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Article History: Abstract. One of the sustainable development goals (SDG7) is to ensure access to clean 
and affordable energy, which is related to most other SDGs and plays a crucial role in eco-
nomic development and human well-being. The aim of the article is to identify factors that 
enhance and delay one of the most crucial goals of sustainable development, SDG7. The 
study’s originality lies in the spatiotemporal approach to analysing the impact of selected 
factors on the development of green energy and increasing its availability. Three groups 
of potential SDG7 determining factors have been identified: ecological, social and eco-
nomic. The proposed approach and the use of sensitivity analysis to variables weighting 
and ranking constructions of EU countries is an innovative aspect of the work and fills the 
gap in research on SDG7. The study showed that Denmark and Sweden occupy leading 
positions in the rankings based on the extent of SDG7 implementation. In contrast, Bul-
garia, Cyprus and Lithuania occupied one of the last positions. The results of panel-data 
model estimations showed that in each estimated model, the same “indispensable vari-
ables” significantly affect the implementation of SDG7. Among these variables, only the 
unemployment rate significantly negatively impacted the SDG7 execution.
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1. Introduction

In 2015, the UN General Assembly introduced 17 Sustainable Development Goals (SDGs) 
to balance meeting current needs with ensuring a sustainable future for economic, social, 
and environmental development. The fundamental principle of sustainable development is 
to enhance human well-being while maintaining this progress over time. However, climate 
change and the growing demand for energy and resources make it progressively challenging. 
As the population increases, the need for affordable energy grows, but the reliance on fossil 
fuels is causing significant climate change. Achieving SDG7, access to clean and affordable 
energy requires investing in renewable energy and increasing energy efficiency (United Na-
tions Development Programme [UNDP], 2020). Achieving SDG7 is a crucial task for many 
countries, and researchers are studying the connections between the progress on SDG7 and 
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the progress on other SDGs (Pradhan et al., 2017; Scharlemann et al., 2020; Warchold et al., 
2021). The results presented in the study by Kuc-Czarnecka et al. (2023), indicating the lack 
of a significant relationship between SDG7 and the other SDGs, prompted the authors to 
undertake further research and answers to the question: What factors boost and hinder the 
degree of implementation of SDG7?

SDG7 is particularly synergistic with SDG8 (economic growth) and SDG13 (climate change). 
Achieving energy transition is essential for fulfilling the objectives of SDG7, which will also 
help realise the SDG13 objectives. In particular, energy is essential for achieving almost all 
SDGs, from eradicating poverty through health, education, water supply and industrialisation 
advancements to combating climate change (Wang et al., 2023). Chishti et al. (2023) showed 
that green financing and technologies, supported by environmental policies positively impact 
energy transition, while the geopolitical risk is found to have a negative impact. The study of 
Awijen et al. (2022), who investigated economic, financial, and political variables, showed that 
the primary factors driving renewable energy deployment are governance quality, innova-
tion, political stability, and financial development. Energy availability is essential for economic 
growth and human well-being (Marcillo-Delgado et al., 2019). Yu et al. (2022) state that 
energy poverty, a consequence of a lack of access to clean and affordable energy, should be 
reduced as a priority to achieve SDG7.

According to Zhao et al. (2023), a limited number of studies have created composite 
indices to comprehensively measure the various aspects of energy development. There is 
currently no widely accepted and practical framework for assessing countries’ overall prog-
ress towards achieving SDG7. Progress towards developing a quantitative framework that 
encompasses all aspects of SDG7 has been minimal.

In the EU, the concept of sustainable development has been defined by 17 SDGs in the 
Agenda 2030 strategy. Although sustainable development has been recognised as a principle 
of EU action, work on implementing the SDGs is ongoing. It can be seen in 6 Commission 
priorities for 2019–2024 (6 Commission priorities for 2019–2024). The goals of the 2030 
Agenda primarily emphasize the significance of initiatives like the European Green Deal. It 
concerns actions aimed at a modern, resource-efficient and climate-neutral EU economy. 
Particular attention is paid to climate, energy and transport policies (European Commission: 
Directorate-General for Communication & Leyen, 2020). Scientists also notice the great im-
portance of the implementation of the SDGs. Numerous studies indicate the identification of 
interactions between individual SDGs. One significant result was that SDG7 did not interact 
with other targets (Kuc-Czarnecka et al., 2023). This was the inspiration for further research. 
There have been attempts in the literature to explain what factors may affect SDG7. These 
are usually political and country-specific factors. However, there is a lack of studies on spatial 
analysis covering different countries.

The research aims to fill the gap in research on SDG implementation by identifying the 
factors that enhance and delay one of the most crucial goals of sustainable development, 
SDG7. The study uses data from the Eurostat (Eurostat, 2023) database and the Human 
Development Report from 2013 to 2020 (UNDP, 2013, 2014, 2015, 2016, 2019, 2020) for 
EU countries. The originality is a spatiotemporal approach. Ecological, social and economic 
factors are investigated. The unique aspect of this study is the use of a sensitivity-based ap-
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proach to assign variable weights and construct rankings of EU countries. The novelty is an 
original selection of factors potentially affecting green energy development and increasing 
availability. Additionally, the authors’ proposal to divide the potential influencing factors into 
three groups is an original approach to the study of SDG7 implementation. Our contributions 
to the new body of knowledge are, firstly, to demonstrate changes in the performance of 
SDG7 by individual EU countries over time, and secondly, to determine whether economic 
factors are decisive in terms of changes in the ways of obtaining energy ecological and social 
factors are still less important.

