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Abstract- Climate change and energy crisis have motivated the use and development of solar power generation. Since solar 

power generation is highly intermittent and dependent on local weather characteristics. In the meantime, higher availability of 

data and computational power have enabled machine learning algorithms to perform improved predictions, as the need to 

predict solar energy output is essential for many factors in the energy industry. In this project we built a ‘Prediction of Solar 

Energy’ web application using python flask and machine learning algorithms. Solar energy is most useful renewable source of 

energy so accurately predicting solar energy is required as there is a need to make up deficits from traditional fuel plants to 

match the total power generation with the instantaneous power consumption. Project focus is on the prediction of Solar energy 

output recorded by solar photovoltaic panels based on factors like Temperature, Cloud coverage, humidity, visibility etc on a  

particular day. Various famous machine learning algorithms like Multiple Linear regression, Polynomial Regression, Support 

Vector regression, Random Forest Regression and Decision Tree Regression are used to accurately forecast solar PV output. 

Many visualizations plots are also depicted to have better understanding of model. Feature selection is done on the dataset to 

select the best predictor features from a range of features. At last results and model comparison is done to evaluate which 

model among the Five is best fitted for Solar PV output forecast. 
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I. INTRODUCTION 
 

Human beings interact with the environment and modify it 

according to their needs. They exploit the natural 

resources for economic growth- nuclear power; fossil fuels 

like natural gas, coal, petroleum etc are getting extinct.  

 

Sometimes this also leads to degradation of the natural 

environment which may further lead to several other 

problems. Early humans adapted themselves to the natural 

surroundings and led a simple life.  
 

Nowadays the need for a better and a luxurious lifestyle 

has led to the increasing usage of the energy resources 

leading to their extinction and thus this need has also made 

us think of an alternate solution for fulfilling our needs-

which is making efficient use of renewable sources in our 

surroundings. Renewable sources provide the best 

alternative to preserve the non-renewable sources and go 

for a cleaner, greener, and better earth [6].  

 

Machine learning is a subdivision of artificial intelligence 
that is developed because of studies in pattern 

classification and regression for finding mathematical 

models for various real-life problems. It investigates the 

construction of algorithms that can learn from the previous 

data and help in finding a forecast on the data in the 

current and future time. The factors like efficiency of 

learning algorithms, the complexity of the problem, 

methods of representation of data are the most important 

factors that affect the accuracy of the results and future 

forecasting for data.  
 

Several ML methods are used for designing and 

implementing different phases of a renewable energy 

power systems based on the problem requirements and its 

characteristics. In our project, we will be using different 

Machine Learning Regression techniques like Multiple 

Linear regression, Polynomial Regression, Support Vector 

regression, Random Forest Regression and Decision Tree 

Regression to derive prediction models for the incoming 

solar energy using multiple forecast metrics.  

 
The main causes of difference between actual and 

predicted values in any algorithm depends on noise, error, 

and bias; so we are going to use techniques which can 

remove above three factors effectively. We will also 

compare these techniques to find out which algorithm is 

most suited for this project.  

 

Now, large number of datasets can be processed in shorter 

duration of time to fetch useful information. We can 

leverage this fact to our advantage and efficiently predict 

the future solar output with the help of historical solar data 

gathered from forecasting systems. 
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II. LITERATURE SURVEY 

 
Gael Colas et al said in his research that Climate change 

and energy crisis have motivated the use and development 
of sustainable energy sources, with solar energy being 

identified as one of the most abundant and promising 

candidates for bulk power generation.  

 

Yet, an inherent characteristic common to all renewable 

energy sources is that power generation is fully dependent 

on weather and meteorological parameters, and therefore 

the solar power output cannot be fully controlled or 

planned for in advance.  

 

To ensure secure integration of photovoltaic (PV) systems 

into the smart grid, accurate PV forecasting is a critical 
element of energy management sys- tems. If accurate PV 

forecasting is lacking, any unexpected fluctuations in solar 

energy capacity may have significant impacts on the daily 

operations and physical health of the entire grid and may 

negatively affect the quality of life of the energy 

consumers [1]. 

 

The author Faizan Jawaid et al said that the Daily mean 

solar irradiance is the most critical parameter in sizing the 

installation of solar power generation units. The average 

solar irradiation on a specific location can help predict the 
amount of electricity that will be generated through solar 

panels and an accurate forecast can help in calculating the 

size of the system, return on investment (ROI) and system 

load measurements. To predict the mean solar irradiation 

where various regression algorithms have been used in 

conjunction with various parameters related to solar 

irradiance [2]. 

