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1. Introduction  1 

Energy security is an important value in any country and is an end in itself. For many years, 2 

the issue relating to the future of energy has been one of the most significant issues considered 3 

within national and global politics (Belch et al., 2024). This is related to the energy sector's 4 

responsibility for progressive climate change, as well as to the concern to provide adequate 5 

amounts of energy for the years to come (Hajduk-Stelmachowicz, 2018). Long-term projections 6 

indicate that in 2050, humanity will consume energy at a level two or three times that recorded 7 

in 2010. During the 20th century, humanity's energy needs were mainly met by fossil fuels. 8 

However, depletion of deposits has contributed to a decline in the importance of fossil fuels 9 

(Wolniak et al., 2020; Esfahani et al., 2021). 10 

Energy efficiency is an important pillar for maintaining energy security and increasing the 11 

competitiveness of the economy. This type of efficiency is a measure that indicates how 12 

efficiently energy is being managed. The most common measure of energy efficiency is the 13 

energy intensity of GDP. This figure expresses the ratio of energy consumption expressed in 14 

tonnes of oil equivalent (toe) to a country's gross domestic product (Pacana, Czerwińska, 2020). 15 

In Poland, the essence of energy efficiency is becoming increasingly important, resulting in the 16 

Energy Efficiency Act, which defines: the tasks of public sector entities in the field of energy 17 

efficiency, the rules for the implementation of the obligation to achieve energy savings,  18 

the rules for carrying out energy audits in enterprises and the rules for keeping a central register 19 

of final energy savings (Dyczkowska et al., 2024). In Poland, as of 22 May 2021, the provisions 20 

of the Act on amending the Energy Efficiency Act (Act of 20 April 2021 on amending the 21 

Energy Efficiency Act and certain other acts) entered into force. The Act implements  22 

a provision of the Directive of the European Parliament and of the Council (EU) on energy 23 

efficiency (Directive of the European Parliament and of the Council (EU) 2018/2002  24 

of 11 December 2018 amending Directive 2012/27/EU on energy efficiency).  25 

The aforementioned law aims to adapt Polish law to the solutions provided for in the Directive, 26 

amended in 2018, which imposes increased obligations on Poland regarding the degree of final 27 

energy savings at the end of 2030 of 5580,000 toe. The primary target in the area of efficiency 28 

in addition to the targets set out in the European Union's efficiency directives is to achieve  29 

a 32.5 per cent reduction in energy consumption compared to 2035 projections as a result of 30 

energy efficiency improvements. Poland's energy efficiency in 2022. increased by 0.9 per cent 31 

in relation to 2021, while the annual cumulative growth rate of energy efficiency between 2012 32 

and 2022 was 0.9 per cent. During this period, primary energy intensity of GDP was reduced 33 

by an average of 2.6% per year and final energy intensity of GDP by 2.4%. Industry saw the 34 

fastest rate of improvement in energy efficiency (up 1.9%). The level of total primary energy 35 

consumption increased between 2012 and 2022 from 92.8 Mtoe to 98.6 Mtoe (cumulative 36 

annual growth rate of 0.6%). Final energy consumption also increased in the period under 37 
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review from 64.4 to 72.4 Mtoe (cumulative annual growth rate of 1.2%). Total consumption 1 

reached its highest value in 2018 (104.1 Mtoe), and final energy consumption in 2021  2 

(75.2 Mtoe) (www.ec.europa.eu/eurostat). However, despite systematic growth, the level of 3 

energy efficiency of the Polish economy is still not at a satisfactory level - it is approximately 4 

three times lower than the efficiency of economies in the most developed European countries 5 

and at the same time approximately twice as low as the average in European Union countries. 6 

The current state of energy security within the Polish energy sectors varies significantly 7 

(Czerwińska, Pacana, 2019). In terms of heating and electricity based on its own hard coal and 8 

lignite resources, Poland is self-sufficient (Grebski, Ulewicz, 2022; Kwiatkowska et al., 2021). 9 

