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Abstract 

The study of sustainability and renewable energy is very important in the present decade, as they help achieve the 
countries' sustainable development goals by 2030. Education, science, technology, and innovation play an essential 
role in supporting the growth and quality of sustainable development. Therefore, in the present work, we aim to study 
the impact of school enrollment (SE) and GDP on clean energy usage in various countries. The data are downloaded 
from the World Data Bank. The results are obtained by applying descriptive and inferential statistical methods. The 
results reveal that SE and GDP are negatively correlated with renewable energy consumption (REC). The regression 
analyses are also performed to explain the renewable energy by the two variables. Different regression models are 
compared, and it is concluded that cubic regression models can be used to predict REC based on SE and GDP. 
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1. Introduction
The industry has entered a new phase with the latest Industry 4.0 solutions (Zhang et al. 2021), in which digitalization 
of manufacturing processes, circular economy, and sustainability play important roles. The digital revolution, 
sustainability, climate protection, and closing material cycles have become the leading drivers for transformation and 
development from globalization and specialization toward digitalization and a circular economy (Mohan and 
Katakojwala 2021). Education, science, technology, and innovation also play an important role in supporting the 
growth and quality of sustainable development. With the advancements in economic developments, consumption, in 
general, has also been increasing, including the consumption of energy, particularly electric energy (Kwilinski 2018). 
Several sectors have reported high electric energy consumption (Kwilinski 2018). The industrial sector occupies the 
top of this list. The transport sector and households are as well leading in electric energy consumption. 

The main issue with the increasing tendency of global energy consumption concerns environmental pollution and 
climate change. Therefore, many countries consider the possibility of using renewable energy and green innovation 
technologies. It is of great interest to study the development of renewable energy sources and consumption, as they 
offer the possibility to substitute fossil fuels and they can help in reducing CO2 emissions (Miskiewicz 2021). As 
explored by UNESCO in their Science Report (UNESCO, 2015), education plays a vital role in achieving the 2030 
Agenda for Sustainable Development goals. Education helps increase the quality of the economies, and researchers 
greatly contribute to improving innovative technologies. The Science Report of UNESCO (2021) pointed out the 
importance of gross domestic expenditure on research and development. With the help of such support, researchers 
have published more than 150 thousand scientific works on modern technologies, including artificial intelligence, 
energy, biotechnology, etc. The importance of renewable energy is the focus of many researchers, particularly the 
study of factors that might influence the level of renewable energy consumption. 
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1.1 Objectives 
In the present study, we focus on the high-tech industry, sustainability, and renewable energy and explore their 
relations based on publicly available data from the World Data Bank. We aim to present the impact of SE and GDP 
on the usage of clean energy.  

2. Literature Review
With the help of understanding the determinants of renewable energy, the possibility of accelerating the process of 
resolving climate change issues will increase (Ritchie et al. 2020). Therefore, the study of sustainability and renewable 
energy is very important in the present decade, as they help to achieve the sustainable development goals of the 
countries by 2030.   

In a recent study, Kilinc-Ata and Dolmatov (2023) analyze renewable energy from a financial perspective. The 
findings of this study report a positive relationship between renewable energy capacity and expenditures on research 
and development, economic growth, and renewable energy policy. This research work as well finds out an inverse 
relationship between renewable energy investment and CO2 emissions, electricity, and energy use. A significant 
negative role of energy consumption and education on environmental quality has been reported by Zafar et al. (2021) 
who also found a negative effect of secondary school enrolment on CO2 emissions. The empirical study of Hajdukovic 
(2021) reports macroeconomic factors that affect renewable energy consumption, such as government consumption 
and public investment. Marra (2020) reports that in countries with higher levels of education, income growth has a 
negative effect on renewable energy consumption. There have been several applications of different methodologies 
and models to study and estimate the relationships between clean energy and various factors. One of these approaches 
introduced by Fang (2018) evaluates renewable energy industries, including wind, solar, and hydropower as well as 
biomass energy based on the revised Diamond Model. Oluoch et al.(2021) also studied the factors that affect renewable 
energy consumption. They limited their study to Sub-Saharan Africa and applied panel data analysis. They considered 
GDP per capita, CO2 emissions, education index, and life expectancy index as the main factors. In a similar study, 
Polcyn et al. (2022) investigated the main factors that affect the renewable energy sources in  European countries 
between the years 2000 and 2018. They performed panel data analysis and concluded that CO2 emissions and GDP 
have a positive and significant impact on the growth of renewable energy consumption. On the other hand, the total 
labor force, gross capital formation, and energy consumption in the industry have negative effects. 

