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How to trigger initial deployment of zero-carbon technologies – Steel briefing note

1. CONTEXT: Steel production and carbon emissions
Current production processes and aggregate demand make steel one of the highest emitting sectors of the global economy.
1.1 Energy-related emissions from the iron and steel industry currently amount to circa 2.3Gt CO2, accounting for 7% of total global emissions from the energy system. However, under a business-as-usual scenario, they would grow to 3.3Gt by 2050, representing 7.5% of global emissions and 34% of the industry sector emissions[footnoteRef:2]. [2:  energy-transitions.org/sites/default/files/ETC%20sectoral%20focus%20-%20Steel_final.pdf] 

1.2 China currently produces about half of global steel production, but local demand is expected to slow down in the coming decades (-30% by 2050). Despite expected increases in demand in India, South East Asia and Africa, the global overcapacity situation is likely to be reinforced. Total global steel demand was 1,808 Mt in 2018[footnoteRef:3], while global steel production capacity is 2,234 Mt/year[footnoteRef:4]. Demand by 2050 is projected to be only 2,170 Mt/year[footnoteRef:5]. [3:  https://www.worldsteel.org/en/dam/jcr:ab8be93e-1d2f-4215-9143-4eba6808bf03/20190207_steelFacts.pdf]  [4:  https://stats.oecd.org/Index.aspx?datasetcode=STI_STEEL_MAKINGCAPACITY]  [5:  https://webstore.iea.org/energy-technology-perspectives-2017] 

1.3 Global steel production is relatively fragmented with the top 10 steel producers capturing only 30% of the market altogether (also the Chinese industry is currently going through a consolidation process)[footnoteRef:6]. [6:  https://www.worldsteel.org/steel-by-topic/statistics/top-producers] 

1.4 Steel production is split between virgin/primary production (from iron ore) and secondary production (from scrap steel). Secondary production is generally cheaper than primary production, but limited by availability of scrap. Recycled steel tends to be of lower quality than virgin steel because it retains whatever contaminants were present in the scrap steel. It currently represents about 23% of total production. This percentage is set to increase as greater stocks of scrap steel become available. 
1.5 Today, there are two main production processes for virgin steel. The blast furnace-blast oxygen furnace (BF-BOF) process is used to make over 90% of the world’s virgin steel. It uses coal as energy source and reduction agent and produces 1.9-2.3 tonnes of CO2 per tonne of steel. The second virgin steelmaking process entails direct reduction of iron (DRI) using gas, combined with an electric arc furnace (EAF). It produces roughly 1 tonne of CO2 per tonne of steel.
1.6 EAF is also used to produce scrap-based steel. This process can in principle be zero-carbon if the electricity input is zero-carbon.
1.7 Steel is an internationally traded commodity. In 2018, 26% of steel was exported from the country in which it was made, and two-thirds of that was exported beyond its region of origin[footnoteRef:7]. China represents 15% of total exports. [7:  https://www.worldsteel.org/en/dam/jcr:96d7a585-e6b2-4d63-b943-4cd9ab621a91/World%2520Steel%2520in%2520Figures%25202019.pdf] 

1.8 Steel can be sold and bought in over 3,500 different grades, ranging from bulk steel – such as rebar and construction steel – to a host of high-quality speciality steels. Speciality steel has larger amounts of alloying elements in order to change the properties in a desired way (e.g. alloy steel, stainless steel and tool steel). The price difference between bulk steel and speciality steel is substantial, with bulk steel costing between USD 400-600 per tonne and speciality steel sometimes costing more than USD 2,000 per tonne[footnoteRef:8]. [8:  https://www.sei.org/wp-content/uploads/2018/09/hydrogen-steelmaking-for-a-low-carbon-economy.pdf] 


