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Abstract 

Energy-intensive sectors face significant challenges in meeting the goals of the new 

European Industrial Strategy and REPowerEU. This study aims to examine how energy 

consumption and energy mix in four energy-intensive sectors (primary metals; non-metallic 

minerals; pulp, paper, and printing; chemicals and petrochemicals) in the European Union 

evolved over the period 2008-2020 and whether there is a real relationship between changes 

in energy intensity and labour intensity. The results show positive trends in energy mix and 

intensity between 2008 and 2020 for all the energy-intensive sectors studied. There has been 

a shift from high to medium and low carbon energy sources, with the extent of this shift being 

influenced by the technological characteristics and path dependencies of each sector. The 

most positive change occurred in the paper, pulp and printing energy mix, where low-

emitting energy sources increased by 12.2 percentage points. A strong (around 0.9) Pearson 

correlation exists between energy intensity and labour intensity evolution in the primary 

metals, non-metallic minerals, chemicals, and petrochemical sectors. The intensity indicators 

in the chemical and petrochemical sector show the most favourable improvement (a slight 

decrease in energy use and employment, with a 23.1% significant increase in value added). 
Typically, 7 to 8 countries account for 80% of the total value added in the examined sectors 

in the European Union; the energy mix of these countries’ electricity and heat production can 

support the clean transition. 

Keywords: energy-intensive sectors, energy-mix, energy intensity, labour intensity, 

decarbonisation, REPowerEU Plan, “Fit for 55!” 
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Introduction 

Although the energy crisis, exacerbated by the Russian-Ukrainian war, has put energy security 

at the forefront in the past year, the EU continues to place a strong emphasis on meeting climate 

ambitions. Fulfilling the commitments undertaken under the 2015 Paris Agreement will generate 

challenges in the reduction of emissions in the reduction challenges in all areas. The targets set 

in the Green Deal are translated into EU legal obligations in the Fit for 55% package and the 

European Climate Agenda. Accordingly, the EU and its Member States are committed to 

reducing the EU’s net greenhouse gas emissions by at least 55% by 2030 compared to the 1990 

levels and to achieving climate neutrality by 2050. These cornerstones have set the strategic 

direction and framework for the coming years (European Council, 2022). The industry is one of 

the key pillars of the European Union’s economy. The rise of renewable energy sources has a 

positive effect on the performance of the economy (Nițescu and Murgu, 2022). In 2020, the 

industrial sector accounts for almost a quarter of the final energy use and 22.16% of greenhouse 

gas emissions (European Environment Agency, 2021; Eurostat, 2022). In view of this, the EU 

attaches a major role to this sector in the climate-neutral transition process, as confirmed by the 

New Industrial Strategy for Europe 2020, published on 10 March 2020 (European Commission, 

2022). On 18 May 2022, the European Union announced the REPowerEU Plan, which aims to 

eliminate the EU’s dependency on Russian oil and natural gas, seeks to diversify energy supplies 

and promotes the increasing use of renewable energies in many sectors of the economy, 

including industry (European Commission, 2022; Eurostat, 2022). The European Commission 

published the Green Deal Industrial Plan on 1 February 2023, which provides a framework for 

EU industry on the transition path to climate neutrality, complementing the efforts set out in the 

Green Deal and the EU Industrial Strategy (Dănilă et al., 2022; Popa, 2022; European 

Commission, 2023).  

In recent years, several international studies have highlighted that although the European 

Union is at the forefront of sustainability efforts, its competitiveness has declined over the 

past two decades (Priede and Pereira, 2015; European Investment Bank, 2016; European 

Commission, 2023). The EU industry’s industrial gross value added as a percentage of the 

global market share declined by 6.5 percentage points between 2000 and 2020, and its labour 

productivity growth rate, as well as its industrial investments, lagged behind its global 

competitors. The EU’s rigid regulatory system and its less advanced digital infrastructure are 

also a clear disadvantage (European Round Table for Industry, 2022). Recognising this, the 

European Union’s economy is currently undergoing a twin ecological and digital transition 

that will help set its industry on a new growth path and strengthen the EU’s leading role in 

climate protection. The New Industrial Strategy documents clearly set out the dual objective 

of creating a net-zero industry and increasing industrial competitiveness. In this process, the 

circular economy and the modernisation and decarbonisation of energy-intensive industries 

emerge as one of the top priorities, as their high (and drastically increasing) energy costs, in 

addition to their high CO2 emissions, significantly undermine the competitiveness of these 

industries (European Commission, 2019a; European Commission 2020; European 

Commission, 2023; Dinu, 2023).  

Our study focusses on four energy-intensive sectors, namely primary metals (including iron 

and steel and non-ferrous metals); non-metallic minerals; paper, pulp, and printing; chemical 

and petrochemical, based on data from the 27 EU Member States. In our study, we seek to 

answer the following research questions: 
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• RQ1: What changes can be observed in the energy use and energy mix of the EU’s 

energy-intensive sectors in the period between 2008 and 2020 with a view to the pressure of 

meeting the energy and climate targets? 