The article has the following structure: (1) Introduction, presenting the study’s main ob-
jectives and the reasons for the authors’ interest in investigating the factors affecting SDG7 
implementation in EU countries. (2) Literature review, highlighting the scarcity of research on 
the specific factors influencing SDG7 implementation instead of the abundance of research 
on the interactions between SDGs. (3) Research method, applying sensitivity analysis to create 
a linear ordering of countries between 2013 and 2020 and panel-data models to identify the 
determinants of SDG7 implementation. (4) Study results, discussion and conclusions from 
the study.

2. Literature review

In the literature on renewable energy (RE), there is a growing emphasis on the benefits of 
its implementation, such as reducing carbon dioxide emissions and increasing energy inde-
pendence (Marques & Fuinhas, 2012). However, there needs to be more discussion on the 
specific factors and policies that drive the transition to green energy from traditional sources; 
in most cases, studies focus on wind energy. Bird et al. (2005) analyse the policy and market 
factors driving wind energy development in the United States. They listed Renewable Portfolio 
Standards, Federal and State financial incentives, consumer demand for green energy, and 
natural gas price volatility. They also found that the “feed-in tariffs” factor that previously 
facilitated the wind generator market in Denmark and Sweden, and now in Germany and 
Spain, no longer exists in the United States (Bird et al., 2005; Faber et al., 2001). Such financial 
factors as “feed-in tariffs” or investment subsidies, loans or tax credits are positively assessed 
in the context of the general development of wind energy and green energy). Still, they are 
troublesome to include in scientific research. Examples of such policies are the feed-in tariff in 
the UK in 2010–2013 (Abolhosseini & Heshmati, 2014), the mix of renewable energy support 
mechanisms within the European Union (Del Rio & Mir-Artigues, 2014), subsidy programs in 
Poland in 2019 (Bieszk-Stolorz, 2022). Menz and Vachon (2006) also studied the determinants 
of wind energy development in the United States. They showed the positive impact of the 
Renewable Portfolio Standards (RPS) policy on wind energy development and the negative 
relationship between the development of wind power and renewable energy technologies 
(such as enabling retail customers to select their power source). The literature highlights the 
presence of social opposition to the placement of renewable energy facilities as a hindrance 
to the growth of the renewable energy sector in the UK and many other European countries 
(West et al., 2010).

An important area of study in literature is the relationship between the economy and 
the natural environment, specifically the relationship between changes in energy production 
methods, energy availability, and the concept of “green growth” (Machiba, 2011; Kim et al., 
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2014; Hickel & Kallis, 2020; Söderholm, 2020; Cheba & Bąk, 2021; Khan et al., 2021). Accord-
ing to Tiba and Omri (2017), the goal of every decision-maker is economic growth. Howev-
er, there is a link between economic growth and energy consumption (electricity, nuclear, 
renewable and non-renewable) and environmental quality. Tiba and Omri (2017), analysing 
264 literature items, conclude that energy consumption can stimulate economic growth by 
increasing productivity and environmental damage by increasing pollutant emissions. There-
fore, economic policy must be consistent with energy and environmental policy. They also 
point to the Environmental Kuznets Curve (EKC) hypothesis – meaning that economic growth 
contributes to environmental degradation, but only up to a certain level. After reaching a 
certain income threshold, environmental care increases (inverted U-curve between economic 
growth and environmental quality) (Tiba & Omri, 2017; Ozturk, 2010; Payne, 2010).

The problems of combining various policies, such as innovation, environmental, energy, 
and labour policy, are discussed by Crespi (2016). He points out that public policies and 
management systems must provide conditions conducive to economic development while 
protecting the environment. To improve the quality of the environment, it is necessary to 
decarbonise the industry and reduce gas emissions; for this, appropriate policies are needed 
in all countries (Wang & Chen, 2019). The subjective nature of policy and uneven economic 
development as factors influencing countries’ actions towards climate change are indicated 
by Ma et al. (2023). Bardal et al. (2021) argue that according to console development, social, 
environmental, and economic aspects should be integrated into decision-making, ensuring a 
harmonious balance among them. However, there are many ways to conduct the right policy. 
Countries and regions differ geographically, demographically and economically, and in gov-
ernance systems. This impacts the solutions used by national, regional and local authorities to 
implement Sustainable Development Goals (Bardal et al., 2021; Satterthwaite, 2017; Kulonen 
et al., 2019). Scientific publications emphasise that the actions of local authorities and com-
munities are necessary to achieve the SDGs (Moallemi et al., 2020; Caruana & Pace, 2018). 
Tuchno and Kumsa (2020) write about differences in socio-economic policy and numerous 
barriers to access to modern energy in Sub-Saharan Africa. On the other hand, the European 
Committee of the Regions (2019) points out that implementing the SDGs in the EU depends 
on the performance of appropriate policies at the level of countries, regions, and cities.

