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		Abstract. This article examines the long-term evolution of the European Union’s dependence on Russian mineral fuels and its transformation after 2022. The analysis combines Eurostat trade data for 1999–2021 with complementary post-invasion evidence from European and international sources. Using structural comparisons and correlation-based diagnostics, the study identifies dominant fuel categories and differences in adjustment across Member States. The findings show that oil and gas created deep path dependencies that limited the speed of decoupling. Although direct imports fell sharply after 2022 and diversification accelerated, the process remains uneven and indirect exposure has not disappeared. The article contributes by linking historical trade structures with the emerging post-war regime and by distinguishing between transit roles and domestic energy policy. The results inform debates on EU energy security and the governance of diversification. The results indicate that diversification capacity is strongly conditioned by pre-existing infrastructure and trade geography.
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			1. Introduction

			Supply shocks in the market for energy raw materials following Russia’s invasion of Ukraine have reshaped the European political and economic debate. The discussion has become dominated by concerns over international trade, the continuity of strategic energy supplies and the broader implications for the functioning of EU Member States. Although the main suppliers of energy raw materials to the European Union have changed in recent years, Russia has long remained the dominant provider of all major fuel categories, particularly natural gas, crude oil, and coal. The disruption of these supplies after 2022, combined with unprecedented price increases, created serious economic, social, and political challenges across the EU.

			Against this background, this article examines the scale and evolution of EU imports of mineral fuels, lubricants and related materials from Russia across individual EU Member States and fuel categories. The analysis focuses on the period 1999 to 2021, when detailed Eurostat data are available, and is supplemented with post-2022 figures from the European Commission, the International Energy Agency (IEA), and specialised research institutes in order to capture the rapid structural changes that followed the outbreak of the war.

			The political direction of reducing fossil fuel dependence has been formally anchored in key EU strategic documents, most notably the European Green Deal and the REPowerEU plan adopted after the outbreak of the war. These frameworks combine climate objectives with urgent security-of-supply measures, explicitly calling for a rapid reduction of imports of Russian fossil fuels, diversification of suppliers and acceleration of renewable energy deployment (European Commission, 2019; European Commission, 2022).

			In 2024, the total value of energy raw material imports to the EU amounted to EUR 375.9 billion, representing a decline of 16.2% compared with 2023. EU-Russia trade fell to approximately EUR 67.5 billion, with imports from Russia at EUR 35.9 billion, of which about 62% consisted of mineral fuels. The share of Russian gas in the EU demand dropped to roughly 12–13%, down from 40–48% before 2022, reflecting a profound shift driven by rising LNG imports and alternative seaborne deliveries (European Commission, 2024; Bruegel, 2024).

			Data for 2022 to 2024 confirm a marked reduction in the EU’s dependence on Russian energy resources, driven primarily by increased LNG imports and the diversification of supply routes towards Norway, the United States, Qatar, and Azerbaijan. Nevertheless, several EU Member States have remained more vulnerable due to infrastructural and market constraints. Despite the decline in volumes, the EU still paid approximately EUR 21.9 billion for Russian fossil fuels in 2024, which has had important political and budgetary implications (CREA, 2025). At the same time, the role of Norway and the United States as principal suppliers of gas and oil has expanded significantly. According to the World Energy Outlook 2023, the United States has become the largest LNG supplier to Europe, while Norway’s share in pipeline gas deliveries reached record levels (IEA, 2023).

			The transformation of European energy relations after 2022 has generated an intense academic and policy debate. Scholars emphasise the tension between market integration, infrastructure inertia and geopolitical risk, pointing to the difficulty of rapidly replacing historically embedded supply structures. Particular attention is paid to diversification capacity, institutional coordination and the uneven exposure of Member States.

			Existing literature has extensively examined the EU’s dependence on Russian energy supplies, although most studies focus on the pre-2022 period or offer primarily qualitative assessments of post-invasion developments (Goldthau and Sitter, 2020; Mata Pérez et al., 2019; Rybak et al., 2022; Weiner et al., 2025). Quantitative, longitudinal research that systematically compares the structure and volume of imports across major fuel types and EU Member States before and after 2022 remains scarce (Ah-Voun et al., 2024; Czech and Wielechowski, 2023; Finley and Mikulska, 2023; Goldthau and Youngs, 2023; LaBelle, 2024; Sampedro et al., 2024; Spiro et al., 2025). This article addresses this gap by providing an empirical analysis of EU energy imports from Russia over the period 1999 to 2024 and by examining the uneven pace of the decoupling process.

			The methodological approach used in this article is based on the analysis of Eurostat trade data and the comparison of import structures across EU Member States and fuel categories. The study identifies the largest importers of Russian energy resources, assesses long-term structural changes and evaluates the extent to which EU countries have been able to replace Russian supplies with alternative sources. The results aim to contribute to the ongoing scientific and policy debate on European energy security, diversification strategies, and the long-term implications of the geopolitical realignment triggered by Russia’s invasion of Ukraine.

			The novelty of this study lies in three elements. First, it provides a long-term, harmonised dataset covering the period from 1999 to 2024, enabling comparison between the pre-war dependency regime, and the emerging post-2022 order. Second, it distinguishes between direct import reduction and the persistence of indirect channels through trade hubs and third countries. Third, it interprets statistical patterns through the lens of structural path dependence, showing why rapid political decisions do not automatically translate into immediate market outcomes.

