



Abstract 
This proposal aims to investigate how Electric Arc Furnace (EAF) steelmaking reduces carbon dioxide (CO₂) emissions per tonne compared with traditional Blast Furnace (BF) steel production, and to evaluate the implications for the UK construction industry and national decarbonisation targets. The research will examine the fundamental differences between EAF and BF processes, particularly focusing on energy sources, raw material inputs, and associated emission intensities. EAF technology, which primarily utilises recycled steel and electricity, has the potential to significantly lower emissions, especially when powered by renewable energy sources, unlike BF methods that rely heavily on coke and iron ore.
The study will further explore how increased adoption of EAF steel could influence material supply chains, costs, and sustainability practices within the UK construction sector. Consideration will also be given to potential challenges, including electricity demand, scrap availability, and infrastructure requirements. Finally, the research will assess how transitioning towards EAF steel production can contribute to the UK government’s commitment to achieving net zero emissions by 2050. By identifying both opportunities and barriers, this study aims to provide a comprehensive understanding of EAF steelmaking as a key strategy in reducing industrial carbon emissions.
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	Abbreviation
	Description

	EAF
	Electric Arc Furnace 

	BF
	Blast Furnace 

	CO2
	Carbon Dioxide 

	DRI
	Direct Reduced Iron

	UK
	United Kingdom

	CCS
	carbon capture and storage
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In this research proposal, I will investigate how electric arc furnace steelmaking reduces carbon dioxide emissions per tonne when compared with traditional blast furnace steel production methods. This study will examine the fundamental differences between the two processes, including their reliance on raw materials, energy sources, and production techniques. This is to understand why EAF steelmaking is generally considered a more environmentally sustainable alternative, I will give particular attention to the role of recycled steel scrap in EAF processes and the potential for further emissions reduction when electricity is sourced from renewable energy. In contrast, the carbon-intensive nature of BF steelmaking, which depends heavily on iron ore, will be analysed to highlight the scale of emissions reductions that could be achieved through industry transition.
Furthermore, this research will explore the wider implications of increased EAF adoption on the UK construction industry, which is a major consumer of steel. This will include consideration of how supply chains may need to adapt, the potential economic impacts such as cost fluctuations and investment requirements, and how sustainability targets within construction projects may be influenced. The study will also assess the feasibility of large-scale implementation, considering current limitations such as electricity demand, scrap availability, and existing infrastructure.
In addition, the research will evaluate the extent to which a shift towards EAF steel production could contribute to the UK government’s legally binding commitment to achieving net zero greenhouse gas emissions by 2050. This will involve analysing current policy frameworks, industry targets, and projected emissions reductions within the steel sector. To support this investigation, I have conducted initial background research using a range of academic literature, professional studies, industry reports, and reliable online sources to establish a strong foundational understanding of the topic.
Building on this preliminary research, I will identify gaps, inconsistencies and limitations within existing studies and outline how these can be addressed through more detailed and focused investigation. A clear and structured research methodology will be developed, incorporating appropriate data collection and analysis techniques. Additionally, I will produce a comprehensive timeline that outlines each stage of the research process, ensuring that the project remains organised and achievable within the given timeframe. Expected findings will also be considered, allowing me to anticipate potential outcomes and their significance. This structured approach will enable me to effectively meet the aims and objectives of the study while producing a well-informed and critical analysis of the topic.
[bookmark: _Toc227573940]Current Research 
Blast Furnace Production
Steel production using the blast furnace method remains the dominant option of primary steelmaking worldwide and involves a series of energy intensive steps. The steek is made using coke, iron ore, sinter and limestone, this is mixed with hot air blasted at 1000 °C, as the coke reduces the temperatures raise to 2000°C which creates the gases to reduce the iron bearing metal down to molten metal. The molten metal is then mixed with limestone to make slag, slag then floats above the metal which can be removed (admin, 2025). 
Blast furnace steel production’s process energy consumption accounts for more than fifty percent of the total energy consumption of steel production (info@dbmsteel.com, 2025). There are two main applications of blast furnace gas which are used for excessive pressure and chemical heat, both of which are essential for BF steel production however this uses a lot of energy and gives off a lot of greenhouse gas emissions (Team, 2024). 
Electric Arc Furnace Production 
Electric arc steel is produced using recycled scrap steel which goes into an electric arc furnace, this is powered using renewable energy such as wind turbines and solar panels. The electric arc furnace then melts the scrap metal using a powerful electric arc generated between electrodes and the raw materials, oxygen is then used to purify the metal. The metal is then refined using chemical reactions and degassing; the energy for this also comes from renewable energy sources. This turns the material into molten metal and is then casted in to steel slabs and rolled ready for construction use (Electric arc furnace, n.d.)
Electric arc furnace can run solely on renewable energy sources such as wind, solar and hydroelectric plants rather than typical methods of blast furnaces such as direct combustion of fossil fuels. EAF require a high energy demand and needs a stable renewable energy grid for this to operate fully, as battery storage and renewable energy grid management improve this will also improve the feasibility of 100 percent renewable steel production which aligns with the UK government’s target of Net Zero by 2050 (Sustainability Directory, 2026).
UK Steel production 
From a report in July 2022, the UK produces 7 million tonnes of steel per year mainly at their two blast furnaces in Scunthorpe and Port Talbot which between them produces 6 million tonnes worth of steel each year with the remaining steel production coming from electric arc furnaces located in the Sheffield region, Cardiff as well as from many other downstream manufacturing facilities situated across the UK. This produces around 11.6 million tonnes of CO₂ with 96% of this coming from the Scunthorpe and Port Talbot blast furnaces (NET ZERO STEEL, 2022). 
The Port Talbot blast furnace has already been closed with it being replaced with less carbon-intensive electric arc furnaces, British steel also planned to replace its blast furnaces in Scunthorpe by 2025 and replace them with a single electric arc furnace with an additional one in Teesside however there are still ongoing negotiations for this transition (Hutton, 2025).
UK Governments Net Zero Policy 
The UK has a legally binding target to reach net zero greenhouse gas emissions by 2050, meaning any emissions produced must be balanced by removals (e.g. forests or carbon capture)
To achieve this, the government has developed a broad strategy (mainly the Net Zero Strategy: Build Back Greener, 2021) covering all sectors of the economy (HM Government, 2021).
British Steel are working towards a phased reduction of CO₂ emissions in steel production by 2050 BCSA (N.D), they believe an 80% reduction in emissions intensity can be achieved by 2035 by electrification technologies, grid decarbonisation and ongoing investment in to energy efficiency and carbon reduction projects (NET ZERO STEEL, 2022).

