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This chapter describes the challenges in moving manufacturing to climate 

neutrality. It identifies manufacturing sectors subject to the biggest 

challenges and describes the transformations they require. Manufacturing 

activities are typically regionally concentrated and the transformations they 

need to undertake will therefore have implications for regional development.  

Five sectors – non-metallic minerals (notably cement), basic metals (notably 

steel), chemicals, oil refining and coke, as well as paper and pulp – stand out 

in terms of greenhouse gas (GHG) emissions and energy use. Key actions 

for reaching climate neutrality include reducing energy consumption and 

moving away from fossil energy use towards electrification. These industries 

often require high temperatures in their production processes, increasing 

energy needs and making electrification difficult. Circular economy practices 

help reach climate neutrality with less pressure on energy and material needs 

with co-benefits for other environmental outcomes and human health. The 

motor vehicle industry, which is also included in the analysis, generates few 

emissions and is not energy intensive but faces challenges from the move to 

electric, lighter and fewer vehicles the transition is likely to imply. 

1 Regional industrial transitions to 

climate neutrality: Identifying key 

sectors 
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Introduction 

This book is dedicated to the transition of manufacturing to climate neutrality and what this means for the 

regions at the subnational level, drawing on data from regions across Europe. The motivation is simple: 

some of the economic activities that are most difficult to make climate neutral are in manufacturing. And 

these manufacturing activities are typically regionally concentrated. Since the regions differ in their 

socio-economic conditions, understanding the regional development implications will also help policy 

makers meet the needs of a just transition. 

The transformations will have labour market implications. While most manufacturing sectors will continue 

to be needed in a climate neutral economy, thus having little impact on aggregate employment, certain 

sectors may shed employment in some regions. New activities will, by contrast, attract an increasing 

number of workers. For example, integrating circular economy solutions may result in increased 

employment (Material Economics, 2019[1]; OECD, 2020[2]). Risks of job loss may not coincide with the 

spatial distribution of job opportunities. Businesses and workers will need to transform occupations and 

skills. Impacts on regions will differ according to their socio-economic characteristics. The transformations 

climate neutrality requires, including access to new, fossil-fuel-free energy sources, zero-carbon transport 

and related infrastructure, may also shift comparative advantage across regions. Reducing emissions in 

manufacturing supply chains may also result in some relocation of activity. The labour market implications, 

therefore, require policy responses for a just transition. 

Regional shocks to the industrial base typically widen to affect the production of goods and services in the 

same or adjacent regions to meet demand from workers in directly affected industries and their families. 

Loss of employment and value-added is also magnified over time through business clustering and 

emigration effects. Potential price responses, such as declining regional wages or real estate prices cannot 

equilibrate these shocks in practice because these price responses may aggravate decline or are too slow 

to attract activity. This may result in persistent regional crises. The impacts also travel along value chains. 

Such risks need to be understood and prevented and opportunities seized. Taking into account the move 

to climate neutrality in manufacturing is therefore central to regional development.  

This chapter identifies manufacturing sectors which need to undergo particularly deep transformations and 

describes these transformations. The following section will describe what transitions to climate neutrality 

mean for manufacturing, followed by a description of employment implications. This will be followed by a 

selection of key sectors facing major challenges, the focus of this chapter that concludes with a description 

of the transformations in the key sectors and their place-based implications. 

The second section of this chapter will identify the regions most vulnerable to these transformations. The 

third will explore infrastructure access conditions required by key manufacturing sectors. The fourth 

presents data analysis to help identify potential regional socio-economic vulnerabilities in most affected 

regions, laying the basis for policy action to support a just transition. 