Papież et al. (2018) emphasise that the development of RES (Renewable energy sources) 
is a long-term process, and the current development of RES is a consequence of decisions 
made several years ago. They stress that three types of RES initially dominated in the EU – 
hydropower, biomass and geothermal energy hydropower. In the following years, there was 
a noticeable increase in the share of wind and solar energy in total RE consumption. The 
energy situation in individual countries depends on long-term investments in infrastructure 
and legal regulations; as a barrier to developing clean energy, the country possesses sources 
of dirty energy (coal and oil). According to Tee et al. (2021), the majority of renewable en-
ergy initiatives require significant initial investment, competitive technologies, and extended 
periods for investment returns. Consequently, governmental support in enforcing intellectual 
property rights is crucial for the progression of renewable energy. By bolstering intellectual 
property rights, there is a boost in confidence within the renewable energy sector as it en-
sures protection for investors’ innovative endeavours.
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McCollum et al. (2017) found that not everyone experiences the benefits that modern 
forms of energy can provide. Energy resources are not evenly spread across the globe. In 
areas where these resources are abundant and easily accessible, establishing the essential in-
frastructure for extraction and processing requires substantial financial investment. However, 
limitations in financial and human capital often lead to certain populations being excluded 
from access to modern energy services. McCollum et al. (2017) indicate possible interactions 
between SDGs. They argue that science is not yet solid enough to assess some interactions 
between goals or establish their dependencies regarding time, place, management, and tech-
nology. However, a more comprehensive assessment should be possible as science progress-
es and the database grows. Marques et al. (2010) emphasise that there are more and more 
scientific papers on renewable energy. However, they believe research is needed on factors 
promoting renewable energy sources. Their study covers European countries from 1990–2006 
(they used panel-data techniques). Research shows obstacles to developing renewable energy 
sources, such as the lobby of traditional energy sources (oil, coal, and natural gas) and CO2 
emissions.

Ways to assess the development of renewable energy sources (RE) in a given country 
include the share of renewable energy sources in the energy supply (percentage of total 
primary energy supply) (Marques et al., 2010), the total amount of RE produced (Bird et al., 
2005) or the natural logarithm of the share of RE in total electricity production (Carley, 2009). 
Variables explaining the development of green energy are grouped into categories in the 
research; for example, the following types are mentioned: political, socioeconomic, and coun-
try-specific factors (Marques et al., 2010). The importance of political factors is emphasised 
in the literature (Wang, 2006; Johnstone et al., 2010; Marques & Fuinhas, 2012), but precise 
information on the policies applied in individual countries is not always available. Accord-
ing to Marques and Fuinhas (2012), public policy measures (incentives/subsidies) contribute 
to the broader renewable energy sources. Socio-economic factors include, for example, oil, 
natural gas and coal prices, carbon dioxide emissions, alternative energy sources (lobbying 
for coal, oil, natural gas and nuclear energy), as well as energy consumption and income 
(Domac et al., 2005; Chang et al., 2009; Marques et al., 2010). A country’s energy consumption 
and income (GDP) are development indicators, providing better opportunities and needs to 
develop green energy.

It should be noted that each SDG deals with multidimensional development. Analysis of 
relationships between goals can yield varied outcomes – synergies (positive results) or trade-
offs (negative ones) (Firoiu et al., 2021; Kuc-Czarnecka et al., 2023). Achieving Sustainable 
Development Goals will depend on exploiting the positive connections among the goals. 
On the other hand, trade-offs are hindrances to achieving Sustainable Development Goals 
(Pradhan et al., 2017). Firoiu et al. (2021) emphasise that achieving SDG7 is critical to human 
well-being, economic growth and meeting climate change goals. In general, the literature 
highlights that ensuring access to energy for the poor, large-scale deployment of renewable 
energy sources, and increasing energy efficiency will have a positive impact on the SDGs in 
terms of climate, poverty, water availability and quality, health, improved quality of life in 
cities (Nerini et al., 2018; Nilsson et al., 2018). However, it also highlights gaps in knowledge 
about how SDG7 will interact with other goals. Kuc-Czarnecka et al. (2023) research indicated 
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the lack of interaction of SDG7 with other goals (EU countries in 2020). Research findings 
indicate that EU Member States face difficulties in accessing modern energy services (Pereira 
et al., 2021). Bersalli et al. (2020) emphasise that Europe pioneered policies to promote RE, 
which were first introduced at the end of the 1980s in emphasise. They also stressed the 
need to apply the RE policy and the unequal effectiveness of this policy across countries. 
Roussafi (2021) points out that the development of nuclear energy has allowed France to be 
one of the countries with the lowest greenhouse gas emissions in the world. The literature 
emphasises the importance of sustainable energy development in countries and the ways 
of measuring this development. Various indicators measuring the level of development and 
studies of factors influencing the intensity of action are indicated (Elavarasan et al., 2022; 
Herrero et al., 2020; Neelawela et al., 2019).

A literature review shows that different policies and factors influence clean energy devel-
opment. However, the available analyses are country-specific or time-specific. Our goal was 
to identify the boosters and limiters of the implementation of SDG7 in EU countries. Our 
previous research showed no connection between this goal and the other SDGs. Therefore, 
it is interesting to reveal what affects the performance of SDG7 in individual countries. An 
innovative solution in the presented study is the selection of factors that can affect the de-
velopment of clean and available energy and are available for the nations and years under 
investigation.

3. Materials and methods

Taking into account information presented in the introduction and literature review sections, 
the following research hypotheses were formulated:

H1: The variation in the rankings of EU countries in terms of SDG7 implementation results 
from overlapping effects, i.e., countries with initially lower values of indicators develop 
faster than countries with high initial levels.