3. Methods
First, we perform a basic statistical analysis, considering the years 2018 and 2019, and summarize the data by 
descriptive statistics (mean, median, variance, and standard deviation). We plot the histogram for these variables in 
order to analyze their distribution and possible patterns in the data. Then, we calculate the correlation coefficient to 
examine the strength and direction of the linear relationship between every pair of variables. Furthermore, we aim to 
conduct a simple regression analysis to explain the REC by SE and GDP. We model the relationship between the 
variables by the different nonlinear regression models with and without transformation options and compare those by 
the goodness of fit measures, coefficient of determination (R2), adjusted coefficient of determination (R2

adj), and 
standard error. Besides these, the assumptions are checked by the normal probability plot and residual analyses.   

4. Data Collection
World Data Bank is one of the most comprehensive data sources, with more than 2000 variables for all the countries 
and a wide time range. In this study, regarding the availability of the data, 91 countries are included for the year 2018. 
Each year contains information for renewable energy consumption, SE, and GDP that relate to a specific country. 
REC (% of total final energy consumption) is defined as the share of renewable energy in total final energy 
consumption. SE is defined as the gross enrollment ratio, which is the ratio of total enrollment, regardless of age, to 
the population of the age group that officially corresponds to the level of education shown. GDP per capita (current 
US$) is the gross domestic product divided by the midyear population. GDP is the sum of gross value added by all 
resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the 
products. It is calculated without making deductions for the depreciation of fabricated assets or for the depletion and 
degradation of natural resources. Data are in current U.S. dollars. The main descriptive statistics of the variables are 
given in Table 1. 
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Table 1. Descriptive statistics for the three variables 
 

 REC SE GDP 
n 91 91 91 

Mean 24.9519 95.2152 18499.3425 
Median 21.0500 100.0798 9446.7171 

Std. Deviation 19.1339 25.93429 20616.2474 
Variance 366.1090 672.5880 425029656.239 

 
The descriptive results show that 91 countries consume renewable energy on average 24.9519% of total energy. We 
also observe a rather big variation in the values of REC in the different countries, ranging from 1.57 to 85.22%. The 
median REC is 21.9519% and the variance is 366.109. Also, SE has a mean of 95.2152% with a variance of 672.588. 
The average GDP of 91 countries is 18499.3425 US$ with a standard deviation of 20616.24 US$. The variables are 
also summarized by plots. Figures 1-3 present histograms for the three variables. The figures show that most of the 
values lie toward the left so, the distribution of the REC and GDP per capita are positively skewed. On the other hand, 
Figure 2 displays that most of the values lie in the center, so a more symmetric distribution for SE. 
 
 
 

 
 

Figure 1. The histogram of renewable energy consumption 
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Figure 2. The histogram of SE 
 

 
 

Figure 3. The histogram of GDP per capita 
 
5. Results and Discussion 
 
5.1 Numerical and Graphical Results 
The correlation analysis is used to determine the relationship between the dependent variable and the independent 
variables. To determine the strength and direction between the dependent and independent variables, Pearson 
correlation analysis is used. The results of the correlation given in Table 2 show that the correlation coefficient value 
between REC and SE is -0.438, and its p-value is 0.000, which indicates that a moderate negative and significant 
relationship is present between the REC and SE. Also, the correlation coefficient value between REC and GDP is -
0.223, and its p-value is 0.034, which indicates that there exists a weak negative and significant relationship between 
the REC and GDP per capita. Also, the correlation coefficient value between GDP per capita and SE is 0.604 and its 
p-value is 0.000 which indicates that there is a strong positive and significant relationship between the GDP and SE. 
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Figure 4. Pearson correlation matrix plot of REC, SE and GDP 
 

Since Figure 4 shows nonlinear relationships, different statistical models are tested to determine the relationship 
between the variables. In this study, we use regression analysis to model the dependent variable by the independent 
variables. We define the REC as the dependent variable and analyze two models in which SE and GDP are independent 
variables. We consider the standard errors and R2 in our comparisons. 
 
