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Statistical analysis of renewable energy indicators in the 
European Union 

 
 
Abstract 
 

Renewable energy has become an essential topic in the energy sector in recent years due 

to its potential to reduce carbon emissions and provide sustainable energy sources. Many countries 

worldwide strive to increase their renewable energy production to achieve climate change targets 

and contribute to the green economy. The European Union has taken new measures toward energy 

consumption. The main aim of the thesis is to assess the development of the EU's production and 

consumption of renewable energy through statistical analysis of their key indicators. The practical 

part was based on collection of data from the EUROSTAT databases. The total number of 

indicators used in our study is 14 variables which are categorized into three categories; indicators 

related to production (5), indicators related to consumption (5) and indicators related to economy 

(4). The data underwent multivariate statistical models, including exploratory data analysis in the 

first stage, principal component analysis (PCA) in the second stage and cluster analysis in the last 

stage. The exploratory data analysis showed the contribution of each country in individual 

indicators and visualized the countries in a sorted view. The principal component analysis avoided 

the dataset with high variability and reduced the indicator to ten components. Those ten 

components were utilized for cluster analysis which classified all 27 EU states into 8 clusters. 

Germany is the main contributor in renewable energy production with big investment followed by 

France. Sweden and Finland showed the best practice in utilizing energy produced in different 

sectors of industry and life. Luxembourg shows the least improvement toward a complete rely on 

the renewable energy. In conclusion, all analysis done through different stages showed a high 

degree of shifting from finite sources of energy, such as fossil fuels and oil to more renewable 

sources as wind and solar power. Therefore, most EU countries are performing well in the regard 

of clean and affordable energy sectors which is crucial for the current environmental issues that 

the whole world is facing as global warming. 

 
Keywords: Renewable energy, production, consumption, economy, European Union, multivariate 

statistical analysis, Principal component analysis, Cluster Analysis, Data visualization, 

Exploratory data analysis, Data standardization. 
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Statistická analýza ukazatelů obnovitelné energie v 
Evropské unii 

 
 
Abstrakt 
 

Obnovitelná energie se v posledních letech stala zásadním tématem v energetickém sektoru 

díky svému potenciálu snižovat emise uhlíku a poskytovat udržitelné zdroje energie. Mnoho zemí 

na celém světě se snaží zvýšit svou výrobu energie z obnovitelných zdrojů, aby dosáhly cílů v 

oblasti změny klimatu a přispěly k zelené ekonomice. Evropská unie přijala nová opatření ke 

spotřebě energie. Hlavním cílem práce je zhodnotit vývoj výroby a spotřeby energie z 

obnovitelných zdrojů v EU prostřednictvím statistické analýzy jejich klíčových ukazatelů. 

Praktická část byla založena na sběru dat z databází EUROSTATU. Celkový počet indikátorů 

použitých v naší studii je 14 proměnných, které jsou kategorizovány do tří kategorií; ukazatele 

související s výrobou (5), ukazatele týkající se spotřeby (5) a ukazatele související s ekonomikou 

(4). Data prošla vícerozměrnými statistickými modely, včetně průzkumné analýzy dat v první fázi, 

analýzy hlavních komponent (PCA) ve druhé fázi a shlukové analýzy v poslední fázi. Průzkumná 

analýza dat ukázala příspěvek každé země v jednotlivých ukazatelích a vizualizovala země v 

seřazeném zobrazení. Analýza hlavních komponent se vyhnula souboru dat s vysokou variabilitou 

a redukovala indikátor na deset komponent. Těchto deset komponent bylo použito pro shlukovou 

analýzu, která klasifikovala všech 27 států EU do 8 shluků. Německo je hlavním přispěvatelem do 

výroby obnovitelné energie s velkými investicemi následované Francií. Švédsko a Finsko ukázaly 

osvědčené postupy při využívání energie vyrobené v různých odvětvích průmyslu a života. 

Lucembursko vykazuje nejmenší zlepšení směrem k úplnému spoléhání se na obnovitelné zdroje 

energie. Závěrem lze říci, že všechny analýzy provedené v různých fázích ukázaly vysoký stupeň 

přechodu od omezených zdrojů energie, jako jsou fosilní paliva a ropa, k obnovitelným zdrojům, 

jako je větrná a solární energie. Většina zemí EU si proto vede dobře, pokud jde o sektory čisté a 

cenově dostupné energie, což je zásadní pro současné ekologické problémy, kterým čelí celý svět 

jako globální oteplování. 

 
Klíčová slova: Obnovitelná energie, výroba, spotřeba, ekonomika, Evropská unie, vícerozměrná 

statistická analýza, Analýza hlavních složek, Shluková analýza, Vizualizace dat, Průzkumná 

analýza dat, Standardizace dat.  
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1. Introduction 

Renewable energy sources (RES) provide a sustainable alternative to fossil fuels in the face 

of depleting reserves and climate change. They offer a clean and virtually limitless energy source 

by harnessing the sun, wind, water, and geothermal heat. Their eco-friendly attributes make RES 

the most favorable alternative to conventional sources. As a result, many nations and regions are 

implementing proactive strategies to increase their capacity for RES (Lian et al., 2019). 

The European Union (EU) has taken significant measures to address the pressing issue of 

climate change by tackling the surge in emissions of climate-altering atmospheric pollutants, such 

as CO2 and CH4. The Renewable Energy Directive (RED II), negotiated in 2018, forms a crucial 

part of the EU's plan to achieve energy self-sufficiency and promote the growth of renewable 

energy sectors. The RED II directive has introduced several changes, including the new target of 

generating 27% of total energy from renewable sources across the EU by 2030, superseding the 

previous 20% by 2020 (Segreto et al., 2020).  

The European Green Deal proposed during the UN COP25 climate summit in Madrid, Spain, 

in December 2019, is a highly ambitious strategy to tackle climate change. The deal represents the 

EU's commitment to reducing greenhouse gas emissions and transitioning towards a more 

sustainable future (Brodny et al., 2020). 

Recently, there has been a crucial debate among policymakers and researchers regarding the 

complex relationship between RES and the various factors that influence its generation and usage 

in EU countries. The main goal of these discussions is to identify ways to improve the production 

and adoption of renewable energy across all EU member states (Saint Akadiri et al., 2019). 

Assessing how each EU member state implements RED II and the European Green Deal is 

crucial. This will help determine which countries are progressing towards achieving their 

environmental goals and which ones need to step up their efforts. By evaluating these initiatives 

at the national level, we can better understand their impact on reducing greenhouse gas emissions 

and promoting renewable energy sources. This knowledge can inform policies and strategies 

supporting a more sustainable future for all. 
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2. Objectives and Methodology 

2.1 Objectives 

The aim is to understand the trends of production and consumption of renewable energy in 

EU countries with emphasis on various indicators attributed to RES. 

2.2 Methodology 

Collection of data relevant to the research interest is the main asset. The source of those data 

is the statistical office of the European Union (EUROSTAT). The benefit of using EUROSTAT is 

the grouping of data into individual indicators. The main workflow is the processing and statistical 

analysis of the obtained data. The statistical analysis is conducted using SAS software. 

The workflow is summarized as follows. 

Exploratory data analysis - Selection of indicators 

- Information about the selected indicators 

- Collection of the latest available data of each indicator 

Principle component analysis - Reducing the total number of indicators collected and 

processed during the exploratory data analysis (known 

as components) 

- Statistical selection of the components that are most 

relevant for the cluster analysis step 

Cluster analysis - Divide EU states into clusters. 

- The clusters are different from each other. 

- Members of each cluster share high degree of similarity 

Data visualization - Graphical representation of datasets 

- Aims to 

o Understand complex information. 

o Identify pattern, trends and relationships 

Table 1 Methodological sequence of analyzes (source: own processing) 
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2.2.1 Exploratory data analysis 

 The aim of this step is to select the indicators and check its suitability for further complex 

and deeper processing and statistical analysis. It would avoid execution of statistical calculation 

without understanding the collected data and deeper connections (Meloun and Militký, 2012). 

 Most of statistical methods have the following assumptions about the processed data. 