2. PATHWAYS: How can steel be decarbonised?
Decarbonising steel is technically feasible. Growing the share of scrap-based production in total production can enable short-term emissions reduction. Pilot plants for zero-carbon virgin production are planned for the mid-2020s, with full commercial deployment set for the early 2030s. These zero-carbon technologies will remain costlier than the high-carbon alternative for the foreseeable future.
2.1 Steel decarbonisation can be achieved through a combination of:
A. Reducing total steel demand. In principle, it is possible to reduce annual steel demand per capita while continuing to deliver the same end services from which customers benefit by (1) reducing the necessary stock of steel per capita through greater materials efficiency (e.g. light-weighting of cars, limiting over-specification in construction) and by (2) extending the lifetime of steel products (e.g. reuse of building structures instead of deconstruction). Such opportunities could exist in all steel-using sectors, but the greatest opportunities lie in the automotive and construction sectors.
B. Improving energy efficiency. There is considerable potential to improve energy efficiency of steel production even without fundamental changes in process. Analysis by the OECD suggests that many steel companies currently are underexploiting positive-return opportunities to reduce energy input per tonne. There is a limit to the scale of achievable energy efficiency improvement with current technologies, which McKinsey estimates at around 15-20% of present energy consumption on average globally.
C. Increasing the share of scrap-based production in total production and decarbonising scrap-based production. It is technically possible to produce zero-carbon scrap-based steel today if the electricity input to the EAF is zero-carbon. To achieve increased steel recycling, however, two major problems must be overcome: (1) better collection of scrap steel (85% currently, but varying from 50% for structural reinforcement steel to 97% for industrial equipment), (2) limiting the contamination of steel by other materials (in particular copper) during demolition to avoid the “downcycling” problem (i.e. recycled steel is typically lower-quality and lower-value than the steel from which it originally came, which limits the ability to use it for different alloy categories). If these problems could be overcome, scrap-based production could reach 48% of total production by 2050, bringing down virgin production – and potentially carbon emissions – by about 20% compared with baseline levels. 
E. Decarbonising ore-based steel production. Ore-based steel production could be fully decarbonised in 4 ways, which are at different stages of development (see Exhibit 1):
(i) Reducing iron ore directly by electrolysis;
(ii) Using hydrogen as the reduction agent in a DRI-EAF (instead of natural gas);
(iii) Using different forms of carbon capture and storage/use in BF-BOF;
(iv) Using biomass in BF-BOF – however, this solution is unlikely to be scalable, except in specific locations with large sustainable biomass resources, due to scarce sustainable biomass resources.
2.2 The most cost-competitive option will most likely vary by location, in line with (significant) differences in the local prices of renewable electricity, and both the technical feasibility and political acceptability of CCS. Exhibit 2 shows that availability of cheap renewable electricity (below USD 40 per MWh) will make the hydrogen option more cost-competitive than the CCS option[footnoteRef:9]. [9:  Electrolysis is not considered in this trade-off graph, as it is at an earlier stage of development and related production costs are uncertain.] 

2.3 Exhibit 2 also shows that, in the foreseeable future, zero-carbon virgin steel production will remain more expensive than the high-carbon alternative (see point 3.1).
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3. STATUS: What is preventing the decarbonisation of steel?
Given the internationally-traded nature of steel and the cost differential between zero-carbon and high-carbon virgin production processes, it is impossible for any given player to engage in the decarbonisation of virgin production without losing to competitors, unless policy measures create a level playing field and/or a differentiated market for zero-carbon steel is created.
3.1 Zero-emissions virgin steel will be technically feasible by the 2030s, but will not be cost-competitive relative to conventional production techniques. At the intermediate product level, decarbonisation could add between 20-50% (with the range reflecting different production routes and the fact that cost will vary from location to location depending on local resource prices) on the price of a tonne of bulk steel (USD 100-200 on a tonne of steel currently sold at USD 400-600). However, this impact could be proportionally much lower for speciality steel (an additional USD 200 on a tonne of specialty steel currently sold at USD 2000 would represent a 10% increase only). And the impact on end consumer products made of steel are likely to be relatively modest (e.g. approx. +1% on retail price of a new car based on ETC estimates).
3.2 By contrast, zero-carbon scrap-based steel is technically feasible today and increasingly so at no extra cost, as renewable power is increasingly cost-competitive with fossil fuel-based generation. However, its growth is limited by scrap availability and quality. If applied today, measures encouraging a shift to zero-carbon steel will first benefit low-carbon scrap-based production.




