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Abstract

:

Energy and materials are increasingly important in industrialized countries, and they impact the economy, sustainability, and people’s future. The purpose of this work was to study the relationship between energy and the circular economy using methods such as Pearson’s correlation and a principal component analysis. Thus, 12 strong correlations were found, with 5 of them between the following relevant variables from two different subjects: the correlations of the raw material consumption, the domestic material consumption, and the material import dependency with the final energy consumption in transport (0.81, 0.92, and 0.81); the correlation of the circular material use rate with the final energy consumption in households (0.70); and the correlation of the material import dependency with the final energy consumption in industry (0.89). The time series forecast was only conclusive for the waste generated, showing that it will increase in the next 10 years.
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1. Introduction


Many problems detected in recent decades still constitute challenges to be solved. The world’s population has been growing exponentially over the years, as mentioned by Paul Elrich in his book “The Population Bomb” [1], and several needs must be attended to, one of which is energy.



Energy production and consumption involve several aspects of unsustainability, beginning with the sources of energy. Energy production from fossil fuels causes air pollution, global warming, and fossil fuel depletion. This profoundly affects the legacy of future generations that will be exposed to polluted air and climate change, and will have reduced or no access to valuable mineral resources.



The sustainable development goals (SDGs) adopted by the United Nations Member States in 2015 are a framework that can be used to improve the global performance by acting in several sectors. For the energy goal (SDG 7), the aim is to provide access to affordable, reliable, and sustainable energy. However, based on current trends, in 2030, there will be 679 million people without access to electricity [2]. The annual energy intensity improvement rate for the period of 2010–2019 was only 1.9% [2], and, despite the many efforts around the world, the share of renewables in the total energy consumption was only 17.7% in 2019. The targets for this goal include universal access, affordability, and reliability for energy services; a significant increase in the share of renewable energy; and doubling the global rate of improvement in energy efficiency by 2030, using the energy intensity, calculated with the primary energy and the GDP (gross domestic product), as an indicator.



Energy is a key parameter for achieving sustainable development and, as shown, it has become a relevant policy objective on international agendas [3]. Furthermore, low-carbon and efficient energy systems have the potential to contribute to all SDGs [4]. In addition, energy efficiency reduces carbon dioxide emissions, which is linked to SDG 13 [5]. The adoption of cleaner energy vehicles can be important for achieving energy efficiency, according to the work of Xiong and Cheng [6]. Another central issue that is under analysis and discussion is the effect of the digital economy on energy efficiency [7,8]. Decarbonization, which is linked to energy consumption and energy efficiency, is vital and is a target for most countries [9,10]. Goods and products can also help improve the quality of life, but excessive production and consumption also vector unsustainability, due once again to the depletion of resources and the generation of waste that pollutes and contaminates the soil and water.



SDG 12 ensures sustainable consumption and production patterns, which are very important in this context, and sets targets concerning, for example, the sustainable management and efficient use of natural resources using indicators such as the material footprint and the domestic material consumption, which can be very useful in implementing a circular economy. A review by Barkhausen et al. [11] was carried out to analyze the use of a material flow analysis and a life cycle assessment (LCA) to evaluate circular economy requirements. Another relevant target for 2030 is a reduction, by half per capita, in food waste and food losses along with production and supply chains.



The balance between human activity and the environment is still a priority for humankind to solve. It was expected that, by 2020, the correct environmental management of chemicals and wastes would have been achieved through a reduction in emissions to the air, water, and soil, considering their life cycle and impacts on the environment and human health. By 2030, a significant reduction in wastes through prevention or reduction, reuse, and recycling is expected according to SDG 12 [2].



The effects of several variables on sustainable development and on the SDGs to be reached according to the UN agenda suggest that there may be interconnections or links among different field variables. As noted before, energy efficiency and the circular economy are very different variables and they may cause several connections. This work explores the nexus between those variables. Concerns about improving one of them require consideration of the changes in the other.