			2. Literature review

			Energy policy in the 21st century has been shaped primarily by environmental objectives, including the reduction of greenhouse gas emissions and the expansion of renewable energy sources within the energy mix. These goals had been intended to mitigate adverse climate change effects and stabilise long-term temperature growth. However, the supply shocks triggered by Russia’s invasion of Ukraine, occurring shortly after the global disruptions caused by the COVID-19 pandemic, significantly altered the priorities of the EU. The concept of energy neutrality temporarily receded, while concerns over security of supply and geopolitical vulnerability gained renewed prominence. Recent studies highlight the need to reassess established theories linking contemporary crises with energy security, emphasising new risks and threats emerging from geopolitical instability (Basdekis et al., 2022; Katsampoxakis et al., 2022). Recent research has highlighted the growing importance of governance resilience and multi­level coordination in the EU’s energy transition, especially under crisis conditions (Labelle, 2024). This growing uncertainty has underscored the strategic importance of energy raw materials and their supply chains for political and economic decisionmakers (Jonek-Kowalska, 2022).

			Energy consumption patterns and the structure of the energy mix in individual EU Member States reflect both historical supply arrangements and long-term dependencies, particularly those involving Russia (Flores Chamba et al., 2019; Nielsen et al., 2018). Differences in technological development and investment in national energy systems further shape the capacity of EU Member States to adjust to supply disruptions (Jonek-Kowalska, 2022). Research on the energy transition shows clear differences in the pace of RES deployment between Western and Central Eastern European countries, which is also confirmed by the findings of Puttachai et al. (2022). At the same time, the global network of supply and demand for mineral fuels remains complex and only partially understood, which complicates analyses of structural vulnerabilities (Dong et al., 2020). These developments are reflected in an expanding body of research examining the systemic vulnerabilities of global energy markets. Traditional international trade theories face limitations when applied to multilayered global fuel markets characterised by numerous actors and intricate interdependencies (An et al., 2014; Shirazi and Fuinhas, 2023; Wu et al., 2021; Sun et al., 2023).

			Issues relating to raw material linkages in Europe are widely discussed in economic reports, statistical publications, and policy analyses. Key examples include European Energy, Annual Report 2021 (European Commission, 2021), Global Energy Review 2021 (IEA, 2021), Energy Security in the EU’s External Policy (European Parliament, 2020), European Union Energy Policy Review (IEA, 2022), and Oil and Gas Industry Outlook 2022 (Deloitte, 2022). A range of specialised online platforms also monitor market trends, macroeconomic developments, trading dynamics, and geopolitical risks. These include FitchSolutions, the EIA, and OPEC.

			The question of dependencies in strategic energy markets has also been addressed extensively in academic research. For example, Nuryyev et al. (2021) examined the stability of gas supply systems, emphasising the high investment requirements and operational challenges of large scale transmission infrastructure. Their findings suggest that Russia cannot rapidly reorient gas flows from Europe to Asia due to infrastructural, financial, and temporal constraints. Lim et al. (2021) analysed global supply chain dynamics in energy markets and have argued that factors which historically supported the expansion of global value chains, such as technology transfer, capital mobility, and labour flows, now face growing geopolitical and economic pressures.

			Another strand of literature focuses on how political and economic shocks reshape global energy trade. Zhou et al. (2022) have examined the evolution of international crude oil competition networks, noting that the market is subject to substantial volatility driven by pandemics, armed conflicts, and broader geopolitical tensions. Their work also highlights the growing importance of Asian and African economies, which are expected to play an increasingly central role in global oil demand. Related research addresses national level markets and demand determinants, such as Manowska et al. (2021), who explored the implications of EU climate neutrality goals for Poland’s energy strategy and future demand for natural gas and other fuels.

			A particularly relevant body of literature examines the EU’s response to the energy crisis, with emphasis on diversification and resilience of supply chains. Goldthau et al. (2020) have argued that energy security in a geopolitical context depends less on autarky and more on flexibility and diversification of supply routes. Tagliapietra (2022) discussed the EU’s rapid shift towards LNG following the invasion of Ukraine, emphasising infrastructural and regulatory constraints identified in Bruegel (2022). These studies offer important insights into the challenges of transitioning away from a dominant supplier.

			The literature addressing economic and political interconnections in energy raw material markets is vast and continues to expand. Additional contributions include analyses of renewable energy integration (Chebotareva et al., 2022) and the structural evolution of oil trade networks (Niu et al., 2023). Although these studies offer valuable perspectives, they also reveal a clear research gap: few works provide a comparative, quantitative and long-term analysis of the EU’s dependence on Russian mineral fuels that spans both the pre-2022 period and the transformative years following the invasion of Ukraine. The present study responds to this gap by integrating longitudinal Eurostat data with post-2022 sources in order to assess the scale, structure and evolution of EU Russia energy trade.

			3. Data and methods

			This study is based on quantitative data derived primarily from the Eurostat international trade database. Five time series describing the value of imports from Russia to the EU were constructed for the period 1999 to 2021 and expressed in euros on an annual basis. The analysis covers the following product groups:

			
					Mineral fuels, lubricants and related materials (MF);

					Coal, coke and briquettes (CC);

					Petroleum, petroleum products and related materials (PP);

					Natural and manufactured gas (GAS);

					Electric current (EL).