3.3 Given the international nature of the steel market, steel producers could be severely disadvantaged if new policy requirements related to decarbonisation of virgin production did not apply equally to both domestic and international competitors. The key challenge in steel decarbonisation is therefore how to deal with the industrial competitiveness problem at the commodity price level. International policy coordination would be ideal (possibly in the form of an internationally agreed carbon price). However, in the absence of an international agreement, protective/supportive regional policy interventions and/or the creation of a differentiated market will be essential to drive progress.
3.4 The global stock of existing capacity presents an additional challenge. Despite recent efforts to decommission underutilised assets, the steel industry still suffers from overcapacity, and this situation is not likely to improve in the next decades as steel demand within China decreases. With the exception of Europe (see point 5.2), many BF-BOF facilities have also been constructed in the past 10–20 years. Producers are therefore generally not anticipating substantial greenfield investments in coming years. 
· There will therefore be a clear need to develop CCS retrofitting of brownfield assets. However, the most effective capture technologies (e.g. top gas recycling) require deep process re-design that limit their application to brownfield sites.
· In this context, there will likely be stranded assets in the steel sector. The crucial question for policymakers is therefore who will bear the cost of the early closure of those assets – and the necessary just transition for workers and communities.

4. EMERGENCE: What is the critical minimum scale needed to shift the market? 
The minimum size of a new greenfield integrated virgin steel production facility is typically >2 Mt per annum. About 500 zero-carbon integrated virgin steel production facilities of 2-4 Mt per annum would be required to meet a total global virgin steel demand of 1000-1500 Mt by mid-century.
4.1 340Mt per annum are already produced via a scrap-based route and could in principle be decarbonised as soon as the early 2020s. These volumes, however, are currently lower-quality than virgin steel and channelled primarily to the construction market.
4.2 Various projects are underway around the world to develop low-CO2 virgin steel production processes, with initial pilot plants planned for the early-to-mid 2020s and industrial-scale pilot plants in the late 2020s/early 2030s. To date, projects are concentrated in the EU and Japan (HYBRIT, SALCOS, GrinHy, H2Future, VERBUND, Σiderwin, Boston Metal, HIsarna, DRI w. CCUS, Chemicals from WAG, COURSE50). They benefit from public innovation support.
4.3 The minimum size of a new greenfield integrated steel production facility is typically >2 Mt per annum. A market of ~20Mt per annum would be required in the early 2030s to sell the output of the first 10 industrial-scale pilot plants using different zero-carbon technologies.
4.4 If the world is to build 500 zero-carbon integrated virgin steel production facilities of 2-4 Mt pa between 2030 and 2050 to achieve a fully decarbonised steel sector, an intermediary target of 200 facilities by 2040, representing roughly 600Mt pa, could theoretically make sense.