1. Minimum range of selection 

2. The selection is homogenous. 

3. The data are normally distributed.  

4. All data have the same probability to be included in the selection.  

5. All individual data are independent. 

According to the previous assumptions, data are explored to check it is suitability for the next 

statistics steps. Otherwise, their analysis would be difficult and require complex tests with specific 

options. Moreover, graphical representation of collected data, would help and enable 

comprehensive evaluation of statistical analysis (Haned et al., 2012). 

2.2.2 Statistical methods of survey analysis 

2.2.2.1 Quantile characteristics 

 It encompasses the division of the sorted data into four equal parts, known as quantiles. 

The first, lower, quartile divides the smallest 25% of data from the rest.  The second, middle, 

quartile divides the data into two equally occupied parts. So, the second quartile is similar to the 

median. The third, upper, quartile, separates 75% of data from the top 25% (Kába and Svatošová, 

2012). 

 Two more components of quantiles are deciles and percentiles. Deciles divide the data into 

ten equal parts while the percentiles divide them into 100 parts. 

2.2.2.2 Arithmetic mean and median. 

 The arithmetic mean is the basic statistical component, and it is calculated by dividing the 

sum of all data by the total number of those values. 

μ=n∑i=1nxi 
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where 

μ represents the arithmetic mean 

xi represents each individual value in the dataset 

n is the total number of values in the dataset 

 The median is the middle value of the data ordered by value or size. It also represents the 

second quartile. 

For an odd number of values: 

Me=x2n+1 

For an even number of values: 

Me=2x2n+x2n+1 

where 

Me  represents the median 

x2n+1 represents the middle value in the ordered dataset if n  is odd. 

x2n  and x  n/2+1x2n+1 represent the two middle values in the ordered dataset if n  is 

even. 

2.2.2.3 Kurtosis 

 It represents the concentration of elements of dataset around a certain value. Therefore, it 

gives an idea of the shape of the frequency distribution, either kurtosis or flatness. It is measured 

using the kurtosis coefficient formula (Kába and Svatošová, 2012). 

Kurtosis=n⋅s4∑i=1n(xi−xˉ)4 

     Kurtosis represents the kurtosis coefficient 

xi represents each individual value in the dataset. 

xˉ represents the mean of the dataset. 

s represents the standard deviation of the dataset 

n is the total number of values in the dataset 

According to the kurtosis coefficient: 
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If γˉ>0, the distribution is leptokurtic (spiked), indicating a concentration of data points 

around the mean with heavy tails. 

If γˉ =0 the distribution is mesokurtic (normally peaked), suggesting a normal 

distribution with moderate tails. 

If γˉ <0, the distribution is platykurtic (flat), indicating a dispersion of data points with 

lighter tails. 

In graphical representation, for a normally peaked distribution, we expect to see a 

horizontal line with data points primarily clustered around this line, reflecting an ideal 

condition. 

2.2.2.4 Skewness 

 It characterizes the symmetry of frequencies distribution. The commonly used 

characteristic is the degree of skewness which is the arithmetic mean of the third power of the 

deviations of individual values from the arithmetic mean, divided by the third power of the 

standard deviation (Kába and Svatošová, 2012). 

Skewness=s3n1∑i=1n(xi−xˉ)3 

where 

Skewness represents the skewness coefficient. 

xi represents each individual value in the dataset. 

ˉx represents the mean of the dataset. 

s represents the standard deviation of the dataset. 

n is the total number of values in the dataset. 

2.2.2.5 Standard deviation 

 It shows the dispersion of individual values around the arithmetic mean. When it small, the 

individual data are mostly similar to each other. On the other hand, it represents a significant 

difference among values when it is big. It is calculated as the square root of the variance. 

s=n∑i=1n(xi−xˉ)2 

s is the standard deviation 
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xi represents each individual value in the dataset. 

xˉ is the mean of the dataset. 

n is the total number of values in the dataset 

2.2.2.6 Coefficient of variation 

 It represents the percentage of standard deviation into the arithmetic mean. It has a great 

importance in relative of measure of variability when comparing the variability between datasets 

that differ in size or expressed in different units. 

CV=μσ×100% 

where 

CV = Coefficient of Variation 

σ = Standard Deviation 

μ = Mean 

2.2.3 Data standardization 

 This step is crucial step when dealing with datasets with high variability and units for 

individual indicators. Therefore, this step is used here before principal component and cluster 

analysis Where it will avoid the abovementioned problems. The commonly used method of 

standardization is the normalization of each value to its Z-score which is done by subtracting the 

mean and dividing by the standard deviation (Meloun and Militký, 2012). 

The advantages of Z-score normalization are: 

Uniform scale: All variables are converted to 0 and standard deviation 1, providing a uniform scale 

for comparison. 

Relevant comparisons: Positive values represent data points above the mean, while negative values 

represent data points below the average. This makes it easier to compare the variables. 

Recalibration: After standardization, there is no difference in scale between variables, facilitating 

meaningful comparisons. 
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2.2.4 Principal component analysis 

 It involves the analysis of main components, abbreviated to AHK. It is done to deduct the 

number of indicators that were originally collected and used during the exploratory data analysis. 

An important aspect of AHK is the minimal loss of information and creating new components that 

summarizes the original components. Moreover, it expresses the percentage share of each 

component which is beneficial in the cluster analysis step. 

Methodological procedure of principal component analysis: 

- creating a data matrix 

- calculation of the covariance matrix 

- expression of characteristic numbers of their corresponding characteristic vectors 

covariance matrix 

- creation of main components 

- expression of the share of the total variance used up by individual components. 

2.2.5 Cluster analysis 

Cluster analysis is used in the analytical part as a way to classify states into individual 

clusters (groups) based on selected indicators. The countries within the clusters show degree of 

similarity according to which they were joined together. But individual clusters differ from each 

other. 

"Cluster analysis is a collective name for a whole range of computing procedures, the goal 

of which is the decomposition of a given set into several relatively homogeneous one’s subsets - 

clusters, so that objects within individual clusters are as similar as possible (Žambochová, 2008). 

Cluster analysis mainly uses the so-called agglomerative hierarchical procedures. They 

combine or split objects at every step. The agglomerative procedure means that at each step we 

first unify the individual objects, then the groupings themselves into ever larger units. The purpose 

of this procedure is to create a hierarchical tree that starts with one-element sets and ends with a 

union all objects into one cluster. Such a hierarchical tree is called a dendrogram. 
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2.2.6 A method of assessing similarity 

The Euclidean distance between two points (or vectors) in an n-dimensional space is 

defined as the straight-line distance between them. Mathematically, for two vectors 

X=(x1,x2,...,xn) and Y=(y1,y2,...,yn) the Euclidean distance d(X,Y) is calculated as: 

  d(X,Y)=(x1−y1)2+(x2−y2)2+...+(xn−yn)2 

In the context of clustering, Euclidean distance is often used to assess the dissimilarity or 

similarity between observations (or data points) in a dataset. It can help identify which 

observations are closer to each other and thus likely to be more similar. 

The advantage of this measure is its computational simplicity. However, it has some 

shortcomings. It assumes that the variables are uncorrelated, which is a practical assumption 

conditions difficult to fulfill. 

2.2.7 Data visualization 

Graphical representation of data and information. It involves creating visual representations of 

datasets to help users understand complex data, identify patterns, trends, and relationships. 

Implementing scatter plots to data visualization to display the relationship between two variables. 

They are particularly useful for identifying patterns, trends, correlations, and outliers in datasets. 

In a scatter plot, each data point represents a single observation, with one variable plotted along 

the x-axis and the other along the y-axis.  
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3. Literature review 

3.1 Renewable energy 

Transitioning towards a more sustainable and environmentally responsible energy landscape 

requires the use of renewable energy. Unlike finite fossil fuels, renewable energy sources are 

derived from naturally occurring processes and can be harnessed without depleting finite 

resources. Such sources include solar, wind, hydropower, geothermal, and biomass. Renewable 

energy is not only appealing due to its ability to reduce greenhouse gas emissions and combat 

climate change, but also due to its potential to improve energy security, boost economic growth, 

and provide access to clean energy for underserved populations (Qazi et al., 2019; Strielkowski et 

al., 2021). 