The gas and liquid fuels sector, is heavily dependent on imports, mainly from Russia. Poland 10 

has considerable renewable energy resources, but their use is at a relatively low level (Orłowska 11 

et al., 2024; Wolniak, Skotnicka-Zasadzień, 2022). Based on the country's fuel and energy 12 

balances, it becomes necessary to develop a long-term energy strategy that takes into account 13 

the growing needs of consumers (individual, industrial) and at the same time ensures energy 14 

security (Orman et al., 2020; Jursova et al., 2014). Therefore, attempts are being made to 15 

develop a new, adequate energy mix model that takes into account the needs of consumers and 16 

responds to the environmental challenges posed by the European Union. With regard to Poland, 17 

the new energy mix model should be largely based on high self-sufficiency. The current state 18 

of energy security within the Polish energy sectors varies significantly (Czerwińska, Pacana, 19 

2019). In terms of heating and electricity based on its own hard coal and lignite resources, 20 

Poland is self-sufficient (Grebski, Ulewicz, 2022; Kwiatkowska et al., 2021). The gas and liquid 21 

fuels sector, is heavily dependent on imports, mainly from Russia. Poland has considerable 22 

renewable energy resources, but their use is at a relatively low level (Orłowska et al., 2024; 23 

Wolniak, Skotnicka-Zasadzień, 2022). Based on the country's fuel and energy balances,  24 

it becomes necessary to develop a long-term energy strategy that takes into account the growing 25 

needs of consumers (individual, industrial) and at the same time ensures energy security (Orman 26 

et al., 2020; Jursova et al., 2014). Therefore, attempts are being made to develop a new, 27 

adequate energy mix model that takes into account the needs of consumers and responds to the 28 

environmental challenges posed by the European Union. With regard to Poland, the new energy 29 

mix model should be largely based on high self-sufficiency. 30 

Rational and responsible energy management improves energy security, translates into 31 

reduced pollutant emissions (especially carbon dioxide) and reduced expenditure on the 32 

purchase of renewable and non-renewable energy carriers (Czerwińska, Pacana, 2021; Orman 33 

et al., 2020). Measures that enhance energy security are now an essential determinant of  34 

a country's security and an objective of its security policy. The aim of this article was to present 35 

the issue of energy efficiency and dependence as key factors in the state's energy security and 36 

to diagnose the current state of Poland's energy security against the background of the European 37 

Union. 38 
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2. Concept of Polish energy security 1 

Energy security is a concept that is complex and difficult to define unambiguously, 2 

however, in general terms it can be said to be about access to a variety of energy carriers and 3 

ensuring the continuity of their supply. The key to achieving energy security is to diversify 4 

sources of supply, use domestic resources, rationalise energy consumption, protect the 5 

environment, increase energy efficiency through the use of the latest technologies 6 

(Streimikiene, 2023; Kilinc-Pala, 2021). 7 

The concept of energy security is defined in the Energy Law, which indicates that energy 8 

security is a state of the economy that makes it possible to cover the current and prospective 9 

demand of consumers for fuels and energy in a technically and economically justified manner, 10 

while maintaining the requirements of environmental protection (Law of 10 April 1997 Energy 11 

Law. Dz.U. 1997, No. 54, item 348, as amended, art. 3, p. 16). The most important entity to 12 

which the term energy security should apply to the greatest extent is the energy consumer.  13 

To a certain extent, consumers should be guaranteed energy at the required time, in the required 14 

quantity and form, and at an available price. The priority activity in terms of conducting energy 15 

policy is to take care of stable and uninterrupted supplies of energy carriers based on long-term 16 

contracts thanks to an independent industrial infrastructure that directly connects supply sources 17 

(including deposits) with the territory of Poland (Rosicki, 2023). 18 

The main tasks of the state within the energy sector are considered to be ensuring  19 

a significant degree of energy security, which is understood as (Czerwińska, Pacana, 2024): 20 

 security of supply by ensuring a certain quality and continuity of energy supply at  21 

a level that is determined by social and economic needs, 22 

 economic security meaning that the cost of purchasing energy will not lead to energy 23 

poverty and will not create obstacles to economic development, 24 

 environmental security, which ensures that energy generation will not contribute to 25 

excessive pollution and environmental degradation. 26 

The level of energy security of a country depends on a considerable number of factors 27 