• RQ2: How has energy intensity evolved across sectors and is there a detectable 

relationship between changes in energy intensity and changes in labour intensity? 

• RQ3: Does the energy mix of electricity and heat production in the member states with 

a significant share of the total value added (EU27) of each energy-intensive sector provide a 

favourable starting point on the path to climate neutrality? 

The structure of the paper is as follows: section 1 contains the literature review. Section 2 

renders a description of the analytical framework and methodology. Section 3 presents our 

results in order of research questions, which are then compared with the main conclusions of 

the sources of literature in section 4, and finally, the last section summarises our key findings.  

 

1. Review of the scientific literature 

A significant share of energy use and CO2 emissions is connected to energy-intensive sectors, 

both globally and in EU countries. Therefore, there is a pressing need to reduce energy use 

and CO2 emissions in these sectors. It is no coincidence that a significant number of 

publications have been written in recent years to map and model the decarbonisation potential 

of these sectors. Several studies examine the energy-intensive sectors (first of all primary 

metals, non-metallic minerals, chemical and chemical products, paper pulp, and printing 

industries) together (e.g., European Commission, 2019a; Dahlqvis et al., 2021; Zuoza and 

Pilinkienė, 2021; Lakkanawanit et al., 2022; Borge-Diez et al., 2023) but a very large number 

of publications focus on a detailed analysis of a single sector. A significant part of these 

reference works focuses on industry outside Europe, mainly on the Chinese industry (Hu and 

Kavan, 2014; Lin and Ouyang, 2014; Du and Sun, 2015; Lin and Long, 2016; Lin and Chen, 

2020). The characteristics of the investigated sectors are very different in terms of product 

differentiation, technological processes, and geographical concentration. This review of the 

literature highlights the common points that can be drawn from the studies processed, and also 

presents a few examples to illustrate the differences. A significant number of studies approach 

the decarbonisation potential of the sector from a technological perspective, modelling the 

achievable impacts of the technology change on energy, CO2 emissions, and other resource 

needs under different scenarios (e.g., Wen and Li, 2014; Skoczkowski et al., 2020; Na et al., 

2021; Zhong et al., 2021; Zhang et al., 2022; Lee et al., 2022; Yu and Tan, 2022). A description 

of current and potential breakthrough technologies is beyond the scope of this study (e.g., in 

the steel industry alone, where products can be considered homogeneous, tens of technology 

variants may occur). When analysing technological options, the authors typically conclude 

that several scenarios are possible to significantly reduce or even achieve net-zero emissions 

in the sector in the long term, but that these scenarios have different impacts in terms of energy 

and other resource requirements (Zhang et al., 2022). In each sector, a cross-cutting strategy 

or targeted technology policy may need to be developed, and the active involvement and 

support of all actors (e.g., policymakers, R&D, and industry players) are needed to achieve 

success (Wen and Li, 2014; Skoczkowski et al., 2020, Zhong et al., 2021). The authors point 

out that many industries are reluctant to change their well-established processes, therefore 

appropriate policies should be developed to better encourage users to adopt energy efficiency 
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strategies. Ideas on how to improve technological processes may differ across sectors 

depending on the degree of technological constraints. One of the most common proposals is 

to look for opportunities to change the energy mix of production technology. For example, in 

the steel industry, several studies (Yu and Tan, 2022; Zhang et al., 2022) have been published 

on the effects of the shift from the traditional coal-based Blast Furnaces-Basic oxygen 

Furnaces (BF-BOF) route towards Electric Arc Furnaces (EAFs) with more favourable energy 

characteristics, or towards the Direct Reduced Iron (DRI) technology. In the non-ferrous 

industry it is also the optimisation of the energy structure, in addition to the reduction of energy 

use, that is an effective way to reduce carbon intensity (Zhong et al., 2021). One means of 

achieving decarbonisation targets is to maximise the use of clean energy sources in the 

technological process. There is greater potential for the spread of renewable energy sources in 

the paper industry, as in the steel industry, hydrogen-based DRI technology is the most 

promising renewable (Yu and Tan, 2022). Alongside renewables, the potential of waste heat 

and energy recovery is also explored (Na et al., 2021; Furszyfer Del Rio et al., 2022). In the 

pulp and paper industry, significant energy savings can be achieved primarily by improving 

the heat recovery processes (Furszyfer Del Rio et al., 2022); possible solutions can be the use 

of waste heat recovery through heat pumps and heat exchangers, the replacement of dryers in 

the paper machine with stationary siphons, and mechanical steam removal (Moya Rivera and 