[bookmark: _Hlk226979563]Blast Furnace vs Electric Arc CO₂ emissions comparison.
In a report on Steel Radar it states the following, blast furnace steel production remains the dominant method globally, accounting for approximately 71% of total steel output in 2023. This process is highly carbon-intensive, emitting around 2.33 tonnes of CO₂ for every tonne of steel produced due to its reliance on coke and iron ore reduction. In contrast, electric arc furnace (EAF) production represents about 28.6% of global steel manufacturing and is generally less emissions-intensive, particularly when powered by low-carbon electricity (Steel Radar, 2019).
Further reductions in carbon emissions can be achieved through alternative production methods such as direct reduced iron (DRI). On average, steel produced using DRI results in approximately 1.37 tonnes of CO₂ per tonne of steel, significantly lower than traditional blast furnace methods. Moreover, when a full scrap-based approach is used within EAF systems, emissions can be reduced even further to around 0.68 tonnes of CO₂ per tonne of steel. This highlights the substantial potential for decarbonisation within the steel industry through increased adoption of scrap recycling and low-carbon technologies (Steel Radar, 2019).
However, on a report produced by Pollution. Sustainability it states that Blast furnace produces between 1.8 to 2.2 tonnes of CO2 for every tonne of steel and in contrast, electric arc furnace produces between 0.3 to 0.6 tonnes of CO2 per tonne of steel (Sustainability Directory, 2026). 
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After examining the studies, it is clear that there is a considerable difference in carbon dioxide emissions per tonne of steel produced when blast furnace and electric arc furnace EAF technologies are used in the UK. In general, EAF manufacturing emits significantly less, particularly when driven by low-carbon electricity, underlining its potential involvement in decarbonisation efforts. However, some significant gaps remain in the current studies that require more inquiry to provide a more whole evaluation.
Firstly, there is a lack of thorough analysis of the cost differences between blast furnace and EAF steel production. This includes ongoing operating costs, particularly those associated with raw material inputs and electricity prices, as well as investment costs for infrastructure transformations. Second, the study does not thoroughly examine the kinds of structural sections and steel products that are already produced or could be produced in the UK using EAF technology. This is important because the industry's adoption of EAF steel may be impacted by its applicability for different construction applications. 
Furthermore, the availability and constraints of scrap steel; the main feedstock for EAF production, are unknown. There are also concerns about material quality and contamination, as well as the degree to which scrap supply can satisfy future demand are important topics that need to be investigated. Furthermore, there is little talk of upcoming developments that could lessen the environmental impact of both blast furnace and EAF technologies, even though they both now create emissions. These include developments like the use of hydrogen-based direct reduced iron (DRI) in conjunction with EAF systems and carbon capture and storage (CCS) for blast furnaces. A comparative analysis of these improvements is necessary to determine how the emissions gap between the two methods may change over time.
Building on this, it is important to explore whether a full transition to EAF-based steel production in the UK would have a positive impact on the construction industry, particularly in terms of product lead times, cost competitiveness, and overall sustainability. Such a transition would also need to be considered in the context of supply chain resilience and the capacity of the UK’s energy infrastructure.
Finally, further research will be conducted to assess how a shift towards lower-carbon steel production methods would contribute to the UK government’s legally binding target of achieving net zero greenhouse gas emissions by 2050. This will help determine the extent to which changes in the steel industry can support broader national decarbonisation goals.
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To address the gaps identified, this research will adopt a more critical and evidence-based approach, focusing not only on environmental performance but also on economic and practical feasibility.
Firstly, a comparative cost analysis will be undertaken using industry data from organisations such as British Steel and Tata Steel, with particular attention to whether lower emissions from electric arc furnaces (EAF) translate into genuine economic advantages when factors such as electricity prices and capital investment are considered.
Secondly, the research will critically assess the assumption that EAF can fully replace blast furnace production by examining the range and quality of steel sections that can be produced, and whether these meet the demands of the UK construction sector. This will be supported by an evaluation of scrap steel availability, questioning whether supply constraints and material quality could limit large-scale adoption.
In addition, emerging technologies such as hydrogen-based steelmaking and carbon capture will be analysed to determine whether improvements to blast furnace systems could narrow the emissions gap, rather than assuming EAF as the only viable low-carbon solution. Reference will be made to developments such as the HYBRIT project to support this comparison.
Finally, the research will evaluate whether a transition to EAF production would deliver meaningful benefits to the UK construction industry in terms of cost, lead times, and sustainability, while also assessing its realistic contribution towards achieving the UK’s net zero target. This ensures the analysis moves beyond theoretical advantages to consider real-world limitations and trade-offs.