Challenges in moving manufacturing to climate neutrality 

The manufacturing sector contributes substantially to GHG emissions. The steel and cement sectors alone 

each generate around 7% of CO2 emissions and the chemical sector a further 4%, in world economies 

included in the analysis by the International Energy Agency (IEA, 2020[3]). Heavy industries account for 

45% of global GHG emissions (OECD, 2019[4]); (IEA, 2020[3]). In addition to steel, cement and chemicals, 

heavy industries include other metals, the processing of fossil fuels, for example in oil refining, as well as 

pulp and paper. These heavy industries account for most manufacturing emissions and will therefore also 

be referred to as emission-intensive industries below. All of these emissions from heavy industries have 

been growing significantly faster than overall GHG emissions.  
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Energy accounts for a relatively large share of production costs in several manufacturing industries. 

Variations in energy costs in the transition to climate neutrality may affect their competitive position, as 

manufacturing products are traded in global markets. Manufacturing also heavily depends on heavy-duty 

road transport for value chain management and market access which itself requires decarbonisation. 

Most of the production in emission-intensive manufacturing sectors will need to continue in climate-neutral 

economies. In addition, outputs in these sectors are important for the infrastructure needs of the transition 

to climate neutrality, to achieve climate-neutral electricity generation, electrification of energy use, or the 

decarbonisation of transport and buildings for example (ETC, 2018[5]). However, moving to climate 

neutrality in these sectors requires technologies that do not exist at full scale in many cases (IEA, 2018[6]; 

Climate Action Tracker, 2020[7]; Bataille et al., 2018[8]). In these manufacturing sectors, emissions are 

therefore particularly hard to abate. Fossil fuels have been fundamental to production processes in these 

industries. In addition to energy-related emissions, process emissions are important in some and arise 

from chemical processes during the conversion of raw materials to intermediate or final products. 

Some decarbonisation methods apply to most forms of manufacturing. These include: decarbonising all 

energy inputs, increasing energy efficiency and promoting material circularity (Johnson et al., 2021[9]). 

Two-thirds of industrial direct GHG emissions are from high-temperature process heat, either in the form 

of steam or hot water (20%) or from the direct firing of various types of furnaces (50%). Space heating 

contributes 9% (EC, 2018[10]).  

Electrification of energy use will play an important role, especially for low to medium heat. Generating 

high-temperature heat from electricity is challenging and costly. Biomass firing can be an alternative but is 

climate neutral only if sustainably sourced, limiting supply. Hydrogen produced with renewable electricity 

in electrolysis (“green hydrogen”) or synthetic methane produced from hydrogen can also be used for high 

heat beyond 1 000 degrees Celsius. These may be used in combination: for example, initial heating with 

electric heat pumps or some form of solar heating could be boosted with biogas, hydrogen or synthetic 

methane produced from hydrogen (Bataille et al., 2018[8]). 

Electrification of energy needs risks raising electricity demand hugely and resulting in highly regionally 

concentrated electricity needs (Material Economics, 2019[1]). These electricity needs will need to be mostly 

met with renewable electricity. To limit economic and environmental costs from large-scale renewables 

expansion, as well as risks not reaching climate neutrality in the time , reducing energy demand is central 

to moving to climate neutrality by 2050 (Hickel et al., 2021[11]); (Johnson et al., 2021[9]). Achieving further 

energy savings in many cases requires the replacement of major parts of production processes, which is 

often best integrated with other transformations needed for the net-zero emissions target (EC, 2018[10]). 

The need to reduce energy demand and electrify energy end-use while decarbonising all electricity 

generation will also impact the types of goods manufacturing produces, such as electric heat pumps 

instead of natural gas boilers.  

Long-lived quasi-fixed capital assets with high sunk cost prevail in emission-intensive sectors, with lifetimes 

of 30-40 years. Twenty-five years is a typical investment cycle for major refurbishments. New industrial 

facilities, therefore, need to be climate neutral starting now in some sectors, while refurbishments may 

need to be net-zero consistent starting in 2025. Investment needs to increase 50%, both to replace some 

existing capacity and to switch to more capital-intensive, low-CO2 production routes (Material Economics, 

2019[1]). 