Pavel 2018). In sectors where there is less potential for the use of renewables (e.g., primary 

metals and non-metallic minerals), it is vital to widely adopt material efficiency improvement, 

material reuse, new production processes and carbon capture, utilization and storage (CCUS) 

technologies on the road to carbon neutrality (Zhang et al., 2022). The use of carbon capture 

and storage (CCS) technologies can contribute to climate goals by capturing CO2 that cannot 

be reduced (Lee et al., 2022; Korczak et al., 2022). Incentivising technology change is an 

effective tool to reduce carbon intensity (Zhong et al., 2021). However, for energy-intensive 

sectors, emission reduction ambitions can be hampered by the long lifespan of production 

equipment and the high-temperature requirements of production processes (Mandová et al., 

2020; Korczak et al., 2022). The adoption and diffusion of energy efficient and lower-emission 

technologies depend on several factors. Their significant investment requirements and high 

costs can be barriers to rapid diffusion (Lee et al., 2022). The analysis of the technology 

readiness level and technology maturity of each technology, as well as their economic 

viability, has an important role to play (Lee et al., 2022). Furszyfer Del Rio et al. (2022) also 

identify mainly financial and economic reasons for the relatively slow diffusion of more 

energy-efficient technologies, but they also mention other barriers. Examples include a lack 

of knowledge and a lack of cooperation between companies to develop and share low-carbon 

processes. Another obstacle is the lack of qualified staff to operate the new technologies. In 

addition, the availability of natural resources (mainly biomass) can be one of the barriers to 

the transition to low-carbon technologies (Furszyfer Del Rio et al., 2022). The development 

and transformation of technology may be accompanied by changes in the resource structure 

of production processes, so the analysis of the substitutability between energy and other 

resources (capital and labour) is an important area of analysis. For example, the results of Lin 

and Chen (2020) in China’s non-ferrous metals industry indicate the existence of mutual 

substitution relations among energy, labour and capital (Lin and Chen, 2020). Doskočil (2022) 

examined CO2 emissions related to production (namely production-based CO2 productivity) 

as one of the conditions for green growth. The extent of CO2 emission reductions is influenced 

by the decarbonisation of electricity and heat production, in addition to technological 

transformation in energy-intensive sectors (Arens et al., 2021; Yu and Tan, 2022).  
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The above summary shows that the decarbonisation potential of each sector is mainly 

approached from a technological perspective, looking for opportunities to change the energy- 

mix of production, increasing the use of clean energy sources, and introducing more energy 

efficient technologies and solutions (e.g., waste heat and energy recovery). Technological 

developments can contribute to changes in the resource structure of production processes, 

providing opportunities to exploit the substitutability between energy and other resources 

(capital and labour). The adoption and diffusion of these technologies depend on several 

drivers and barriers, so it is interesting to investigate whether this process has started recently 

(see RQ1 and RQ2). In addition to technological transformation in energy-intensive sectors, 

the extent of CO2 emission reductions is influenced by the countries’ decarbonisation of 

electricity and heat production (Arens et al., 2021; Yu and Tan, 2022). Therefore, we 

considered it essential to investigate our third research question (RQ3). 

 

2. Methodology 

Our study focuses on analyses of the energy use, energy mix, energy intensity, and labour 

intensity of four energy-intensive sectors in the 27 countries of the EU. The identification 

and selection of energy-intensive sectors was based on the results of a systematic literature 

review. Most studies looking at energy-intensive sectors (e.g., European Commission, 2019a; 

Dahlqvis et al., 2021; Zuoza and Vaida Pilinkiene, 2021; Lakkanawanit et al., 2022; Borge-

Diez et al., 2023) mainly analyse 3-4 sectors (typically basic metal, non-metallic mineral, 

chemical and chemical product, paper pulp, and printing industries). Also, the Odyssee 

database shows that these four sectors had the highest energy intensity. Therefore, our study 

focusses on these four sectors, listed in Table no. 1. For the construction of the database, the 

final energy consumption of the four sectors examined was collected from the annual energy 

balance sheets (Eurostat) of the 27 EU member states, in total and by energy carriers, for the 

period 2008-2020. Value added data was obtained from the Odyssee database and the 

employment data from the Eurostat database. To ensure the comparability of the data, each 

sector was delimited according to NACE rev. 2 classification, ensuring harmonisation of the 

different databases (Table no. 1). The different data sources and their comparability 

limitations are also research limitations. 

Table no. 1. Delimitation of the energy-intensive sectors examined according  

to NACE Rev. 2 

Industrial branch NACE Rev. 2. 

