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Abstract

Energy is a resource essential to the economic growth of any economy, 
and energy transition can play a signifi cant role in fostering such growth. 
The purpose of this article is to examine the European Union (EU) energy 
transition in the context of the determinants of economic growth in the 
Member States of the EU. In order to achieve this aim, a descriptive 
and analytical approach is employed. The study includes a synthetic 
theoretical introduction on the importance of energy in economic growth 
processes, as well as an analysis of EU documents and strategies relating 
to the directions of the EU’s energy transition. In addition, a review of 
the scientifi c literature on the relationship between economic growth and 
greenhouse gas emissions, viewed in terms of the Environmental Kuznets 
Curve (EKC) concept, is conducted. The empirical part of the study is 
based on an analysis of secondary data for European Union Member States 
covering the period from 2013 to 2023. The dataset includes indicators 
of economic growth, greenhouse gas emissions, the share of renewable 
energy sources in fi nal energy consumption, and the energy intensity 
of economies. This approach made it possible to identify trends and 
variations among EU countries.
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Introduction

In the past, economic growth was usually associated with increased 
energy consumption. Today, highly developed economies are increasingly 
able to achieve economic growth while reducing energy consumption and 
greenhouse gas emissions. The energy transition plays an important role 
in this form of growth, as the shift to renewable energy sources attracts 
new investment and enhances economic competitiveness. 

The purpose of this article is to present the European Union’s (EU) 
energy transition in the context of the determinants of economic growth 
in its Member States. Particular attention is paid to EU actions taken to 
promote the development of renewable energy sources (RES). 

The main research problem is to determine how the EU’s energy 
transition is progressing and whether it should be considered in the 
context of the determinants of economic growth. The study covers the 
period from 2013 to 2023.

The following research questions were formulated:
1.  Do EU countries that increase the share of RES observe higher 

economic growth? 
2.  Can reductions in carbon dioxide emissions act as a driver of Member 

States’ economic growth?
This article consists of four sections. The study is descriptive and 

analytical in nature and is based on a combination of a review of the scientifi c 
literature and an analysis of secondary data. The fi rst section presents 
a theoretical outline of the importance of energy as regards economic 
growth, which serves as a reference point for further consideration. The 
second section analyses strategic documents, reports, and studies produced 
by EU institutions on actions taken to promote energy transition in order 
to identify the main directions of EU climate and energy policy. The third 
section reviews the scientifi c literature on the relationship between economic 
growth and greenhouse gas emissions, including studies referring to the 
Environmental Kuznets Curve (EKC) concept and analysing the role of 
energy transition in shaping these relationships. The fourth section provides 
an empirical analysis of changes in selected indicators for European Union 
Member States over the period 2013–2023. Data on economic growth, 
greenhouse gas emissions, the share of renewable energy sources in fi nal 
energy consumption, and the energy intensity of EU economies are used. 
Descriptive analysis methods are applied, including an analysis of trends 
over time and comparative analysis between EU countries. The results 
obtained are used to assess the consistency of the observed trends with the 
conclusions of research on the EKC hypothesis.
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Energy as a Source of Economic Growth

Economic growth refers to quantitative changes in a given economy, 
primarily expressed in terms of increases in the production of goods 
and services. Economic growth and energy consumption are closely 
interrelated. Energy constitutes a key driver of economic growth, as its 
utilisation underpins productivity and expansion, which are crucial for the 
functioning of any modern economy. Disruptions to energy supplies can 
cause serious damage to the economy of any country and society. Energy 
is, therefore, essential to meet basic human needs. It is used not only in 
households, but also in the production processes of enterprises (Blazev, 
2021, p. 28). 

Energy and the relative cost of obtaining it are closely linked to 
economic performance:

– energy availability is a prerequisite for growth (quantitative 
expansion) and economic development (qualitative evolution);

– technological progress contributes to the development of new 
energy sources and increases the possibilities for their use;

– economic growth and development are the main factors determining 
the volume and quality of energy demand (Luciani, 2022, p. 496).