The aim of this work was to study the relationship between energy and the circular economy using statistical tools to characterize the datasets, aiming to find correlations between variables, to carry out a principal component analysis, and to forecast trends. The methods used were a descriptive analysis (the minimum, the maximum, the mean, the range, the standard deviation, and the variation coefficient), Pearson’s correlation, a principal component analysis, and a time series forecast. Compared to the existing literature, the novelty of this work is that it studies the relationship between energy and the circular economy, which can lead to better decisions, since the knowledge will be greater and, for that reason, better, and more sustainable solutions can be found and implemented.




2. Energy Efficiency and Circular Economy Concepts


2.1. Energy Efficiency Definition and Other Related Terms


Energy efficiency is related to other concepts, such as energy conservation and the energy demand, and sometimes, all these variables are mixed and used interchangeably. However, it is very important to clarify the definitions of each of these variables. Energy efficiency is the ratio between the output and the energy input—Equation (1). Thus, it is not a quantity. If there is an increase in efficiency, it means that less energy is being used for the same level of output; thus, there is an energy saving. Note that this does not always imply a reduction in energy consumption, since it could correspond to a more efficient use of energy.


  E n e r g y   E f f i c i e n c y =   O u t p u t     E n e r g y   i n p u t    



(1)







The output can be related to the performance, including thermal comfort and services such as the transport of persons, information, or energy. Energy savings, on the other hand, are a reduction in energy consumption—Equation (2) [12]. The energy intensity is the energy used divided by the GDP—Equation (3). The use of energy efficiency leads to some important concerns. The energy quality and the durability of materials can be disregarded, since energy efficiency is, by definition, a relative, and not an absolute, variable, which can lead to the continuation of the use of high levels of energy. Different and deeper measures may not be implemented, which will prevent the achievement of more sustainable systems [12].


  E n e r g y   S a v i n g s = q u a n t i t y   o f   e n e r g y   r e d u c e d  



(2)






  E n e r g y   i n t e n s i t y =   E n e r g y   c o n s u m p t i o n   G D P    



(3)







Nevertheless, in some cases, energy efficiency is increased, as mentioned, because there is a reduction in the consumption of energy to obtain the same output, which is desirable and should be promoted.



Energy efficiency, as stated by von Malmborg [10], can have five different perspectives: technological, energy systems, economic, environmental, and international. In the first one, the aim is the energy performance of a technology. The second is about demand management and energy security, and the third is related to energy productivity (reduction in energy inputs does not affect the economic outputs). In the fourth perspective, energy efficiency is seen as a means to achieve climate mitigation, and finally, in the fifth perspective it is related to the energy-to-GDP ratio, benchmarking across countries.



Energy efficiencies can be applied to many sectors, such as construction. In this sector, energy efficiency may include the materials used for construction, the glazing type, the wall construction, the roof construction, etc. [13]. Industry is also a vital sector for applying energy efficiency measures such as technology substitutions, maintenance improvements, supply chain modifications, and distance and load optimization [14]. The residential sector can also contribute to this matter by efficiently operating cooling and heating equipment, for example [15]. Transport is a crucial sector for applying energy efficiency measures, since it greatly affects environmental issues such as climate change. One measure is the promotion of low-emission mobility. Education, for example, was found to have strong relationships with energy efficiency [16], and Su [17] addressed the drivers and barriers of energy efficiency. GDP, weather, trade, and infrastructure effects can explain the energy efficiency. Quito et al. [18] studied the factors of energy efficiency in 43 countries leveraged on spatial econometrics models. The energy production was studied, and one conclusion was that energy production depends on the energy productivity, the primary energy consumption, and the energy imports [19].




2.2. Circular Economy Definition


A circular economy is an approach used to organically promote and enhance sustainability in nations, organizations, and society [20]. Entropy and sustainability are often related and are linked to resource use [21].



The linear economy model is, to date, the model that is adopted in all economies. However, this type of model that takes resources and generates waste is not sustainable and leads to resource depletion and environmental burdens. In this model, economic growth is intrinsically linked to an increase in the production and consumption, causing the depletion of resources and pollution [22].