Twenty-one percent of industrial emissions are process emissions (EC, 2018[10]). In some sectors they are 

major. Carbon capture, use and storage (CCUS) is essential for some process emission sources in 

manufacturing because they are difficult to avoid otherwise, as argued below. It may be desirable to limit 

CCUS to process emissions. Relying on it on a larger scale poses risks, as CCUS has not been deployed 

at scale yet and its large-scale deployment is subject to uncertainties. Relying on CCUS rather than 

reducing emissions upfront therefore raises the risk that climate neutrality is not reached. Most CCUS 

would need to be delivered through carbon capture and storage (CCS). There is limited scope for CO2 use 
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(CCU) to support carbon removal. For CCU to result in permanent CO2 removal, materials produced with 

captured CO2 need to be fully controlled and closely linked to the emission source. CCU through direct air 

capture is highly energy intensive and costly. Due to limitations in the location of available, acceptable and 

commercially viable storage sites and their costs, CCS for industrial processes can be among the most 

expensive mitigation options (Sharmina et al., 2021[12]).  

The contribution of the circular economy 

Reducing demand for raw materials saves energy and other resources and avoids process emissions. This 

applies especially in the production of basic materials like steel, cement, plastics, paper and pulp which 

characterises emission-intensive industries. The circular economy is therefore particularly important for 

industrial transitions to climate neutrality. Without exploring circular economy potentials, switching 

production to climate-neutral processes alone would result in substantially higher costs and very large 

demand for clean energy, including for the production of hydrogen (Sun, Lettow and Neuhoff, 2021[13]). 

Circular economy approaches could reduce CO2 emissions from 4 major manufacturing sectors (plastics, 

steel, aluminium and cement) by 56% in developed economies by 2050 (Johnson et al., 2021[9]; Sharmina 

et al., 2021[12]; Material Economics, 2019[1]). They therefore also reduce the need for CCUS. These 

approaches include the following: 

1. New business models to promote shared use, longer use, repair and reuse, can reduce the 

demand for industrial output and the materials it requires. 

2. Materials recirculation can replace high-emitting raw materials with recycled materials including 

closed-loop systems, where waste from one process is an input to another.  

3. Substitution from high-emitting or hard-to-abate materials to lower-emitting alternatives can 

achieve significant emissions cuts (EC, 2018[10]; OECD, 2018[14]). 

Since the processing of goods and materials for reuse and recycling is likely to be close to where they are 

consumed, this is likely to also result in employment growth, including from relocation of activity from 

abroad. While this may also mean that overall emissions to high-income countries rise, at a global level, 

all other things being equal, emissions should fall. 

The circular economy requires exchanging and reprocessing materials or shared-use assets among 

manufacturing plants or their customers. Reducing transaction costs among agents in the circular economy 

is therefore important, for example, to ensure the precise composition of materials is known. Digitalisation 

and industrial symbiosis can contribute as follows: 

 Digitalisation can support the circular economy, through improved tracking of product and materials 

composition. Major opportunities include marking technologies, low-cost sensors and real-time 

tracking to provide better information on materials composition as well as automation, for example 

in sorting (Material Economics, 2018[15]). Other opportunities are geolocation technologies to 

indicate asset locations or blockchain to store information (OECD, 2020[2]). Digital technologies 

also reduce transaction costs in innovative circular economy business models, such as in the 

provision of capital goods as a service (Barteková and Börkey, 2022[16]).   

 Industrial symbiosis, or closed-loop recycling, as it is sometimes called, involves the use of 

by-products from one firm as inputs for another. Industrial symbiosis reduces intermediaries and is 

most common in industries that produce pure and homogeneous materials, such as the chemicals 

industry. Industrial symbiosis is more meaningful for industrial sites that are closely located to each 

other (EC, 2018[10]). Some of these relationships may develop organically or are the result of 

carefully planned industrial parks (OECD, 2019[17]). The partnership of industrial establishments 

across sectors, sharing infrastructures and their material inputs and outputs (including waste) can 

also optimise resource use.  
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Circular economy practices provide key environmental, health and economic benefits in addition to GHG 

emission reduction (Box 1.1).  

