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Abstract  
The steel industry is fundamental to the EU’s economy but also a major source of CO2 emissions. 

With EU leaders’ endorsement of the 2050 climate neutrality objective, the steel industry is under 

intense pressure to improve energy efficiency, recycle more, and to switch to low carbon 

production processes. Although the process of decarbonising steel production in Europe will be 

highly disruptive, inability to do so will result either in the EU’s failure to achieve its emissions 

reduction targets or the decline and eventual disappearance of the European steel industry. 

Relocation of the steel industry to beyond Europe’s boundaries would lead to job losses, carbon 

leakage and reduced competitiveness of the EU industry. It would also increase the dependence 

of European producers on steel imports across all sectors of the economy, from domestic 

appliances to renewable energy technologies.  

Successful decarbonisation of the steel sector, on the other hand, would enable the EU to meet its 

ambitious climate targets while retaining jobs in Europe and improving the competitiveness of the 

EU industry. Substantial funds are currently being directed at the efforts to develop and 

commercialise zero carbon steel production methods. However, in addition to technological 

development, policies to support the adoption of new technologies will be fundamental in 

determining the impact that any new technologies may have on the size of the steel industry, the 

number of jobs it supports and its contribution to the EU’s emissions. In this short briefing, we 

apply Cambridge Econometrics’ technology diffusion model Future Technology Transformations 

(FTT):Steel, together with the Energy–Economy–Environment Macro-econometric model (E3ME)1 

to illustrate how emissions and employment may be impacted in various scenarios where zero 

carbon steel production is enabled using hydrogen-based production technology. 
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Introduction  
Steel – an alloy of iron and carbon – is used widely in almost all industries from construction to 

domestic appliances and many of the renewable energy technologies, with a growing trend 

around the globe. The steel industry is of high importance to the EU and global economies, with 

annual production in 2018 amounting to 1.8 billion tonnes. Some 9 per cent of global steel 

production takes place in the EU, where the iron and steel industry (measured by value of 

production) ranks as the fourth largest industrial sector2 and a major employer.3 In 2019, the EU 

steel industry generated 330,000 direct jobs across 23 member states, 1.62 million indirect jobs 

and 722,000 induced jobs, for a total of 2.67 million jobs.3 While the steel industry is not in itself 

one of the biggest contributors to gross domestic product (GDP) and employment, it provides 

inputs to value chains for most other sectors, making it an important long-term objective to retain 

at least some degree of steel production within the EU.  

However, steel production is emissions intensive: in 2016, the iron and steel industry was 

responsible for 5 per cent of the CO2 emissions produced across the EU.4 At present, steel is 

produced primarily through two methods: the blast furnace (BF-BOF), which uses iron ores and 

recycled steel as inputs and burns coal as the main energy input, and the electric arc furnace 

(EAF), which uses mainly recycled steel as inputs and uses electricity (produced using fossil fuels or 

renewable sources) as the main energy input.5 The BF production method is currently the only 

widely used technology for so-called virgin steel production, while the EAF method can be used to 

produce steel solely from recycled steel scrap.  

By using renewable or other low carbon electricity, the CO2 emissions from steel production using 

EAF can be reduced to very low levels. However, without carbon capture and storage/use 

(CCS/CCU) technologies, even the EAF method cannot reduce production-related CO2 emissions to 

zero. Moreover, the limited availability of scrap steel and the unsuitability of recycled steel for 

certain purposes means that the demand for virgin steel will continue into the future, although 

declining from the current share of 70 per cent of the total steel production globally5 to 

approximately 50 per cent by 2050.6 In addition, the decarbonisation of Europe’s steel industry is 

essential to achieving Europe’s climate goals without causing the delocalisation of EU steel 

production to non-European countries (a process which would also cause carbon leakage) and 

compromising European competitiveness.7 The ability to retain virgin steel production in Europe 

also has substantial employment implications. 

Recognising the importance of the steel sector for the European supply chain, employment and 

for environmental sustainability, the European Green Deal explicitly supports initiatives towards 

the development of zero carbon steelmaking technologies.8 With financial support from both the 

EU and national governments, the new technologies that are currently being explored to 

decarbonise virgin steel production are subject to extensive research and investment. These 

technologies can be grouped into three categories: Carbon Direct Avoidance (CDA), Process 

Integration (PI) and Carbon Capture and Storage (CCS) and Usage (CCU).9   
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 CDA technologies seek to reduce CO2 emissions directly by using alternative fuels or 

methods such as hydrogen, biomass and electrolysis to reduce iron ore and other 

elements involved in the steel production process. Examples of projects using the CDA 

approach include HYBRIT, ULCOS, IERO and SALCOS.  