Society needs to change its consumption patterns to be within the ecological limits [23]. The transition process towards a green economy has been studied, and these studies have emphasized that the interdependent pillars, among other things, should be addressed [24].



The Ellen MacArthur Foundation proposed a methodology based on the elimination of waste and pollution via design, the circulation of products and materials, and the regeneration of nature [25]. This type of proposal is very much in line with life cycle thinking, since waste generation is prevented. The idea is to work at the highest level of waste hierarchy as set by the European Waste Framework Directive. Renewable resources and renewable materials are keystones in the circular economy concept.



Some authors have stated that a circular policy is unlikely to be feasible and socially accepted without the support of complementary redistribution policies [26]. The definition of a circular economy can assume many different forms, as shown in the work by Kirchherr et al. [27], with 221 definitions of a circular economy, which emphasizes that this matter requires more attention to better clarify its meaning and how it can be assessed.



Material flows can be a very useful tool for assessing a circular economy. Some material indicators are often used, as presented in Table 1 and Figure 1.



Raw material consumption depends on the raw material equivalent (RME) imports and exports, with the RME imports being the amount of raw material required to produce the goods imported into the economy and the RME exports being the amount of raw material required to produce the goods exported from the economy.



The European Union (EU) Commission action plan considers seven key domains for achieving a circular economy. Plastics, textiles, e-waste, food, water and nutrients, packaging, batteries, vehicles, buildings, and construction are the crucial areas for promoting a circular economy. For plastics, the EU proposed a plastics strategy with a goal that, by 2030, plastic packaging can be reused or recycled. It also aims to reduce the consumption of single-use plastics.



Electronic and electrical waste is the domain that presents the highest growth in the EU, with less than 40% recycled, so there is huge potential for a circular economy. The EU will promote reusability and repairability to achieve a longer product life. The application of measures to the construction sector allows for a circular economy by increasing the lifespan of buildings, reducing the carbon footprint, and promoting the use of materials as well as a reduction of embodied energy [28].





3. Materials and Methods


3.1. Variables


As stated, this work aims to analyze the nexus between energy and the circular economy. For this purpose, a set of variables was chosen from material flow variables and energy variables, as presented in Table 2.



Seven variables concerning material flow may represent accountability in a circular economy, including the amount of waste generated, trading in recyclable materials, etc. The material flow variables are defined in Table 2. For the energy domain, 3 variables also presented in Table 2 were considered. The countries considered were the 27 EU countries.




3.2. Descriptive Analysis


In this preliminary analysis, for all the variables considered, the number of elements, the minimum, the maximum, the mean, the range, the standard deviation, and the variation coefficient were determined. The variation coefficient was calculated by dividing the standard deviation by the mean. High values for this coefficient meant high dispersion. A skewness and a kurtosis analysis were also carried out. Skewness is a measure of the asymmetry of a distribution. If a normal distribution is symmetric, it has a skewness value of zero. A significant positive value for skewness means a long right tail. For a normal distribution, the value of kurtosis is zero, positive numbers indicate more outliers than in a normal distribution, and, on the other hand, negative values mean that there are fewer outliers than in a normal distribution. IBM SPSS, version 28, was used for this task.




3.3. Correlations


For this work, the package corrplot in software R, version 4.3.0 (R Core Team 2023) was used [29]. This package plots Pearson’s correlation coefficients between all pairs of variables in the table, returning the correlation values and the p-values. It provides a visualization method to present the p-values and confidence intervals, validating the statistical significance of the correlation. The correlation matrix output grants a visual exploratory tool to evaluate the relationships among pairs of variables.




3.4. Principal Component Analysis


The study methodology was centered around the principal component analysis (PCA) model. This technique is used for multivariate exploratory analyses to transform a set of interrelated variables into a smaller set of independent variables or linear combinations. The main goal of this method is to simplify the complexity of the data. By using indicators known as principal components, which are the linear combinations of all the variables studied, a significant portion of information present in the original variables can be aggregated. In this work, two components (dimensions) were defined to simplify the analysis of the variables under study. This process allowed for the simultaneous quantification of categorical variables while controlling the data’s dimensionality. By reducing the dimensions, the analysis becomes more straightforward and the variables can be interpreted as some uncorrelated components rather than the numerous, loosely related variables found in the original dataset [30]. A standard principal component analysis typically assumes linear relationships between numerical variables. However, with a PCA, categorical variables can be optimally quantified based on the assumed dimensionality in the model analysis, allowing for the modeling of non-linear relationships between variables [31].