Box 1.1. Key environmental, health and economic benefits of the circular economy 

Materials extraction and processing, including biomass, fossil fuels, metals and non-metallic minerals 

account for around 70% of GHG emissions, as well as for substantial water, soil and air pollution and 

biodiversity loss.  Most global environmental impacts of extraction and processing of these key materials 

are projected to at least double between 2017 and 2060 (OECD, 2019[18]). 

Non-metallic minerals, such as sand, gravel and limestone mostly used in construction, and biomass 

account for the bulk of materials extraction. Although their extraction and processing pollute less per 

ton than metals, they have important lifecycle environmental impacts, which are magnified by their 

volume (Wilts et al., 2014[19]). For example, cement and concrete production generate high GHG 

emissions. It has a significant impact on energy demand, soil acidification and land use (OECD, 

2019[18]).  

More than 90% of global biodiversity loss and water stress come from resource extraction and 

processing (EC, 2019[20]), with biomass extraction playing an important role. As discussed below, 

biomass use is important, especially in the production of paper products but in some countries is also 

used to generate heat in other sectors. It will gain importance as fossil fuels are phased out. Substituting 

fossil fuels with sustainably sourced biomass can reduce GHG emissions but does not fully avoid 

adverse impacts on biodiversity. Plastics production and waste generation roughly doubled between 

2000 and 2015, resulting in multiple environmental impacts, including high energy use, pollution from 

landfill and incineration, and ecosystems from uncontrolled disposals, such as marine litter (OECD, 

2018[14]). Metals extraction and processing cause soil acidification, eutrophication of water flows and 

toxic effects on ecosystems. 

In part, environmental degradation associated with material extraction and processing occurs in 

locations which are distant from the European Union (EU). However, some impacts arise locally, for 

example from the extraction of construction materials sourced locally. They can also materialise at the 

point of consumption or disposal. Wherever they arise they often generate adverse health effects on 

humans. Demand reduction and substitution of key chemicals, for example synthetic fertilisers or 

solvents and some plastics, could reduce pollution of water and land at the location of use, reduce risks 

from alterations in the nitrogen cycle (OECD, 2018[21]) as well as provide significant health benefits.  

Economic benefits result from the security of resource supply and increase overall employment, 

especially in resource-importing countries. Security of resource supply improves as the circular 

economy can reduce material imports and diversify sourcing, especially when raw materials are distant 

and geographically concentrated. 

Source: OECD (2019[18]), Global Material Resources Outlook to 2060: Economic Drivers and Environmental Consequences, 

https://dx.doi.org/10.1787/9789264307452-en; Wilts, H. et al. (2014[19]), “Policy mixes for resource efficiency”, POLFREE Policy Options for 

a Resource-Efficient Economy, University College London, London; EC (2019[20]), The European Green Deal, Communication from the 

Commission COM(2019) 640 final, European Commission; OECD (2018[14]), Improving Markets for Recycled Plastics: Trends, Prospects 

and Policy Responses, https://dx.doi.org/10.1787/9789264301016-en; OECD (2018[21]), Human Acceleration of the Nitrogen 

Cycle: Managing Risks and Uncertainty, https://dx.doi.org/10.1787/9789264307438-en. 

https://dx.doi.org/10.1787/9789264307452-en
https://dx.doi.org/10.1787/9789264301016-en
https://dx.doi.org/10.1787/9789264307438-en
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Employment consequences  

According to Cedefop’s European Green Deal (EGD) scenario (Cedefop, 2019[22]), by 2030, most 

manufacturing will see a redirection of employment toward cleaner production rather than a reduction at 

the 27 European Union countries (EU27) level, compared to a baseline with previous policies. However, 

there are some limitations to this analysis. It does not go all the way to climate neutrality, as targeted for 

2050, potentially omitting the costliest transformations. It is a partial analysis where wider economic 

impacts driven by supply chain linkages, changes in consumption patterns and other factors are not 

systematically considered. 