			

			The objective of the analysis is to identify the scale, structure, and long-term evolution of EU imports of mineral fuels from Russia, with particular attention to variations across EU Member States and fuel categories. The period 1999 to 2021 was selected because Eurostat discontinued detailed reporting of trade flows with Russia after 2021. For the years 2022 to 2024, additional information was collected from updated Eurostat and European Commission releases, IEA reports, and specialised analytical sources, including Bruegel and the Centre for Research on Energy and Clean Air. These sources were used in a complementary manner to capture the structural adjustments that occurred after the Russian invasion of Ukraine.

			The empirical strategy combines descriptive statistics, correlation analysis, and regression diagnostics. First, changes in the value and structure of imports are examined using dynamic indices and relative shares of the individual fuel categories within MF. Second, Pearson correlation coefficients are applied to assess the degree of co-movement between MF and its component categories. Third, an ordinary least squares regression model is estimated with MF as the dependent variable and CC, PP, GAS, and EL as independent variables. The model is intended to explore the internal structure of MF and the relative contribution of its components.

			In order to examine the internal structure of mineral fuel imports, a dependence analysis was conducted using the Pearson correlation coefficient. In the next step, a linear regression model was constructed with MF as the dependent variable and CC, PP, GAS, and EL as independent variables:

			The choice of this analytical form follows from the research objective, which involves identifying the direction and intensity of the contribution of individual fuel categories to the value of MF imports from Russia to the EU between 1999 and 2021. The model is used to assess the internal structure of MF and to explore how strongly each category co-varies with the aggregate import value.

			Preliminary diagnostics indicated the presence of multicollinearity among the explanatory variables; therefore, regression results are interpreted with caution and mainly serve a structural, illustrative purpose.

			In addition to aggregate EU level data, selected descriptive statistics and cluster analysis were applied to Member State level information to identify the largest importers within each fuel category and to track changes in their relative positions over time. This approach has enabled the study to account for the heterogeneity of import patterns within the EU.

			Direct dependency refers to fuels physically imported from Russia under bilateral trade relations. Indirect dependency captures situations in which Russian-origin energy resources reach EU markets after processing, blending or rerouting through third countries or trading hubs. While statistically less visible, these channels may preserve structural exposure despite official diversification.

			The research design supports the evaluation of the following hypotheses: H1: The structure of MF imports from Russia to the EU, in terms of type and value, remains relatively stable over time. H2: EU Member States are significantly dependent on imports of energy raw materials from Russia. H3: Russia’s military aggression in Ukraine redefined the priorities of EU energy policy. H4: Despite political declarations and sanctions, EU Member States continue to exhibit direct and indirect dependence on Russian energy imports, indicating limited effectiveness of diversification measures.

			The verification of Hypothesis H4 required not only classical quantitative procedures but also qualitative assessment of policy reports and secondary sources due to the lack of complete Eurostat data after 2021. This supplementary evidence contributes to a more comprehensive understanding of the effectiveness of recent diversification efforts and the persistence of indirect import channels through third countries.

			4. Results and empirical studies

			The total value of EU imports of mineral fuels, lubricants and related materials (MF) from Russia between 1999 and 2021 exceeded EUR 2 trillion, with the annual average amounting to roughly EUR 88 billion. The highest annual value, slightly above EUR 157 billion, was recorded in 2012, reflecting both elevated global energy prices and the sustained role of Russia as the EU’s dominant energy supplier. Throughout the entire period, the structure of MF imports was characterised by a clear dominance of petroleum and petroleum products (PP). Natural and manufactured gas (GAS) occupied the second-largest position, whereas coal (CC) and electric current (EL) together accounted for slightly over 3% of total MF imports (Fig. 1). This asymmetry reflects the long-term orientation of the European energy system, where oil and gas formed the strategic backbone of energy supply, pricing, and infrastructure.

			[image: Structure of EU imports of mineral fuels from Russia by category (petroleum products, gas, coal, electricity) in the period 1999–2021, showing the dominant share of petroleum products and gas.]
			Fig. 1. Structure of imports of mineral fuels, lubricants and related materials according to the main categories
Source: own work based on the Eurostat data.
			
			4.1. Long-term growth and structural shifts in MF imports

			Between 1999 and 2021, the value of MF imports increased nearly six-fold. This substantial rise was driven mainly by PP and GAS, although CC displayed the highest relative increase – almost fifteen-fold. The impressive surge in the CC index, amounting to an approximately 160% increase in its share of MF, results primarily from its very low baseline in 1999 rather than from a fundamental structural shift. By contrast, PP displayed only a slight relative decline in its share within MF, yet the absolute value of PP imports grew more than five-fold, illustrating the importance of long-term price movements on global oil markets and the stable role of PP in the energy mix (Table 1).