The selection of this methodology was driven by the considerable number of variables employed in this study. Its purpose extended beyond merely understanding the pairwise correlation between variables (bi-variable correlation) and aimed to comprehend the systemic outcomes that arise when exploring the relationships among all the independent variables present in the research.




3.5. Time Series Forecast


The analysis of time series is a fundamental component that plays a critical role in numerous fields, and it is utilized to forecast future trends. In addition, various strategies are implemented to conserve resources, as reported by Martínez et al. [32]. Time series forecasting is a methodology that involves the prediction of future values of a time-dependent variable based on its past values. In this work, the forecast package, which is integrated into the software R, version 4.3.0, was employed as documented by Hyndman and Khandakar [33]. The time span considered was ten years, from 2010 to 2020.





4. Exploring the Nexus of Energy Efficiency and Circular Economy


4.1. Descriptive Analysis of Variables


Table 3 presents the results of the analysis for the 10 variables. Considering the results obtained, it was possible to conclude that the range, minimum, maximum, and mean were quite different for several variables, although there was no clear distinction between the groups of variables related to materials and energy. By analyzing the values, it was possible to conclude that the variation coefficient was low, which means that the values were close to the mean, so the data presented a low dispersion.



Table 4 presents the results of the skewness and kurtosis analysis. It was possible to conclude that the sets of data did not present a high asymmetry and were close to a normal distribution because the statistical value divided by the standard error in both cases was less than 2 in absolute terms.




4.2. Time Series Analysis


For the time series analysis, two approaches were adopted; the first approach analyzed the historical data of each variable of each of the 27 EU countries, and the second one plotted a forecast for each variable while considering the 27 EU countries. The data were taken from Eurostat [34]. In Figure 2, a graphical representation of the data is presented. Through the data analysis, the following considerations were observed for each variable:




	
MAT1: The raw material consumption indicator quantifies the amount of material extracted, domestic and abroad, required directly and indirectly to produce the products consumed in the geographical area.



	
By analyzing the plots, it was possible to conclude that Finland, Estonia, Luxembourg, Romania, and Austria presented the highest values for this indicator, all of them with values above 20 tonnes per capita. Many of the other EU countries presented a raw material consumption between 10 and 20 tonnes per capita per year. The Netherlands can be highlighted by its decreasing trend and low value for this indicator.



	
MAT2: This indicator measures the quantity of packaging waste. The countries that presented the worst performance were Germany, Ireland, Italy, France, and Denmark, with values above 170 kg per capita per year. On the other hand, Croatia, Romania, and Bulgaria presented the lowest values, below 90 kg per capita per year. This means that there are significant differences in this domain in the EU.



	
MAT3: The circular material use rate, also known as the circularity rate, measures the quantity of materials that come from recycled waste materials, and it is expressed as a percentage. For this indicator, the countries that presented the highest values were the Netherlands, Belgium, France, Italy, and Estonia. The Netherlands has had values between 25% and 35% since 2012. Estonia presented lower values, but since 2019, its values have been above 25%. Belgium, France, and Italy have had values above 15% and below 25% since 2013. At this point, it is important to remember the performance for the raw material consumption, because the Netherlands also presented a very good value for this indicator, and there may be a link between the two.



	
MAT4: The countries that presented the highest values were Finland (between 30 and 40 tonnes per capita), Romania, Estonia, Sweden, and Denmark. There has been strong growth in this indicator in Romania since 2012. The values for Estonia, Sweden, and Denmark have been more stable, without significant variations, since 2012. All these countries have small populations and most of them are located in the north of Europe.