H2: Economic indicators have a mightier impact on the progress of SDG7 than ecological 
and social indicators.

The research procedure intended to verify the above hypotheses is presented below.

3.1. SDG7 quantification – composite indicator

To measure the extent of the seventh sustainable development goal’s implementation within 
the European Union in 2013–2020, a composite indicator (CI) was constructed and adjusted 
using methods based on sensitivity analysis. The initial set of diagnostic variables regarding 
the degree of implementation of SDG7 was the data contained in the Eurostat (2023) data-
base under the section – Affordable and clean energy:

 ■ Primary energy consumption (SDG_07_10);
 ■ Final energy consumption (SDG_07_11);
 ■ Final energy consumption in households per capita (SDG_07_20);
 ■ Energy productivity (SDG_07_30);
 ■ Share of renewable energy in gross final energy consumption by sector (SDG_07_40);
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 ■ Energy import dependency by-products (SDG_07_50);
 ■ Population unable to keep home adequately warm by poverty status (SDG_07_60).

The variables’ set mentioned above was used to construct a composite indicator follow-
ing the procedure proposed by the OECD (2008) and extended by the Lindén et al. (2021) 
approach:

1. Calculating the first version of CI as the arithmetic mean of all diagnostic variables 
listed above. Eurostat studies do not indicate otherwise, so we assumed that all vari-
ables are equally important. We decided to use the arithmetic mean since, despite its 
disadvantages, it is the most common aggregation method used in CI’s construction 
(Bandura, 2008, 2011; Yang, 2014).

 1
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where: yj – the value of the composite indicator for the j-th country, xji – the normal-
ised value of the i-th variable in the j-th country,  wi – weight assigned to the i-th 
variable. Variables were normalized using the max-min method. Variables SDG_07_30 
and SDG_07_40 are stimulants where higher values are preferable, whereas all other 
variables are destimulants, where lower values are desirable.

2. Verifying if the assigned weights align with the intended significance of variables using 
techniques derived from sensitivity analysis:
a. Calculating first-order sensitivity index:
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where: c
iS  – correlated contribution. A detailed description of the test procedure for 

sensitivity analysis is included in (Kuc-Czarnecka et al., 2021).
3. Weight optimisating (Becker et al., 2017) using the Nelder–Mead method (Nelder & 

Mead, 1965):
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4. Calculating final CI as the weighted arithmetic mean (1) using optimal weights (7). 
When obtaining equal Si for initial variables was impossible, the input set was re-
duced by one, starting from the variable with the highest Variance Inflation Factor (VIF). 
The procedure was repeated until all diagnostic variables were equally important (the 
weights could vary).

3.2. SDG7 determinants – panel models

The degree of implementation of SDG7 was quantified using a composite indicator. Our pre-
vious research reveals that this goal (in EU countries) shows no synergies or trade-offs with 
other sustainable development goals. Therefore, we estimated panel models using economic, 
social and ecological variables to explain its development. The research procedure was as 
follows:

1. Estimating pool model (POOLS)
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where: yit – dependent variable in the i-th country in year t, xijt – j-th independent var-
iable in i-th country in year t,  – intercept, bj – structural parameters, uit – error term.

2. Estimating fixed-effects model (FEM)
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where: i – individual intercept in the i-th country, which controls individual-specific 
and time-invariant characteristics (Torres-Reyna, 2007).

3. Estimating random-effects model (REM)
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where: mi – individual-specific random component, eit – idiosyncratic disturbance.
4. Checking with panel diagnostics tests whether it is reasonable to use the fixed-effects 

or random-effects model (Stock & Watson, 2020) since the limitations of the POOLS es-
timation (Arrelano & Bond, 1991). The choice of the model is made based on Breusch–
Pagan and Hausman tests.
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Therefore, they were omitted from the description of the research procedure. In our 
model, we have included (in addition to CI approximating 7th SDG realisation) several control 
variables reported in the literature as essential determinants of energy usage and availabil-
ity (Table 1). To compare the impact of given variables, standardised beta coefficients were 
calculated:

 
,x

y

S
S

b b= ⋅  (11)

where: b  – standardised beta coefficient, b – regression coefficient, Sx – standard deviation of 
the explanatory variable, Sy – standard deviation of the dependent variable.

Table 1. Variables used in the investigation (source: author’s investigation)

Symbol Description

Ecological indicators

X1 Average CO2 emissions per km from new passenger cars
X2 Net greenhouse gas emissions (tons/person)
X3 The area under organic farming as a percentage of the total agricultural area
X4 Share of energy from renewable sources
X5 Share of renewable energy sources in transport
X6 Share of renewable energy sources in electricity
X7 Area of solar collectors (per 1000 km2)

Social indicators

X8 Life expectancy at birth in years
X9 Healthy life expectancy at birth in years
X10 The average number of years of education received by residents aged 25 and over
X11 The expected number of years of education for children entering education
X12 Inability to maintain adequate heat in the home
X13 Percentage of the population with higher education

Economic indicators

X14 Final energy consumption by agriculture/forestry per ha of utilised agricultural area
X15 Real GDP per capita
X16 Unemployment rate
X17 Share of fossil fuels in gross available energy
X18 Nominal labour productivity per person employed (Percentage of EU27)
X19 Household expenditure on final consumption
X20 R&D personnel
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4. Results

4.1. SDG7 quantification – composite indicator

After con sensitivity analysis, the CI values were determined based on the following indicators: 
SDG_07_10, SDG_07_30, SDG_07_40, SDG_07_50 and SDG_07_60. Composite indicators values 
are presented in Table 2, and countries’ rank positions are in Table 3.