Industrial transitions to climate neutrality will also bring new and different jobs. Assessments of sector-

specific transformations of occupations and skills demands in manufacturing are still rare. A broad range 

of skills, which are not unique to green jobs, will need to support the transition to climate neutrality. Seven 

out of ten top skills in “the green economy” are generic, while the remaining three are industry-specific. 

Skill requirements in new activities may be substantially different from those used in declining activities. 

The share of low-skilled jobs is high in highly polluting sectors, while environmentally friendly activities tend 

to have a high share of high-skilled jobs. 

Table 1.1 shows sectoral manufacturing employment outcomes by 2040 consistent with the IEA 

Sustainable Development Scenario (SDS). These are closer to the full employment impact of climate 

neutrality. The SDS shows emission reductions which allow reaching the goals of the Paris Agreement, 

compared to a baseline that is consistent with policies around 2019. As they are simulated with a 

computable general equilibrium model, they include in principle supply chain linkages and other national 

and international market relationships. The processing of fossil fuels, the production of basic metals, 

chemicals, textiles, electronics, automobiles as well as paper and pulp may suffer employment losses, 

albeit mostly small ones. However, these are aggregate results for the EU as a whole as well as for other 

major economies. Secondary iron and steel production by contrast can benefit from circular economy 

advances.  

Some net employment losses in Table 1.1 are likely to be smaller than would be consistent with reaching 

climate neutrality. The modelled SDS does not fully integrate the ambition to reach net-zero emissions in 

2050. Moreover, the SDS assumes the use of CCUS for energy-related emissions in industry, prolonging 

the use of petroleum, natural gas and coal products for industrial heat and as raw materials as well as 

possibly employment in related sectors. The manufacturing of motor vehicles includes some diffusion of 

electric vehicles even in the baseline scenario because of their improving cost competitiveness, which 

limits the impact of electrification on employment attributed to climate action 

The modelling assumes that countries achieve emission reductions in a co-ordinated way. In practice, 

countries will move towards climate neutrality at different speeds without full co-ordination. EU countries 

are likely to move ahead of others. Countries with more rapid transitions may not face bigger risks of 

employment or income losses economywide. Quicker emission reductions initially can, on the contrary, 

provide more protection against risks of stranded assets. But countries with more rapid transitions are likely 

to face stronger sectoral employment shifts (OECD, 2017[23]) and, therefore, also larger regional 

employment shifts. This could in particular generate sectoral employment losses over and above those in 

Table 1.1. This in particular concerns the manufacturing sectors discussed in this publication. In these 

sectors, transformation challenges are substantial, emission reductions may result in higher costs and 

products are mostly internationally tradeable. Policy actions, such as border carbon price adjustment or 

targeted subsidies, could offset employment losses but would need to be the larger, the bigger the impact 

of emission reductions on production costs is. Owing to the regional concentration of sectoral 

manufacturing activity, such policy action will need to be place-based. 

Industrial transitions to climate neutrality will also bring new and different jobs. Assessments of sector-

specific transformations of occupations and skills demands in manufacturing are still rare. A broad range 
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of skills, which are not unique to green jobs, will need to support the transition to climate neutrality. 

Seven out of ten top skills in “the green economy” are generic, while the remaining three are industry-

specific (Vasselina, Till Alexander and Saadia, 2020[24]). Skill requirements in new activities may be 

substantially different from those used in declining activities (Cecere and Mazzanti, 2017[25]). The share of 

low-skilled jobs is high in highly polluting sectors, while environmentally friendly activities tend to have a 

high share of high-skilled jobs. 