	
MAT5: Concerning the material import dependency, it was possible to conclude that some countries from East Europe presented the lowest values, namely Romania, Bulgaria, and Poland. Smaller countries dominated this indicator, namely Luxembourg, the Netherlands, Belgium, and Malta, with values higher than 50%. Luxembourg led with more than 90%, which is an undesirable characteristic because it means that this country depends highly on other states to fulfil its needs.



	
MAT6: The two countries that were the most detached were Germany and France, with values higher than 300 Mtoe for domestic material consumption, followed by Italy, Poland, and Sweden.



	
MAT7: In the trade of recycled materials, the performance of the Netherlands was highlighted. It presented values as high as 8.5 million tonnes, which was very far from the values presented by the other countries that followed it, and those countries are the most industrialized in the European Union, namely Spain, Italy, France, Germany, and Poland.



	
ENE1: The European countries that presented the highest energy consumption in industry were Germany, France, Italy, Spain, and Poland. By analyzing industry in the European Union, it was possible to conclude that these values were aligned with industrial production, and the following values were obtained: Germany: 27%, Italy: 16%, France: 11%, Spain: 8%, and Poland: 6%.








	
ENE2: The top five countries regarding the final consumption in transport were the same as those for the energy consumption in industry.



	
ENE3: The final consumption of households ranged from 100 to 1.100 kgoe, and the countries that were placed on the right side of the interval were Finland, Austria, Denmark, Luxembourg, and Sweden. This may be justified by the weather conditions, namely the very low temperature of these countries. On the other side, countries such as Malta, Portugal, Spain, and Bulgaria presented the lowest values. Considering the weather, it would be expected that countries such as Italy and Greece, for example, would also present low values, despite air conditioning, which can also contribute to a rise in the energy consumption of households.






As can be perceived from the observations in Figure 2, some values for the variables (specially MAT6, MAT7, ENE1, and ENE2) were very similar and with low variation along the years for some countries, which caused some overlapping of the curves.




4.3. Correlation Applied to Variables


Based on the existing data from the variables, an analysis of bivariate correlations was performed by using the package corrplot of the software R, version 4.3.0. Below, Figure 3 presents the overall correlations between variables, and Table 5 shows the variables with the greatest positive correlation relevance (I: strongly positive, II: positive).



By analyzing the results, it was possible to conclude that there were 12 strong correlations, with 5 of them linking material and energy variables, which is very important. These strong correlations have drawn the attention of policymakers and other stakeholders to the need for more collaborative work involving energy and circular economy measures. The decision-making process should consider these correlations in order to obtain better and more sustainable solutions.



A cluster analysis method was used to organize the variables. A cluster analysis is a statistical technique used to group similar variables together based on their data characteristics. In this study, the clustering process identified two robust grouping clusters: Cluster I (ENE3, MAT2, and MAT3) and Cluster II (ENE1, ENE2, MAT4, MAT7, MAT5, and MAT1). The plotting of the cluster analysis is presented in Figure 4.




4.4. Principal Component Analysis (PCA)


The output of the PCA developed in the package princomp, from software R, version 4.3.0, showed that the first component (DIM 1) had a standard deviation of 0.9142, which corresponded to 58.25% of the total proportion of variance. The second component (DIM 2) had a standard deviation of 0.7006, which corresponded to a proportion of variance of 34.21%, in which both dimensions made up a total cumulative proportion of 92.45%. The summarized model is shown in Table 6.



Considering the two components, the top five variables with the highest weight of variance were MAT2, MAT6, ENE2, ENE3, and MAT3, as shown in Figure 5.



In the first component, the top five variables with the highest weight of variance were ENE2, MAT2, ENE3, MAT3, and MAT6, as presented in Figure 6. The top five variables with the highest weight of variance in Component 2 were MAT5, ENE1, MAT6, MAT1, and MAT7, as exhibited in Figure 7.