Nevertheless, the negative environmental impacts of energy extraction, 
processing, transmission, and use is well-known and widely discussed. 
The energy sector constitutes the largest source of emissions into the 
air, water, and soil, and, in economic terms, these emissions represent 
negative externalities that are not typically refl ected in energy prices, 
implying that these markets are not Pareto-effi cient (Zweifel, Praktiknjo, 
Erdmann, 2017, p. 8). When oil prices rose sharply in the 1970s, it became 
apparent that economic theory had not given suffi cient consideration to 
the importance of energy, triggering a wave of energy crises. In response, 
economists began to seriously examine the threats to economic growth 
and prosperity posed by potential shortages of energy and other resources 
(Buenstorf, 2004, p. 1). As early as 1998, Herman Daly pointed out 
that conventional methods of analysis used by mainstream economists 
completely ignore the fact that macroeconomics does not constitute a self-
contained whole, but rather a subsystem embedded within a broader 
ecosystem (Van den Berg, 2016, p. 11).

It has long been recognised that economic growth and energy demand 
are closely interlinked. Since the beginning of the Industrial Revolution, 
GDP growth has been associated with an increase in energy demand, while 
limited access to energy resources has been associated with a decline in this 
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indicator. At the turn of the nineteenth and twentieth centuries, both energy 
demand and economic growth began to accelerate rapidly. Between 1900 and 
1950, electricity demand almost doubled, partly as a result of the replacement 
of horse-drawn vehicles with cars and kerosene lamps with electric lighting. 
GDP also increased signifi cantly during this period; in the United States, 
GDP per capita in 1950 was more than twice its level in 1900. 

In the second half of the twentieth century, economic growth and energy 
demand began to increase even more (Sharma, Smeets, Tryggestad, 2019). 
This trend was also evident in China, where real GDP per capita grew at 
an annual rate of 8 per cent from the mid-1980s until the fi rst decade of 
the twenty-fi rst century. China’s rapid GDP growth was largely the result 
of rapid industrial production, which was also accompanied by a sharp 
increase in energy consumption. The largest source of energy in China is 
coal, fuelling the majority of the country’s power plants and factories. In 
2008, China surpassed the United States as the largest emitter of greenhouse 
gases contributing to global warming. The environmental consequences of 
this development were highly detrimental (Van den Berg, 2016, p. 13).

It is increasingly argued that it is possible to achieve economic 
growth without a corresponding increase in energy consumption. This 
proposition is supported by the following arguments (Sharma, Smeets, 
Tryggestad, 2019):

– A decline in the energy intensity of GDP has been experienced 
in developed economies, largely attributable to the fact that the 
importance of services has expanded in those economies, while the 
energy intensity of the service sector is signifi cantly lower than in 
industrial sectors. For example, services account for approximately 
80 per cent of GDP in the United States;

– Energy effi ciency has improved as a result of technological 
improvements and behavioural changes. The diffusion of smart 
devices and their applications has signifi cantly reduced the energy 
intensity of households worldwide. At the same time, consumers’ 
mindsets are also evolving, especially in developed countries, as 
people become more aware of their behaviour, such as turning off 
lights and air conditioners, and increasingly adopt innovations 
including automatic sensors;

– Increased electrifi cation represents a more effi cient means of 
meeting energy needs;

– The growing use of renewable energy sources reduces energy 
consumption by eliminating losses associated with the combustion 
of fossil fuels and by increasing the overall effi ciency of the energy 
system. At the same time, investments in renewable energy 
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sources stimulate economic growth through capital accumulation, 
technological progress, and job creation.

Differences in GDP per capita across countries are closely correlated 
with variations in economic structure. Low levels of GDP per capita 
are usually associated with countries in which agriculture accounts for 
a large share of the economy. With industrialisation, GDP and energy 
consumption tend to grow in approximate parallel with rising incomes 
until high levels of GDP per capita are attained. This is followed by 
a transition to a post-industrial economy, with decreasing dependence on 
energy to generate GDP (Schobert, 2002, p. 6).

EU Energy Transition – Developing Renewable 
Energy Sources and Improving Energy Effi ciency

Energy transition refers to a fundamental change in the energy structure 
on the supply side of the energy system (Zhou et al., 2024). It is most 
often defi ned as a shift in the dominant forms of energy consumption 
in a given society. Historically, this has involved successive transitions 
from wood to coal, then to oil and gas, and, more recently, towards 
renewable energy sources (Cleveland, Morris, 2006, p. 146). Technological 
innovation in renewable energy constitutes one of the most important 
factors underpinning the success of the energy transition. As the market 
costs of low-carbon technologies have declined, the commercialisation of 
renewable energy sources has emerged as a key driver of the low-carbon 
energy transition (Yang et al., 2024).