 

P. A. G. M. Amarasinghe et al said that the Reliability 

and stability of a power system get decrease with the 

integration of large proportion of renewable energy. 

Renewable sources such as solar and wind is highly 
intermittent, and it is difficult to maintain system stability 

with intolerable proportion of renewable energy injection.  

 

Solar power forecasting can be used to improve system 

stability by providing approximated future power 

generation to system control engineers and it will facilitate 

dispatch of hydro power plants in an optimum way.  

 

Machine Learning (ML) algorithms have shown great 

performance in time series forecasting and hence can be 

used to forecast power using weather parameters as model 
inputs [3].  

 

In our project we have used some of the ideas from the 

references mentioned above and proposed a model to 

monitor the parameters such as the voltage, current, power 

and predict the future efficiency and inform us about the 

faults before hand using machine learning models which 

are needed to be trained with the previous data. 

III. METHODOLOGY 
 

1. Existing Systems: 

The solar panels in the existing systems were the hardware 

system that monitored power, voltage, and current and 

many other parameters using the developed circuit, then 

using the internet the values are updated in the server, 

tracked and the performance is observed remotely.  

 
The data was measured and calculated using the sensors 

and the processor and further processed using the wi-fi 

module in order to be stored on the cloud server [4]. 

 

2. Proposed System: 

The proposed system includes the dataset of a previously 

used system collected on a daily basis and this data is 

studied and tested on various ML models. The algorithms 

test the functionality of the models and their accuracy 

based on the independent parameter values and predicts 

the solar energy.  
 

We first gather the data, then process the raw data using 

data preprocessing techniques like feature scaling, adding 

the missing data values, and many more methods, then 

understand the dataset to further learn the patterns in the 

data if any or just analyse the data for future use.  

 

We have used certain regression models like Multiple 

Linear Regression, Decision Tree Regression and Random 

Forest Regression, Polynomial Regression.  

 

The main cause of difference between the actual and 
predicted values is because of some errors which can be 

removed using error evaluation technique like mean 

squared error. In our project we are training our models 

using the processed data using the train test split 

technique, after which we can check the performance of 

the models using error evaluation techniques and then 

build a web application to predict the data based on the 

data provided by users.  

 

This application is built using Flask, which is a web 

framework used to create web applications which is 
written in python. Flask depends on the Jinja template 

engine and the Werkzeug WSGI toolkit. The 

documentation for these libraries can be found at: Jinja 

documentation [5]. 

 

3. Method: 

In our project we are going to use several regression 

techniques like Multiple Linear Regression, Random 

Forest, etc. We are going to train the models for solar 

energy prediction which are based on above mentioned 

algorithms using processed historical weather data and 

then compare the results with each other using some error 
metrics to determine which algorithm has best accuracy 

among these and is best suitable for short-term solar 

energy prediction. 
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IV. DESIGN AND IMPLEMENTATION 
 

 
Fig 1. Design Steps. 

 

The historical dataset we used here was taken from 

Github. It permits the user to find and publish dataset. The 

dataset that we have used has attributes like Date, Cloud 

coverage, Visibility, Temperature, Dew point, Relative 

humidity, Wind speed, Station pressure, Altimeter and 

Solar energy. Solar energy is the target Variable. Dataset 

contains data from 1- Feb-2016 and ends on 31-Oct-2017 

in total of 637 entries and 10 variables. 

 
Understanding the data is very important to examine what 

data is informing us or to understand the effect of each 

independent variable with respect to the dependent 

variable. We then find out the correlation between 

different parameters and the solar intensity to determine 

which variables affect solar energy the most. To explore 

this we used scatter plot for better visualization between 

predictors and target. 

 

 
(a) 

 

(b) 

Fig 2. Visualization 

Brief about the steps that we are going to follow: 

 We gathered data from online source i.e github.com. 

 Then we process the data according to the need of our 

ML algorithms i.e., Data preprocessing. Data pre-

processing is the initial part of any machine learning 

process. As soon as we get raw data we are expected to 

apply pre- processing to data and iterate the process again 

and again until we have prepared data. 

 After that we trained the models on a certain percentage 

of train and test split of above processed dataset. 

 We learnt various algorithms like Random forest 

regression, Support vector regression, Decision tree 

regression, Polynomial regression, multiple linear 
regressions and predicted the output with the same. 