3.1.1 Types of renewable energy sources (RES) 

Solar Energy: it is a highly versatile and widely embraced form of renewable energy. It is 

produced by harnessing the sun's rays through photovoltaic cells or solar panels, which can be 

utilized in numerous ways. These include mounting them on rooftops, implementing them in large-

scale solar farms, and even incorporating them into portable devices. With its decentralized power 

supply, solar energy promises to improve our energy prospects and propel us toward a more 

sustainable world (Rabaia et al., 2021). 

Wind Power: Renewable energy is rapidly gaining popularity, and wind power is a key 

contributor. By harnessing the kinetic energy of moving air through wind turbines, electricity can 

be generated sustainably. In many regions, wind farms have become a common sight, playing a 

significant role in the production of renewable energy. When combined with solar energy, wind 

power holds great promise in advancing our energy prospects and pushing us towards a more 

sustainable future (Díaz-González et al., 2012). 

Hydropower: Hydropower has long been recognized as a reliable source of renewable 

energy. By utilizing the energy of flowing water, electricity can be generated in dams or rivers. 

This consistent power production has played a significant role in advancing sustainable energy 

practices. Hydropower holds immense potential in propelling us towards a more sustainable future 

when paired with other renewable energy sources like wind and solar (Moran et al., 2018). 
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Geothermal Energy: Geothermal energy is a captivating source of power that allows us to 

tap into the Earth's internal heat. This type of energy is derived by accessing geothermal reservoirs 

and using steam or hot water to generate heat and electricity. One of the most alluring aspects of 

geothermal energy is its reliability and consistency, making it an excellent source for heating and 

electricity production. The potential for geothermal energy is boundless, and it is intriguing to 

ponder how it will continue to advance (Lund and Toth, 2021). 

Biomass Energy: Biomass energy has emerged as a promising avenue for achieving 

renewable energy goals because it harnesses organic materials such as wood, agricultural residues, 

and municipal waste. This form of energy offers the potential to be converted into biofuels or 

burned directly for heat and electricity, thereby enabling sustainable and eco-friendly energy 

generation. Moreover, biomass energy fosters waste reduction and augments local economies by 

generating employment opportunities in the forestry and agricultural sectors. Given its manifold 

advantages, biomass energy is a judicious alternative for individuals seeking to lessen their carbon 

footprint and promote a cleaner, greener tomorrow (Field et al., 2008). 

3.1.2 Environmental and economic benefits 

The utilization of renewable energy sources has gained momentum due to its many benefits. 

One of the most prominent advantages is its potential to generate energy without causing 

detrimental greenhouse gas emissions, effectively mitigating air pollution and combating climate 

change. Furthermore, transitioning to clean energy has the potential to reduce dependence on fossil 

fuels, thereby creating a more secure energy future and reducing susceptibility to price 

fluctuations. In addition, the renewable energy sector has emerged as a significant catalyst for job 

creation and economic growth, attracting substantial investments in research, development, and 

infrastructure. With the advancement of technology, renewables are increasingly becoming 

competitive with fossil fuels, rendering them a prudent and economically viable option for energy 

production (Olabi and Abdelkareem, 2022). 
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3.1.3 Renewable energy in EU countries 

 

Picture 1 Progress towards renewable energy source targets. 

Source: (Share of energy consumption from renewable sources in Europe (8th EAP) 2023) 

The European Union's achievement of meeting its target of having 20% of its gross final 

energy consumption derived from renewable sources by 2020 is a significant milestone towards a 

more sustainable future. Furthermore, the recent political agreement to increase the binding 2030 

target from 32% to 42.5% is a commendable step forward in the battle against climate change. 

This progress indicates the EU's dedication to reducing its carbon footprint and promoting 

renewable energy sources (European Environment Agency, 2023). 
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Picture 2 Share of energy from renewable sources, by country. 

Source: (Share of energy consumption from renewable sources in Europe (8th EAP) 2023) 

The data presented in figure 2 reveals that Sweden, Finland, and Latvia were the EU Member 

States with the highest proportion of RES in 2021. These countries have a well-established 

hydropower industry and a strong reliance on solid biofuels. Conversely, Luxembourg and Malta 

exhibited the lowest adoption rates of renewables, constituting less than 12% of their total energy 

consumption (European Environment Agency, 2023).  

Over the long term, Denmark, Estonia, and Sweden have experienced the most substantial 

growth in RES shares, increasing by more than 18 percentage points since 2005. However, 

Romania and Slovenia have observed a rise of less than 6 percentage points between 2005 and 

2021. 

Notably, 15 of the 27 EU Member States have witnessed an increase in their renewable 

energy shares between 2020 and 2021. Estonia and Denmark have performed exceptionally well, 

having elevated their RES share by over 3 percentage points in 2021. Conversely, Bulgaria and 

Ireland have registered a decline of more than 3 percentage points compared to the previous year. 
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Picture 3 Monthly renewable generation in the EU and the share of renewables in the power mix. 

Source: (Quarterly report On European electricity markets Market Observatory for Energy DG Energy 2023) 

The graph in figure 3 depicts the progressive monthly generation of renewable energy 

sources in the EU and how they contribute to the overall electricity generation mix. As per the 

data, the share of renewable sources in the mix stood at 39% in Q4 2022, a significant increase 

from the 35% share observed in Q4 2021. Despite the lower levels of hydro and biomass output, 

the penetration of renewable energy sources increased in Q4 2022, owing to the rise in solar and 

wind generation levels. Notably, the generation of wind and solar energy surpassed that of gas-

fired energy in 2022 (European Commission, 2023). 
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3.2 Economy 

3.2.1 Growth domestic product (GDP) 

 

Picture 4 EU GDP annual change (%) 

Source: (Quarterly report On European electricity markets Market Observatory for Energy DG Energy 2023) 

The European Union (EU) has shown impressive economic growth, as seen in figure 4. 

According to the latest data from Eurostat in March 2022, the seasonally adjusted GDP in the EU 

rose by 1.7% year-on-year between October and December 2022, following a 2.6% increase in Q3 

2022. Additionally, the GDP in the EU grew by 3.5% in 2022, following a 5.4% increase in 2021 

(European Commission, 2023). 

Although the economy showed signs of improvement, the recovery in the first half of 2022 

slowed down during the year's second half. This was largely due to the pressure caused by high 

energy costs and rising inflation rates. By December of that same year, the EU's annual inflation 

rate had reached 10.4%, with energy costs accounting for 2.79 percentage points. Additionally, the 

high cost of electricity resulted in reduced consumption in energy-intensive industries, which 

meant that the increase in economic activity did not lead to a corresponding increase in electricity 

usage. 

Despite facing challenges, the EU still experienced annual growth in 23 members 

compared to Q4 2021. Among these, Ireland reported the highest annual rates at (+13.1%), 
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followed by Greece (+5.2%) and Romania (+4.7%). In contrast, Estonia (-4.4%) and Luxembourg 

(-2.2%) experienced the highest year-on-year decreases. 

3.2.2 Electricity consumption 

 

Picture 5 Monthly EU electricity consumption 

Source: (Quarterly report On European electricity markets Market Observatory for Energy DG Energy 2023) 

The report in figure 5 outlines the changes in electricity consumption between 2021 and 

2022. The EU experienced a decline in consumption due to unprecedented prices in 2022. This led 

to decreased household energy demand and decreased demand from industries. Large industrial 

consumers were the most affected by high energy prices, resulting in a significant drop in 

consumption. Twenty-three members saw a decrease in consumption, with Slovakia (-9%), 

Romania (-8%), and Greece (-7%) experiencing the most significant drops. However, Malta (+8%) 

and Portugal (+4%) saw increased consumption due to cooling needs during the warm summer 

weather. Compared to the previous year, EU-wide consumption fell by 3% (European 

Commission, 2023). 
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Picture 6 Annual changes in electricity consumption in 2022 by Member State 

Source: (Quarterly report On European electricity markets Market Observatory for Energy DG Energy 2023) 

Figure 6 showcases a report highlighting the variations in electricity consumption between 

Q4 of 2022 and Q4 of 2021. It is crucial to acknowledge that while the EU average displays an 

overall shift, each Member State experienced unique changes during this period. Ireland and Malta 

were the only countries that witnessed a year-on-year increase in consumption, with moderate 

growth of 4% and 2%, respectively. In contrast, twenty-five Member States reported a decline in 

consumption, with Slovakia, Romania, France, and Belgium leading the way with a decrease of 

18%, 13%, and 12%, respectively. Even major economies like Germany and the Netherlands 

experienced reduced power consumption, which decreased by 9% and 7%, respectively. The mild 

winter of 2022/2023 also contributed to the overall decrease in demand (European Commission, 

2023). 
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3.2.3 Electricity and gas prices 

 

Picture 7 Electricity and gas prices for household consumers 2008-2022. 