 PI technologies aim at reducing the use of carbon in steel production, for example by 

using organic sludge in steelmaking (OSMet S2) or by a better use of steel plant gases. 

Examples of projects exploring PI technologies include CO2RED and 

RenewableSteelGases).  

 CCU technologies concern different methods of carbon capture based on chemical 

biological processes of CO2 conversion and capturing. For example, projects are trying 

to convert industrial CO2 into fuel, other chemical products and materials such as 

plastics (BIOCON-CO2, CarbonNext, Carbon4PUR).10  

The broader, long-term impacts on the EU steel industry, including the size of the sector, its global 

competitiveness and the number of jobs it offers, will depend heavily on which of these 

technologies will be the first to achieve commercial viability. At the moment, all of the above-

mentioned projects that focus on developing new technologies to decarbonise virgin steel 

production are exploratory in nature, and the employment opportunities associated with each are 

difficult to estimate. However, it is nevertheless useful to explore how the employment, emissions 

and level of output in the European steel industry might be affected if new technologies enable 

zero carbon steel production, and how the outcomes vary depending on the level of support that 

EU policies offer to incentivise the uptake of these new technologies.  

In recent years, particular attention has been directed at the hydrogen-based approach, which 

involves replacing coke with hydrogen for iron ore reduction and produces water vapour as a by-

product instead of CO2. If the energy to produce hydrogen is derived from renewable sources, the 

production process of steel can become emission free.11 Although it remains uncertain as to 

whether the hydrogen-based approach will prove to be successful (or commercially viable), we are 

using this technology here to explore some of the potential impacts that the availability of this 

new technology could have on a set of steel-producing countries in the EU, as well as the role that 

policy will play in influencing these outcomes. 
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Approach 
Transition to new production processes may affect an industry and the economy in several 

important ways. Conversely, the economic environment also affects technological transitions. 

Modelling potential changes in modes of production for a given sector in a wider economic 

environment allows us to see how environmental targets can be met, as well as the associated 

employment impacts.  

Using the steel industry as an example, the case studies in this briefing illustrate how such analysis 

can be carried out using macroeconomic modelling tools. Cambridge Econometrics uses the 

Future Technology Transformations (FTT) framework to simulate technology take-up in the steel 

industry. In this framework, the decision-making of investing agents is mimicked: investing agents 

are heterogeneous due to different perceptions of costs, imperfect foresight and knowledge, and 

different valuation of the future. Local characteristics add to the overall uncertainty. Prior to 

choosing to invest in a particular technology, investors assess the expected costs and benefits. 

Several cost categories may be affected by policies and the external economic environment (e.g. 

fuel prices, demand for steel, etc.). An estimate of investor preference is obtained by comparing 

the balances between all potential technology pairs.  

However, uptake of new technologies does not depend solely on preferences, but also on the rate 

at which old technologies are eligible for replacement and certain sectoral constraints, which must 

be included in any simulation of technology take-up. In the iron and steel industry, one such 

constraint is the availability of steel scrap: once the supply of available scrap has been exhausted, 

take-up of the recycling mode is restricted. FTT:Steel uses an endogenous approach to estimating 

scrap availability, building on historical steel flows and estimates on product lifetime, based on the 

work of Pauliuk et al. (2013).12 The scrap supply is traded across regions and then over 

technologies. Most modes of production can substitute at least a certain degree of their virgin 

material input by scrap, but scrap input is favoured to flow into the recycling dedicated production 

mode. 