among which the key ones are (Fouladvand et al., 2024):  28 

 balancing supply and demand for fuels and energy, 29 

 diversification of supply sources (degree of dependence on imports), 30 

 diversification of the structure of energy carriers making up the national fuel balance, 31 

 economic conditions of energy companies, including their financial results, 32 

 technical condition (efficiency) of power equipment and installations, 33 

 size of fuel reserves, 34 

 the state of regional energy security, i.e. the ability to satisfy energy needs at the level 35 

of local communities. 36 
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Energy security has an impact on almost every segment of the proper functioning of the 1 

state, as energy resources affect the ability of state bodies to carry out functional activities in 2 

the political, economic and environmental areas (Gitelman et al., 2023). 3 

The political aspect involves the need for the state to carry out actions leading to the 4 

elimination or reduction of the possibility of political influence by entities that have the status 5 

of energy suppliers. The aim of the measures outlined is to achieve permanent access to energy 6 

resources by ensuring correct political relations with the states that have the resources of energy 7 

carriers and those states through whose territory they are transported (Aykin, 2024). 8 

The economic context of energy security is largely concerned with features that indicate the 9 

proper functioning of the energy sector, which is linked to the health of the national economy 10 

and development. In this aspect, there is a correlation: the higher the level of energy security, 11 

the stronger and more stable the economy. Energy security is of strategic importance for each 12 

state in the aspect of broadly understood internal and national security and continuous economic 13 

development (and including changes in production capacity, economic relations, production, 14 

structure and mechanism of functioning of the economy, consumption and the environment) 15 

(Czerwińska, Pacana, 2022). 16 

The environmental aspect concerns the minimisation of the negative consequences of the 17 

energy sector's impact on the natural and natural environment (Iyke, 2024). It refers to the 18 

energy management stage, which includes: acquisition of energy carriers, processing, transport 19 

and their use. Within each stage, there are specific risks that require the implication of adequate 20 

countermeasures. In this area, energy security is combined with environmental security 21 

(Grebski et al., 2022; Pacana, Czerwińska, 2023). 22 

The European Union's climate and energy policy has a significant impact on the 23 

development and shape of the Polish energy sector in the run-up to 2050. This applies to 24 

conventional energy, renewable energy and prospective nuclear energy (Deirmentzoglou et al., 25 

2024). The implementation of the 3×20 energy package and the EU ETS (European Emissions 26 

Trading Scheme) is closely linked to large capital expenditures in the area of modernising 27 

conventional energy sources (especially investments in low-carbon technologies), promoting 28 

the use of renewable energy sources, and considering the creation of nuclear energy (Pereira  29 

et al., 2024). Taking these actions is important with regard to meeting the stringent emission 30 

requirements of the IED (Directive 2010/75/EU of the European Parliament and of the Council 31 

of 24 November 2010 on industrial emissions (integrated pollution prevention and control) and 32 

improving the level of energy efficiency.  33 

  34 
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3. Energy security of the Polish economy in relation to the EU-27 economy 1 

3.1. Energy efficiency of the Polish economy compared to the EU economy 2 

Energy efficiency is an integral part of energy security, sustainable development and 3 

belongs to modern energy policy. Improving energy efficiency means improving the energy 4 

intensity of the economy at the same time, as more final products can be obtained from a given 5 

amount of resources (Pacana et al., 2023). Therefore, the levels of primary energy consumption, 6 

final energy consumption, energy efficiency and energy self-sufficiency were analysed. 7 

The primary energy consumption indicator measures a country's total energy demand, 8 

excluding any non-energy use of energy carriers (e.g. natural gas used not for combustion but 9 

for the production of chemicals). In 2023, the level of primary energy consumption in the  10 

EU was 1211 million tonnes of oil equivalent (Mtoe). The figures presented show a decrease 11 

of 3.9% compared to 2022. In 2023, the EU was still approaching the 2030 target of 992.5 12 

Mtoe, currently the gap has narrowed to 22.0%. Figure 1 shows the level of primary energy 13 

consumption in EU countries in 2023. 14 

 15 

Figure 1. Primary energy consumption of European Union countries – 2023. 16 

Source: Own elaboration based on: www.ec.europa.eu/Eurostat, 24.01.2025. 17 

Among EU-27 countries, Poland ranked fifth in terms of primary energy consumption in 18 