Source: (Electricity & gas hit record prices in 2022 - Products Eurostat News - Eurostat 2023) 

 During the latter half of 2022, the EU's cost of household electricity and gas skyrocketed 

to the highest on Eurostat's record. Electricity prices surged from €23.5 to €28.4 per 100 kWh, 

while gas prices increased from €7.8 to €11.4 per 100 kWh. Fortunately, there are indications of 

stabilization after an extensive price hike that began before the Russian invasion of Ukraine and 

continued until the second semester of 2022 (EUROSTAT, 2023a).  

In response to the energy crisis, EU governments have implemented several measures to 

alleviate the situation, including reducing taxes and fees, providing tax waivers, capping prices, 

and allocating vouchers to final consumers. Some countries have also applied regulated prices.  

Moreover, the share of taxes in the electricity and gas bills dropped significantly from 36% 

to 16% (-18.3%) and 27% to 14% (-15.8%), respectively. All EU countries have taken steps to 

help consumers by providing governmental allowances and subsidies or reducing taxes and levies 
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to mitigate high-energy costs. While these measures have lowered consumer energy prices, they 

have also burdened governmental accounts. 

3.2.4 Inflation rate 

 

Picture 8 Annual inflation rates (%) 2013-2023 

Source: (Annual inflation down to 5.3% in the euro area Down to 6.1% in the EU 2023) 

In July 2023, the annual inflation rate for the euro area decreased from 5.5% to 5.3% 

compared to the previous month. The inflation rate was 8.9% the previous year. Similarly, the 

European Union's annual inflation rate decreased from 6.4% to 6.1% in July 2023. The countries 

with the lowest annual rates of inflation were Belgium (1.7%), Luxembourg (2.0%), and Spain 

(2.1%), while the highest annual rates of inflation were reported in Hungary (17.5%), Slovakia, 

and Poland (10.3%). Among the Member States, nineteen experienced a decrease in annual 

inflation, one remained stable, and seven reported an increase. Services contributed the most to 

the annual inflation rate of the euro area in July (+2.47 percentage points), followed by food, 

alcohol, and tobacco (+2.20 pp), non-energy industrial goods (+1.26 pp), and energy (-0.62 pp) 

(EUROSTAT, 2023b). 
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3.3 Renewable energy in Czech Republic 

International Energy Agency published a report about different sectors of the energy in 

Czech Republic (International Energy Agency, 2021). The following points are summary of the 

renewable energy section in the report. 

The Czech Republic has experienced significant growth in renewable energy production, 

with the share of renewables in TFEC rising from 11% in 2010 to 16% in 2019. The government 

has set a modest target of 13% of gross final consumption by 2020, which was surpassed in 2013. 

However, the Czech Republic has one of the lowest shares of renewables in electricity and 

transport among IEA countries.  

The Czech Republic has several support schemes and measures to promote the development 

of renewable energy sources. Since 2017, around CZK 43 billion has been paid annually for 

operational support of renewable energy sources. The government is proposing an amendment to 

Act No. 165/2012, which aims to relaunch operational support for renewable energies except solar 

PV and other supported energy sources.  

In 2018, 92% of renewables in TFEC were produced from bioenergy. The mid-term potential 

for renewable development mainly relies on bioenergy, which is expected to account for two-thirds 

of the total renewable energy in 2030.  

In 2018, the Czech Republic had a 20.6% share of renewables in the heating and cooling 

sector. The government expects the share to increase to 30.7% by 2030.  

The renewable energy target for the transport sector was 10.8% by 2020, up from a target of 

6% in 2014. In 2019, the share of renewables in transport was 5%. 

The use of renewable and decarbonized gases in the Czech Republic is low. The government 

should prepare and initiate legislation for promoting higher shares of low-carbon fuels and 

renewable and decarbonized gases such as hydrogen, synthetic methane, and biomethane to 

achieve climate targets cost-effectively.  

The government expects a notable increase in renewable electricity production. In 2020, 

10.3 TWh of electricity was generated from renewable sources, and the government estimates that 

up to 22 TWh of renewable electricity can be integrated into the system without causing stability 

problems. However, the IEA considers the 22 TWh limit a rather low projection. 
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Following graphs shows the status of renewable energy in Czech Republic (International 

Energy Agency, 2021) 

 

Picture 9 Renewable energy in total final energy consumption 2000-2019 (IEA, 2021) 

 

Picture 10 Renewable energy in electricity, heating, cooling, and transport in 2019 (IEA, 2021) 
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 Figure 5.1 Renewable energy in total final energy consumption in the 
Czech Republic, 2000-19 

 

Bioenergy accounted for by far the largest share of renewable energy consumption.  

* Wind increased from 0 Mtoe in 2000 to 0.4 Mtoe in 2019. 
** Bioenergy: primary solid biofuels, renewable waste, liquid biofuels and biogas. Excludes non-renewable waste. 
Source: IEA (2021). 

In 2019, renewable energy accounted for 16% of TFEC, 12% of electricity generation 
(according to the IEA definition), 23% of heating and cooling, and 5% of transport energy 
consumption (according to IEA definitions), without multiplying factors for advanced 
biofuels and renewable electricity (Figure 5.2). Bioenergy was the largest contributor to 
renewable energy, particularly dominating the heating and transport sector, with a small 
share of solar in renewable electricity, in heating and cooling, and in transport. Bioenergy 
covers more than half of renewable electricity, followed by solar (23%), hydro (20%) and 
wind (7%). The Czech Republic’s renewable share in TFEC in 2018 was just below the 
IEA median of 16%. 

Figure 5.2  Renewable energy in electricity, heating and cooling, and transport in 
the Czech Republic, 2019 

 

Bioenergy was the main renewable source for heat and transport. Renewable electricity was 
mostly generated by bioenergy, followed by solar, hydro and wind.  

* Heating and cooling from Eurostat data. 
** Bioenergy: primary solid biofuels, renewable waste, liquid biofuels and biogas. Excludes non-renewable waste. 
Notes: Electricity based on renewable shares of domestic electricity generation. 
Source: IEA (2021); Eurostat (2021). 
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Picture 11 Status of renewable energy targets in 2019 and targets for 2020 and 2030 (IEA, 2021) 

 

Picture 12 Renewable energy in heating and cooling 2004-2019 (IEA, 2021) 

 

Picture 13 Renewable energy in electricity generation 2000-2019 (IEA, 2021) 
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Renewable energy policy and targets  
The Czech Republic’s renewable energy targets are mainly driven by obligations under 
the European Union’s (EU) Renewable Energy Directive (RED) for the period to 2020 and 
by RED II through the National Energy and Climate Plan (NECP) for the period to 2030. 
The government set a target for 2020 to reach a share of 13% of renewables in gross final 
consumption, which was already achieved in 2013. In 2019, the share was just above 16%. 
The sector targets for electricity and heating and cooling were also achieved well in 
advance. However, the country is not on track to reach the 2020 target in the transport 
sector (Table 5.1). 

For 2030, the Czech Republic is committed to increase the share of renewables in gross 
final consumption to 22% as part of its contribution to the EU-wide target of 32%. Under 
the NECP, interim targets are set for 2022, 2025 and 2027 to allow the implementation of 
additional measures if the country is not on track towards the 2030 targets (EC, 2019). 

For 2030, the Czech Republic has further adopted in its NECP the EU minimum target of 
a 14% share of renewables in the transport sector and also set an indicative target to 
increase the share of renewables in the cooling and heating sector by 1 percentage point 
annually in the period 2021-30. The government has set an ambition to reach 17% of 
renewables in total electricity generation by 2030 in the NECP (Table 5.1). 