The highest values of CI in each surveyed year were recorded for Denmark, the first 
throughout the period. Another country where SDG7 was implemented at a high level was 
Sweden, ranked second in 2013–2017 and third in 2019–2020. An interesting situation was 
observed in the case of Finland, which in 2013–2018 implemented SDG7 at a reasonably high 

Table 2. SDG7 composite indicator values (source: author’s investigation)

Country
Years

2013 2014 2015 2016 2017 2018 2019 2020

Belgium 0.0638 0.0608 0.0558 0.0662 0.0639 0.0542 0.0903 0.0831
Bulgaria 0.0519 0.0515 0.0471 0.0465 0.0427 0.0457 0.0754 0.0721
Czechia 0.0805 0.0802 0.0772 0.0851 0.0802 0.0779 0.1021 0.0958
Denmark 0.1727 0.1766 0.1665 0.1697 0.1653 0.1541 0.1565 0.1433
Germany 0.0940 0.0935 0.0888 0.0941 0.0916 0.0879 0.1168 0.1020
Estonia 0.0944 0.0980 0.0992 0.1054 0.1040 0.1053 0.1185 0.1117
Ireland 0.1019 0.1052 0.1117 0.1221 0.1270 0.1249 0.1416 0.1392
Greece 0.0766 0.0681 0.0605 0.0600 0.0590 0.0570 0.1061 0.0985
Spain 0.0893 0.0823 0.0773 0.0845 0.0804 0.0726 0.1177 0.1073
France 0.0982 0.0986 0.0930 0.0992 0.0949 0.0917 0.1113 0.1059
Croatia 0.0950 0.0933 0.0852 0.0920 0.0864 0.0815 0.1273 0.1208
Italy 0.0944 0.0919 0.0828 0.0860 0.0816 0.0753 0.1178 0.1123
Cyprus 0.0520 0.0467 0.0403 0.0448 0.0440 0.0425 0.0865 0.0798
Latvia 0.0888 0.0955 0.0846 0.0956 0.0959 0.0918 0.1280 0.1234
Lithuania 0.0601 0.0569 0.0512 0.0544 0.0523 0.0439 0.0889 0.0825
Luxembourg 0.0823 0.0804 0.0780 0.0857 0.0816 0.0737 0.0639 0.0608
Hungary 0.0715 0.0631 0.0634 0.0689 0.0642 0.0619 0.1080 0.1017
Malta 0.0201 0.0205 0.0243 0.0350 0.0342 0.0290 0.1044 0.0982
Netherlands 0.0973 0.0960 0.0809 0.0886 0.0831 0.0769 0.1045 0.0980
Austria 0.1236 0.1163 0.1109 0.1162 0.1107 0.1044 0.1257 0.1196
Poland 0.0779 0.0782 0.0759 0.0805 0.0737 0.0716 0.1127 0.1061
Portugal 0.0852 0.0824 0.0742 0.0809 0.0743 0.0685 0.1124 0.1087
Romania 0.0966 0.0986 0.0932 0.0955 0.0916 0.0893 0.1272 0.1189
Slovenia 0.0918 0.0898 0.0838 0.0901 0.0866 0.0817 0.1170 0.1107
Slovakia 0.0635 0.0630 0.0629 0.0697 0.0649 0.0609 0.1027 0.0980
Finland 0.1106 0.1049 0.1020 0.1109 0.1103 0.1018 0.0985 0.0906
Sweden 0.1489 0.1446 0.1418 0.1449 0.1430 0.1335 0.1330 0.1272

Note: 0,1CI  ∈   – the higher the value, the better from the point of view of achieving SDG7.
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level, taking places from fourth in 2013 to sixth in 2018, while in 2019–2020, being placed 
22nd. Finland’s fall to one of the last positions in the ranking of EU countries in 2019–2020 is 
not due to the deterioration of the SDG7 indicators. Analysing the data, it can be seen that 
in Finland, there has been an improvement in the values of SDG7 indicators, e.g., the share 
of renewable energy in gross final energy consumption has been increasing year by year, on 
average, by 2.6%. However, in other countries, the pace of change was much higher than in 
Finland, hence this drop in the ranking. Perhaps there has already been a saturation in Fin-
land, and introducing further changes is becoming increasingly difficult. Thus, the so-called 
overlapping effect occurred.