 After the prediction of solar energy we used mean square 

error (MSE) method for better accuracy. 

 And then we built a web application to predict the data 

based on the data provided by users with the help of 

python flask. 

 

V. PERFORMANCE 
 

Regression models are used to describe relationships be- 

tween variables by fitting a line to the observed data. 

 

1. Multiple Regression Model: 

Multiple linear regressions are the most common form of 

linear regression analysis. As a predictive analysis, the 

multiple lin- ear regression is used to explain the 

relationship between one continuous dependent variable 

and two or more independent variables. 
 

y = β0 + β1x1 + β2x2 + .... + βnxn + ϵ (1) 

Where, 

y = dependent variable 

x = explanatory variables 

 

In multiple linear regression first, we divided our dataset 

into training and testing set after that from sklearn library 

we import linear model and with the help of regr = linear 

model.LinearRegression () we predict solar energy. 

 

 
Fig 3. Actual vs predicted. 
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2. Decision Tree Model: 

We import the Decision Tree Regression class from 
sklearn.tree and assign it to the variable ‘regressor’. Then 

we fit the x train and the y train to the model by using the 

regressor.fit function. After training, our model is ready to 

make predictions, which is called by the predict() method. 

 

 
Fig 4. Actual vs predicted. 

 

3. Support Vector Regression: 

Support Vector Machine is used as a regression method, 

maintaining all the main features that characterize the 

algorithm (maximal margin). The Support Vector 

Regression (SVR) uses the same principles as the SVM for 

classification, with only a few minor differences. For 

implementation of SVR firstly, for feature scaling we 

imported StandardScaler from Sklearn.preprocessing 

library.  
 

StandardScaler standardizes a feature by subtracting the 

mean and then scaling to unit variance. StandardScaler 

results in a distribution with a standard deviation equal to 

1. SVR assume that the data it works with is in a standard 

range, usually either 0 to 1, or -1 to 1 (roughly). After that 

we trained SVR model by importing svr from Sklearn.svm 

library and with the help of model.predict we predict the 

solar energy by SVR. 

 

 
Fig 5. Actual vs predicted. 

4. Random Forest Regression: 

Random Forest Regression is a supervised learning 
algorithm that uses ensemble learning method for 

regression. Ensemble learning method is a technique that 

combines predictions from multiple regression models to 

make a more accurate prediction than a single model. A 

Random Forest operates by constructing several decision 

trees during training time and outputting the mean of the 

classes as the prediction of all the trees. 

 

 
Fig 6. Actual vs predicted. 

 

5. Polynomial Regression: 

Polynomial Regression is a form of linear regression in 

which the relationship between the independent variable x 

and dependent variable y is modelled as an nth degree 

polynomial.  

 

Polynomial regression fits a nonlinear relationship 

between the value of x and the corresponding conditional 
mean of y, denoted E(y—x). The basic goal of regression 

analysis is to model the expected value of a dependent 

variable y in terms of the value of an independent variable 

x. In simple regression, we used following equation y = a 

+ bx + e, here y is dependent variable, a is y intercept, b is 

the slope and e is the error rate. 

 

 
Fig 7. Actual vs predicted. 
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VI. RESULT 
 

We used various machine learning regression techniques 

followed by Mean squared error, which represents average 

squared difference between the estimated values and the 

actual value in the dataset for error correction.  

 

Visualization of data is represented by bar graph displayed 

in blue and red color. Blue color represents actual values 
and red represents predicted values. 

 

 
Fig 8. Decision Tree Regression. 

 

While comparing the results in each regression model 

values in decision tree are more precise than other 

regression techniques as shown in above graphs.  
 

Decision Tree is one of the most commonly used, practical 

approaches for supervised learning. It can be used to solve 

both Regression and Classification tasks with the latter 

being put more into practical application.  

 

This algorithm is very useful for solving decision-related 

problems. 

 

Table 1. decision-related problems. 

 
 

Further we have deployed machine leaning model using 

flask and build the web application for prediction of solar 

energy from data given by user. We used Decision tree 

regressor to predict the value for better performance. 

 
Fig 9. Output using Flask Application. 

 

VII. CONCLUSION 
 

We were able to understand regression modelling 

technique using algorithms. We conclude that cloud 

coverage, temperature, relative humidity and station 

pressure features play important role in solar power 

prediction. We understood that decision tree regressor 

gives better accuracy in prediction than other regression 

models. 
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