Table 5.1 The Czech Republic’s 2020 and 2030 renewable energy targets and status 
in 2019 

Renewable share by sector 
(% of gross final consumption)  Targets 

 2019 2020 2030 

Gross final consumption 16.2% 13% 22% 

Transport 7.8% 10.8% 14% 

Electricity 14.1% 13.5% 17% 

Heating and cooling 22.7% 15.5% 1 percentage point annually to 2030 

Sources: MIT (2021); EC (2019). 

The targets set for 2030 are not particularly ambitious compared with the targets of other 
IEA countries for the same year. The anticipated annual growth rate in the electricity sector 
is well below the country’s achievement of the last decade, while the trajectory for transport 
is steep compared to historical trends. To reach the 2030 targets, the government needs 
to fundamentally reset the legal and regulatory framework and supporting measures in all 
three sub-sectors. 

Act No 165/2012 is the main legislative basis to support sources of energy for the period 
to 2020. The act and the National Renewable Energy Action Plan of 2017 specified 
measures and tools regarding the development of renewables until 2020. Operational 
support schemes were the key measure for the promotion of renewable energy sources. 
However, the Czech Republic also operates other support schemes, including tax 
instruments, regulatory measures such as facilitating administrative processes, and 
indirect support measures such as providing guarantees of origin and raising consumer 
awareness.  
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Figure 5.4 Renewable energy in heating and cooling in the Czech Republic, 2004-19 

 

Renewables in heating and cooling consist mainly of direct use of solid biomass. 

Source: Eurostat (2021). 

Since 2015, operational support in the form of either the guaranteed purchase price or the 
green bonus is available for renewable heat. The support applies to heat use from 
generating plants with an installed electricity capacity of up to 500 kW and using biogas 
generated by more than 70% from livestock manure and by-products of animal products 
or biodegradable waste. Renewable heating sources using biomass and geothermal 
energy combustion are eligible to participate in the green bonus scheme and are 
guaranteed a 2% annual increase in support. 

In addition, the government offers investment support for the construction of new heating 
facilities using renewable fuels and for the refurbishment of existing heating facilities 
shifting towards using renewable fuels. Investment support is also available for the 
installation and refurbishment of heating sources in buildings if they are undertaken to 
comply with the energy performance requirements of buildings (see Chapters 3, and 4).  

Looking forward to 2030, support schemes for renewable heat are included under the 
revision of Act 165 on supported energy sources that is currently pending in parliament. 
The government has identified biomass, municipal waste, natural gas and biogas to 
replace coal as the key fuel sources. However, waste heat has not been specifically 
recognised and the exploitation of its potential is not counted towards the annual capacity 
additions. 

Biomass includes secondary sources of energy from, for example, the paper and pulp 
industry. Solid biomass will experience the largest increase to 2030 of all renewable 
heating sources and will account for about three-quarters of all renewable heating sources 
by then (EC, 2019). Given the already large share of solid biomass in the heating sector, 
its future role poses questions regarding sustainability issues and air pollution. New 
legislation on the use of waste is currently pending in the Czech parliament, aiming to 
establish a hierarchy of waste treatment and, once passed, will provide more certainly for 
the heat plant operators. 

The Czech Republic currently does not have a dedicated heating and cooling strategy, but 
is in the process of preparing one with the view towards a deep decarbonisation of the 
heating sector. The strategy will look at the overall transformation of the heating and 
cooling sector, from reducing the sector’s emissions, increasing the efficiency of existing 
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generation over 15 years and wind generation over 5 years. The share of renewables in 
electricity generation according to the EU methodology was 14% in 2019. 

Figure 5.3 Renewable energy in electricity generation in the Czech Republic, 2000-20 

 

Renewable electricity has more than doubled in the last decade, driven by a notable 
expansion in solar power and bioenergy. 

* Bioenergy includes primary solid biofuels, renewable municipal waste, liquid biofuels and biogas. Excludes 
non-renewable waste. 
Source: IEA (2021). 

Policies and measures for renewable electricity generation  
The key operational support measures in the electricity sector to 2020 were purchase 
prices (feed-in tariffs) and green bonuses (feed-in premiums). The purchase price is the 
minimum guaranteed payment to the renewable energy producer regardless of the market 
price of electricity. A green bonus is paid either to the producer for self-consumption or as 
a supplementary payment when the produced electricity is directly sold to the market. The 
two schemes cannot be combined and the renewable electricity producer has to choose 
between them; however, the purchase price option is not available for all types of 
renewable electricity, as the government prioritises the green bonus scheme.  

The Czech Energy Regulatory Office1 sets the feed-in tariff and the green bonuses 
annually. The feed-in tariff is guaranteed over a 15-year period, with an annual increase 
of 2%, except for production from installations using biogas, biomass and bioliquid. The 
level of the feed-in tariff is based on the year in which the installation was put into operation 
( , 2020). The electricity market operator is required to pay the 
obligated off-taker the difference between the guaranteed purchase price and the hourly 
market price of electricity.  

To account for sharply increasing support payments for solar power plants put into 
operation in 2009 and 2010, the government introduced a levy for the years 2011-13 that 
plant owners needed to pay to compensate for the supposed disproportionate amount of 
support received. Since 2014, this levy is only paid by solar power plants put into operation 
in 2010. This retroactive change of compensation resulted in a strong decline in new solar 

                                                   
 

1 See Annex A for more information about institutions and organisations of relevance to the energy sector. 
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3.4 Previous studies 

 Three peer-reviewed paper were used for the discussion of the analysis results came out 

from the practical part. 

3.4.1 Marinou Cristian 2018 

The first study that is relevant to our research interest is (Cristian, 2018). It aimed to do 

cluster analysis for EU member countries from the point of view of the use of renewable energy 

reflecting from the values of three specific indicators. The analysis results in the discovery and 

verification of the structure clusters, including the definition of indicators that statistically 

significantly differentiate the obtained clusters. 

Among the selected indicators (%) are the following: 

•  I1 – Share of renewable energy in gross final energy consumption. 

•  I2 – share of renewable energy in transport. 

•  I3 – share of renewable energy in electricity. 

Even before the cluster analysis, the author evaluates the clustering tendency to determine whether 

the analyzed data forms a cluster structure. The Hopkins test, including the graphic output of the 

matrix distance between analyzed objects, was used for these evaluations. 

3.4.2 Mihaela Simionescu 2020 

The second article  I want to refer to is (Simionescu et al., 2020). This paper does not 

examine the correlation between RES and economic growth. However, it concentrates on the real 

gross domestic product (GDP) and the implementation of national goals in renewable energy. The 

authors use panel data models for a group of EU-28 countries between 2007 and 2017. The models 

provide evidence of a low and positive relationship between the impact of GDP per inhabitant and 

the share of RES in final consumption.  

The empirical approach is based on two primary methods: (a) various panel data models that 

include a study of panel causality and (b) cluster analysis aimed at revealing groups of countries 

grouped according to their share of renewable energy in final consumption and their economic 

level development expressed in GDP per capita. The authors use some traditional panel data 
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models to achieve these methods, including a fixed-effects model, a random-effects model, and a 

general estimator-based model equation. 

3.4.3 Silvia Megyesiova 2023 

The third study to be used for discussion is (Megyesiova et al., 2023). The study analyzed the 

sustainable indicators for affordable and clean energy in the European Union (EU) in 2010 and 

2020 using univariate and multivariate statistical approaches. Univariate statistical methods were 

used to describe the indicators, while multivariate techniques were employed to uncover the 

multidimensionality of the Sustainable Development Goal 7 (SDG 7) indicators.  

The study utilized cluster analysis and principal component analysis to identify differences and 

compare changes in grouping countries into clusters. In cluster analysis, EU countries were 

grouped based on similarities in their SDG 7 indicators, while principal component analysis aimed 

to reduce the dimensionality of the dataset. The study also used correlation analysis to detect 

statistically significant linear relationships between the indicators. The methodology involved 

selecting variables from the Eurostat database and using additional variables such as average 

temperature and gross value added in industry to complete the indicators' collection. The study 

aimed to identify the relationships between the selected indicators and the strengths and 

weaknesses of the countries in achieving sustainable and affordable energy consumption and 

production. 
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4. Practical Part 

Three groups of appropriate indicators were selected for the complex analysis of the renewable 

energy sources, their production and consumption, and categorized accordingly. 

