning is the most effective approach to analyze data. It is classified into three types;
they are supervised learning, unsupervised learning and reinforcement learning [1–6].

In supervised learning the model is provided with input data to get desired output. In
unsupervised learning only input data is given to the model, leaving it on its own to find
structure and in reinforcement learning a computer program interacts with a dynamic
environment inwhich itmust performa certain goal.As it navigates its problem space, the
program is provided feedback that’s similar to rewards. In this study supervised learning
has been used. Supervised learning is further classified into two types which include
regression and classification. The most used regression algorithms are such as linear
regression, lasso regression, ridge regression and support vector regression. Regression
is basically predicting the value of dependent variables using independent variables.

Machine learning follows specific steps during its implementation, which includes
data collecting, data analyzing, data wrangling, train & test and accuracy check. Firstly,
the data is collected and collected data is analysed in order to check for duplicate values,
Null values and wrong format. If null values are present in any rows of data those rows
can be dropped or should be filled with appropriate values. The rows with duplicate
values should be removed and wrong format is altered into correct format. This process
is known as data cleaning. Then the model should be trained with 80% of data and
remaining 20% is used to test the model. Finally the model undergoes accuracy check.
Accuracy can be measured by using various methods such as R-Squared method. The
algorithm is most efficient if it is more accurate.

Python simplifies the Machine Learning Algorithms by providing some libraries.
Libraries that are used for machine learning are numpy, pandas, matplotlib, pyplot,
sklearn and seaborn. These algorithms make machine learning algorithms easy to imple-
ment. Python is most used to implement machine learning algorithms due to its advan-
tages such as python is easiest language and it provides many libraries. The platforms
that are used to run machine learning algorithms include Anaconda, Google Colab and
Jupyter. Among them Jupyter is simpler and it is very easy to share files using Jupyter
Notebook. Jupyter is an open source which allows users to domathematical computation
such as trigonometry and Fourier transforms.

2 Methodology

2.1 Linear Regression

In this study we have used various regressions. Linear Regressions is one of the basic
regression [7]. It helps to find the relation between independent and dependent variables.
This regression is based on fitting best line into the graph and uses various methods to
reduce error between best fit line and data points. Best fit line is also known as regression
line. Linear Regression uses least-squares method to fit a line to the data and it uses R-
squared value is the statistical measure of how close the data to the regression line.
R-squared value is considered as accuracy and if its value is more than 0.5 than model is
considered as good. It is used inTrend Forecasting, Evaluating trends and sales estimates.

Slope for the estimated regression equation is given by (1) and (2)

b1 =
∑

(x1 − x)(y1 − y)
∑

(x1 − x)2
(1)



Solar Energy Prediction Using Machine Learning 19

R2 = 1− SSRES
SSTOT

=
∑

i (yi −
�
y
i
)2

∑
i (yi − yi)2

(2)

2.2 Lasso Regression

Lasso Regression [8] is used for Regularization. It is the technique to prevent model from
getting over fitting. Sometimes the machine learning model works well with training
data set but, when it is tested with testing data set it produces high cost function when
compared to training data set hence it leads to over fitting. In case of Lasso regression
the lambda is multiplying with the weights.

∑n

i=1
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∑
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2.3 Ridge Regression

Ridge Regression [8] is also used for Regularization. It is the technique to prevent
model from getting over fitting. Sometimes the machine learning model works well
with training data set but, when it is tested with testing data set it produces high cost
function when compared to training data set hence it leads to over fitting. In case of
Ridge Regression the cost function is changed by adding the penalty term to it. The
amount of penalty added to the model is known as Ridge Regression Penalty. We can
calculate it by multiplying with the lambda to squared weights
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2.4 Support Vector Regression

Support Vector Regression algorithms [9] are used to predict discrete values. Support
Vector Regression uses the same principle as SVMs. In SVR we find the best fit line.
Best fit line is the hyper plane that has the maximum no. of points. The SVR tries to fit
the best line with a threshold value. The threshold value is the distance between hyper
plane and boundary line. The advantages of SVR when compared to other algorithms
are it is very easy to implement and it has high prediction capability.
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2.5 Purpose

These four algorithms are analysed in this study to find out most accurate method for
solar energy prediction. SVR turns out to be most accurate model among the other
models.

3 Results

Firstly, in this analysis it is important to knowabout dependent and independent variables.
In this data solar energy is the dependent variable and various factors affecting the solar
energy are independent variables. Now, we will see the implementation of machine
learning models.