[bookmark: _Toc227573943]Research Design and Methodology
[bookmark: _Toc227573944]Research Design
This research will adopt a mixed-methods design, integrating both quantitative and qualitative approaches to enable a comprehensive and critical evaluation of steel production methods in the UK. This approach is justified by the complexity of the research problem, which cannot be adequately addressed through a single method. While quantitative data such as CO₂ emissions, cost per tonne, and energy consumption provides measurable indicators of performance, it does not capture the broader economic, industrial, and policy-related constraints that influence the feasibility of moving from blast furnace to EAF production.
Equally, a purely qualitative approach would risk being too descriptive. Therefore, the integration of both approaches allows me to prepare a more balanced analysis, enabling the research to more than a comparison and will allow me to evaluate the practical viability, limitations, and trade-offs associated with each method. This is particularly important given that the transition to low-carbon steel production is not solely a technical challenge, but also an economic and infrastructural one.
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The research will rely primarily on secondary data collection, drawing from a wide range of credible and authoritative sources. These will include sources such as Industry reports and technical publications from organisations such as British Steel and Tata Steel, UK government policy documents, including net zero strategies and industrial decarbonisation plans, peer-reviewed academic journals and engineering research papers and reports from independent bodies and industry groups.
A key strength of using secondary data is the ability to access up to date data and industry insights that would be difficult to obtain through primary research alone. However, this approach also introduces potential limitations, particularly in relation to bias and reliability. For example, industry reports may present data in a way that supports that organisation’s own agenda. To address this, the research will adopt a more strategic approach, cross-referencing multiple sources to validate key findings and ensure greater accuracy.
In addition, case study analysis will be used to examine real-world examples of steel production transitions within the UK. This will help bridge the gap between theoretical data and practical implementation, this will allow for a better evaluation of feasibility. Where possible, I will input limited primary data collection such as questionnaires or informal interviews with professionals in the construction or engineering sectors. This would provide insight into industry perceptions of EAF steel in terms of cost, quality, and availability, although time and access constraints may limit the scope of this element.
In order to obtain in-depth information about a variety of steel suppliers' and industry professionals' present viewpoints as well as their expectations and projections regarding the research subject, I will also attempt to create and distribute a thorough questionnaire.
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A sampling strategy will be employed to ensure that all selected data is directly relevant to the research objectives. This involves deliberately selecting sources that provide high-quality, focused information on steel production methods, emissions, costs, and UK-specific industrial conditions.
The sampling I will be focuses on are-
Major UK steel producers and stakeholders
Government and policy-related documents
Peer-reviewed academic and technical sources
Key case studies of blast furnace and electric arc furnace operations
This approach benefits the research with bringing depth and relevance to the research but may reduce applicability, as it excludes less directly related perspectives. Additionally, there is a risk of selection bias, where the person conducting the research may favour sources that align with initial assumptions. To mitigate this, the research will include a range of perspectives, including those that challenge the viability of EAF adoption or highlight the continued relevance of blast furnace technologies.
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Quantitative data will be analysed using comparative analysis to identify differences in emissions, cost efficiency, and energy use between blast furnace and EAF steel production. However, rather than showing these findings in words, the analysis will critically evaluate their significance in the context of real-world constraints. For example, while EAF production may demonstrate lower emissions per tonne, this advantage will be assessed in relation to factors such as electricity pricing, grid carbon intensity, and infrastructure capacity.
Qualitative data will be analysed using a critical approach, identifying key themes such as:
Economic feasibility and cost competitiveness
Material limitations, including scrap availability and quality.
Technological developments, including hydrogen-based steelmaking and carbon capture.
Implications for the UK construction industry
The research will place particular emphasis on identifying trade-offs, uncertainties, and limitations, rather than presenting a simplified conclusion. For instance, the analysis will consider whether the environmental benefits of EAF production are offset by economic or logistical challenges, and whether improvements to blast furnace technology could reduce the relative advantage of EAF systems over time.
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Even though secondary data is the main source of the research, ethical issues are still important. To preserve academic integrity and prevent plagiarism, all sources shall be properly cited and referenced. When gathering primary data, participants will be fully told about the goal of the study and given the opportunity to give their informed permission. Data will be managed in compliance with applicable data protection regulations, and confidentiality and anonymity will be preserved.
In addition, the research will adopt a critical approach to the use of data, recognising potential biases in industry and policy sources. This is particularly important in a field where commercial and political interests may influence how information is presented. By acknowledging these limitations, the research aims to produce a more balanced and objective analysis.