			
			
			Table 1. Results of the analysis of the dynamics of MF value and its particular components
					
					
					
					
					
					
					
				
				
					
							
							2021/1999

						
							
							MF

						
							
							CC

						
							
							PP

						
							
							GAS

						
							
							EL

						
					

					
							
							Value in EUR*

						
							
							5.78

						
							
							14.97

						
							
							5.28

						
							
							6.83

						
							
							6.91

						
					

					
							
							Share w MF**

						
							
							–

						
							
							159.02%

						
							
							-8.65%

						
							
							18.18%

						
							
							19.62%

						
					

					
							
							2010/1999

						
							
							MF

						
							
							CC

						
							
							PP

						
							
							GAS

						
							
							EL

						
					

					
							
							Value in EUR*

						
							
							6.62

						
							
							8.77

						
							
							7.06

						
							
							4.58

						
							
							5.96

						
					

					
							
							Share w MF**

						
							
							–

						
							
							32.34%

						
							
							6.59%

						
							
							-30.88%

						
							
							-9.96%

						
					

					
							
							2021/2010

						
							
							MF

						
							
							CC

						
							
							PP

						
							
							GAS

						
							
							EL

						
					

					
							
							Value in EUR*

						
							
							0.87

						
							
							1.71

						
							
							0.75

						
							
							1.49

						
							
							1.16

						
					

					
							
							Share w MF**

						
							
							–

						
							
							95.72%

						
							
							-14.29%

						
							
							70.98%

						
							
							32.85%

						
					

				
			

			* Index, ** Relative increase
Source: own work based on Eurostat data.

			PP remained the structural anchor of MF despite its modest decline in relative share. GAS strengthened its position after 2010, reflecting the EU’s shift toward gas-fired power generation, while CC, although volatile, experienced temporary surges connected with both market and regulatory changes. EL maintained a marginal role throughout the period.

			4.2. Country-level concentration of MF imports

			Cluster analysis confirms a high geographical concentration of MF imports. More than 90% of EU imports of MF from Russia between 1999 and 2021 were directed to only thirteen EU Member States, with Germany, the Netherlands, Italy, Poland, and France together accounting for over half. Germany was the largest importer over the two-decade period; however, in the most recent decade, the Netherlands overtook Germany, reflecting its hub function (Fig. 2).

			[image: Distribution of EU imports of mineral fuels from Russia across main importing Member States between 1999 and 2021, indicating strong concentration in a limited number of countries.]
			Fig. 2. The share of MF imports according to the main trade partners between 1999 and 2021 and in selected sub-periods of the years 1999−2021 (exporters which received up to 90% of imports)
Source: own work based on the Eurostat data.
			
			By 2021, the Netherlands became the leading importer of MF, followed by Italy and Germany. Relative to 1999, the Dutch share of total EU MF imports increased nearly five-fold. Germany, by contrast, reduced its share by approximately 36%, partly due to diversification measures adopted after 2014 and changes in the configuration of European supply chains (Fig. 3).

			[image: Changes in the share of major EU Member States in imports of mineral fuels from Russia in selected years, highlighting the growing role of the Netherlands and the declining share of Germany.]
			Fig. 3. The share of MF imports according to the main trade partners from the EU in selected years according to the classification from 2021 (exporters which received up to 90% of MF imports from Russia)
Source: own work based on the Eurostat data.
			
			4.3. Category-specific analysis: CC, PP, GAS and EL

			4.3.1. Coal, coke and briquettes (CC)

			The Netherlands was the largest importer of CC in 2021, having increased its share of EU CC imports by nearly 350% compared to 1999. Germany, positioned second, recorded an increase of roughly 20%, while Italy – third in rank – expan­ded its share by around 61% (Fig. 4).

			[image: Distribution of EU imports of coal, coke and briquettes from Russia by main Member States in selected years, showing the dominant and increasing role of the Netherlands.]
			Fig. 4. The share of CC imports according to the main trade partners from the EU in selected years according to the classification from 2021 (exporters which totally received up to 90% of CC imports from Russia)
Source: own work based on the Eurostat data.
			The strong rise in Dutch CC imports reflects its hub function. Germany’s limited growth corresponds with its gradual coal phase-out policy, while Italy’s moderate increase reflects industrial demand patterns.

			4.3.2. Petroleum and petroleum products (PP)

			The Netherlands was also the largest importer of PP in 2021, with its share rising  by almost 360% compared with 1999. Germany, ranked second, reduced its share by 36% over the period, reflecting long-term diversification. Poland, also classified in the second/top group in 2021, recorded a slight decline of around 5% (Fig. 5).

			[image: Distribution of EU imports of petroleum and petroleum products from Russia by main Member States in selected years, indicating the leading position of the Netherlands and changes in Germany and Poland.]
			Fig. 5. The share of PP imports according to the main trade partners from the EU in selected years according to the classification from 2021 (exporters which totally received up to 90% of PP imports from Russia)
Source: own work based on the Eurostat data.
			
			PP trade reflects both consumption patterns and the growing importance of EU refining and distribution hubs. The Netherlands dominates, reflecting its hub function within European distribution networks.

			4.3.3. Natural and manufactured gas (GAS)

			Italy was the largest importer of GAS, followed by Hungary and France. Relative analysis is not feasible due to the presence of zero values in certain years, which distort percentage comparisons (Fig. 6).

			Italy’s strong dependence on Russian gas reflects both pipeline geography and long-standing contractual arrangements. Hungary’s high exposure is shaped by limited diversification options in Central Europe, while France’s position is influenced by LNG infrastructure and mixed sourcing strategies.