5. DIFFUSION: Where can this initial scale-up happen?
Initial markets can potentially be found (i) in the public infrastructure sector for zero-carbon scrap-based steel and (ii) in the automotive and industrial equipment sectors for zero-carbon virgin steel. The situation of overcapacity globally is unfavourable to new investment, but the lifecycle of existing European assets could represent an opportunity.
5.1 The building and infrastructure sectors currently represent more than 50% of global demand (~870 Mt). There are highly fragmented and primarily use lower quality ‘long steel’ (such as beams and rods), sold on local markets, which can come from a scrap-based route. Public procurement of infrastructure and buildings accounts for a large share of the construction sector (e.g. 40% in the UK). A shift in public procurement practices to encourage the use of zero-carbon steel in construction could therefore be a powerful tool to accelerate the full decarbonisation of the scrap-based route, although it might be more difficult to put in place in fast-urbanising countries with lower capacity to absorb cost premia.
5.2 Other significant demand sectors include automotive 12%; metal products 11%; mechanical equipment 15%; other transport 5%; domestic appliances 3%; electrical equipment 3%[footnoteRef:10]. These markets usually require ‘flat steel’, which is of higher quality, generally produced through an iron-based route, and tends to be traded globally. [10:  https://www.worldsteel.org/en/dam/jcr:ab8be93e-1d2f-4215-9143-4eba6808bf03/20190207_steelFacts.pdf] 

5.3 Two market segments potentially present a more favourable environment to create an initial demand for low-carbon steel (either through voluntary commitments or through regulations): (i) the automotive sector, because this sector is relatively concentrated and the share of steel in the end consumer price of the product is very limited (~1%), (ii) the energy sector, in particular the renewable energy manufacturing sector, because energy companies are particularly scrutinised by investors and customers with regards to their lifecycle emissions.
5.4 Reaching a production volume of 2 Mt pa (equivalent to the output of one integrated steel production facility) would equate to:
· Automotive: the steel content of 16% of European LDV sales, or the advanced high-strength steels content of 45% of European LDV sales;
· Renewable energy manufacturing: 14,000 wind turbines (8 MW nameplate capacity);
· Fossil fuels sector: 8 FLNG platforms, or 7,000 miles of gas pipeline (30-inch diameter).
5.5 In practice, a larger proportion of each of those markets would have to signal appetite to buy green steel, given that a given steel buyer generally uses a range of different steel products, coming from different production facilities, which would not uniformly shift to zero-carbon processes.
5.6 Developing a market of ~20 Mt per annum for the first 10 industrial-scale pilot plants is therefore likely to require the mobilisation of more than one demand sector.




5.7 While global BF-BOF overcapacity means it will be difficult to incentivise new investments, 70% of the EU’s operating blast furnace capacity is older than 35 years[footnoteRef:11]. Assuming a normal technical lifetime of about 45-50 years, this capacity is likely to undergo significant investment in the next 10 years. In parallel, around 60% of EAFs in the EU will have reached the end of their expected lifespan of 25-30 years during the next 5-10 years. The investment cycle could therefore be more favourable to new zero-carbon investments in Europe. [11:  Stahlinstitut VDEh (2015): “PlantFacts Database” (commercial), Düsseldorf] 

5.8 In the short term, the most promising opportunity to create an initial market would therefore be the European automotive industry (15 million LDV sales in 2016). BNEF estimates that, by 2030, EVs will make up about 40% of car sales in Europe. If all these EVs were produced with zero-carbon steel, this could provide a market to 2-3 industrial-scale commercial plants. If the whole European car market was to use zero-carbon steel, this could provide a market to 6-7 industrial-scale commercial plants.
5.9 By comparison, the Chinese LDV market is currently ~21 million LDV sales per annum and the EV market is expected to boom by 2025 (target of 35 million vehicle sales per annum), potentially representing a significant market for zero-carbon steel. However, the overcapacity issue in the Chinese steel sector could slow down investments in new production technologies. The other two biggest passenger car markets after China and Europe are the US (7.7 million) and Japan (4.4 million).