A change in the technology mix of the steel industry can have several economic impacts. First, as 

the technology mix changes, so does the demand for raw materials and energy carriers, which 

affects the supplying sectors. Second, steel prices might be influenced by policies and changing 

raw material prices, affecting the demand. Third, different technologies require different pre-

processing of raw materials, with implications on employment. For example, steel recycling 

requires the least amount of employment as no pre-processing of raw materials is necessary. As a 

result, a change in the technology mix induces a change in employment, which may impact 

consumer expenditure through disposable income of the population. All of these changes are due 

to bidirectional feedback between FTT:Steel and E3ME. For a more detailed overview of E3ME, 

see Mercure et al. (2018)13 or the E3ME model manual.14 

In order to find out what the policy implications are it is necessary to compare a new policy 

scenario to the baseline. Here, the baseline is defined as business-as-usual (BAU), meaning that 

the EU Emissions Trading System (EU ETS) will continue to be in place, but no additional policies 

are implemented. Even without policy support, some technology substitution will take place.  
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A mitigation scenario was constructed to support low carbon steel technologies and at the same 

time penalise carbon-intensive technologies. The mitigation scenario comprises an economy-wide 

carbon tax, subsidies on capital investment for low carbon technologies in the steel and power 

sectors, subsidies on electricity and hydrogen consumption within the steel sector, and a phase-

out regulation of carbon-intensive technologies in the steel and power sectors (see Table 1). 

These policies are implemented for a mitigation scenario in Sweden and a mitigation scenario in 

the top EU steel producers (Germany, France, Spain, Italy and Poland). Mitigation policies are 

likely to extend to other sectors, such as the power sector, through which they influence the price 

of electricity, which is an input for the recycling production mode. 

Table 1: Policy portfolios for the Sweden and top EU producer case studies 

 Case study: Sweden Case study: Top EU producers 

Baseline scenario Emission permit price increases from 70.4 €/toe in 2020 to 324.1 €/toe in 2050 for all EU member 
states. 

No additional policies are implemented. 

Mitigation scenario Emission permit price increases from 70.4 €/toe in 2020 to 972.3 €/toe in 2050 for all EU member 
states. 
Steel sector (in Sweden):  
- 30% of the capital investment of hydrogen-

based technologies is subsidised. 
- Subsidised hydrogen use (60%) and 

subsidised electricity use (50%) of the sales 
price. 

- Phase-out regulation of the BF-BOF 
production mode. 

Steel sector (in top EU producers):  
- 30% of the capital investment of 

hydrogen-based technologies is 
subsidised. 

- Subsidised hydrogen use (60%) and 
subsidised electricity use (50%) of the 
sales price. 

- Phase-out regulation of the BF-BOF 
production mode. 

Power sector (in Sweden):  
- 30% of the capital investment of onshore 

wind and solar PV is subsidised. 50% for 

offshore wind. 

- Phase out regulation of fossil fuel power 

plants (not applying to CCS options).  

Power sector (in top EU producers): 
- 30% of the capital investment of onshore 

wind and solar PV is subsidised. 50% for 

offshore wind. 

- Phase out regulation of fossil fuel power 

plants (not applying to CCS options). 

Note: toe = tonne of oil equivalent. For each case study, the subsidies are only applied in the case 

study regions.  

FTT:Steel is capable of testing such scenarios in a well-tested empirical model that simulates the 

economic environment. Yet, the outputs from FTT:Steel rely heavily on high-quality inputs. 

Improved availability of detailed data as technologies mature will enable more accurate results. 

Case study 1: Sweden  

At the EU level, Sweden is a minor producer country, accounting for only 3 per cent of European 

steel production.3 However, steel is a reasonably important industry for Sweden, accounting for 2 

per cent of its GDP4 and for 4 per cent of its total exports of goods.15 In addition to providing 

15,700 direct and 26,500 indirect jobs,15 the steel industry also plays a key role in the country’s 

industrial competitiveness.16  

In Sweden, the commitment to develop fossil-free steel production is supported by both the 

Swedish government and the industry as a necessary prerequisite to achieving two major climate 

targets: 100 per cent renewable electricity generation by 2040 and a net zero carbon economy by  
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2045. With its abundant and fossil-free electricity production mix expected to create electricity 

surpluses in the future, Sweden is well placed for the production of fossil-free steel. Moreover, 

there is no resistance from the industry or from society to the adoption of the new technology, 

and cooperation in the industry is very strong: decarbonisation is embedded in the long-term 

plans of both of the country’s large incumbent iron and steel producers: LKAB (a state-owned 

mining company) and SSAB, which operates the country’s two remaining plants that use blast 

furnaces.16 For these companies, investing in innovation in zero carbon steel production makes 

economic sense. At present, SSAB relies on imported coal to operate its blast furnaces, instead of 

using readily available, domestically generated, fossil-free electricity. Second, by taking the lead in 

the development and implementation of new technology, SSAB aims to enhance its 

competitiveness in the long term.16    

Under the HYBRIT joint venture, the Swedish firms SSAB, Vattenfall and LKAB are collaborating to 

develop a carbon-neutral hydrogen-based steelmaking process as an alternative to coal-based 

steelmaking by 2035. If this project proves successful, the broader adoption of the new 

technology will still depend largely on the policies enacted by the Swedish government and the 

EU. Using FTT:Steel in conjunction with E3ME, we can model the likely impacts using two different 

scenarios as presented in Table 1. The prevalence of three different types of steel production 

technologies (carbon-based, hydrogen-based and recycling) are presented in Figure 1.  