Primary metals (PM) 

NACE 24: Primary metal (basic metals) 

− Iron and steel (NACE 24.1, 24.2; 24.3; 24.51; 24.52) 

− Non-ferrous metals (NACE 24.4; 24.53; 24.54) 

Chemical and petrochemical (CP) 

NACE 20-21: Chemical and petrochemical 

− Chemicals and chemical products (NACE 20) 

− Pharmaceutical products (NACE 21) 

Non-metallic minerals (NMM) NACE 23: Non-metallic minerals 

Paper, pulp and printing (PPP) 

NACE 17-18: Paper, pulp, and printing 

− Pulp, paper, and board (NACE 17) 

− Printing industry (NACE 18) 

Our analyses include raw data, as well as derived, calculated data. The final energy 

consumption of the sectors is included in the energy balance expressed in kilotons of oil 
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equivalent (ktoe). Two approaches were used to map the energy mix. For the detailed energy 

mix analysis, the aggregation of energy products was carried out according to the Energy 

balance methodology guide (European Commission, 2019b). Energy use is analysed by 10 

energy source groups: solid fossil fuels, manufactured gases, peat and peat products, oil shale 

and oil sands, oil and petroleum products, natural gas, non-renewable waste, renewables and 

biofuels, heat, electricity. Further aggregations were then made, based on which 3 main 

groups were distinguished: high-emitting, medium-emitting and low- (and zero) emitting 

energy sources. The classification is based on the CO2 emission factors of each energy 

product (European Commission, 2018). The emission factor was considered high above 70 

tCO2/TJ (1 Terajoule (TJ) equals to 0.02388 ktoe). Based on that, solid fossil fuels, 

manufactured gases, peat and peat products, oil shale and oil sands, oil and petroleum 

products, non-renewable waste categories were classified as high-emitting energy products. 

Natural gas is the only medium-emitting energy source with an emission factor of 56.1 

tCO2/TJ. Renewable energy sources, biofuels, and nuclear heat were put into the low- (and 

zero) emitting group. Considering that energy-intensive sectors use a higher proportion of 

heat and electricity in their production processes, the amount of these secondary energy 

sources was allocated to high-, medium-, and low-emitting energy sources based on the 

energy mix of the electricity and heat production of the EU27. Our classification is consistent 

with that of Arens et al. (2021). 

The second part of our analysis examined the evolution of energy intensity and labour 

intensity. Energy intensity was quantified as the ratio of the final energy consumption of the 

branch (measured in energy units ktoe) to the value added at constant price (measured in 

million euros 2010). This indicator shows how much energy is needed to create 1 million 

euros of value added. The final energy consumption data were obtained from the energy 

balance, and the value-added data from the Odyssee database. Using the analogy of energy 

intensity, we calculated the labour intensity indicator as the ratio between the employee 

headcount (from 15 to 64 years based on the Eurostat database) and the value added at the 

constant price (million euros 2010), which shows how many people are employed to create 

1 million euros of added value. To examine the relationship between the indicators, a 

correlation calculation (Pearson corr.) was performed. 

Finally, a concentration test based on value-added was carried out to identify the Member 

States that account for 80% of the gross value added generated by the energy-intensive 

sectors examined in our study. In each sector, the share of each Member State in the industrial 

value added was calculated compared to the total value added (EU27) of each industry. Based 

on the cumulative ratio of the value added, the countries that covered 80% of the total value 

added of the industry were considered as the basis for further analysis. The energy mix of 

electricity and heat production in the dominant countries was used to examine our third 

research question, based on energy balance data for each country. 

 

3. Results 

The third section presents the results of the analyses in the order of the research questions. 

3.1. Changes in energy use and energy mix in energy-intensive sectors 

First, we examined the changes that were observed in the energy use and energy mix of the 

energy-intensive sectors of the EU during the period 2008 to 2020 in the context of the energy 
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and climate change targets (RQ1). Table no. 2 shows the detailed energy mix of the energy-

intensive sectors, for the years 2008 to 2020. 

Table no. 2. Energy mix of energy-intensive sectors from 2008 to 2020 

 Chemical and 

petrochemical 

Non-metallic 

minerals 

Paper, pulp 

and printing 

Primary 

metals 

2008 2020 2008 2020 2008 2020 2008 2020 

Solid fossil fuels (%) 5.6 4.2 14.5 11.7 2.6 1.9 10.2 8.2 

Manufactured gases (%) 0.0 0.1 0.1 0.2 0.0 0.0 14.3 11.9 

Peat and peat products (%) 0.1 0.0 0.0 0.0 0.7 0.4 0.0 0.0 

Oil shale and oil sands (%) 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 

Oil and petroleum products (%) 15.2 14.8 27.4 16.4 4.8 1.8 5.2 2.5 

Natural gas (%) 33.9 37.1 35.2 37.4 20.9 18.9 29.1 32.8 

Non-renewable waste (%) 0.4 0.8 3.4 11.9 0.2 0.9 0.1 0.0 

Renewables and biofuels (%) 0.6 0.7 3.2 5.5 32.6 43.0 0.1 0.1 

Heat (%) 14.3 14.4 0.5 0.8 6.5 6.7 0.8 2.0 

Electricity (%) 30.0 27.8 15.5 16.1 31.8 26.5 40.4 42.4 

Table no. 2 shows that the energy mix of the energy-intensive sectors studied is typically 

dominated by the use of electricity and natural gas, followed by that of oil and petroleum 

products. In the case of the chemical and petrochemical industry, natural gas accounts for 