First group of indicators includes data related to production. 

x Primary energy production from RES (TOE) 

x Fossil fuel energy production (TOE) 

x Natural gas energy production (TOE) 

x Oil production (TOE) 

x Nuclear power generation (TOE) 

Second group of indicators comprises data related to consumption. 

x Primary energy consumption (TOE) 

x Share of RES in gross final energy consumption (%) 

x Share of energy from renewable sources in gross electricity consumption (%) 

x Share of energy from renewable sources in transport (%) 

x Share of energy from renewable sources for heating and cooling (%) 

Third group of indicators contains data related to economy. 

x The average price of electricity (EUR/Kwh) 

x Energy dependence (%) 

x GDP per capita (PPS) 

x Energy inflation rate (%). 
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4.1 Exploratory data analysis 

4.1.1 Data related to production. 

4.1.1.1 Primary energy production from RES (TOE) 

 

Graph 1 Primary energy production from RES 

Source: (Eurostat data files) 

This indicator shows each EU country's performance in producing energy from renewable 

energy sources (RES). As shown in Figure 9, Germany secures the first spot with 46,425.523 TOE 

units, followed by France and Italy in the second and third spots with 30,791.365 and 29,881.715 

TOE units, respectively. Also, this figure represents the continuous commitment of Germany to 

RES and its substantial capacity for clean energy generation. 

The Czech Republic falls somewhere in the middle with 5,502.962 TOE units. This data 

represents the Czech Republic's efforts to increase its renewable energy capacity. 
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On the other hand, Malta, Cyprus, and Luxembourg are the lowest three countries in energy 

production from RES. They can be attributed to needing to be bigger in land size and population 

number, which limit their capacity for production. 

 

Table 2 Output of MEANS procedure - Primary energy production from RES (TOE) 

Source: (own study) 

           The output data shows the huge variability in production units between individual states 

with a 123.458 coefficient of variation. The mean is 9,319, but it is of low importance due to high 

variability. The Skewness of data is 1.865, which means right-sided skewness and frequency 

distribution are skewed to the left of the mean. High variability is obvious in the quartiles as well. 

The lower quartile (Q1) is 1,874.35, the middle quartile (median) is 5,123.18, and the upper 

quartile is 13,081.85 with a quartile range (IQR) of 11,207.50. 

 



 

37 
 

4.1.1.2 Fossil fuel energy production (TOE) 

Source: (Eurostat data files) 

This indicator includes data about energy production from fossil fuels. Poland, Germany, 

and the Czech Republic secured the first three spots with 42,042.230, 27,542.709 and 10,475.149, 

respectively. Interestingly, Poland and Germany dominate this indicator with huge differences in 

their contribution compared to other countries. More than half of the EU countries are not using 

fossil fuels for energy production.  

 

Table 3 Output of MEANS procedure - Fossil fuel energy production (TOE) 

Source: (own study) 

The coefficient of variation is 283.011%, representing a high degree of inconsistency in the 

data set. The skewness is 3.43, meaning the frequency distribution is skewed to the left of the 

mean. Quartiles, mean, and standard deviation are statistically insignificant with the variability of 

the table. 

Graph 2 Fossil fuel energy production. 
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4.1.1.3 Natural gas energy production (TOE) 

Source: (Eurostat data files) 

 

This indicator provides information about production of energy from natural gas. 

Netherlands, Romania and Germany are the top three countries with 15,497.482, 7,425.354 and 

3,867.185 TOE respectively. Similar to fossil fuels, two countries, Netherlands and Romania, are 

dominating this sector. Nine countries do not utilize the natural gas for energy production. Czech 

Republic is in the middle of the chart with 166.902 TOE production. 

 

Table 4 Output of MEANS procedure - Natural gas energy production (TOE) 

Source: (own study) 

Graph 3 Natural gas energy production. 
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The data shows clear variation between countries with 233.60 coefficient of variation. The 

skewness and kurtosis are 3.51 and 13.67 respectively. This suggests a positive right-sided 

distribution of the data and high variability in data. 

4.1.1.4. Oil energy production (TOE) 

Source: (Eurostat data files) 

This parameter shows the production of energy from oil. Italy, Denmark and Romania are 

on the top of the list with 5,228.078, 3.324.265, 3,231.847 respectively. Czech Republic is in the 

middle spot with 88.098 TOE. Estonia, Latvia and Slovenia are the least contributing countries 

with 187.97, 1,702.44 and 2,277.99 respectively. 

 

Table 5 Output of MEANS procedure - Oil energy production (TOE) 

Source: (own study) 

Graph 4 oil energy production. 
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Coefficient of variation and kurtosis are 133.85 and 3.5 which represent high data variability. 

Skewness is 1.96 shows right-sided distribution of the datasets. Means, standard deviation and 

quartiles represents high data variability. 

4.1.1.5 Nuclear power energy production (TOE) 

Source: (Eurostat data files) 

This indicator represents the countries that use nuclear power for energy production. In this 

regard, about half of EU countries use this power for energy production. The biggest producer is 

France with 98,864.00 TOE. Czech Republic is in the upper quartile and reserves the sixth spot 

with 7,641.00 TOE.  

 

Table 6 Output of MEANS procedure - nuclear power energy production (TOE) 

Source: (own study) 

Graph 5 nuclear power energy production. 
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The skewness is 4.63 suggests a positive data set with heavy tails. The coefficient of 

variation is high at 276.05. The minimum value was 0 and recorded in 14 countries. Means, 

quartiles and standard deviation have no statistical significance.  

4.1.2 Data related to consumption. 

4.1.2.1 Primary energy consumption (TOE) 

 

Graph 6 primary energy consumption. 

Source: (Eurostat data files) 

 This parameter represents the total energy consumption by end users and services as 

households, agriculture and industry. Germany is at the top with 266.98 TOE and followed by 

France and Italy with 224.38 and 145.31 respectively. Czech Republic is located at 9th place with 

39.61 TOE. Malta, Cyprus and Luxembourg are the lowest with 0.77, 2.31 and 4.19 TOE 

respectively. 

 

Table 7 Output of MEANS procedure - Primary energy consumption (TOE) 

Source: (own study) 



 

42 
 

 
 

 The skewness is 2.21 represents right-sided distribution of data. Coefficient of variation is 

138.95 shows high variability in dataset. Moreover, the means, quartiles and standard deviation 

are statistically insignificant. 

4.1.2.2 Share of RES in gross final energy consumption (%) 

 

Graph 7 Share of RES in gross final energy consumption (%) 

Source: (Eurostat data files) 

 This indicator shows how countries utilizes RES and their share percentage in total energy 

consumption. Sweden, Finland and Latvia secure the top three spots with 62.57, 43.09 and 42.10 

respectively. Share of RES in Czech Republic is 17.66%. 

 

Table 8 Output of MEANS procedure - Share of RES in gross final energy consumption (%) 

Source: (own study) 
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 High coefficient of variation represents variability. Skewness of 1.38 represents right-sided 

distribution of the dataset. Standard variation and quartiles support data variability and dispersion. 

4.1.2.3 Share of RES in gross electricity consumption 

 

Graph 8 Share of RES in gross electricity consumption (%) 

Source: (Eurostat data files) 

 This indicator gives information about the usage of RES for electricity consumption. 

Austria, Sweden and Denmark are the top 3 countries with 76.185, 75.704 and 62.64 % 

respectively. Czech Republic is at the second half of the chart with 14.54 %.  

 

Table 9 Output of MEANS procedure - Share of RES in gross electricity consumption. 

Source: (own study) 

 The skewness is 1.29 which indicates right-sided data distribution. Means, quartiles and 

standard deviation represent some data variability. 



 

44 
 

4.1.2.4 Share of energy from renewable sources in transport (%) 

 

Graph 9 Share of energy from renewable sources in transport (%) 

Source: (Eurostat data files) 

 This indicator shows the usage of RES energy in transport. Sweden and Finland dominate 

this indicator with 30.42 and 20.51 % respectively. The percentage in Czech Republic 7.49 %. 

Ireland, Greece and Poland are the least countries with 4.29, 4.31 and 5.665 % respectively.  

 

Table 10 Output of MEANS procedure - Share of energy from renewable sources in transport (%) 

Source: (own study) 

The output presents a skewness of 3.07 which indicate a right-sided distribution of data. 