As Figure 1 shows, in the baseline scenario the adoption of hydrogen-based production 

technology remains low, while the share of production using recycling grows steadily. This is 

because baseline conditions already encourage a shift towards recycling-based production. 

However, if all countries globally shift to recycling-based production to the same extent, the 

availability of scrap steel may start to constrain production capacity.  

In the ‘mitigation’ scenario, where supporting policies for hydrogen-based production are 

introduced, this production mode becomes more competitive than the carbon-based and 

recycling production modes, substituting for a proportion of production through these modes. 

The phase-out regulation of BF-BOF (the main carbon-based production mode) creates a market 

gap for other technologies to fill. Support to encourage the uptake of the hydrogen-based 

production mode increases the likelihood of filling that gap with this production mode. 

In Figure 2, we can see the emissions and employment impacts of the two scenarios. Emissions 

are presented as a percentage difference from the ‘baseline’ scenario, and show a substantial 

decrease in the emissions from steel production in the ‘mitigation’ scenario. This is primarily 

because of reduced virgin production using carbon-based technologies. The direct emission 

intensity of recycling and hydrogen-based production are negligible. Some emissions arise during 

the limited pre-processing steps. Indirectly, emissions may arise due to electricity generation or 

hydrogen production. However, hydrogen-based production is slightly less labour intensive than 

carbon-based production, so employment grows less in the mitigation scenario than the baseline 

scenario (a small increase in output is assumed here, which explains the slight increase in 

employment in both scenarios compared to 2020). The difference between ‘mitigation’ and 

‘baseline’ employment is moderated by the fact that recycling-based production is less labour 

intensive than hydrogen-based production. For steel production to continue in a decarbonised  
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economy, developing and deploying innovative zero carbon primary production methods like 

hydrogen will ensure minimal negative impacts on employment. 

Figure 1: Production by technology  

Source: Cambridge Econometrics’ own calculations 

 

Figure 2: Employment and emissions  

 

Source: Cambridge Econometrics’ own calculations 
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Case study 2: top EU steel producers 

Using E3ME–FTT:Steel to simulate the economic environment and change in mode of steel 

production, potential trade-offs between environment and economy can also be analysed for the 

EU top steel-producing countries. When a baseline scenario (no additional policies) is compared to 

a mitigation scenario for the whole EU (carbon tax, subsidies for clean technologies in steel and 

power sectors, and support for clean hydrogen production), potential effects can be better 

estimated (see Table 1 for more detail on the assumptions).  

Comparing the development of the steel sector between the two scenarios in the top five steel-

producing countries in the EU – Germany, France, Spain, Italy and Poland – the introduction of 

mitigation policies results in hydrogen-based steelmaking becoming much more prominent than 

carbon-based steelmaking in all countries, albeit to varying degrees. The support policies also lead 

to a situation where the hydrogen-based production mode can compete with the recycling 

production mode: in countries such as Poland, France and Germany, the hydrogen-based mode of 

production increases at the expense of steel recycling. In Spain and Italy, on the other hand, the 

phase-out regulation on BF-BOF (see Table 1) will not create a large enough market gap for the 

hydrogen-based production mode to fill. This is largely because recycling-based production 

already accounts for 75 per cent (Spain) and 85 per cent (Italy) market share of the production 

capacity, and this is reflected in the baseline production mode mix. Subsequently, in these two 

countries, most of the uptake of the new hydrogen-based production replaces recycling-based 

production.  

Figure 3: Breakdown of steel production (2050) for the baseline and mitigation scenarios 

Source: Cambridge Econometrics’ own calculations 
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In the ‘mitigation’ scenario, two main effects come into play that alter employment levels for the 

top EU producers. Employment levels are affected by changes in the technology mix within the 

iron and steel industry (as discussed previously), and changes in total domestic steel output. The 

latter can be affected by a change in regional competitiveness, which drives imports and exports. 