Table 1.1. Employment changes from worldwide emission reductions consistent with the Paris 
Agreement, by sector, according to the OECD ENV-Linkages model 

Deviation of sectoral employment from baseline in 2040, in percentages 

Economic sectors OECD EU17 EU3+UK United States Japan 

Petroleum and coal products -21 -32 -34 -30 -27 

Secondary zinc, lead, gold and silver production -6 -13 -7 -6 -9 

Primary aluminium production -4 -5 -6 -6 -7 

Secondary aluminium production -4 -5 -5 -6 -6 

Primary copper production -4 -5 -5 -6 -6 

Primary zinc, lead, gold and silver production -4 -4 -5 -6 -6 

Secondary copper production -4 -4 -4 -5 -5 

Textiles -4 -5 -4 -3 -4 

Electronics -3 -1 -2 -5 -4 

Chemicals, rubber, plastic products -3 -7 -7 -1 -1 

Secondary iron and steel production 3 8 -10 2 3 

Non-metallic minerals -2 -1 -3 -1 -6 

Motor vehicles -2 -2 -2 -1 -3 

Paper and pulp production -2 -1 -2 -3 -4 

Primary iron and steel production -1 4 -5 -1 0 

Note: EU17 includes Austria, Belgium, the Czech Republic, Denmark, Estonia, Finland, Greece, Hungary, Ireland, Luxembourg, 

the Netherlands, Poland, Portugal, the Slovak Republic, Slovenia, Spain and Sweden. EU3+UK includes France, Germany, Italy and 

the United Kingdom.  

Source: OECD calculations based on the ENV-Linkages model; OECD (2021[26]), OECD Regional Outlook 2021: Addressing COVID-19 and 

Moving to Net Zero Greenhouse Gas Emissions, https://doi.org/10.1787/17017efe-en; Bibas, R., J. Chateau and E. Lanzi (2021[27]), “Policy 

scenarios for a transition to a more resource efficient and circular economy”, https://doi.org/10.1787/c1f3c8d0-en.  

There are two main types of skills for which green jobs differ from non-green jobs: i) engineering skills used 

in the design and production of technology; and ii) managerial skills (Vona et al., 2018[28]). Managerial 

workers, for example, will need to build resource efficiency into business and management practices, 

incorporate emission reduction scenarios in investment plans or establish carbon footprints in goods 

procurement. Since the climate transition will require linking activities closely that have so far been 

separate, such as intermittent electricity generation and use, the complexity of work in some sectors will 

require cross-, multi- and interdisciplinary skills. Jobs consistent with environmental objectives may be 

more intensive in non-routine analytical and cognitive skills (Consoli et al., 2016[29]). The gap in terms of 

skills between green and brown jobs for similar low-skilled occupations appears to be generally small, 

including in manufacturing (Vona et al., 2018[28]). However, the demand for low-skill occupations is likely 

to be smaller with the transition. 

While carbon capture and storage (CCS) will be an emerging activity, the skill requirements in this industry 

are not new and can be met using a combination of skills used in the chemicals, oil and gas, process 

https://doi.org/10.1787/17017efe-en
https://doi.org/10.1787/c1f3c8d0-en
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design and engineering construction industries. With some retraining, displaced pipe fitters and designers, 

leak test technicians and offshore barge operators in the oil and gas industry could be reemployed in CCS 

(UK Government, 2011[30]). 

Key sectors and their transformations with place-based implications 

The selection of key manufacturing sectors is based on the following criteria: 

 The contribution of sectors to total GHG emissions from manufacturing. 

 Transformation challenges from high energy use and low electrification of energy use. 

 The extent to which total emissions from each manufacturing sector are covered in the European 

Emissions Trading System (ETS). 

 A significant contribution to employment or employment risks. 

GHG emissions are fundamental for the analysis of regional industrial transitions and their regional 

development implications. The analysis above also suggests that energy consumption and the degree of 

electrification are indicative of transformation challenges. EU ETS emissions data allow locating the 

emitting installations geographically.  

ETS emissions data provide limited information on the sectoral origin of emissions. The analysis in this 

publication, therefore, attributes ETS emissions to Nomenclature of Economic Activities (NACE) sectors 

according to the main activity of businesses owning installations. To this end, ETS data are matched with 

international non-governmental Orbis business data. The attribution of ETS emissions to NACE sectors 

allows for estimating the coverage of emissions by ETS. As shown below, GHG emissions data for three- 

and four-digit NACE sectors allow pinpointing activities which are the most emission-intensive and which 

will need to undertake the deepest transformations.  