37.1 percent of final energy use and is followed by electricity with 27.8 percent of the energy 

mix according to data from 2020. The use of renewable and biofuels is negligible at only 0.7 

percent. Compared to 2008, there was a slight shift in proportions, mainly from electricity 

towards natural gas. The energy mix of the non-metallic minerals sector seems to be slightly 

more balanced (based on 2020 data). The dominance of natural gas (37.4%) is also 

characteristic here, but the share of oil and petroleum products and electricity accounts for 

around 16% and of solid fossil fuels and non-renewable waste is also over 11% of the final 

energy use. This sector has the highest ratio of solid fossil fuel use, but also a higher use of 

renewable and biofuels (5.5%) compared to other sectors (except the paper industry). On the 

positive side, there is also a decrease in the share of fossil fuels compared to 2008, with the 

exception of natural gas, which shows a slight increase in share. The paper, pulp and printing 

sector is considered to be the odd one out among energy-intensive sectors since its energy 

mix is dominated by renewables and biofuels, accounting for 43 percent of its final use in 

2020. The use of solid fossil fuels and petroleum products is negligible, less than 2 percent 

in both cases, which is significantly lower than in the other sectors. In this sector, there is a 

clear shift from fossil fuels to renewables compared to 2008. In the primary metals sector, 

electricity consumption accounts for the largest share (42.4%), followed by natural gas at 

32.8%. The use of renewables in this sector is the lowest, almost negligible, at only 0.1 

percent. However, there is also a positive trend in the energy mix, with a shift toward 

electricity and natural gas compared to 2008. 

The proportional changes should be complemented by an analysis of the changes in final 

energy use in total and by energy sources. It can be established in general that the final energy 

use decreased from 2008 to 2020 in the energy-intensive sectors investigated in our study. 

The primary metals (25.5%) and non-metallic minerals (22%) sectors demonstrated the 

largest decreases. In addition, the paper, pulp and printing sector used 6.4% less energy and 

the chemicals and petrochemicals sector 2.1% less. This is a positive trend as fossil fuel use 
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decreased significantly in terms of volume. The use of solid fossil fuels and oil and petroleum 

products in each of these sectors showed a sharp decline over the 13 years studied. At the 

same time, there is an increase in the use of non-renewable waste and renewables and biofuels 

excluding primary metals. 

Based on the fact that most of these sectors have more technology lock-in, and, in some cases, 

it is more difficult to move toward renewables, also a shift from a high-emitting fossil fuel to 

a lower-emitting fossil fuel could be seen as a success. In figure no. 1 (ternary plot) energy 

sources were divided into groups based on their CO2 emission factors as high-emitting, 

medium-emitting, and low (and zero)-emitting. The amount of heat and electricity was split 

between high-, medium- and low-emitting energy sources based on the energy mix of the 

EU27 electricity and heat production. As nuclear energy is also included in the energy mix 

of electricity generation, it is considered together with renewables and biofuels in the low-

emitting category.  

Figure no. 1 shows the relative position of the individual sectors and the shift in the energy 

mix from 2008 to 2020. The values of each axis are read along the grid lines. The right side 

of the triangle (along the horizontal grid line) shows the proportion of high-emitting energy 

sources, the left side (along the grid line going downwards from left to right) shows the 

proportion of medium-emitting energy sources, and the base of the triangle (along the grid 

line going upwards from right to left) shows the proportion of low-emitting energy sources. 

The table in the top left-hand corner of the figure shows the percentage point change in the 

share of each category from 2008 to 2020. 

 

Figure no. 1. Shifts in the energy mix by sector between 2008 and 2020 

Figure no. 1 shows that for all sectors, there was a positive shift in the energy mix over the 

period examined, moving away from energy sources with high CO2 emissions to medium 

and low emissions. The most positive change occurred in the energy mix of the paper, pulp 

and printing sector, where the share of both high and medium CO2 emitting energy sources 

decreased in favour of low-emitting energy sources, which exhibited an increase of 12.2 

percentage points. Considering that the energy mix of this sector was already the most 

favourable compared to others, the further improvement is remarkable. The share of high-

emitting fuels shows the highest decline (11.8 percentage points) in the primary metals sector, 
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reflecting a shift towards low-emitting sources to a greater extent and towards natural gas to 

a lesser extent. In the chemical and non-metallic minerals sectors, there was a slightly smaller 

decrease (7.7 and 7.5 percentage points) in the share of high-emitting fuels, but again the 

shift was larger towards clean sources and smaller toward natural gas.  