			A crucial development occurred after 2021. Russia’s share in the EU gas supplies dropped to 12–13% by 2024 (European Commission, 2024). This reflects a structural realignment driven by LNG imports and increased pipeline deliveries from Norway, the United States, and Qatar.

			[image: Distribution of EU imports of natural gas from Russia by main Member States in selected years, highlighting Italy, Hungary and France as key importers.]
			Fig. 6. The share of GAS imports according to the main trade partners from the EU in selected years according to the classification from 2021 (exporters which totally received up to 90% of GAS imports from Russia)
Source: own work based on the Eurostat data.
			4.3.4. Electric current (EL)

			Russia supplied EL almost exclusively to three EU Member States: Bulgaria, Belgium, and Austria. Their combined share in total EL imports exceeded 99.7% in 1999–2021, with Bulgaria being the clear leader in this narrow category (Fig. 7).

			[image: Distribution of EU imports of electric current from Russia by Member States, showing that imports were almost entirely concentrated in Bulgaria, Belgium and Austria.]
			Fig. 7. The share of EL imports according to the main trade partners from the EU in selected years according to the classification from 2021
Source: own work based on the Eurostat data.
			4.4. Import patterns in 2022–2024

			The value of EU energy imports in 2024 reached EUR 375.9 billion (16.2% less than in 2023). Imports from Russia decreased to EUR 35.9 billion, with mineral fuels constituting approximately 62% (~EUR 22.3 billion). The share of Russian gas fell to 12–13%, signalling a shift toward LNG and intensified imports from Norway, the USA, Qatar, and Azerbaijan (IEA 2024).

			These results confirm that the structural dependency observed in 1999–2021 was dramatically reshaped after 2022. However, the degree of diversification varies significantly across EU Member States, and indirect imports through third countries remain analytically relevant.

			To understand how these post-2022 structural changes relate to the historical dynamics of MF imports, the next section examines the internal co-movement between individual fuel categories.

			4.5. Correlation analysis and internal co-movement of MF components

			To better understand the internal structure of mineral fuel imports, Pearson correlation coefficients were calculated between MF and its four component categories (CC, PP, GAS, and EL). The results reveal exceptionally strong positive correlations, particularly between MF and PP, and between MF and GAS. As shown in Table 2, PP exhibits the strongest correlation with MF (0.995), followed by GAS (0.833). These two categories dominate MF both in terms of value and volatility, which explains the near-perfect synchronisation of their long-term trends already visible in the relative dynamics presented in Table 1.

			The strength of these correlations indicates that changes in MF are primarily driven by fluctuations in PP and GAS imports. This sensitivity aligns with the characteristics of EU-Russia energy relations, where oil and gas prices jointly respond to global commodity cycles, geopolitical tensions and supply disruptions. Coal (CC), despite its marginal contribution to MF (as shown in Table 1, low share but high proportional index), also displays a strong correlation with MF (0.700), mainly due to price-driven volatility during crisis years. Electric current (EL), despite showing a statistically significant correlation, remains structurally negligible due to its extremely small share in MF imports (Table 2).

		
			
		
				
			Table 2. Pearson Correlation Results
					
					
					
					
					
					
				
				
					
							
							Pearson Correlation (Sig.)

						
							
							MF

						
							
							CC

						
							
							PP

						
							
							GAS

						
					

					
							
							CC

						
							
							0.700**(0.000)

						
							
							–

						
							
							–

						
							
							–

						
					

					
							
							PP

						
							
							0.995**(0.000)

						
							
							0.646**(0.001)

						
							
							–

						
							
							–

						
					

					
							
							GAS

						
							
							0.833**(0.000)

						
							
							0.773**(0.000)

						
							
							0.778**(0.000)

						
							
							–

						
					

					
							
							EL

						
							
							0.628**(0.001)

						
							
							0.683**(0.000)

						
							
							0.579**(0.004)

						
							
							0.733**(0.000)

						
					

				
			

			** Correlation is significant at the 0.01 level (2-tailed)
Source: own work based on Eurostat data.

			The correlation structure demonstrates that PP and GAS constitute the backbone of the EU’s long-term dependence on Russian mineral fuels. Their strong co-movement foreshadows the multicollinearity patterns observed in subsequent regression analysis. This is consistent with structural characteristics of the European energy system, where oil and gas markets respond simultaneously to external shocks and exhibit highly synchronised price cycles. The proportional changes shown in Table 1 confirm that PP and GAS overwhelmingly determine the behaviour of MF over time.

			4.6. Regression analysis and structural interpretation

			Because MF is arithmetically constructed as the sum of its components, regression cannot be interpreted in a causal or predictive sense. Instead, it serves as a diagnostic device demonstrating the mechanical dominance of PP and GAS within the aggregate.

			Based on the correlation patterns described above, a regression analysis was conducted to assess how the four fuel categories collectively explain variation in MF imports. The initial model exhibited very high explanatory power (R² = 1.000), which is mechanically expected given the accounting identity between MF and its components, indicating that the independent variables closely mirrored the movement of MF.