The selected manufacturing sectors are the following: non-metallic mineral products (NACE 23), basic 

metals (NACE 24), coke and refined petroleum products (NACE 19), chemicals and chemical products 

(NACE 20), paper and paper products (NACE 17) and motor vehicles (NACE 29).  

These six sectors also include most of the sectors with the highest GHG emissions in the EU (Figure 1.1). 

One exception is the manufacturing of food, beverages and tobacco products (NACE 10-12), where 

emissions are also high. However, ETS covers only a third of emissions, mostly in the food industry 

(NACE 10). Emissions in the manufacture of motor vehicles are by contrast relatively low.  It also does not 

stand out in terms of the energy intensity of value-added or the share of electrified energy consumption. 

However, motor vehicle manufacturing employs the most people among the selected sectors. (Figure 1.2). 

The production of motor vehicles and chemicals also generates the most value-added (Figure 1.3). 

Employment is modest in the production of coke and oil refining. However, relative employment losses are 

likely to be the largest. The selected sectors account for more than 90% of manufacturing GHG emissions. 

The five selected sectors with high emissions also have the highest energy intensity of value-added and 

the lowest shares of electrified energy consumption.  

With its production of basic materials, the emissions-intensive industry is particularly strongly integrated 

into the value chains of downstream industries. Addressing the transition to climate neutrality effectively 

and fairly in the regions where these activities take place is therefore important for activity in downstream 

sectors. For example, the steel industry employs only 6 million people worldwide but links indirectly to 

42 million jobs. The chemical industry provides inputs to over 95% of all manufactured products (ICCA, 

2012[31]). Downstream industries, which depend on a particularly large range of inputs from emissions-

intensive industries, include the construction of buildings, the manufacturing of motor vehicles, civil 

engineering, computer electronics and optical as well as, to a lesser extent, electrical equipment (EC, 

2018[10]). The prices of the basic materials produced by emissions-intensive industries may become 
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significantly higher than today. Zero-carbon production routes may cost 20-30% more for steel, up to 60% 

for chemicals and 80% for cement. A more circular economy helps reduce raw materials and energy needs 

but also modifies value chains. 

The attribution of ETS emissions to NACE sectors also allows an assessment of emissions in three- and 

four-digit NACE sectors, for which no emissions data are available. Emissions in the selected sectors are 

concentrated in some three-digit subsectors, in particular the production of paper and pulp, refined 

petroleum products, basic chemicals, cement, basic iron and steel (Figure 1.5). In the analysis of the 

following chapters, particular attention will be paid to these sectors. They are in some but not all cases the 

most employment-intensive (Figure 1.4).  

Figure 1.1. Emissions, shares of GHG emissions covered by ETS and energy intensities in selected 
manufacturing sectors 

 
Note: Data for 2019 or latest year available. 

Source: Eurostat, matched ETS emissions and Orbis data. 

StatLink 2 https://stat.link/wq9o4f 

https://stat.link/wq9o4f
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Figure 1.2. Employment across two-digit NACE industries  

National accounts employment data in thousands of persons by industry for 2018, EU27 

 

Note: Selected sectors highlighted in fair blue. 

Source: Eurostat. Selected sectors are highlighted in fair blue. 

StatLink 2 https://stat.link/294sj5 
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https://stat.link/294sj5
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Figure 1.3. Value-added across two-digit NACE industries 

National accounts gross value-added data by industry in million euros (current prices) for 2014, EU27 

 

Note: Selected sectors highlighted in fair blue. 

Source: Eurostat.  

StatLink 2 https://stat.link/ekrfcw 
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Figure 1.4. Employment across three-digit NACE sectors 

SBS employment data in thousands of persons by subsector in key manufacturing sectors for 2018, EU27 

 

Source: Eurostat. 