 

3.2. Analysis of energy intensity and labour intensity 

Besides the analysis of final energy use and energy mix, it was found relevant to review 

changes in energy intensity to see whether efforts were made to meet the climate targets 

(RQ2). This indicator provides a more subtle picture than that of the reduction in final energy 

use on its own, as it matters if the lower energy use is caused by an increase in energy 

efficiency, or perhaps by the shrinking size of the sector (loss of value added). The energy 

intensity indicator in our calculations shows how much energy (in ktoe) is used to produce 1 

million euros of added value. Energy efficiency gains in energy-intensive sectors are best 

approached from a technological perspective. It is an interesting question to examine how 

technology development, the introduction of new technologies, or a technology change, 

affects the resource needs of the sector. Answering this question is not the subject of this 

study; here, the authors only attempt to examine whether there is a detectable relationship 

between changes in energy intensity and labour intensity in different sectors (RQ2). Labour 

intensity is interpreted by the authors as the number of persons employed needed to create 1 

million euros of value added. The energy intensity and labour intensity indicators were 

calculated for the period 2008 to 2019, as the value-added data for 2020 were incomplete. 

Figure no. 2 shows the trend of energy intensity and labour intensity in energy-intensive sectors 

in 2008 and 2019, based on EU27 aggregate data. The size of the bubble is determined by the 

value added of the sector at the constant price (measured in millions of euros in 2010). The graph 

depicts the position of each sector relative to each other, and the shift between the two years 

examined (2008 and 2019). It gives an idea of the energy and labour input needed to produce €1 

million of value added in the individual sectors, and the changes in resource demands. 

 
Figure no. 2. Trends in energy intensity and labour intensity in 2008 and 2019  

for each sector, based on EU27 data 
Notes: CH08, CH20: Chemical and petrochemical 2008, 2020; NMM08, NMM20: Non-metallic 

minerals 2008, 2020; PM08, PM20: Primary metals 2008, 2020; PP08, PP20: Paper, pulp, and printing 

2008, 2020 
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Figure no. 2 shows that in the chemical and petrochemical sectors, creating a unit of value 

added requires less energy and labour than in other sectors. The non-metallic minerals, 

primary metals and paper, pulp, and printing sectors are characterised by high energy demand 

and also by higher labour demand. For three sectors (primary metals, non-metallic minerals, 

chemical, and petrochemical), it is clear that both energy and labour required to generate €1 

million of value added decreased from 2008 to 2019, so both intensity indicators show an 

improvement. In primary metals, energy intensity improved by 9.1 percent and labour 

intensity by 21.3 percent. However, the negative trend is that the value added of the sector 

fell by 10% during the period, although it is true that energy use and employment decreased 

at a higher rate (18.2%-29.2%). The trend for non-metallic minerals was similar, with both 

energy and labour intensity falling, but the size of the sector (value added) also shrank by 11 

percent. Chemical and petrochemical value added, on the other hand, increased significantly 

(by 23.1%), with a slight decrease in energy use and employment. The intensity indicators in 

this sector show the highest improvement and the most favourable trend in terms of value-

added growth. In the paper, pulp, and printing sector, energy intensity demonstrated a 

minimum change over the period, with labour intensity improving more and value-added 

changing less. 

To test the strength and direction of the relationship, a correlation calculation was performed. 

There was a strong positive correlation between energy intensity and labour intensity trends 

in the primary metals (Pearson corr. 0.924), non-metallic minerals (Pearson corr. 0.908), 

chemical and petrochemical (Pearson corr. 0.845) sectors. The correlation index used is not 

suitable to show a cause-and-effect relationship; it merely demonstrates the co-movement of 

variables. In the paper, pulp, and printing sector a positive relationship of medium strength 

(Pearson corr. 0.410) was found.  

 

3.3. Energy mix of electricity and heat production in the Member States with the 

highest share in the value-added of energy-intensive sectors 

The previous sub-sections presented the main characteristics of the energy-intensive sectors 

for the 27 EU Member States, based on aggregated data. The use of electricity and heat 

represents a significant share (up to 35-40%) of the energy mix in the sectors studied. 

Therefore, the CO2 emissions of the sectors, in a broader sense, are indirectly determined by 

the energy mix of electricity and heat production, and of electricity imported from other 

countries. This research sought to answer whether the energy mix of the electricity and heat 

generation in the dominant EU countries of the energy-intensive sectors provided a 

favourable background for the road toward climate neutrality (RQ3).  