6. RECONFIGURATION: What actions could be taken and by whom?
In the short term, 4 major types of action could be pursued to unlock an initial market for zero-carbon steel: (i) continued innovation support, (ii) shift public infrastructure procurement, (iii) develop a coalition of buyers from the automotive or energy industry, (iv) integrate zero-carbon steel in the EU regulation on lifecycle emissions of cars and buildings. In the longer term, some form of carbon pricing or emissions standard on steel production (either internationally agreed or combined with border tax adjustments) will be essential to expand the market. 
6.1 In the short term, supply-side support should take the form of access to low-cost financing for increasing scales of demonstration. This can include lower emissions pathways in the short term but should be rapidly focused on sole support for net-zero routes. A range of technology options – including hydrogen reduction and CCS – have been demonstrated in proof of concept and have moved to small-scale pilot plants. The focus should now be on demonstrating these technologies at industrial scale.
6.2 A coalition of major governments and cities (for instance via the C40) could jointly commit to procurement of zero-carbon steel for public infrastructure and buildings, which could drive the decarbonisation of scrap-based steel and incentivise a shift from high-carbon virgin production to low-carbon scrap-based production as early as the 2020s. Based on exchanges with the World Green Building Council, we believe that such discussions have recently started (encompassing multiple construction materials, including cement).


6.3 In the absence of internationally-agreed policy incentives, differentiated markets must be established to support the increased costs faced by producers. Collaboration between producers and buyers would enable to shift from commodity steel to differentiated premium products. A coalition of buyers – first option being from the automotive sector (possibly focused on high-end cars and EVs), second option being from the energy sector – could commit to purchasing zero-carbon steel at a premium price in the early 2030s, which would create greater certainty on the potential minimum scale of demand for initial industrial-scale plants. This voluntary scheme would be motivated by lifecycle carbon commitments and/or reputational considerations. It could contribute to the co-development of low-emissions advanced high strength steels (AHSS).
6.4 Initial discussions between steel producers and steel buyers with regards to voluntary purchase commitments are currently happening at the level of ResponsibleSteel (although the ResponsibleSteel standard is not a zero-carbon steel standard, but only a first step in that direction). The ETC, in partnership with WEF, is in the process of setting up a “zero-carbon steel initiative”, which will aim to pursue that discussion, in collaboration with ResponsibleSteel, and expand it towards a zero-carbon agenda.
6.5 However, given the limits of a voluntary scheme (scale limited to market segments where premium price can be absorbed without threatening competitiveness), going beyond it and creating markets at scale through regulation will be essential to scale-up the market. Regional regulation of lifecycle emissions of end consumer products is a good way to circumvent the competitiveness issue that regulation of supply would create. At present, EU automotive and fuels regulation presents the most concrete opportunity. By 2023, the EC will evaluate a common methodology for the assessment and reporting of the full lifecycle CO2 emissions of LDVs and LCVs[footnoteRef:12]. If the whole European car market was to use zero-carbon steel, this could provide a market to 6-7 industrial-scale commercial plants. Given the importance of EU automotive and fuel standard regulations in shaping global standards, the EU would also have the opportunity to shape the global market through such an intervention. [12:  https://ec.europa.eu/clima/policies/transport/vehicles/regulation_en] 

6.6 This logic could potentially be replicated to other steel-based products, in particular in the buildings industry. The application of lifecycle regulations to new builds in developed economies could create an initial scale, contributing to cost reduction of zero-carbon cement. However, the bulk of urbanisation will happen in developing countries over the next decades, where (i) there is lower stock of scrap steel so more limited opportunities to rely on cheaper scrap-based production, (ii) on a per capita basis, the cost premium of virgin green steel is likely to be an intractable problem, (iii) enforcement of buildings standards is lower.
6.7 However, the fragmentation of the steel-using markets will make it difficult to incentivise full decarbonisation of steel through demand-side regulation only. Supply-side measures will therefore be required in the longer term. These would ideally be internationally-agreed. But, in the absence of international agreement, carbon border tax adjustments would be required to protect first-movers that cannot benefit from a differentiated market. Ideally, a coalition of countries with similar goals, representing a critical share of global production, could jointly coalesce around this policy framework. A bilateral agreement between the EU and India would for instance cover 20% of current global steel production. An agreement with China would be decisive given their share of global steel production.
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