Table 3. SDG7 composite indicator values (source: author’s investigation)

Country
Years Direction of 

change2013 2014 2015 2016 2017 2018 2019 2020

Belgium 22 23 23 22 22 23 23 23 ↓
Bulgaria 26 25 25 25 26 24 26 26 −
Czechia 18 18 17 16 17 13 21 21 ↓
Denmark 1 1 1 1 1 1 1 1 −
Germany 12 11 9 10 9 10 12 15 ↓
Estonia 10 8 6 6 6 4 8 9 ↑
Ireland 5 4 3 3 3 3 2 2 ↑
Greece 20 20 22 23 23 22 17 17 ↑
Spain 14 16 16 17 16 17 10 12 ↑
France 6 7 8 7 8 8 15 14 ↓
Croatia 9 12 10 11 12 12 5 5 ↑
Italy 11 13 13 14 15 15 9 8 ↑
Cyprus 25 26 26 26 25 26 25 25 −
Latvia 15 10 11 8 7 7 4 4 ↑
Lithuania 24 24 24 24 24 25 24 24 −
Luxembourg 17 17 15 15 14 16 27 27 ↓
Hungary 21 21 20 21 21 20 16 16 ↑
Malta 27 27 27 27 27 27 19 18 ↑
Netherlands 7 9 14 13 13 14 18 19 ↓
Austria 3 3 4 4 4 5 7 6 ↓
Poland 19 19 18 19 19 18 13 13 ↑
Portugal 16 15 19 18 18 19 14 11 ↑
Romania 8 6 7 9 10 9 6 7 ↑
Slovenia 13 14 12 12 11 11 11 10 ↑
Slovakia 23 22 21 20 20 21 20 20 ↑
Finland 4 5 5 5 5 6 22 22 ↓
Sweden 2 2 2 2 2 2 3 3 ↓
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In Latvia, the indicator “population unable to keep home adequately warm” improved on 
average by almost 17 p.p. in the analysed period, being the highest rise compared among 
EU countries. In the case of Latvia, the values of other indicators improved from year to year, 
which was reflected in the improvement of its position in the ranking of EU countries; in 
2020, Latvia was ranked fourth, while in 2013, it was fifteenth. A similar situation occurred in 
Malta, ranked 27th in 2013 and 18th in 2020. The last places in the ranking in terms of the 
implementation of SDG7 are occupied by: Luxembourg, Bulgaria, Cyprus and Lithuania. Only 
Luxembourg has seen a significant deterioration in its position, from 17th in 2013 to 27th in 
2020. One of the reasons is a substantial increase in the “population unable to keep home 
adequately warm” from 0.6% in 2014 to 3.6% in the last year of the study. The remaining 
three countries occupied similar positions in the ranking every year.

When analysing the changes in the position of EU countries, it can be seen that in 2020 
compared to 2013, the improvement in the rank position was observed in 14 countries. 9 out 
of 14 countries joined the EU in 2004 or later. On the other hand, in many “old” EU Member 
States, the degree of implementation of SDG7 has deteriorated, and the position of these 
countries has been lowered in the ranking. In the case of four countries in 2020, the place in 
the linear ordering remained the same. In each year of the study, three countries (Bulgaria, 
Cyprus and Lithuania) study occupied one of the last positions. While in contrast, Denmark 
occupied the first position in the ranking throughout the period. Kendall’s rank correlation 
coefficients were calculated to determine the relationship between the country’s place in the 
rankings in 2013–2020 (Table 4).

All values of Kendall’s rank correlation coefficients are statistically significant and indicate 
a strong relationship between the positions occupied by individual countries in the rank. 
The association was strongest for the positions of countries in 2019 and 2020. The weakest 
relationships were observed between countries’ positions in the last year of the study and the 
beginning of the period under review, which may indicate the beginning of the overlapping 
effect.

The presented results confirm the first hypothesis. Some countries with previously low 
indicators have the potential for rapid development, allowing them to attain high rankings 
among EU countries. Therefore, the change of places in the hierarchy of the leading countries 
does not result from a decrease in the level of indicators achieved.

Table 4. Correlation coefficient matrix of Kendall for the rank positions (source: author’s investigation)

Year 2013 2014 2015 2016 2017 2018 2019 2020

2013 1.000 0.915 0.846 0.829 0.818 0.789 0.550 0.544
2014 0.915 1.000 0.897 0.892 0.869 0.852 0.578 0.584
2015 0.846 0.897 1.000 0.949 0.926 0.920 0.590 0.573
2016 0.829 0.892 0.949 1.000 0.966 0.937 0.573 0.567
2017 0.818 0.869 0.926 0.966 1.000 0.926 0.573 0.567
2018 0.789 0.852 0.920 0.937 0.926 1.000 0.578 0.561
2019 0.550 0.578 0.590 0.573 0.573 0.578 1.000 0.949
2020 0.544 0.584 0.573 0.567 0.567 0.561 0.949 1.000
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4.2. SDG7 determinants – panel models

In the subsequent part of the analysis, panel models explaining the development of the CI 
value approximating SDG7 were estimated. The models were estimated in many variants: for 
all variables simultaneously (M1) and separately for determinants from each group – social 
(M2), ecological (M3) and economic (M4). The models were estimated for absolute and nor-
malised CI values with similar results. Therefore, only the estimates for the CI value presented 
in Table 2 are given in the text. The results of the estimation are presented in Tables 5–8. We 
decided to show the models after the omit variable test; hence only variables at the signif-
icance level  = 0.1 were included in the presented models. Logarithms of the explanatory 
variables were used in the estimated models.

In the first step of the analysis, we estimated models including all variables simultaneous-
ly. The p-value in the Breusch–Pagan test indicated that the random effects model is better 
than the pooled one. Moreover, the low p-value in Hausman’s test counts against the null 
hypothesis that the random effects model is consistent in favour of the fixed effects model. 
Therefore, the best estimator was FEM, and the estimated model is of good quality.