Table no. 3 shows that typically 7 to 8 countries account for 80% of the total value added in 

a given sector in the European Union, with Germany, France, Italy, and Spain leading in 

almost all sectors, in varying order. The energy mix of the TOP 4 countries reveals a different 

picture. France exhibits the most favourable status, where the share of low-emitting energy 

sources in electricity and heat generation is over 90 percent, although the share of renewables 

is only 12.3 percent, the rest being due to nuclear energy. In Spain, alongside the 29.3 percent 

of renewables, the share of clean energy is 64.5 percent. Italy boasts the highest renewable 

rate of the TOP4 countries, but it has no nuclear power. The relatively lower nuclear share in 

Germany makes the picture look less favourable, despite the higher renewable share. After 

the TOP4 countries, the picture is more mixed. Notable examples are Denmark, where more 
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than 70% of electricity and heat generation comes from renewable sources, and Poland, 

where only 10.7% of energy is low emitting. The energy mix of the electricity and heat 

production of the dominant countries can be considered basically favourable on the way to 

the climate goals (for comparison, based on the overall average of the EU27, the RES rate 

(renewable energy sources) is 25.1%, the LES rate (Low-emitting Energy Sources) is 57.8%). 

Table no. 3. Share of the dominant countries in the sectoral value added (for EU27, 

2019) and characteristics of the countries’ energy mix (2020) 

 
 

4. Discussion 

In this section, our results are compared to the findings of the literature. Lin and Long (2016) 

examined the factors that affect the growth of carbon dioxide emissions in the Chinese 

chemical industry, concluding that the energy mix and energy intensity contribute to the 

increase in carbon dioxide emissions (Lin and Long, 2016). Our results show a 7.7% decrease 

in the share of high-emitting fuels in this sector, with a larger shift towards clean sources and 

a smaller shift toward natural gas. Pach-Gurgul et al. (2020) examined the factors affecting 

energy intensity in the chemical industry in the V4 (Visegrad Four) countries and concluded 

that increasing employment reduces energy intensity in the sector (Pach-Gurgul et al., 2020). 

In contrast, our results showed a high improvement in both intensity indicators (energy- and 

labour intensity) in this sector, with a strong positive correlation between them. 

Lin and Ouyang (2014) analysed the change in CO2 emissions from the energy consumption 

of the Chinese non-metallic mineral industry and the factors determining this change. Their 

results show that changes in industrial value added per worker are the most likely to increase, 

while changes in energy intensity are the most likely to reduce CO2 emissions from industry. 

The share of fossil fuels in total energy has a smaller mitigation effect than the previously 

mentioned ones. Du and Sun (2015), examining the factors that influence the sector’s 

electricity demand, conclude that an increase in productivity (productivity = GVA) can 

reduce the industry’s energy demand. The non-metallic minerals industry is not only one of 

the industries with the highest fossil fuel mix, but its relatively high demand for electricity 

Industrial branch Ranking 1 2 3 4 5 6 7 8

Cumulative 

percent in EU27 

value added (%)

Country Germany France Italy Belgium Spain Netherlands Denmark

Share of the country in value added of 

EU27 CH industry (%)
30.8 16.9 9.4 7.5 7.1 6.1 5.8

Share of (RES) and LES in electricity 

and heat generation of the country (%)
(28.5) 44.7 (12.3) 90.5 (36.3) 36.3 (16.6) 66.5 (29.3) 64.4 (22.3) 27 (70.8) 70.8

Country Germany Italy France Spain Poland Austria Belgium Czechia

Share of the country in value added of 

EU27 NMM industry (%)
25 14.9 12.9 8.8 8.3 4.4 3.9 3.1

Share of (RES) and LES in electricity 

and heat generation of the country (%)
(28.5) 44.7 (36.3) 36.3 (12.3) 90.5 (29.3) 64.4 (10.7) 10.7 (63.8) 63.8 (16.6) 66.5 (8.6) 45.3

Country Germany Italy France Spain Sweden Poland Netherlands Finland

Share of the country in value added of 

EU27 PP industry (%)
26.1 14.5 12.6 7.6 5.8 5.5 5.1 4.9

Share of (RES) and LES in electricity 

and heat generation of the country (%)
(28.5) 44.7 (36.3) 36.3 (12.3) 90.5 (29.3) 64.4 (50.7) 94.8 (10.7) 10.7 (22.3) 27 (38.8) 76.8

Country Germany Italy Spain France Austria Sweden Belgium

Share of the country in value added of 

EU27 PM industry (%)
29.1 15.3 11.3 10.2 5.8 4.8 4.5

Share of (RES) and LES in electricity 

and heat generation of the country (%)
(28.5) 44.7 (36.3) 36.3 (29.3) 64.4 (12.3) 90.5 (63.8) 63.8 (50.7) 94.8 (16.6) 66.5

Chemical and 

petrochemical 

(CH)

Non-metallic 

minerals (NMM)

Paper, pulp and 

printing (PP)

Primary metals 

(PM)

83.6

81.3

82.1

81
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also affects the rise in global CO2 emissions. Hu and Kavan (2014) point out that the industry 

also contributes to global CO2 emissions indirectly through its use of electricity, as it is 

typically generated by coal-fired power plants. In contrast, our studies depict a much more 

promising, greener picture for the European Union.  