The European Union has undertaken numerous measures and invested 
considerable effort in transforming the energy sector of its economy. As 
early as 2008, the European Parliament adopted a climate and energy 
package outlining the core objectives of EU climate and energy policy to 
be achieved by 2020. The targets included a reduction in greenhouse gas 
emissions by at least 20% compared with 1990 levels, an improvement in 
energy effi ciency by 20% relative to 2020 projections, and an increase in 
the share of renewable energy in gross fi nal energy consumption to 20% 
(Gheorghe, Muressan, 2011, p. 366). Currently, the EU is pursuing new and 
signifi cantly more ambitious climate and energy targets. The foundations 
of this policy stem mainly from the European Green Deal established in 
December 2019, which constitutes a comprehensive strategy committing 
the EU to achieving climate neutrality by 2050. In order to implement 
the European Green Deal, on 14 July 2021 the European Commission 
announced a new package of legislative proposals called Fit for 55 (European 
Commission, 2023). This package aims to reduce net greenhouse gas 
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emissions by 55% by 2030 compared with 1990 levels and includes, inter 
alia, revised targets for increasing the share of renewable energy in fi nal 
energy consumption and for improving energy effi ciency by 2030.

In September 2023, Directive (EU) 2023/1791 was adopted, setting out 
the current energy effi ciency target for the European Union. The Directive 
provides for a reduction in primary and fi nal energy consumption in the 
EU of 11.7% by 2030 compared to 2020 projections. Accordingly, total 
energy consumption in the EU by 2030 should not exceed 992.5 million 
tonnes of oil equivalent (Mtoe) for primary energy and 763 Mtoe for fi nal 
energy (European Commission, 2024). The EU has made signifi cant 
progress in this area. Between 2013 and 2023, primary energy consumption 
fell by approximately 12.7%, while fi nal energy consumption decreased 
by approximately 7.1%. In 2023, primary energy consumption was 1,208.5 
Mtoe, whereas fi nal energy consumption stood at 893.7 Mtoe (European 
Environment Agency, 2025).

In October 2023, another directive of major signifi cance for the 
EU energy transition –Directive (EU) 2023/2413 – was adopted. This 
Directive established a new target for the share of RES in gross fi nal 
energy consumption, stipulating a minimum level of 42.5% and setting 
an aspirational target of 45% by 2030.

In February 2025, the European Commission presented the Clean 
Industrial Deal, a policy initiative aimed at supporting the decarbonisation 
and competitiveness of energy-intensive industries through increased 
investment in low-carbon technologies. These investments are intended 
to enhance the competitiveness of EU companies, which are required to 
comply with stringent regulatory standards within the Union and are 
currently facing high energy prices as well as intensifying competition from 
fi rms based outside the EU, where such restrictive climate regulations do 
not apply. The plan includes accelerating the development of renewable 
energy sources, promoting electrifi cation, and allocating more than EUR 
100 billion to support the production of clean technologies within the EU 
(European Parliament, 2025).

Economic Growth, Energy Transition, and Greenhouse 
Gas Emissions in Light of the Environmental Kuznets 

Curve (EKC) – A Literature Review

In the short term, the energy transition may slow down GDP growth, 
especially in countries with energy-intensive industries. Modernising 
industrial structures and building low-carbon infrastructure require 
signifi cant investment, but in the long term, investments in renewable 
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energy sources and low-carbon technologies may become a driver of 
economic growth. Developed economies are characterised by higher 
levels of technological advancement and are therefore able to allocate 
greater resources to the development of new production methods and 
energy sources, which not only results in lower energy intensity across 
the economy, but also enables more effective reductions in environmental 
pollution. A seminal contribution in this fi eld is the 1995 publication by 
G.M. Grossman and A.B. Krueger, which formulated the Environmental 
Kuznets Curve (EKC)1 hypothesis (Grossman, Krueger, 1995). The authors 
of this hypothesis highlighted that the relationship between environmental 
pollution and economic growth takes the shape of an inverted “U”. In 
the initial stages of economic growth, environmental pollution increases. 
However, beyond a certain level of income – the so-called “income turning 
point” – this trend reverses. Exceeding this threshold increases the ability 
for societies to bear the costs of environmental protection, therefore, 
further development will lead to declining levels of pollution. The EKC 
hypothesis thus assumes that economic growth may be compatible with 
environmental improvement, provided that appropriate policies are 
adopted (Genstwa, 2020, p. 41). 

