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Garima Gupta 

x18182160 

 

1 Introduction 

This report will give a detailed explanation of all the steps taken to successfully complete this 

project. All the hardware and software requirements will also be discussed in to get the same 

results at every run. 

2 System Configuration 

2.1 Hardware Requirements 

 This project was implemented on Windows 10 machine with 8GB RAM and 512 GB of hard 

disk with the Ryzen 7 processor. Hardware specification is shown below in Figure 1:  

 

 
Figure 1: Hardware Requirements 

2.2 Software Specification 

Below mentioned software with specified versions were used for executing the project.   

 

• Microsoft Excel 2019 was used for initial pre-processing of data which helped in saving 

time required for coding. The unnecessary columns and rows were dropped from the 

dataset and initial data check such as correct data types was checked at this stage using 

Excel.  
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• Python 3 Jupyter Notebook (Anaconda 3) was used for exploratory data analysis 

(EDA), such as scatterplot, heatmap. Jupyter notebook provides a lot of libraries that 

are very effective for data analysis and manipulation such as pandas, NumPy. For EDA 

visualizations matplotlib and seaborn libraries were used. 

• Conversion of preprocessed data into time-series format was done using R 

programming language in Rstudio Integrated Development Environment. Different 

machine learning models were applied to time-series datasets using R. This 

programming language facilitates various time series and forecasting packages, which 

was the main reason for choosing R as development software for this project. The time-

series plots and other forecast results were plotted using R. 

• Tableau 2020.2 was used as a visualization tool for presenting the forecast results of 

the best-chosen model to help government authorities in making decisions for solar 

plant installation. 
 

In R studio few packages were installed data cleaning, preprocessing, and applying forecasting 

models. A summary of addon packages is shown below in Figure 2:  

 

 

 
Figure 2: Required Add-on R packages 

3 Project Development 

To develop this research project, all tools specified above were used in data cleaning, 

preprocessing, and data modelling.  

3.1 Data preparation 

The raw data of Andhra Pradesh and Rajasthan was taken from the Central Pollution control 

board1, initially, datasets were having 26304 rows and 5 columns. To achieve the goal of 

univariate time series analysis of solar irradiance forecasting project, Exploratory data analysis 

was performed on datasets using python 3. The raw data of both states can be seen below in 

Figure 3 and 4: 

 

 
1 1https://app.cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-landing/data/%7B%22state% 
22:%22Rajasthan%22,%22city%22:%22Jaipur%22,%22station%22:%22site_134%22%7D 
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Figure 3: Rajasthan's Raw data 

 

 
Figure 4: Andhra Pradesh Raw data 

From Date is of no use in the analysis of the project, so it was dropped from the datasets, and 

data was imported to Jupyter notebook for exploratory data analysis. Figure 5 and 6 shows the 

first 5 rows of imported datasets: 
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Figure 5: First 5 rows of Rajasthan data 

 
Figure 6: First 5 rows of Andhra Pradesh's data 

 

To find the relationship between the columns, the scatterplot of each variable with solar 

irradiance was drawn. The scatterplots along with code to draw it are shown in Figure 6, 7, 8 

for Rajasthan’s data and 9, 10, 11 for Andhra Pradesh's data. 

  

 

 
Figure 7: Scatter plot of Rajasthan's Bar pressure 



 

7 
 

 

 

Figure 8: Scatter plot of Rajasthan's Humidity 

 
Figure 9: Scatter plot of Rajasthan's Wind speed 
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Figure 10: Scatter plot of Andhra Pradesh's Bar pressure 

 
Figure 11: Scatter plot of Andhra Pradesh's Humidity 
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Figure 12: Scatter plot of Andhra Pradesh's wind speed 

Figure 13 and 14 has been drawn to check the correlation between the individual parameters 

and it was found that there is a weak relationship between parameters, hence solar irradiance 

was only considered for analysis. 