Table 7 shows the weights of the studied variables in the two components, which are presented graphically in Figure 8. Based on the corresponding loading vectors, a confluence of variables was observed, defining two groups and a standalone variable. The first group was composed of the variables MAT5, ENE1, MAT7, MAT1, MAT4, and ENE2, which presented positive load values in the two components (DIM 1, DIM 2), and the second group was established by MAT2, MAT3, and ENE3 by considering the positive loading value in DIM 2 and the negative loading value in DIM 1. The standalone variable MAT6 had a positive loading value in DIM 1 and a negative loading value in DIM 2.




4.5. Time Series Forecast


Through the data forecast visualization, it could only be concluded that MAT2 (waste generated) will continue to present a positive trend for the next 10 years. The results of the other variables were inconclusive due to the short time span used in the analysis. It is possible to confirm these statements using Figure 9. The black line in figures represent the evolution for variables to the present and the blue line represents the forecast evolution of the variable to 2030. Grey zone and purple zones represent 95% and 80% confidence interval respectively.





5. Conclusions


Energy and a circular economy are key issues to be addressed. Individually, they present many challenges to the aim of achieving sustainability by providing a good quality of life and access to sustainable energy without large amounts of pollution or the depletion of resources. Their linkage was perceived in time using a qualitative analysis and showed that, despite a common geographical area, there are still many differences; some may be due to weather characteristics, but others may be based on society’s organizational features. The relationship between them was further explored using a correlation analysis, and 12 strong correlations were found. The material import dependency (MAT5) had two strong correlations with two energy variables, the final energy consumption in industry (ENE1) and the final energy consumption in the transport sector (ENE2). MAT1 (raw material consumption) and MAT4 (domestic material consumption) had a strong correlation with the final energy consumption in the transport sector (ENE2) and a positive correlation with ENE1 (final energy consumption in industry). MAT3 (circular material use rate) was strongly correlated with the final energy consumption in households (ENE3). These results may lead to measures for the reduction in material flows or energy with a more holistic approach in order to make use of synergetic positive effects. The several strong correlations identified may provide awareness to policymakers and other stakeholders that measures concerning energy variables can affect the circular economy performance and vice versa, which leads to the need for more collaborative work. The time series forecast was only conclusive for the waste generated, showing that it will increase in the next 10 years.
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Figure 1. Material flow. 
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Figure 2. Time series for each variable, considering each of the 27 EU countries individually. 
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Figure 3. Overall bi-variable correlation. 
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Figure 4. Overall bi-variable cluster analysis. 
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Figure 5. Variance accounted for by components DIM 1 and DIM 2. 
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Figure 6. Variance accounted for by component DIM 1. 
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Figure 7. Variance accounted for by component DIM 2. 
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Figure 8. Biplot of the PCA. 
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Figure 9. Time series forecast for each variable, considering the 27 EU countries. 
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Table 1. Material flow indicators.






Table 1. Material flow indicators.





	Indicator
	Name
	Calculation





	TMR
	Total material requirements
	Domestic extraction + domestic extraction not used + imports + indirect flows associated with imports



	DMI
	Direct material input
	Domestic extraction + imports



	DMC
	Direct material consumption
	Domestic extraction + imports − exports



	DPO
	Domestic processed output
	Air emissions, water discharge, solid waste, dissipative uses, and losses



	RMC
	Raw material consumption/resource footprint
	Domestic extraction + imports in RME − exports in RME



	RP
	Resource productivity
	GDP/DMC










 





Table 2. Variables considered in this analysis.






Table 2. Variables considered in this analysis.





	Variable
	Abbrev.
	Units





	Raw material consumption
	MAT1
	tonnes per capita



	Waste generated
	MAT2
	kilograms per capita



	Circular material use rate
	MAT3
	percentage



	Domestic material consumption
	MAT4
	tonnes per capita



	Material import dependency: total
	MAT5
	percentage



	Generation of waste, by waste category
	MAT6
	tonnes



	Trade in recyclable raw materials
	MAT7
	tonnes



	Final energy consumption in industry
	ENE1
	thousand tonnes of oil equivalent



	Final energy consumption in transport sector
	ENE2
	thousand tonnes of oil equivalent



	Final energy consumption in households per capita
	ENE3
	kilogram of oil equivalent (kgoe) per capita










 





Table 3. Descriptive statistics: analysis of the variables.