[bookmark: _Toc227573949]Timeline
Detailed Timeline of Research Activities
	Weeks 1–2
	Conduct literature review and identify key academic, industry, and policy sources that I will use for the research 

	Weeks 3–4
	Collect and organise quantitative data (emissions, costs, energy use) and qualitative data (industry perspectives, policy context)

	Week 5
	Undertake detailed case study analysis of UK steel production and transition strategies

	Week 6
	Investigate emerging technologies, including hydrogen-based steelmaking and carbon capture, and assess their potential impact. Send out questionnaire to steel suppliers/producers.

	Week 7
	Perform data analysis, including comparative evaluation and synthesis of findings

	Week 8
	Draft the main body of the research, focusing on critical discussion and evaluation

	Week 9
	Review, refine, and edit the final report, ensuring clarity, coherence, and academic quality

	Week 10
	Submit my research



This timeline is designed to ensure that sufficient time is allocated not only for data collection, but also for in-depth analysis and critical reflection, which are essential for achieving a high level of academic performance.
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Potential Findings
The research is expected to demonstrate that electric arc furnace (EAF) steel production offers significantly lower direct CO₂ emissions compared to traditional blast furnace methods, particularly when supported by a low-carbon electricity grid. However, this environmental advantage is likely to be conditional rather than absolute, as it depends heavily on external factors such as energy pricing, grid decarbonisation, and the availability of high-quality scrap steel.
It is also anticipated that the findings will highlight significant constraints to large-scale EAF adoption, including limitations in scrap supply, potential quality issues, and the substantial infrastructure investment required to support increased electricity demand. Furthermore, the research may indicate that blast furnace production, when combined with technologies such as carbon capture and storage, could remain a viable component of the steel industry in the short to medium term.
Overall, the study is expected to show that the transition to low-carbon steel production in the UK is complex and multi-faceted, requiring a combination of technological solutions rather than a single replacement pathway. The findings will critically assess the extent to which a shift towards EAF production can realistically support the UK’s net zero target, while also maintaining economic competitiveness and meeting the demands of the construction sector. This will challenge simplistic assumptions and provide a more nuanced understanding of the trade-offs involved in decarbonising steel production.
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