StatLink 2 https://stat.link/8shdub 
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Figure 1.5. Emissions in three-digit NACE subsectors of key two-digit manufacturing sectors 

Estimations according to company or subsidiary main activity and ETS installations owned by companies for 2019, 

EU27 

 

Note: Emissions of installations attributed to business sector at the subsidiary level. 

Source: Own calculations with EU ETS/ORBIS matched dataset (2019). 

StatLink 2 https://stat.link/qkhyem 
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 Non-metallic minerals include several activities generating substantial emissions. Cement 

production stands out; others are glass and other building materials manufacturing. The former is 

the most likely to require CCS, as technologies to eliminate process emissions are least developed. 

More than half of emissions from cement production are process emissions (Cao et al., 2020[35]). 

Other emissions and energy demand reduction levers consistent with net-zero emissions, which 

need to be used in combination, are improving energy efficiency, switching to alternative fuels, 

reducing the clinker-to-cement ratio and using alternative binding materials (IEA, 2018[6]). 

 Chemicals production can do without CCS. This then reinforces the need to transform basic 

chemicals production processes more fundamentally and increases the demand for hydrogen. The 

three main supply-side decarbonisation levers are fuel and feedstock substitution, including 

biomass, and energy efficiency (Levi and Cullen, 2018[36]). Demand reduction, for example for 

single-use plastics, is important too. Especially in the near term, mitigation may be achieved 

through recycling and reuse and more sparing use of nitrogen fertilisers, though the production of 

plastics and other basic chemicals may still rise worldwide (IEA, 2021[33]). Reduced plastic varieties 

and additives can boost the value of recycled plastics. Innovative chemical and biochemical 

recycling can also contribute but requires high energy input. 

 Steel production can also do without CCS. This also reinforces the need to transform production 

processes more fundamentally and increases the demand for hydrogen. The combination of direct 

reduction and electric arc furnaces has the potential for full decarbonisation, using hydrogen and 

climate-neutral electricity sources (Wang et al., 2021[37]) (Bataille, 2020[38]). Aluminium smelters 

are also large electricity consumers (IEA, 2020[3]). Climate-neutral technologies need to reach 

significant market penetration in the next decade. In steel and aluminium production, secondary 

production from scrap generates much fewer emissions and is much less energy intensive (Liu and 

Müller, 2012[39]); (Liu, Bangs and Müller, 2013[40]) but depends on scrap availability. More scrap is 

available in high-income regions. 

 In paper and pulp, the biggest challenge may be rising competition for biomass from other sectors, 

such as transport (Material Economics, 2020[41]). In addition to biomass being the key raw material, 

60% of the energy used in paper and pulp is from bioenergy. Raising the use of recycled paper, 

combined with renewable electricity use, is likely to be important, which may dissociate production 

sites from locations with biomass availability. However, combining biomass firing in paper and pulp 

production with CCS could contribute to net negative emissions, which high-income countries will 

need beyond 2050. 

 In vehicle manufacturing, the challenge is about producing electric vehicles. The transition to 

climate neutrality will also be facilitated by moving to less car use in high-income countries, notably 

in urban contexts, as well as to lighter vehicles, as the environmental footprint from the production 

of zero-emission vehicles is likely to be higher than that of conventional vehicles. A battery 

accounts for 10-30% of the total life cycle emissions of an electric vehicle (IEA, 2020[42]). The 

manufacture of an electric motor and related components requires 60-70% less labour than that of 

a diesel vehicle and 40% less than compared to a petrol car in Germany for example (Bauer et al., 

2018[43]). Production operators and equipment technicians are expected to account for 75% of large 

battery factory workforces and these will require qualification upgrades in advanced manufacturing 

engineering. Ride-sharing can sharply reduce vehicles in urban contexts. 

Most of these industries produce basic materials which are inputs in other manufacturing sectors. Freight 

transport is the foundation of the supply chain system. Freight transport is also challenging to decarbonise. 

Access to zero-carbon freight transport modes is therefore also important to move key manufacturing 

sectors to climate neutrality. 
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