		
			
				Table 3. Regression Results − Model Summary
					
					
					
					
					
					
					
					
					
				
				
					
							
							Model fit

						
							
							Analysis of variance

						
							
							Durbin- Watson

						
					

					
							
							R Square

						
							
							Std. error

						
							
							F

						
							
							df1

						
							
							df2

						
							
							Sig.*

						
							
							R Square

						
					

					
							
							1.000

						
							
							567,043,173

						
							
							164,800

						
							
							4

						
							
							19

						
							
							<0.001

						
							
							1.417

						
							
							1.000

						
					

				
			

			* Acceptable level: Sig. <0.05
Source: own work based on Eurostat data.

			To assess whether the very high explanatory power of the model resulted from structural properties of the dataset, diagnostic testing was performed, the results of which are summarised in Table 4.

			
			
				Table 4. Regression Results − Parameter Estimates and Collinearity Statistics
				
					
					
					
					
					
					
					
				
				
					
							
							Variable

						
							
							Unstandardised Coefficients

						
							
							t

						
							
							Sig.

						
							
							Collinearity Statistics

						
					

					
							
							βn, n=1,…,4

						
							
							Std. error

						
							
							Tolerance

						
							
							VIF

						
					

					
							
							CC

						
							
							0.938

						
							
							0.125

						
							
							7.526

						
							
							0.000

						
							
							0.086

						
							
							11.564

						
					

					
							
							PP

						
							
							1.012

						
							
							0.005

						
							
							186.458

						
							
							0.000

						
							
							0.073

						
							
							13.619

						
					

					
							
							GAS

						
							
							0.899

						
							
							0.048

						
							
							18.828

						
							
							0.000

						
							
							0.040

						
							
							25.212

						
					

					
							
							EL

						
							
							2.647

						
							
							0.928

						
							
							2.853

						
							
							0.000

						
							
							0.096

						
							
							10.419

						
					

				
			

			* Acceptable level: Sig. <0.05; Dependent Variable: MF; VIF - Variance Inflation Factor
Source: own work based on Eurostat data.

			To address this, a second model was estimated with GAS removed. As indicated in Table 5, the overall explanatory power of the model (R² = 1.000) remains high, yet the sharp increase in the standard error and the substantial decrease in the F-statistic indicate a loss of model precision after removing GAS.

			
			
				Table 5. Regression Results − Model Summary (new model)
				
					
					
					
					
					
					
					
					
				
				
					
							
							Model fit

						
							
							Analysis of variance

						
							
							Durbin- Watson

						
					

					
							
							R Square

						
							
							Std. error

						
							
							F

						
							
							df1

						
							
							df2

						
							
							Sig.*

						
							
							R Square

						
					

					
							
							1.000

						
							
							2,450,476,908

						
							
							11,759

						
							
							3

						
							
							19

						
							
							<0.001

						
							
							1.127

						
							
							1.000

						
					

				
			

			* Acceptable level: Sig. <0.05
Source: own work based on Eurostat data.

			In the reduced model, the number of predictors decreases to three (CC, PP, EL), which is reflected in the adjusted degrees of freedom. Although the reduced model formally retains an R² of 1.000, the sharp increase in the standard error and the dramatic drop in the F-statistic indicate a substantial loss of explanatory precision. This confirms that GAS captures unique structural variance within MF and cannot be reliably excluded.

			Table 6 shows that VIF values declined to the range of 8–9, which, although still high, indicates improved stability of coefficient estimates.

			
			
				Table 6. Regression Results − Parameter Estimates and Collinearity Statistics (new model)
				
					
					
					
					
					
					
					
				
				
					
							
							Variable

						
							
							Unstandardised Coefficients

						
							
							t

						
							
							Sig.

						
							
							Collinearity Statistics

						
					

					
							
							βn, n=1,…,3

						
							
							Std. error

						
							
							Tolerance

						
							
							VIF

						
					

					
							
							CC

						
							
							1.890

						
							
							0.492

						
							
							3.842

						
							
							0.001

						
							
							0.104

						
							
							9.656

						
					

					
							
							PP

						
							
							1.076

						
							
							0.018

						
							
							58.791

						
							
							0.000

						
							
							0.121

						
							
							8.291

						
					

					
							
							EL

						
							
							10.005

						
							
							3.636

						
							
							2.751

						
							
							0.012

						
							
							0.117

						
							
							8.570

						
					

				
			

			* Acceptable level: Sig. <0.05; Dependent Variable: MF; VIF - Variance Inflation Factor
Source: own work based on Eurostat data.

			The coefficients in Table 6 correspond to the reduced model that includes only three predictors (CC, PP, EL), following the exclusion of GAS.

			Because PP dominates MF imports (Table 1), and because the exclusion of GAS significantly reduces model precision as shown in Table 5, the influence of PP overwhelms the remaining components, making it statistically difficult to isolate the independent effects of CC and EL. The Durbin–Watson statistic (1.417, Tables 3 and 5) indicates no clear autocorrelation, suggesting that the primary issue is structural interdependence rather than model mis-specification.

			It is important to emphasise that the regression model has a deterministic character, as the aggregate MF variable is by definition the sum of its four components (CC, PP, GAS, and EL). This mathematical identity guarantees a perfect fit (R² = 1.000) in the absence of measurement error, regardless of the underlying statistical relationships. The purpose of the regression analysis in this study is, therefore, not predictive; rather, it is used as a diagnostic tool to reveal the extent of multicollinearity among the MF components and to illustrate their structural interdependence within the EU-Russia energy trade system.  Given the accounting identity between variables, latent-factor approaches would not substantially increase explanatory insight. The aim is structural illustration rather than dimensional reduction. 