Coefficient of variation, mean, standard deviation and quartiles show moderate variability in the 

dataset. 
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4.1.2.5 Share of energy from renewable sources for heating and cooling (%) 

 

Graph 10 Share of energy from renewable sources for heating and cooling (%) 

Source: (Eurostat data files) 

This indicator shows the usage of RES energy in heating and cooling. One more time, 

Sweden secures the top spot in this indicator with 68.64 %, while Estonia and Latvia came 2nd 

and 3rd with 61.32 and 57.37 % respectively, Interestingly, most countries are performing well in 

this sector compared to the share of RES in transport. This also applies to Czech Republic with 

24.18 %, however it has a room to grow. 

 

Table 11 Output of MEANS procedure - Share of energy from renewable sources for heating and cooling (%) 

Source: (own study) 
 

Skewness of 0.57 represents positive right-sided data distribution. Moderate variability is 

confirmed with 54.80 coefficient of variation in addition to mean, quartiles and standard deviation. 
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4.1.3 Data related to economy. 

4.1.3.1 The average price of electricity (EUR/kWh) 

 

Graph 11 Average price of electricity. 

Source: (Eurostat data files) 

 This indicator explains the price of energy kWh for household consumers in EU countries. 

Netherlands, Luxembourg, and Belgium are the most expensive with 0.44, 0.38 and 0.35 EUR. 

Croatia, Poland and Hungary are the cheapest countries with 0.01, 0.09 and 0.09 EUR. The price 

in Czech Republic is 0.26 EUR which is higher than the mean (0.21). 

 

Table 12 Output of MEANS procedure - Data related to economy. 

Source: (own study) 
 

 The data variability is moderate in this indicator as shown in quartiles, mean and standard 

deviation. The mean is 0.21 but cannot be used as a relative value due to recent inflation in energy 

prices. 
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4.1.3.2 Energy dependence (%) 

 

Graph 12 Energy dependance. 

Source: (Eurostat data files) 
 

 This parameter describes how countries rely on importing energy to cover its energy 

requirements. It is calculated using the formula (share of net imports / gross domestic energy 

consumption). The mean is 55.20% which shows that more than half of the energy in Europe is 

dependent on imports. Malta, Luxembourg and Cyprus are the most dependent countries with 

97.05, 92.46 and 89.52 % respectively. Estonia, Sweden and Romania are the least dependent with 

1.41, 21.009 and 31.645 % respectively. Czech Republic shows low dependance with 39.99 % 

which is lower than the mean (55.20). 

 

Table 13 Output of MEANS procedure - Energy dependance. 

Source: (own study) 
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 The data shows high degree of variability and extreme values are recorded at the top and 

bottom of the chart in Malta and Estonia. Mean, standard deviation and quartiles confirm the high 

variability. Skewness of -0.15 indicates negative. Left-sided distribution of the data. 

4.1.3.3 GDP per capita (PPS) 

 

Graph 13 GDP per capita 

Source: (Eurostat data files) 
 

 This indicator represents the purchase power of the individuals and the economic activity. 

It is expressed in purchasing power standards (PPS) and interpreted relative to the EU average 

which is 111. The highest GDP is recorded in Luxembourg, Ireland and Denmark with 261, 233 

and 137 PPS respectively. Luxembourg and Ireland are more than twice the EU average. Czech 

Republic GDP is 91 which is just below the average. Bulgaria, Greece and Slovakia are the lowest 

countries with 59, 68 and 68 PPS respectively. 
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Table 14 Output of MEANS procedure - GDP per capita 

Source: (own study) 
 

The dataset shows right-sided distribution as expressed with 1.84 skewness. Mean, standard 

deviation and quartiles represent less variability in the dataset. 

4.1.3.4 Energy inflation rate (%) 

 

Graph 14 energy inflation rate. 

Source: (Eurostat data files) 
 

 This indicator shows the annual change in energy prices compared to the previous year. It 

shows that about 16 countries successfully managed to decrease the price after its surge in 2022. 

Belgium, Netherland and Spain are the top performers. On the other hand, Czechia Republic, 

Hungary and Slovakia are the least performers.  
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Table 15 Output of MEANS procedure - energy inflation rate. 

Source: (own study) 
 

The outputs indicate that most countries managed the surge in prices as indicated in the mean 

-4.95. Coefficient of variation, quartiles and mean represent variation in the dataset. The chart is 

left-sided as indicated in the skewness -0.23. 

4.2 Principal component analysis 

It is used to minimize the total number of original variables, referred as components. The 

result of PCA comprises a summary of the information included in the original components with 

minimal loss of information. The proportion of each component is also determined using the AHK 

correlation matrix and described the total variance and intercorrelation of components. 

Data of variables have different units of measurement and show high variability. Therefore, 

standardization was a necessity to be done before proceeding with principal component analysis. 

Standardization was done using STDIZE function in the SAS program. The results of 

standardization are shown in Table 1. The first column contains all 14 indicators, the second 

column comprises the average value, the third column lists the standard deviation, the fifth column 

shows the number of countries included in the analysis, while the fifth contain the label as 

explanation of indicator name. 
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Table 16 STDIZE procedure output 

Source: (own study) 
 

 

The standardized data underwent principal component analysis using the SAS program 

through PRINCOMP procedure and the command is as follows. 

proc princomp data=WORK.IMPORT plots(only)=(scree); 

var 'electricity prices'n 'Energy dependence'n 'Energy inflation rate'n  

'GDP per capita in PPS'n 'Fossil fuel energy production'n  

'Natural gas energy production'n 'Nuclear power generation'n  

'Oil production'n 'Primary energy consumption'n  

'Primary energy production from R'n 'Share of energy from renewable s'n  

'Share of energy from renewable_1'n 'Share of energy from renewable_2'n  

'Share of energy from renewable_3'n 'Share of RES in gross final ener'n; 

run; 
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The main output is how each component contributes to the total variance. The proportion 

column shows the extent of contribution to the total variance expressed by individual component. 

The contribution of the first four components is 77.49%. The high data variability in each indicator 

leads to a challenge in the analysis. This challenge would cluster most EU states in one large cluster 

with minimal distance. Therefore, components related to alternative sources of energy, fossil fuels, 

natural gas, oil and nuclear power, were excluded. The share of the components combined were 

minimal, however their information was valuable to understand all possible sources of energy 

involved in each EU country and were used for the final cluster analysis. 

 

Table 17 Eigenvalues of the AHK correlation matrix 

Source: (own study) 
 

After excluding the first three indicators, a total of 10 revised indicators were implemented 

to understand and interpret interdependencies. Again, data were standardized before the new AHK 

analysis. The output of AHK is a correlation matrix that gauges the extent of interdependence 

among individual variables in the set. Also, the matrix facilitates the identification of direct and 

indirect dependencies between indicators. Notably, along the diagonal, values are equal to one, 

signifying maximum direct dependence. This robust analysis provides valuable insights into the 
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structure and relationships within the dataset, paving the way for a nuanced understanding of the 

factors influencing energy source choices among EU countries. 

 

 Source: (own study) 
 

Another output of Principal component analysis is the eigenvalues of the correlation matrix. 

The proportion of first parameters increased by over 10% due to the deletion of the selected 

components from the previous analysis that included all 14 components. 

 

 Source: (own study) 

Table 18 correlation matrix 

Table 19 Eigenvalues of correlation matrix 
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The increment in proportion is also verified through scree plot and variance explained 

graphs. The total share of first three components became 69.41%. The share of the fourth 

component is 10.14% which brings the total share of the first four parameters to 79.55%. Those 

components will be included in further analysis due to their importance to the EU countries.  

 

Table 20 visualization variance explained analysis. 

Source: (own study) 
 

Next step of analysis was the PRINCOMP of the remaining ten components among 

themselves. The degree of correlation between the components is presented in Table 5. 

 

Table 21 analysis of ten components 

Source: (own study) 
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4.3 Cluster analysis 

 This is the last step in the practical part. It aims to finding clusters of states that share some 

degree of similarity of indicators related to renewable energy sources. It summarizes all the 

analysis that have been done beforehand. 

 Data standardization was done before the cluster analysis. Later the CLUSTER procedure 

was performed using SAS as follows. 