2023. This was a decrease in the level of consumption by 5.07% compared to 2022. The highest 19 

level of energy consumption (2.55 times higher than in Poland) was recorded in the German 20 

economy. 21 

The final energy consumption indicator, only includes energy consumed by end users 22 

(industry, transport, households, services and agriculture) and does not include energy 23 

consumption in the energy sector or losses that occur during energy processing and distribution. 24 

The Council of the European Union has legislated to reduce final energy consumption at  25 

EU level by 11.7% in 2030. This means that a cap on EU final energy consumption of 763 26 

million tonnes of oil equivalent will apply. Between 2024 and 2030, Member States will provide 27 

new annual savings averaging 1.49% of final energy consumption, until reaching 1.9% on  28 
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31 December 2030. Figure 1 indicates the level of final energy consumption of EU countries  1 

in 2023. 2 

 3 

Figure 2. Final energy consumption of European Union countries – 2023. 4 

Source: Own elaboration based on: www.ec.europa.eu/Eurostat, 24.01.2025. 5 

The EU's final energy consumption was 894.4 Mtoe, a reduction of 3% compared to 2022. 6 

The EU has therefore moved closer to achieving the target listed in the Energy Efficiency 7 

Directive (EED) [Directive 2012/27/EU of the European Parliament and of the Council of  8 

25 October 2012 on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and 9 

repealing Directives 2004/8/EC and 2006/32/EC]. - 763 Mtoe in this case. The result  10 

of 894.4 Mtoe in final energy consumption was the second lowest since 1990, when data on 11 

this subject began to be collected. The level of Poland's final energy consumption was  12 

69.9 Mtoe which contributed to the 5th place among EU countries. In relation to 2022, this level 13 

decreased by 2.23%.  14 

In the context of energy efficiency, the values achieved by the EU countries do not show 15 

significant differences from the primary energy consumption data (Figure 3). EU energy 16 

efficiency in 2023 was 1210.77 Mtoe, a decrease of 3.89% on 2022 and 7.79% on 2021, 17 

respectively.  18 

 19 

Figure 3. Energy efficiency of EU countries – 2023. 20 

Source: Own elaboration based on: www.ec.europa.eu/Eurostat, 24.01.2025. 21 
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Poland has made significant progress in improving energy efficiency over the past 20 years, 1 

but further steps are necessary to achieve the efficiency levels recorded in the leading Western 2 

European countries. Poland's energy efficiency in 2023 osiagnene 93.58 Mtoe, the fifth highest 3 

among EU countries. 4 

Considering energy efficiency, there is still a lot to be done in this area, especially in the 5 

case of Poland. Improving the level of energy efficiency will contribute to reducing the energy 6 

intensity of the economy and increasing energy stability and security. 7 

3.2. Energy dependence of the Polish economy towards the EU economy 8 

In order to diagnose the level of energy security, the energy dependency index was also 9 

used. This indicator is interpreted as follows: the higher the level of the energy dependency 10 

index, the lower the level of energy security in a given country. With the increase in the share 11 

of net energy imports in gross domestic energy consumption increased by stored energy,  12 

the level of energy security therefore decreases. Dependence on energy imports indicates the 13 

share of the country's total energy demand that is met thanks to imports from other countries 14 

(Elustu, 2021). This means that the indicator shows the proportion of energy that the economy 15 

must import.  16 

The European Union's dependence on single suppliers is of concern and an important 17 

component of energy security. The EU seeks to improve the level of energy security by 18 

constructing a resilient, consolidated and open internal market, while exercising a multilateral 19 

and rules-based development perspective (Novikau, 2022; Elustu, 2021). Current geopolitical 20 

efforts and activities highlight the key role of controlling and minimising import dependency. 21 

Energy dependence on imports of energy carriers is associated with an increased exposure of 22 

the EU economy to the risk of supply shortages AND volatile world market prices. The risk 23 

increases with dependence on individual countries, for example determined by supply 24 

infrastructure. The level of energy dependency of EU countries in 2023 is shown in Figure 4. 25 