Obrist et al. (2022) investigated the long-term energy efficiency and decarbonisation 

pathways of the pulp and paper industry in Switzerland. The researchers carried out a 

scenario analysis. Their results show that a significant energy saving, and CO2 emissions 

reduction could be achieved by 2050 through fuel switching, improvements in production 

processes, and the use of efficient technologies, particularly high-temperature heat pumps, 

and efficient engines. Meeting the net-zero target for the pulp and paper industry by 2050 

will require the use of more biomass in the short term, and in the long term, when biomass is 

scarce, the use of high-temperature heat pumps up to 200°C will be necessary (Obrist et al., 

2022). Lipiäinen et al. (2022) highlighted that by improving energy efficiency, energy use 

per product can be reduced and the shift from fossil fuels to bioenergy can further reduce 

emissions. Our analyses have shown that there is a clear shift in the sector away from fossil 

fuels toward renewables. Renewable energy and biofuels dominate the industry in 2020 with 

a 43% share. High and medium CO2 emitting energy sources declined in favour of low-

emitting energy sources, demonstrating an increase of 12.2 percentage points.  

According to the World Steel Association (2022), 43.9% of the crude steel production in the 

EU is based on EAF technology, which has more favourable energy characteristics 

(compared to e.g., China, where 89.6% of production is still based on coal-based BF-BOF 

technology). This fact explains our results, as the energy mix of primary metals in the EU is 

dominated by electricity and natural gas. Between 2008 and 2020, the share of solid fossil 

fuels and manufactured gases decreased, typically in favour of natural gas and electricity. 

There was no change in the share of renewables (0.1%). This confirms the findings in the 

literature that there is less potential for renewables in the primary metals sector. The steel 

industry mainly uses renewables in hydrogen-based DRI technology (Yu and Tan, 2022), 

which is still at low technological maturity (Arens et al., 2021; Lee et al., 2022). The other 

option is the use of CCS technologies, but the readiness level of these technologies is still 

relatively low, and their costs are high, although Lee et al. (2022) believes that they will 

become economically feasible in the long term. The high electricity share demonstrates that 

the decarbonisation of electricity and heat production in individual countries can further 

improve the sector’s CO2 reduction potential (Zhong et al., 2021; Arens et al., 2021; Yu and 

Tan, 2022). 

 

Conclusions 

The EU and its member states are committed to achieving climate neutrality by 2050. The 

energy-intensive sectors are faced with the greatest challenge to be able to meet this target, 

and as a result, we focus our analysis on the four most energy-intensive sectors (including 

iron and steel and non-ferrous metals); non-metallic minerals; paper, pulp, and printing; 

chemical and petrochemical). Our study examines the trends in the energy use and energy 

mix of these four sectors between 2008 and 2020, the development of the energy intensity in 

each sector. The paper aims also to show whether there was a detectable relationship between 

changes in energy intensity and labour intensity and whether the energy mix of electricity 

and heat production in the EU Member States dominating in energy-intensive sectors in terms 
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of gross value added provided a favourable background for the road towards climate 

neutrality.  

The analyses carried out show that between 2008 and 2020, there has been a positive shift in 

the energy mix of the energy-intensive sectors, from high to medium and low CO2 emitting 

energy sources. The most favourable change occurred in the energy mix of the paper, pulp, 

and printing sectors. The analysis of energy intensity and labour intensity showed that for 

three sectors (primary metals, non-metallic minerals, chemical and petrochemical), both 

intensity indicators show an improvement. There was a strong positive correlation between 

the evolvement of energy intensity and labour intensity in the primary metals, non-metallic 

minerals, chemical and petrochemical sectors. A medium-strong positive relationship was 

detected in the paper, pulp, and printing sectors. Typically, 7-8 countries account for 80% of 

the total value added in a given sector in the European Union, with Germany, France, Italy, 

and Spain leading in almost all sectors, in varying order. The energy mix of the electricity 

and heat production of the dominant countries can be considered basically favourable on the 

way to the climate goals.  

The results raise new research questions: in the primary metals, non-metallic minerals, and 

chemical and petrochemical sectors, it would be worthwhile to investigate the factors that 

explain the close co-movement between energy intensity and labour intensity. Since the 

characteristics of the investigated sectors are very different in product differentiation, 

technological processes, and geographical concentration, different measures can lead to 

carbon-neutrality goals. We, therefore, agree with Wen and Li (2014), Skoczkowski et al. 

(2020), and Zhong et al. (2021) statements that in each sector and country, a cross-cutting 

strategy or targeted technology policy may be needed and the active involvement and support 

of all actors (e.g., policymakers, R&D, and industry players) are necessary to achieve 

success. The European Union is at the forefront of energy and climate policy efforts and can 

serve as an excellent example for global players with high greenhouse gas emissions. The 

good practices and research results presented in this study can also be useful for major players 

such as China. Of course, considering that the carbon neutrality target date in the EU policy 

is set for 2050, while in China, it is postponed to a decade later. In addition, different social 

and economic structures and coal and gas endowments are essential factors. 
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