Various regression algorithms are implemented and analysed for predicting solar
energy in Jupyter Notebook. Initially, the python libraries such as numpy, pandas, mat-
plotlib.pyplot and seaborn have been imported. The following commands are used to
import libraries.

import pandas as pd
import numpy as np

import matplotlib.pyplot
import seaborn as sn

Then the solar weather data has been imported into the Jupyter notebook using the
following command.

pd.read_excel(′datainfo.xls′)

Here the command varies with file type. If the file is csv type then the command changes
to read_csv and name of the file should be written inside the brackets.

The imported data has been analysed using various commands such as info(),
describe(), isnull().sum(). Thesemethods are used to analyze data, data must be analysed
in order to know about empty values, duplicate values andwrong formatted values. info()
method is used to get information related to data such as type of value, is value null or
non-null value, describe() is used to get information related to no of rows, max value,
min value, standard deviation, 25%, 50% and 75% of values. The difference between
values must be minimized in order to get more accuracy.

If any null values are present in data then the rows with null values must be removed
or replaced with a suitable value. The rows with duplicate values must be dropped and
rows with wrong format should be altered into correct format. In our data this type of
values are absent.
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Fig. 1. Solar data histogram

The above graph shows the values present in columns of the data. The x-axis shows
values in columns and y-axis shows no. of rows are present in data with same value. The
above histogram can be drawn by using various methods present in matplotlib. pyplot
library. Not only histograms but we can draw various graphs using the methods present
in this library (Fig. 1).

Figure 2 shows the correlation between columns. If correlation between any columns
is greater than 0.5 or −0.5 than they are highly correlated and also it varies from −1 to
+1. Negative values stand for negative correlation and it shows inverse proportionality.
Positive value indicates direct proportionality. The value of 1 is one to one relationship.
Corr()method is used to find correlation and thismethod ignores the non-numeric values.
In data non numeric values should be converted into numeric values for accurate analysis.

The training and testing of data can be done by importing train_test_split from
sklearn.model selection library. It can be done by using following command.

from sklearn.model_selectionimporttrain_test_split

The various algorithms can be directly implemented by using sklearn library. The
following command is used to implement algorithms.

from sklearn.linear_modelimportLinearRegression,Lasso,Ridge

These algorithms should be trained by using data.

lr=LinearRegression()
lr.fit(x_train, y_train)
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Fig. 2. Correlation pair plot

In the above command the linear regression is taken as lr and it is trained by using
fit method. The same process follows for both Ridge and Lasso regressions.

las = Lasso(alpha = 0.1)
las.fit(x_train, y_train)

rid = Ridge()
rid.fit(x_train, y_train)

las represents lasso regression and rid represents ridge regression. As the training of
model completed, next the testing of data should be done. For testing also various python
provides various libraries.

las.predict(x_train)

las.score(x_test, y_test)

In the above command the models is tested by using testing data and the accuracy of
the model can be known by using above commands. The above commands are imple-
mented for both Ridge and Linear Regression. SVR has to be imported from SVM as
SVR is a part of SVM. For this also sklearn library is used and SVR also tested and
trained in the same way as mentioned above.

Finally, the accuracies of various models are obtained as follows (Table 1).
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Table 1. Comparison of various algorithms

Algorithm Accuracy

Linear regression 51.3%

Lasso regression 51.2%

Ridge regression 51%

Support vector regression 88.4%

Fig. 3. Comparison of testing output (blue color) and predicted output (yellow color) for SVR

Fig. 4. Comparison of testing output (blue color) and predicted output (yellow color) for Linear
Regression

Figures 3, 4, 5, and 6 depicts solar energy predictions for various algorithms. From
Fig. 3, 4, 5 and 6, it is noticed that SVR algorithm outperforming when compared to
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Fig. 5. Comparison of testing output (blue color) and predicted output (yellow color) for Lasso
Regression

Fig. 6. Comparison of testing output (blue color) and predicted output (yellow color) for Ridge
Regression

remaining algorithms. Hence it can be conclude that Support Vector Regression is most
accurate model when compared to others.

4 Conclusion

In this work machine Learning models such as Lasso Regression, Ridge Regression,
Linear Regression and Support Vector Regression are implemented and analyzed in
Jupyter Notebook for solar energy prediction. From the analysis, accuracies of Lasso,
Ridge and Linear regressions are found in between 51%–52%. Whereas the accuracy
of Support Vector Regression is 88.4%. Hence it is clear that Support vector regression
outperformed the remaining regressions models for predicting solar energy.
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