As shown in Figure 4, the analysis for Germany and Italy shows an initial increase in employment 

compared to the baseline scenario. The driver behind this is a slight increase in production levels, 

which compensates for a decrease in employment due to a change in the production mode. 

Towards the end of the simulation, employment in Germany drops compared to the baseline as 

slightly less labour-intensive hydrogen-based production reduces the share of carbon-based 

production more than it does recycling-based production, thereby outweighing the slight increase 

in production levels. A similar explanation applies to France and Poland, albeit France will slightly 

lose output levels while Poland remains roughly on par. The observed increase of employment in 

Poland in mid-simulation is due to the hydrogen-based production mode substituting the less 

labour-intensive recycling production mode.     

Figure 4: Percentage difference of the mitigation scenario compared to the baseline scenario for 
employment  

Source: Cambridge Econometrics’ own calculations 

The Italian iron and steel industry is already largely recycling focused and therefore benefits 

employment-wise from a slight substitution to hydrogen-based production (hydrogen-based 

production being slightly more labour-intensive than recycling-based production). A similar 

explanation applies to the Spanish case. In the ‘baseline’ scenario, Germany, France and Poland 

retain a sizeable (30–40 per cent) carbon-based steel production in the mix (left side of Figure 3). 

A phase-out thereof in the ‘mitigation’ scenario ultimately leads to employment losses at similar 

output levels.  

The amount of scrap steel that is needed in recycling-based production is subject to global 

demand, meaning that if a major producer such as China was to implement policies that  
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incentivise greater transitioning to a recycling-based approach, growing competition over 

available scrap steel could further constrain the recycling-based approach in Europe. Once this 

constraint is reached, take-up of the recycling mode is restricted, creating a market gap for other 

production modes that are not limited by scrap availability. The impacts of greater competition for 

scrap steel at the global level has not been implemented in these scenarios, but could be if the 

model was run at a global level.  

While the effect of the simulated policies has varying effects on employment levels, the policies 

are likely to be successful in promoting low carbon steelmaking and, as a result, reducing the 

carbon footprint of the steel industry. Emissions for each of the top-producing EU nations 

decrease by 60 to 70 per cent (Figure 5). It is noteworthy that absolute emissions are already 

comparatively lower in Spain and Italy due to a dominant position of steel recycling in the 

‘baseline’.  

Figure 5: Percentage difference of the mitigation scenario compared to the baseline scenario for 
CO2 emissions  

Note: Spikes in the emissions graph are caused by shortages of steel scrap, which requires more carbon-

intensive inputs.  

Source: Cambridge Econometrics’ own calculations 
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Closing comment 
Promoting the hydrogen-based production mode helps to decarbonise the steel industry without 

becoming too reliant on recycling. It is likely that, at least until 2050, the global scrap supply will 

not be able to meet the global steel demand and therefore some steel production from virgin 

materials will be required. As Figure 2 and Figure 5 show, emissions decrease by 60–75 per cent 

(compared to baseline) for each of the case studies when both the recycling and hydrogen-based 

production modes are supported through policy interventions. In addition, each region becomes 

less reliant on the availability of steel scrap as the market share of the recycling-based mode is 

slightly lower in the ‘mitigation’ scenario compared to the ‘baseline’ scenario. However, countries 

such as France, Poland, Germany and Sweden that currently rely heavily on fossil-based 

production methods will experience some job losses in the steel industry as a result of the shift 

away from this production mode.  

The wider economic impacts have not been discussed in either case study. It is likely that an 

increase in hydrogen-based steelmaking will lead to job creation in the hydrogen supply sector. 

The same goes for the power generation sector: an increase in electricity demand due to the 

recycling production mode gaining traction is likely to lead to an increase in employment. 

Furthermore, there are likely to be additional spill-over effects in other regions, which have not 

been discussed in this short briefing. For example, one effect that could be investigated in more 

detail is the potential for carbon leakage, i.e. where policies to achieve decarbonisation in a given 

context increase the price of domestic production, causing the industry to lose competitive 

advantage and resulting in domestically produced steel being replaced by imported steel. 

Conversely, when novel technologies are growing in market share, their costs will decrease 

through learning-by-doing, and other regions may benefit from this positive externality. Such 

issues and many more can be investigated using E3ME–FTT:Steel and similar sector-based models 

for other industries. 
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