Model 1: The cubic regression model with SE:  
 

𝑅𝑅𝑅𝑅𝑅𝑅� = 180.677 − 4.198(𝑆𝑆𝑅𝑅) + 0.03474(𝑆𝑆𝑅𝑅)2 − 9.0E−5(𝑆𝑆𝑅𝑅)3   (1) 
 
The ANOVA table given in Table 2 shows that the p-value of the F statistic is 0.000, indicating that the cubic 
regression model is statistically significant in predicting REC on the base of SE. In addition, the significance of the 
regression coefficients is also tested, Table 3. The p-values of these tests indicate that all the regression coefficients 
are significant and impact REC. Figure 5 demonstrates the REC and SE scatter plot along with the fitted regression 
model. The model gives an R2 of 46.6% and a standard error of 14.2216.  

 
Table 2. Model 1: ANOVA table 

 
Source DF SS MS F P 
Regression 3 15353.8 5117.92 25.30 0.000 
Error 87 17596.0 202.25     
Total 90 32949.8       

 
Table 3. Model 1: Regression coefficients 

 
Term Coef SE Coef T-Value P-Value 
Constant 180.7 31.1 5.82 0.000 
SE -4.20 1.16 -3.63 0.000 
SE2 0.0347 0.0130 2.67 0.009 
SE3 -0.000090 0.000045 -1.98 0.050 
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Figure 5. Model 1: Fitted equation plot 

 
A similar analysis is conducted for GDP. Several nonlinear models are compared and the following model is observed 
as the best model that can be used to explain REC by GDP.  
 
Model 2: The cubic regression model with GDP: 
 

𝑅𝑅𝑅𝑅𝑅𝑅� = 1945 − 1390(𝑙𝑙𝑙𝑙𝑙𝑙10(𝐺𝐺𝐺𝐺𝐺𝐺)) + 333.2(𝑙𝑙𝑙𝑙𝑙𝑙10(𝐺𝐺𝐺𝐺𝐺𝐺))2 − 26.50(𝑙𝑙𝑙𝑙𝑙𝑙10(𝐺𝐺𝐺𝐺𝐺𝐺))3  (2) 
 
The low p-value indicates that the combined effect of GDP, the square of GDP, and the cube of GDP have a significant 
impact on REC, Table 4. Table 5 gives specific information about the regression coefficients: They are also significant. 
The graphical representation of the model is illustrated in Figure 6. The statistics display in the graph give the model 
R2 and standard error, which are 33.0% and 15.9284, respectively.  
 

Table 4. Model 2: ANOVA table 
 

Source DF SS MS F P 
Regression 3 10876.7 3625.56 14.29 0.000 
Error 87 22073.1 253.71     
Total 90 32949.8       

 
Table 5. Model 2: Regression coefficients 

 
Term Coef SE Coef T-Value P-Value 
Constant 1945 624 3.12 0.002 
GDP -1390 488 -2.85 0.005 
GDP2 333 126 2.65 0.010 
GDP3 -26.5 10.7 -2.48 0.015 
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Figure 6. Model 2: Fitted equation plot 
 
5.2 Proposed Improvements 
In both of the models, although the R2 are not high enough, they are the highest of the models that only GDP and SE 
are considered. The main reason for observing relatively low R2 values is the effect of factors that are not presented 
in the models.  
 
6. Conclusion 
The study's main objective is to investigate how education and countries’ economy contributes to the use of clean 
energy in different countries. We considered secondary school enrollment and GDP as the indicators for the factors, 
and the results show that SE negatively and significantly impacts renewable energy consumption. Also, the results 
show that when the GDP increases, then REC also decreases which means GDP has a negative impact on REC. The 
regression analysis results show that the cubic regression model is the best model that can be used to explain the REC 
by SE compared to the other nonlinear regression models. Similarly, the cubic regression model with log 
transformation of the independent variable is the best fit for the REC based on the GDP.  
This study is limited to 2 variables. Although these variables impact renewable energy consumption, the R2 values 
and model results show that new variables should be added to the models.  
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