In 2019, M. Shahbaz and A. Sinha conducted a comprehensive 
review of the literature on Environmental Kuznets Curve research 
covering the period from 1991 to 2017. The authors observed that, 
since its inception, the EKC had been analysed in various contexts 
using diverse methodological approaches. The empirical results of 
such studies varied considerably in terms of model specifi cations, 
explanatory variable choices, and time frames. Therefore, for a specifi c 
country or group of countries, some researchers had found evidence 
to support the EKC hypothesis, while others found no such support 
(Shahbaz, Sinha, 2019).

In 2023, an empirical analysis of the EKC for EU Member States 
between 1990 and 2019 was conducted. The study confi rmed the existence 
of the EKC in all EU Member States. After reaching a certain level of 
economic growth, carbon dioxide emissions (CO2), declined. The study 
further indicated that renewable energy sources and technological progress 
contribute to reductions in CO2 emissions, while the consumption of 
energy from fossil fuels increases pressure on the environment. It also 
demonstrated that energy transition is a prerequisite for maintaining 

1  The name of this concept comes from the Nobel Prize winner Simon Kuznets, who, 
in 1951, studied the relationship between wealth and income inequality in society. 
His analysis revealed that as a country develops, social inequalities grow to a certain 
point and then begin to decline.
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the downward trend in emissions once the EKC turning point has been 
surpassed (Mohammed, Gill, Ghosal et al., 2023).

A key solution enabling the simultaneous achievement of economic 
growth and a decrease in CO2 emissions lies in increasing the share of 
renewable energy in fi nal energy consumption. The fi rst study to examine 
the impact of renewable energy consumption on economic growth 
within the framework of the EKC was conducted in 2006 by Richmond 
and Kaufmann on 36 countries between 1973 and 1997. Their fi ndings 
indicated that an increase in the share of RES contributes to both economic 
growth and the emergence of an inverted U-shaped EKC relationship. 

In a subsequent study, Sulaiman et al. (2013) incorporated total 
renewable energy production in the EKC framework for the fi rst time. 
Conducted in Malaysia between 1980 and 2009, the study likewise 
identifi ed an inverted U-shaped relationship and demonstrated that an 
increase in renewable energy production contributes to reductions in CO2 
emissions (Shahbaz, Sinha, 2019). In 2016, Doğan and Seker conducted 
a study on 15 European economies between 1980 and 2012, analysing the 
impact of RES development on CO2 emission reductions. They confi rmed 
that the development of RES in the analysed countries contributed to the 
reduction of these emissions (Doğan, Seker, 2016). Similarly, Baležentis 
et al. (2019) examined 27 EU economies between 1995 and 2015 and 
found that biomass and other renewable energy sources contributed to 
a reduction in CO2 emissions. Furthermore, their analyses confi rmed the 
existence of the EKC and proved that the consumption of non-renewable 
energy causes an increase in these emissions. 

In 2023, H. Mahmood et al. reviewed 69 empirical studies testing the 
EKC hypothesis. They found that 57 of the 69 studies confi rmed the EKC 
hypothesis, while 12 found no supporting evidence. Moreover, as many as 
64 studies showed that RES contributed to reductions in CO2 emissions, 
and only 5 studies confi rmed that RES had an insignifi cant impact on 
emissions. The authors concluded that renewable energy resources are an 
important element of the EKC framework and therefore recommended 
that future EKC studies explicitly incorporate RES as an explanatory 
variable (Mahmood et al., 2023, p. 287).

Economic Growth, Energy Intensity, the Development 
of Renewable Energy Sources, and the Reduction of 
Greenhouse Gas Emissions in EU Member States

The EU’s ambitious targets for the energy transition of Member States’ 
economies contribute to their economic growth while simultaneously 
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enabling signifi cant progress in emissions reduction. All EU Member 
States recorded GDP growth between 2013 and 2023, and almost all 
recorded a decrease in CO2 emissions per capita. The sole exception was 
Cyprus, where CO2 emissions increased by 9% over the period analysed. 
This outcome is largely attributable to Cyprus having the largest share 
of petroleum products in total available energy: in 2023, they accounted 
for 86.3% of the share of energy products in total available energy 
(Eurostat, 2025c). 