Table 5. SDG7 implementation estimates 2013–2020 – all variables (M1) (source: author’s investigation)

Variables POOLS FEM REM

l_X1 --- 0.101 (<0.0001) 0.070 (0.0001)
l_X2 −0.014 (0.002) −0.01 (0.074) −0.019 (0.003)
l_X3 −0.006 (0.001) --- ---
l_X4 0.036 (<0.0001) --- 0.015 (0.048)
l_X5 −0.006 (0.009) 0.004 (0.063) ---
l_X6 0.007 (0.045) --- 0.014 (0.014)
l_X8 --- −0.021 (0.047) ---
l_X13 0.009 (0.0818) 0.033 (0.040) 0.018 (0.044)
l_X14 --- 0.023 (0.0003) ---
l_X15 0.058 (0.007) ---
l_X16 −0.018 (<0.0001) −0.013 (0.033) −0.018 (<0.0001)
l_X17 0.045 (0.0001) --- 0.046 (0.004)
l_X18 0.039 (<0.0001) --- 0.031 (0.003)
l_X19 --- 0.101 (<0.0001) 0.070 (0.0001)
R2
Adjusted R2
Within-R2
LSDV-R2
LSDV F
Log-likelihood

0.711
0.696

---
---
---
---

---
---

0.481
0.880

37.637 (<0.0001)
668.798

---
---
---
---
---

566.320
Obs.
Breusch–Pagan test
Hausman test

216
58.249 (<0.0001)
36.343 (<0.0001)

Notes: The variables’ symbols used in the models are described in Table 1; p-values are given in 
parentheses.
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Logarithms of the explanatory variables were used in the estimated models. Out of 20 
variables (Table 2), nine had a statistically significant influence on the extent of the 7 SDGs 
implementation (Table 5). The variables X2 (net greenhouse gas emission), X8 (life expectancy 
at birth), and X16 (unemployment rate) harm the introduction of clean and renewable ener-
gy. Simultaneously, its introduction is favoured by factors such as X1 (average CO2 emission 
per km from new passenger cars), X5 (share of renewable energy sources in transport), X13 
(percentage of the population with higher education), X14 (final energy consumption by 
agriculture/forestry per hectare of utilised agricultural area), X15 (real GDP per capita), and 
X19 (household expenditure on final consumption). It turned out that when all the variables 
are put together, many social variables do not show a statistically significant impact on the 
degree of implementation of SDG7. This may be due to the strong connection between social 
and economic variables. Therefore, in the next step, models were estimated using just one 
group as regressors. The results are presented in the 6–8 Tables.

For a model with only ecological group variables (Table 6), the Breusch–Pagan and Haus-
man test showed that a random effects model (REM) should be used. In this case, 3 out of 
7 selected variables turned out to be statistically significant – X1 (average CO2 emission per 
km from new passenger cars), X5 (share of renewable energy sources in transport), and X6 
(share of renewable energy sources in electricity). All of these positively influence the CI value, 
indicating progress in the implementation of the SDG7.

All statistically significant variables from the social group (2 out of 6) also had a positive 
impact on the implementation of SDG7: X9 (healthy life expectancy at birth in years) and X13 
(percentage of the population with higher education). Diagnostic tests, in this case, indicated 
the use of the fixed effects estimator (Table 7).

Table 6. SDG7 implementation estimates 2013–2020 – ecological variables (M2)  
(source: author’s investigation)

Variables POOLS FEM REM

l_X1 --- 0.065 (0.004) 0.033 (0.086)
l_X2 0.016 (<0.0001) --- ---
l_X3 --- 0.017 (0.001) ---
l_X4 0.011 (0.016) 0.026 (0.001) ---
l_X5 0.009 (<0.0001) 0.006 (0.010) 0.007 (0.001)
l_X6 0.021 (<0.0001) --- 0.026 (<0.0001)
R2
Adjusted R2
Within-R2
LSDV-R2
LSDV F
Log-likelihood

0.493
0.484

---
---
---
---

---
---

0.254
0.827

29.473 (<0.001)
649.152

---
---
---
---
---

520.214
Obs.
Breusch–Pagan test
Hausman test

216
243.116 (<0.0001)

3.108 (0.540)

Notes: The variables’ symbols used in the models are described in Table 2; p-values are given in paren-
theses.
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Table 7. SDG7 implementation estimates 2013–2020 – social variables (M3) 
(source: author’s investigation)

Variables POOLS FEM REM

l_X8 0.144 (0.022) --- ---
l_X9 −0.069 (0.007) 0.074 (0.045) ---
l_X10 0.053 (0.006) --- ---
l_X11 0.107 (<0.0001) --- ---
l_X13 --- 0.073 (<0.0001) 0.060 (<0.0001)
R2
Adjusted R2
Within-R2
LSDV-R2
LSDV F
Log-likelihood

0.241
0.227

---
---
---
---

---
---

0.199
0.814

29.295 (<0.0001)
641.547

---
---
---
---
---

450.695
Obs.
Breusch–Pagan test
Hausman test

216
307.309 (<0.0001)
19.017 (<0.006)

Notes: The variables’ symbols used in the models are described in Table 2; p-values are given in paren-
theses.