			Because MF is arithmetically defined as the sum of its components, the regression inevitably exhibits a deterministic character. The very high R² therefore reflects the accounting structure of the variables rather than statistical explanatory strength. In this context, the model should be interpreted as an illustration of internal proportionality within MF.

			Given the accounting identity between variables, latent-factor approaches would not substantially increase explanatory insight. The objective is not dimensional reduction but a transparent presentation of how strongly the aggregate is mechanically driven by its dominant components. Consequently, the regression results complement the correlation evidence (Table 2) and the long-term dynamics presented earlier (Table 1), while detailed parameter interpretation should be treated with caution.

			4.7. Structural differentiation among EU Member States

			While aggregate MF values show strong long-term dependence on Russia, country-level patterns reveal considerable asymmetry across the EU. Cluster analysis grouped EU Member States based on the scale and structure of their MF imports. More than 90% of total MF imports were concentrated in thirteen EU Member States, with Germany, the Netherlands, and Italy forming the core group, followed by Poland and France.

			The role of the Netherlands increased significantly, especially after 2010. This reflects, as discussed earlier, the strategic position of Rotterdam as the EU’s largest seaborne energy hub, handling crude oil, refined products and LNG. Italy’s position strengthened particularly in GAS imports, supported by long-term pipeline connections and diversified import terminals. Germany, once the dominant importer, reduced its relative share due to diversification efforts initiated after 2014 and strengthened after 2021.

			Central and Eastern European (CEE) EU Member States displayed notable dependence in CC and GAS imports. Hungary’s and Slovakia’s high exposure resulted from limited diversification pathways, while Poland’s role was shaped primarily by PP imports and refinery operations.

			4.8. Post-2022 structural transformation

			The post-2022 period marks a profound shift in the EU-Russia energy relations. Although Eurostat no longer publishes full bilateral trade data after 2021, aggregated data show that the collapse of Russian pipeline gas flows was only partially offset by LNG and alternative pipeline imports. By 2024, Russia’s share in EU gas demand fell to 12–13%. LNG imports from the United States and Qatar increased sharply, while Norway consolidated its position as the EU’s largest pipeline supplier.

			Despite reduced volumes, the EU still imported approximately EUR 22.3 billion in mineral fuels from Russia in 2024, representing around 62% of total remaining EU-Russia trade. Adjustment speed varied across EU Member States due to differences in infrastructure capacity, regasification terminals, long-term contracts and domestic energy strategies.

			Recent evidence suggests that some Member States continue to import significant volumes of Russian liquefied natural gas. According to IEEFA-based reporting, Belgium’s Zeebrugge terminal was the largest entry point for Russian LNG into the EU in 2024 (The Brussels Times, 2025; WNP, 2025). Meanwhile, in the 2023–2024 period, France increased its Russian LNG imports by 81%, with deliveries costing approximately EUR 2.68 billion (Kalus, 2025). These data underline that, despite EU-wide efforts to diversify energy sources and reduce pipeline dependence on Russia, structural and infrastructural ties continue to bind some member states to Russian supply – complicating the narrative of a uniform decoupling across the EU.

			Despite the EU’s declared objective of phasing out Russian gas imports by 2027, the implementation of this policy remains politically fragmented among Member States. Several Central and Eastern European countries, including Hungary and Slovakia, have openly questioned the feasibility of a full embargo, arguing that existing long-term contracts, infrastructural limitations and national energy security considerations prevent an immediate cessation of Russian supplies. Such positions illustrate that formal EU-level decisions do not automatically translate into uniform implementation across the EU, and that the process of disentangling from Russian energy remains subject to legal and political contestation. This highlights that achieving meaningful decoupling requires not only technical diversification but also institutional coordination and a shared approach to the distribution of transition costs (Gadawa, 2025).

			The findings indicate a major structural reconfiguration of the EU’s energy system. However, the long-term patterns recorded in Table 1 remain essential for understanding why the decoupling process has been uneven. Member State-level disparities and indirect import channels through intermediaries or third countries demonstrate that EU dependence has decreased but not been fully eliminated. These results highlight both long-term progress and persistent vulnerabilities within the European energy architecture. These structural developments provide the empirical basis for the verification of the research hypotheses presented in the methodological section, particularly those related to dependence and diversification patterns.

			5. Discussion

			The empirical findings presented in this study make it possible to evaluate the four research hypotheses and situate the results within the broader academic debate on EU energy security. The empirical findings presented in this study make it possible to evaluate the four research hypotheses and situate the results within the broader academic debate. The hypotheses serve as analytical guidelines rather than strict econometric propositions. The first hypothesis (H1), which assumed that the structure of MF imports from Russia would remain relatively stable over time, cannot be fully confirmed. Although PP and GAS consistently dominated the import basket, the shifts observed among EU Member States – particularly the rising importance of the Netherlands and Italy and the relative decline of Germany – demonstrate that the system was more dynamic than initially assumed. The post-2022 transformation, marked by the collapse of Russian pipeline gas and the rapid expansion of LNG imports, further underscores this structural evolution (European Commission, 2024; IEA, 2023). The case of the Netherlands illustrates the distinction between transit dependency and domestic energy strategy. A large proportion of Russian fuels registered in Dutch statistics is linked to the logistical and refining functions of Rotterdam as a European hub, rather than to final national consumption. In terms of national policy, the Netherlands simultaneously pursues ambitious offshore wind expansion and decarbonisation targets. This asymmetry implies that trade statistics may exaggerate national exposure while underestimating the regional economic relevance of port and logistics activities. Such a mismatch may generate future debates on compensation mechanisms within EU solidarity frameworks.