 26 
Figure 4. Energy dependency of EU countries – 2023. 27 

Source: Own elaboration based on: www.ec.europa.eu/Eurostat, 24.01.2025. 28 
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Based on Figure 4, it can be concluded that Poland is one of the less dependent countries in 1 

terms of energy imports in Europe. A lower level of the energy dependency indicator in 2023 2 

was only recorded in France, the Czech Republic, Bulgaria, Denmark, Lithuania, Finland, 3 

Romania, Sweden and Estonia. This shows that Poland is characterised by a relatively high 4 

level of energy security in relation to EU countries. This is due to the possession of a rich 5 

resource base and coal and lignite deposits that are important in this context. 6 

The development of Poland's and the European Union's energy dependence in 2014-2023 7 

is presented in Figure 5. 8 

 9 

Figure 5. Energy dependency of Poland of the EU countries. 10 

Source: Own elaboration based on: www.ec.europa.eu/Eurostat, 24.01.2025. 11 

For the years 2014 to 2023 under consideration, the EU's energy dependency level oscillates 12 

between 54,400% and 62,514% (Figure 5). The lowest value of the EU indicator was reached 13 

in 2014, while the highest value was reached in 2022. In 2023, the EU recorded an indicator 14 

value of 58.727% (a decrease of 6.78% compared to the previous year). Poland shows a lower 15 

level of energy dependence on the EU over the analysed period, but a worrying increasing trend 16 

is noticeable. The range of values of the indicator for Poland was 29.415% (2014) - 48.024% 17 

(2023). Since 2021, Poland has seen an increase in the level of energy dependency every year. 18 

In 2022 an increase of 13.76% (compared to 2021) and 2023 an increase of 4.33% (compared 19 

to 2021). 20 

In order to accelerate Poland's transition to a relatively inexpensive, reliable and sustainable 21 

energy system, and thereby increase energy independence and energy security, the country 22 

should conduct intensive research on clean energy, promote investment in energy infrastructure, 23 

and promote clean energy technology.  24 
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4. Conclusions and recommendations  1 

In a globalized world, the proper functioning of countries is highly dependent on energy 2 

security. It is one of the conditions for the economic and technological development of  3 

a particular country. Therefore, the purpose of the article was to present the issue of energy 4 

efficiency and dependence as key factors in the energy security of the country, as well as  5 

a diagnosis of the current state of energy security of Poland against the background of the 6 

European Union. 7 

Increasing energy efficiency in energy generation, transmission and use is key to the 8 

implementation of a sustainable energy policy, which is also expressed by national  9 

and EU legal regulations and through actions taken by national and EU institutions.  10 

Improving the level of Poland's energy efficiency is crucial to achieving all national  11 

and EU energy policy goals and a significant number of environmental and climate policy goals. 12 

Therefore, improving energy efficiency should be a priority in modernizing the national 13 

economy. This is achievable by, among other things: reducing the level of network losses in 14 

energy transmission and distribution, building highly efficient generating units, increasing the 15 

level of application of high-efficiency cogeneration and increasing the efficiency of energy  16 

end-use. 17 

In recent years, Poland has achieved a relatively low rate of energy dependence in relation 18 

to other European Union countries, which indicates a relatively high level of energy security. 19 

The key factors that affect the achieved level of energy dependence are the degree of 20 

diversification of sources of supply (domestic and foreign) of energy resources, the size and 21 

diversity of the domestic fuel base, the possibility of fuel storage, the technical condition and 22 

forms of ownership of infrastructure, and the development of national and international energy 23 

policy. 24 

EU countries, in order to achieve the expected level of energy security, are forced to develop 25 

and undertake a number of specific measures. To a large extent, they should be oriented towards 26 

increasing the competitiveness of the EU energy sector. A requirement of which is to ensure 27 

identical operating conditions for all countries of the EU energy market. At present, the key 28 

seems to be to increase the security of energy supply, which is related to ensuring stable 29 

conditions allowing to cover the current and future demand of EU economies. 30 

Future research will deal with the diagnosis and analysis of the energy mixes of Central and 31 

Eastern European countries in the context of their energy security.  32 

  33 
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