Table 8. SDG7 implementation estimates 2013–2020 – economic variables (M4) 
(source: author’s investigation)

Variables POOLS FEM REM

l_X15 0.009 (0.003) --- ---
l_X16 −0.010 (0.004) −0.028 (<0.0001) −0.026 (<0.0001)
l_X17 −0.033 (<0.0001) ---- ---
l_X19 0.043 (<0.0001) 0.106 (<0.0001) 0.088 (<0.0001)
R2
Adjusted R2
Within-R2
LSDV-R2
LSDV F
Log-likelihood

0.362
0.350

---
---
---
---

---
---

0.327
0.844

36.160 (<0.0001)
660.409

---
---
---
---
---

484.534
Obs.
Breusch–Pagan test
Hausman test

216
348.738 (<0.0001)

11.357 (0.022)

Notes: The variables’ symbols used in the models are described in Table 2; p-values are given in paren-
theses.

The FEM estimator also turned out to be the most suitable for models in which only eco-
nomic variables were regressors (Table 8). Two of the seven variables: X16 (unemployment 
rate) and X19 (household expenditures on final consumption), had a statistically significant 
impact on the CI value. However, the direction of their influence was different. X16 hinders the 
implementation of SDG7, while X19 favours it. Table 9 contains standardised beta coefficients 
that compare individual diagnostic variables’ impact strength.
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The results of modelling SDG7 determinants only partially confirmed the second hypoth-
esis. In the M1 model, most of the variables belonged to the group of economic indicators; 
also, their collective impact on the implementation of SDG7 is the highest (Table 9). However, 
the results of estimating the M2–M4 models no longer confirm this hypothesis. When con-
sidering the models for individual groups of factors, it turns out that the largest number of 
statistically significant factors occurred in the ecological group. The strength of their impact 
on SDG7 was the highest in the social group.

5. Discussion and conclusions

In our research, the highest values of CI in each surveyed year were recorded for Denmark, 
which was the first throughout the whole period. Our analysis indicated a high position of 
France in the ranking of EU countries, especially in the initial period covered by the analysis. 
The development of nuclear energy has allowed France to be one of the countries with the 
lowest greenhouse gas emissions in the world. However, the development of atomic energy 
is associated with the problem of safety (radioactive waste) and social acceptance. Therefore, 
the energy transition must be focused mainly on RE.

Our research showed that in the model for all variables (M1), economic indicators (4/7) 
prevailed among the significant ones. Of course, this may be due to the existence of links 
between economic-ecological-social variables. After determining the models using variables 
from only one group (M2–M4), it turned out that some variables ceased to be significant, 

Table 9. Standardised beta coefficients for M1–M4 models (source: author’s investigation)

Variables M1 M2 M3 M4

Ecological indicators

X1 0.076 0.038 --- ---
X2 –0.004 --- --- ---
X5 0.0001 0.001 --- ---
X6 --- 0.007 --- ---

Social indicators

X8 –0.076 --- --- ---
X9 --- --- 0.095 ---
X13 0.018 --- 0.030 ---

Economic indicators

X14 0.005 --- --- ---
X15 0.043 --- --- ---
X16 –0.003 --- --- –0.003
X19 0.066 --- --- 0.070

Notes: The variables’ symbols used in the models are described in Table 2; Only statistically significant 
variables from models M1–M4 are included.
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and some gained importance. Our research allowed us to identify those variables that signif-
icantly impact the implementation of SDG7, regardless of the version of the estimated model 
(M1–M4). These “indispensable variables” include X1-average CO2 emissions per km from 
new passenger cars; X5-share of renewable energy sources in transport; X13-percentage of 
the population with higher education; X16-unemployment rate; X19-household expenditure 
on final consumption.

Only one of these factors has a negative impact on the implementation of SDG7 (X16), 
and the others are conducive to achieving this goal. If there is high unemployment in the 
country, it is difficult to focus resources and attention on clean energy available to all. On 
the other hand, they are increasing the level of other “indispensable variables” to favour the 
development of the green energy sector. Our results confirmed that more CO2 per capita 
means more incentive to make renewable energy commitments. In addition, research shows 
that important factors influencing the implementation of renewable energy sources in Euro-
pean countries are the pressure of the lobby of traditional energy sources (negative impact), 
energy self-sufficiency, CO2 emissions and income (positive impact). Therefore, the awareness 
of too high CO2 emissions (X1 in our study) and high income (in our research, this is indicated 
by X19-household consumption expenditure) encourage society to care for the environment. 
The high awareness of the society may also be influenced by education (X13-higher percent-
age of the population with higher education) and perceived benefits of using energy sources 
(X5-share of renewable energy sources in transport). Household consumption expenditure 
(variable X19) is an important determinant. We would also like to emphasise that the “signif-
icant variables” obtained in the survey represent all the aspects studied and come from three 
groups: ecological, social and economic indicators.

The literature emphasises the importance of sustainable energy development in countries 
and the ways of measuring this development. Various indicators measuring the level of de-
velopment and studies of factors influencing the intensity of action are indicated. However, 
the research conducted so far does not exhaust the topic of factors influencing the imple-
mentation of SDG7. Our study fills this gap.

We are aware of the limitations of our research. First of all, identifying potential factors 
that affect the development of green energy relies on the availability of statistical data.  
These data must be defined in the same way in the compared countries. Another problem is 
the way of assessing the energy development of countries. In the literature, we find various 
approaches in this area and the use of various measurement tools (indicators). Our study is, 
therefore, a voice in the discussion on sustainable energy development. We are also aware 
that the methodology for weighting variables is intricate and necessitates separately recalcu-
lating weights for each year. Nonetheless, these constraints do not undermine the reliability 
and robustness of the findings presented.
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