Table 3. Descriptive statistics: analysis of the variables.















	
	N
	Range
	Minimum
	Maximum
	Mean
	Standard Deviation
	Variation Coefficient





	MAT1
	11
	1.83
	13.65
	15.48
	14.30
	0.50
	0.035



	MAT2
	11
	24.04
	154.00
	178.04
	165.47
	9.23
	0.056



	MAT3
	9
	0.90
	11.10
	12.00
	11.48
	0.29
	0.025



	MAT4
	9
	0.66
	13.52
	14.18
	13.80
	0.26
	0.019



	MAT5
	9
	2.10
	22.40
	24.50
	23.69
	0.74
	0.031



	MAT6
	6
	1.90 × 108
	2.15 × 109
	2.34 × 109
	2.24 × 109
	6.23 × 107
	0.028



	MAT7
	9
	3.90 × 106
	4.11 × 107
	4.50 × 107
	4.29 × 107
	1.37 × 106
	0.032



	ENE1
	11
	1.30 × 104
	2.31 × 105
	2.44 × 105
	2.38 × 105
	4.32 × 103
	0.018



	ENE2
	11
	3.80 × 104
	2.51 × 105
	2.89 × 105
	2.75 × 105
	1.11 × 104
	0.040



	ENE3
	11
	103.00
	529.00
	632.00
	571.09
	28.68
	0.050










 





Table 4. Descriptive statistics: skewness and kurtosis analysis.
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N

	
Skewness

	
Kurtosis




	
Statistic

	
Standard Error

	
Statistic

	
Standard Error






	
MAT1

	
11

	
1.347

	
0.661

	
2.425

	
1.279




	
MAT2

	
11

	
0.097

	
0.661

	
−1.777

	
1.279




	
MAT3

	
9

	
0.533

	
0.717

	
−0.280

	
1.400




	
MAT4

	
9

	
0.652

	
0.717

	
−1.315

	
1.400




	
MAT5

	
9

	
−0.574

	
0.717

	
−0.975

	
1.400




	
MAT6

	
6

	
0.313

	
0.845

	
1.496

	
1.741




	
MAT7

	
9

	
0.156

	
0.717

	
−0.854

	
1.400




	
ENE1

	
11

	
−0.340

	
0.661

	
−0.826

	
1.279




	
ENE2

	
11

	
−0.861

	
0.661

	
0.735

	
1.279




	
ENE3

	
11

	
0.936

	
0.661

	
0.863

	
1.279











 





Table 5. Bi-variables with the highest correlation weight.






Table 5. Bi-variables with the highest correlation weight.





	Correlation
	Value Range
	Bi-Variables





	I. Strongly Positive
	>0.7
	MAT1-MAT4

MAT1-MAT5

MAT1-MAT7

MAT1-ENE2

MAT2-MAT3

MAT3-ENE3

MAT4-MAT5

MAT4-MAT7

MAT4-ENE2

MAT5-MAT7

MAT5-ENE1

MAT5-ENE2



	II. Positive
	<0.5 and <0.7
	MAT1-ENE1

MAT2-ENE3

MAT3-MAT7

MAT4-ENE1

MAT7-ENE2

MAT7-ENE3

ENE1-ENE2










 





Table 6. Model summary of the two components.
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	Component
	Standard Deviation
	Proportion of Variance
	Cumulative Proportions





	DIM 1
	0.914
	0.582
	0.582



	DIM 2
	0.701
	0.342
	0.925










 





Table 7. Component loadings.






Table 7. Component loadings.





	Variables
	DIM 1
	DIM 2





	MAT1
	0.213
	0.357



	MAT2
	−0.424
	0.274



	MAT3
	−0.357
	0.233



	MAT4
	0.327
	0.219



	MAT5
	0.190
	0.446



	MAT6
	0.349
	−0.377



	MAT7
	−0.001
	0.346



	ENE1
	0.191
	0.424



	ENE2
	0.427
	0.183



	ENE3
	−0.406
	0.147
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