 

 

Figure 13: Heatmap of Rajasthan data 
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Figure 14: Heatmap of Andhra Pradesh's data 

 

After EDA data was imported to Rstudio for data cleaning and preprocessing of converting the 

dataset into time-series data. Figure 15 shows the code for cleaning and preprocessing of 

datasets: 

 

 
Figure 15: Cleaning and preprocessing of Rajasthan's dataset 
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Plots of time series dataset of both states were plotted with or without seasonality as shown in 

Figure 16 and 17. 

 

 
Figure 16: Rajasthan' s time-series data 

 

 
Figure 17: Rajasthan's time-series data without seasonality 

 

From the comparison of both figures, it can be observed that Figure 16 was seasonal data but 

17 is non-seasonal. Figure 18 shows the code of different tests performed on time series data 

to make it ready for modelling. 
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Figure 18: Data Analysis for modelling 

4 Model Implementation and results 

This section discusses the implementation of selected models and their results. As the code of 

both datasets is the same, so details of Rajasthan state analysis has been shown here. 

4.1 ARIMA Model: 

Figure 19, 20, and 21 shows the code for model implementation, residual plot and forecast 

results of  ARIMA model respectively.  

 

 

 
Figure 19: Code for ARIMA model 
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Figure 20: Residual plot of ARIMA Model 

 

 
Figure 21: ARIMA forecast Plot 

 

 

4.2 Simple Exponential Smoothing Model 

 

Figure 22 and 23 shows the code for model implementation, and forecast results of  Simple 

exponential smoothing model respectively.  
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Figure 22: R code for SES model 

 

 

 
Figure 23: Forecast plots of SES 

 

 

4.3 Dynamic Harmonic Regression Model 

 

Figure 24 and 25 shows the code for model implementation, and forecast results of the 

Dynamic Harmonic regression model respectively. The Value of K was selected by trying 

different values and K =2 gave the least AICc value, so it was chosen. 
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Figure 24: R Code for DHR model 

 

 

 
Figure 25: SES Forecast Plot 

4.4 TBATS Model 

 

Figure 26 and 27 shows the code for model implementation, and forecast results of  TBATS 

model respectively. 
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Figure 26: R code for TBATS model 

 

 
Figure 27: TBATS forecast plot 

 

4.5 Neural Network Model 

 

Figure 28 and 29 shows the code for model implementation, and forecast results of  Neural 

Network respectively. 
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Figure 28: R code for Neural Network Model 

 

 
Figure 29: Forecast plot of Neural Network 

 

 

4.6 Prophet Model  

 

Figure 30 and 31 shows the code for model implementation, and forecast results of  Prophet 

model respectively. An extra step is added in code for making a dataframe that is accepted by 

the prophet model for data modelling. Dataframe with 2 columns named as “ds” and “y” was 

created by converting time-series data back to dataframe. 
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Figure 30: R code for Prophet Model 

 

 
Figure 31: Forecast Result of Prophet Model 
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5 Comparison of Model’s performance 
 

Table 1 compares the performance of implemented models using RMSE, MAE, and MAPE 

as evaluation metrics. 

 
Table 1: Comparison of the result of implemented Models 

Applied 

Models 

Rajasthan Andhra Pradesh 

RMSE MAE MAPE RMSE MAE MAPE 

ARIMA 3.429134 2.64023 1.870284 1.92607 1.39542 1.049723 

SES 4.346164 3.29734 2.26291 2.276351 1.642982 1.256257 

DHR 3.443069 2.660631 1.861069 1.927582 1.396146 1.050017 

TBATS 3.395737 2.625447 1.837209 1.978833 1.451111 1.097205 

Neural 16.38944 12.70494 6.622763 8.938446 7.521864 5.851798 

Prophet 21.23669 19.01291 0.097867 16.95289 13.98698 0.102526 

 

 

6 Calculation of Solar Power 
 

The solar power was calculated for both states using the ARIMA model for the next year, as 

ARIMA outperformed every model. R code for the calculation of solar energy generation is 

given in Figure 32. Figure 33 portrays the forecasted power of both states. 

 

 
Figure 32: R code for Solar energy calculation 
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Figure 33: Forecasted Solar energy of Rajasthan & Andhra Pradesh 