The highest rates of economic growth during the analysed period 
were recorded in Ireland and Malta (see Figure 1). In Ireland, however, 
this exceptionally dynamic growth is largely the result of the artifi cial 
infl ation GDP fi gures by international corporations rather than genuine 
domestic economic expansion. Ireland’s low corporate tax regime has 
facilitated the relocation of profi ts by companies such as Apple, Google, 
and Meta. Although the services are provided in other countries, the 
associated, signifi cant revenues are recorded in Ireland (Honohan, 
2021). In contrast, Malta’s growth refl ects real expansion in tourism, 
fi nancial services, and the gaming sector. It is also worth noting that 
Malta is the second EU Member State, after Cyprus, with the highest 
share of petroleum products in available energy, accounting for 85.6% 
in 2023 (Eurostat, 2025c).

Figure 1. Percentage Change in CO2 Emissions and GDP in EU Member 
States, 2013–2023 (2023 Compared with 2013)

Source: Our World in Date, 2025.
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Individual EU Member States are steadily replacing fossil fuels with 
low-carbon energy sources. This process has been further facilitated by 
the continuous decline in the cost of low-carbon technologies. In recent 
years, there has been a steady increase in the use of renewable energy 
sources recorded in the EU. In 2005, the share of RES in fi nal energy 
consumption in the EU amounted to only 10.18%; by 2013, this share 
had increased to 16.66%, and by 2023 it had reached as much as 24.56% 
(Eurostat, 2025). This represents the EU average, behind which signifi cant 
differences between individual Member States persist (see Figure 2). The 
highest shares of RES in fi nal energy consumption in 2023 were recorded 
in Sweden, which achieved a 66.4% share of RES, followed by Finland 
(50.7%), Denmark (44.4%), and Latvia (43.2%).

Figure 2. Percentage Share of Energy From Renewable Sources in Final 
Energy Consumption in EU Member States in 2013 and 2023

Source: Eurostat, 2025a.
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the Netherlands, Portugal, and Spain recorded a particularly high share 
of services, accounting for more than three-quarters of total gross value 
added. By contrast, the lowest share of services, at 65%, was recorded in 
Czechia (Eurostat, 2025). 

In addition, the use of less energy-intensive production methods and 
more energy-effi cient equipment in industry have also contributed to 
a decrease in the energy intensity of economies. Investments in renewable 
energy infrastructure, such as the construction of wind farms, solar farms, 
and energy storage facilities, stimulate economic activity. In addition, 
renewable energy sources are relatively inexpensive once the installations 
have been completed, which contributes to lower energy costs in the long 
term and thus improves the economic competitiveness. In 2024, energy 
from renewable sources was the most cost-effective source of electricity 
globally. Wind energy was 53% cheaper and solar energy 41% cheaper 
than electricity generated from fossil fuels (International Renewable 
Energy Agency, 2025, pp. 17–18).

Between 2013 and 2023, all EU Member States improved their energy 
intensity (see Figure 3). In 2023, the economies of Finland and Malta 
recorded the highest energy intensity among EU economies, at 150.12 
and 139.49 kilograms of oil equivalent (kgoe) per thousand euros in 
Purchasing Power Standards (PPS), respectively. The high energy intensity 
observed in those economies can be attributed to several factors. Finland 
has a very cold climate, which results in substantial heating demand, as 
well as having one of the most energy-intensive industrial structures in 
Europe, especially in the wood-processing and metallurgical industries. 
Nevertheless, owing to continuous investment in the development of 
renewable energy sources, a signifi cant share of electricity generation 
is derived from nuclear energy (42.1%) and renewable energy sources 
(51.4%) (Eurostat, 2025c). In Malta’s case, the high value of this indicator 
is largely a statistical effect of the country’s small economic size. Given its 
relatively low GDP, even moderate levels of energy consumption translate 
into a comparatively high energy intensity of the economy.