			The second hypothesis (H2), positing that EU Member States were significantly dependent on Russian mineral fuels, is strongly supported by the evidence. Russian MF formed the backbone of EU-Russia trade relations between 1999 and 2021, shaping energy security policy and reinforcing long-term infrastructural dependencies (Flores-Chamba et al., 2019; Nielsen et al., 2018). This dependence was uneven across the EU, being particularly pronounced in Germany, Italy, Hungary, Slovakia, and several CEE states.

			The third hypothesis (H3), which anticipated that Russia’s invasion of Ukraine would redefine EU energy policy priorities, is strongly supported by the observed developments. Numerous authors emphasise that crises reorganise policy hierarchies and shift attention away from environmental objectives toward security and resilience (Basdekis et al., 2022; Katsampoxakis et al., 2022). After 2022, diversification accelerated, mainly through LNG and alternative pipeline suppliers (Jonek-Kowalska, 2022; Goldthau and Sitter, 2020).

			The fourth hypothesis (H4), suggesting that EU dependence on Russian energy would persist directly or indirectly despite political declarations and sanctions, receives partial empirical support. Direct imports declined sharply, yet the EU still paid around EUR 21.9 billion for Russian fossil fuels in 2024 (CREA, 2025). Indirect imports via third countries such as India and China grew significantly, illustrating the difficulty of fully severing trade ties in globalised markets (CREA, 2025; Trade Map, 2025). This confirms that decoupling is uneven, limited and structurally constrained.

			These findings align with existing literature that highlights the complexity of global energy supply chains, the limitations of traditional trade theory in analysing strategic commodity flows, and the growing influence of geopolitical shocks on energy markets (An et al., 2014; Shirazi and Fuinhas, 2023; Wu et al., 2021; Sun et al., 2023). They also reinforce evidence on path dependence in infrastructure-based energy systems (Nuryyev et al., 2021; Lim et al., 2021). The strong co-movement of MF components (Table 2) supports the argument that structural interdependencies shape both market behaviour and policy responses (Goldthau and Sitter, 2020).

			The study faces several limitations. The discontinuation of detailed Eurostat reporting after 2021 restricts the comparability of post-2022 data. The main limitation results from the structural nature of the dataset, in which aggregate indicators are mechanically linked to their components. This reduces the scope for advanced econometric interpretation and shifts the emphasis toward structural and descriptive insight. In addition, indirect trade flows remain partly invisible in official statistics, which complicates precise measurement of the true scale of continued exposure.

			Future research should aim to incorporate more complete post-2022 data to assess the permanence of observed structural shifts. It will be essential to deepen the analysis of indirect trade flows by combining customs, maritime and third-country trade data to capture rerouted Russian exports. Additionally, country-level case studies – particularly for Germany, Italy, the Netherlands, and CEE states – could offer valuable insights into the heterogeneous strategies and adaptation capacities that shape the evolving European energy landscape.

			6. Conclusions

			The analysis presented in this study makes it possible to identify several important conclusions regarding the nature and evolution of the European Union’s energy dependence on Russia between 1999 and 2024. The findings show that Russian energy raw materials formed a central element of the EU’s import structure for more than two decades and influenced trade patterns, infrastructure development, and strategic decision-making within the EU. Although petroleum products and natural gas consistently dominated mineral fuel imports, the structure was not entirely stable. Changes occurred both in the composition of imported fuel types and in the distribution of imports among EU Member States, with the Netherlands and Italy becoming increasingly important and Germany’s share gradually declining.

			The developments after 2022 marked a decisive shift. Russia’s invasion of Ukraine disrupted long-established supply routes and exposed the risks associated with concentrated import dependencies. Diversification progressed rapidly, although unevenly across Member States. Despite this progress, the process of reducing dependence remains incomplete. Differences in national energy systems, the persistence of long-term contractual arrangements and the increasing role of indirect imports through third countries illustrate how deeply historical dependencies continue to shape today’s energy relations.

			Overall, the results indicate that the EU’s energy security is closely linked to the flexibility of supply options, the resilience of infrastructure and the EU’s capacity to adapt to geopolitical shocks. They also indicate the need for policies that better account for regional differences, particularly in the EU Member States that have traditionally been more exposed to supply risks, including those in Central and Eastern Europe. Strengthening solidarity mechanisms, improving coordination and supporting strategic investments will be essential for achieving a more balanced and resilient energy system.

			From a research perspective, the study highlights the importance of continued monitoring of energy trade flows in a rapidly changing geopolitical environment. Future work should focus on improving methods for identifying indirect imports, analysing the long-term implications of the EU’s energy transition for external dependency and examining the different adjustment strategies pursued by individual the EU Member States. As the EU continues to reshape its energy system and moves toward climate neutrality, understanding these processes will be essential for ensuring economic stability and strategic security.
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