 

The CLUSTER procedure determines similar states and combine them into single clusters. 

Ward’s method was used to connect clusters and it minimize the increment in residual variance as 

well as minimizing the loss of information. The output of CLUSTER procedure is in Table 6 

proc cluster data=Work._Temp_sdz method=ward plots outtree=work.Cluster_tree; 

var 'R_electricity prices'n 'R_Energy dependence'n 'R_GDP per capita in PPS'n 

'R_Oil production'n 'R_Primary energy consumption'n 

'R_Primary energy production from'n 'R_Share of energy from renewable'n 

'R_Share of energy from renewabl2'n 'R_Share of energy from renewabl3'n 

'R_Share of RES in gross final en'n; 

id name; 

run; 



 

56 
 

 

Table 22 Clustering history 

Source: (own study) 
 

The Freq column shows how many times the variables comprising each result is made up of 

cluster. The contribution of newly contributed clusters is measured using Semipartial R-square. 

The R-square is low in within-cluster variability and high in between-cluster variability. Pseudo F 

statistics shows the degree of variability in between-cluster variability. The Pseudo t-squared 

shows the places where clustering has more clusters. 
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The dendrogram is created as follow 

 

 

 

 

The output of dendogram commans is shown in Figure 38 

 

Graph 15 dendrogram by countries. 

Source: (own study) 
 

Red vertical line is implemented to mark the end of clustering and following clusters are 

described. 

Cluster 1: It includes Spain, Italy and Germany. These three countries are big producers of 

energy. Germany, in particular, is the leader in renewable energy production. Germany invest huge 

 Proc tree data = tree out=new graphics horizontal; 

 ID state; 

 run; 
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amount in the energy production however, it is one of the most expensive states. Interestingly, the 

use of RES in own energy consumption represents a small portion in Germany. Italy and Spain 

share high consumption of total energy which is attributed to the big land and population. 

Moreover, Spain and Italy show high degree of energy dependence and expensive electricity. 

Cluster 2: It includes Portugal and Croatia. Both countries are not big producers of renewable 

energy but the similarity between them is high share of renewable energy in energy consumption. 

Cluster 3: Malta, Greece, Lithuania and Cyprus. They are small to medium-sized countries. 

Their size influences the production level and consumption in the area of renewable energy 

sources. 

Cluster 4: Poland, Slovenia, Netherlands, France, Slovakia, Hungary and Bulgaria. This 

cluster show high degree of variability among the states included. Netherlands is the top producer 

of natural gas. France is the biggest producer of nuclear power. Poland is the leader in fossil fuels. 

Moreover, France is the second biggest producer of renewable energy. Slovenia, Slovakia, 

Hungary and Bulgaria are similar in being average in the production and utilization of renewable 

energy sources. 

Cluster 5: Luxembourg, Ireland and Belgium. They are similar in high GDP. Additionaly, 

they do not show interest in RES. This can be attributed to being dependent on their natural sources 

and financial capability. 

Cluster 6: Sweden and Finland. They both are high producers of renewable energy and usage 

in different aspects. Sweden is in the lead spot of final energy consumption and second in gross 

electricity consumption. Finland secures a top 3 position in transport and heating and cooling. 

Cluster 7: Estonia, Latvia, Romania, Denmark, Czech Republic. Denmark is one of the most 

expensive electricity prices. Energy production in Denmark is mainly from its own natural gas and 

oil. Estonia and Latvia are one of the least RES producers. Estonia is one of the highest air polluters 

states. Estonia and Latvia are among the cheapest energy prices. Czech Republic is in the middle 

of RES table among EU states. Moreover, almost quarter of energy consumption comes from RES 

in Czech Republic. 

Cluster 8: Austria. It is the only single state cluster. It is characterized by highest share of 

RES in electricity consumption. Austria is less dependent on fossil fuels, oil and natural gas. This 

makes it one of the least air polluters EU states. 
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5. Results and Discussion 

5.1 Marinoiu Cristian (2018) 

The study (Cristian, 2018) was conducted for data available in 2016. showed two clusters 

for all EU states. The indicators used in the analysis are only three and they are share of RES in 

the consumption of energy (I1), electricity (I2) and transport (I3). All indicators were included in 

our study. The red cluster contains 8 countries with high share if RES in energy consumption 

compared to the second cluster. Moreover, he found a statistically significant difference in the first 

two indicators, share of RES in energy and electricity. No significant difference observed in the 

third indicator, share of RES in transport. 

 

Graph 16 Cluster analysis 
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5.2 Mihaela Simionescu (2020) 

 The authors (Simionescu et al., 2020) analysed data from 2007 and 2017. Here we compare 

our results to the analysis of 2017 due to high relevance and significance in the EU vision toward 

2030 about RES. Two indicators were used in the study, and they are share of RES in electricity 

and GDP per capita. Both indicators were included in our study. Two clusters were created when 

including only the share of RES in electricity. Adding the GDP to the analysis resulted in three 

clusters. 

 

Table 23 cluster of countries. 

The left side of the table showing two clusters according to share of RES in electricity. 

Cluster 1 for high share and cluster 2 for low share. The clustering is highly consistent with our 

results except for Estonia which is not included in the high share cluster. 

The right side of the table include the clusters after adding the GDP to the analysis. As a 

result, Luxembourg formed its own single-state cluster. This is also confirmed in our study with 

Luxembourg being the leader in GDP indicator. Moreover, Cluster 1 includes rich countries with 

high share of RES in electricity while, Cluster 3 is the opposite.  

5.3 Silvia Megyesiova (2023) 

 The authors (Megyesiova et al., 2023) used eight indicators and they are; x1 primary energy 

consumption per capita, in tonnes of oil equivalent (TOE), x2 final energy consumption in 

households per capita, in kilograms of oil equivalent (KGOE), x3 energy productivity, in 

purchasing power standard (PPS) per kilogram of oil equivalent, x4 share of renewable energy in 

gross final energy consumption, percentage of total, x5 energy import dependency, percentage of 

total, x6 population unable to keep home adequately warm, percentage of total, x7 temperature  ̊C, 

average for the time span between 1991–2020, x8 GVA in industry (except construction), percent 

of total, average for the period 2010–2020. Four indicators are similar to those used in our study. 
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 The cluster analysis was done for 2010 and 2020 separately. In 2010, the analysis depended 

on temperature and energy consumption and resulted in five clusters. On the other hand, in 2020, 

the analysis resulted in seven clusters according to the same principals used in 2010. 

 

 

 

 

 

 

 

 

 

         2010       2020 

 

 Using the temperature as indicator for RES improvement showed shifting of some 

countries in a good direction toward more clean and affordable energy production and 

consumption. In our study, the energy inflation rate was relevant to the period used in our study 

and showed the impact of higher energy prices from common sources on awareness about the 

advantages of RES.  

 

Graph 18 cluster analysis2010. Graph 17 cluster analysis2020. 
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6. Conclusions 

The study was performed in three stages. First stage included selection of indicators related 

to different sector of RES and collection of their data from EUROSTAT. Moreover, exploratory 

analysis to understand the collected data in each country and how it is compared to other countries. 

The second step involves principal component analysis which mean reducing the original number 

of selected indicators to focus on those of high relevance on RES which aims to avoid the high 

variability in data. The third and last stage is cluster analysis which combine countries that have 

one or more sort of similarities in one cluster and differ from other clusters. 

It is noticeable that Germany is the main contributor in RES followed by France. Moreover, 

Italy, Spain, Finland, and Sweden are big producer with above the average production and 

consumption. Belgium, Netherlands, Ireland and Luxembourg are of the least contributors despite 

being economically developed countries with high GDP. 

In conclusion is that in recent years, there has been a noticeable shift away from using solid 

fossil fuels as the primary source of energy. This trend is particularly evident in countries where 

fossil fuels have traditionally been the main source of energy. Although solid fossil fuels are still 

a significant part of the energy mix, their share in overall energy consumption has significantly 

decreased over time. This shift is due to several factors, including increased awareness of the 

environmental impact of fossil fuels, advances in renewable energy technologies, and changing 

consumer preferences. As a result of this trend, we are likely to see a continued shift towards 

cleaner and more sustainable sources of energy in the coming years. 
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