Nevertheless, it also has the highest share of fossil fuels in electricity 
production in the EU, amounting to as much as 86.4% in 2023; only 
Cyprus (79.5%) and Poland (71.9%) recorded slightly lower shares 
(Eurostat, 2025c). High greenhouse gas emissions in EU economies are 
also frequently linked to a signifi cant share of industry in GDP. Slovakia 
provides a clear example, as it is one of the most industrialised Member 
States. Estonia, on the other hand, has based its energy sector for years on 
oil shale, a fuel which is highly energy-intensive. Sweden also represents 
a case of a highly energy-intensive economy, due both to its climactic 
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conditions and to the presence of energy-intensive industries. However, 
Sweden has constantly expanded its renewable energy capacity and 
currently generates energy predominantly from hydropower (39.9% 
of electricity generation in 2023), nuclear power (29.2%), and wind 
power (20.6%) (Eurostat, 2025c). Conversely, the economies of Ireland, 
Romania, and Denmark recorded the lowest levels of energy intensity 
among EU countries, at 34.19, 53.96, and 57.79 kgoe per thousand euro in 
PPS, respectively (Eurostat, 2025b). Ireland is an economy characterised 
by a large share of services and a low share of industry in GDP, alongside 
high energy effi ciency. Romania, although a post-communist country, 
also exhibits relatively low-emissions. Following its accession to the EU, 
it undertook a rapid industrial modernisation through investment in 
low-carbon technologies, while the share of services in GDP has steadily 
increased. 

Denmark, in turn, represents a modern service-based economy 
that stands out within the EU for its substantial investment in energy 
effi ciency and renewable energy development. In 2023, as much as 57.5% of 
Denmark’s electricity was generated from wind energy, along with 16.3% 
coming from biofuels, and 10% from solar energy (Eurostat, 2025c).

Figure 3. The Energy Intensity of Economies 2013–2023 – Kilograms of 
Oil Equivalent (kgoe) per Thousand Euros in Purchasing Power Standards 
(PPS)

 

Source: Eurostat, 2025b.
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Between 2013 and 2023, all EU economies experienced a decline in the 
energy intensity of GDP and a reduction in pollutant emissions, while most 
Member States simultaneously recorded economic growth. This development 
is attributable to the high level of economic advancement across all EU 
countries, where the growing importance of the service sector has resulted in 
lower energy intensity than in economies dominated by the industrial sector. 
Services constitute the most dynamic segment of economic activity within 
the EU. The observed combination of GDP growth with declining energy 
intensity and pollutant emissions is also linked to the EU’s ongoing energy 
transition. This process has fostered increased electrifi cation, systematic 
improvements in energy effi ciency, and a rising share of renewable energy 
sources in the energy mix of EU Member States.

Conclusions

The EU’s energy transition contributes to the development of renewable 
energy sources and may constitute an important determinant of economic 
growth in the Member States. Numerous scientifi c studies reviewed in 
this analysis point to the existence of an EKC relationship, indicating 
that economic growth accompanied by environmental improvement is 
feasible where appropriate climate and energy policies are implemented. 
Consequently, the role of the energy transition, with particular emphasis 
on the development of renewable energy sources, is crucial for fostering 
this type of growth.

Between 2013 and 2023, all EU Member States consistently increased 
their share of renewable energy resources in fi nal energy consumption, 
while simultaneously achieving economic growth accompanied by 
a decline in the energy intensity of their economies. The vast majority 
of EU Member States, i.e., 26 countries, also recorded a reduction in 
greenhouse gas emissions during the period analysed. These developments 
are attributable to the EU’s progressive climate and energy policy, which 
was implemented consistently during the period under review. However, 
it should be emphasised that this represents a general trend, as the pace 
of the transition has varied across Member States. Particular attention 
should be paid to the Nordic countries (Sweden, Finland, and Denmark), 
which achieved the highest share of RES in fi nal energy consumption 
during the period examined. This, in turn, translated into signifi cant 
reductions in pollutant emissions, a decrease in the energy intensity of 
their economies, and simultaneous economic growth. 

The results of the conducted research have made it possible to identify 
certain relationships between economic growth and greenhouse gas 
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emissions, as well as to indicate the direction of the EU’s energy transition 
and certain trends among EU Member States in terms of economic growth, 
greenhouse gas emissions, the share of renewable energy sources in fi nal 
energy consumption, and the energy intensity of their economies. A key 
area for future research will be the incorporation of an econometric model 
in order to conduct an in-depth analysis of the relationships between the 
variables.
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