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1. Introduction 

Green steel refers to steel that is produced using environmentally friendly and sustainable methods, with 

minimized carbon emissions and reduced environmental impact throughout its lifecycle. It is a term used to 

describe steelmaking processes and practices that prioritize environmental sustainability and contribute to the 

global effort to combat climate change. Green steel aims to address the environmental challenges associated with 

traditional steel production and promote a more sustainable and low-carbon steel industry. Steelmaking is a 

crucial industrial process that plays a vital role in the development of modern societies. Steel, with its exceptional 

strength, versatility, and durability, has become an essential material in various sectors, including construction, 

automotive, manufacturing, and infrastructure [1-6]. The steelmaking process encompasses a series of 

fundamental steps that transform raw materials into high-quality steel. The steelmaking process begins with the 

selection and preparation of raw materials. The primary inputs include iron ore, coal, and limestone. Iron ore 

serves as the principal source of iron, while coal provides the necessary carbon content for steel production. 

Limestone acts as a fluxing agent, aiding in the removal of impurities during the process. These raw materials are 

carefully chosen and blended to achieve the desired chemical composition in the final steel product. Ironmaking, 

the first stage of steel production, involves the conversion of iron ore into molten iron. This is typically achieved 

through two main processes: the blast furnace route and the direct reduction route. In the blast furnace route, 
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iron ore, coke (derived from coal), and limestone are fed into a furnace, where intense heat and reducing agents 

convert the iron ore into liquid iron. On the other hand, the direct reduction route employs natural gas or other 

reducing agents to extract iron from iron ore without the use of coke. Once molten iron is obtained, it is further 

processed to remove impurities and adjust its composition to create steel. There are two primary methods for 

steelmaking: the basic oxygen furnace (BOF) process and the electric arc furnace (EAF) process. The BOF 

process involves blowing oxygen into the molten iron to remove impurities, such as carbon, silicon, and 

phosphorus. This is achieved by a chemical reaction that oxidizes these elements and forms gaseous byproducts. 

The addition of scrap steel further enhances the quality and desired composition of the steel. The BOF process 

is commonly used for large-scale production of steel, particularly in integrated steel plants. The EAF process 

utilizes an electric arc generated by graphite electrodes to melt the scrap steel. Unlike the BOF process, which 

relies on iron ore as the primary raw material, the EAF process mainly utilizes recycled steel. The electric arc 

provides the necessary heat to melt the scrap, and the composition of the steel can be adjusted by adding various 

alloys and fluxes. The EAF process is more flexible, efficient, and environmentally friendly, making it suitable 

for smaller-scale steel production or for specialized steel grades. After the steel has been produced using either 

the BOF or EAF process, it undergoes further refining to ensure the desired properties and quality. Refining 

processes such as ladle metallurgy, vacuum degassing, and secondary refining techniques are employed to remove 

impurities, adjust the composition, and control the temperature of the molten steel. Once the steel is refined, it 

is cast into various shapes and forms, such as slabs, blooms, or billets, depending on its intended use. The final 

stage of the steelmaking process involves various finishing treatments to enhance the steel's properties and meet 

specific customer requirements. These treatments include heat treatment, rolling, forging, coating, and surface 

finishing. Heat treatment processes, such as quenching and tempering, can improve the steel's hardness, strength, 

and ductility. Rolling, forging, and shaping operations convert the cast steel [5]. 

2. Carbon Capture 

Carbon capture from coal facilities has been an area of ongoing research and development, but its 

widespread implementation and commercial deployment still face significant challenges. Various carbon capture 

technologies have been developed and tested for coal facilities. The most commonly studied methods include 

post-combustion capture, pre-combustion capture, and oxy-fuel combustion. Post-combustion Capture method 

involves capturing CO2 emissions from flue gases after coal combustion. It typically employs solvent-based 

processes, such as amine scrubbing, to selectively capture CO2. Post-combustion capture technologies have been 

demonstrated at a small scale in pilot projects, but there are concerns about the high energy requirements and 

associated costs. Pre-combustion Capture: In this approach, coal is gasified to produce a syngas (a mixture of 

hydrogen and carbon monoxide), which is then converted into electricity and other products. The CO2 is 

separated from the syngas before combustion, making capture more efficient. Pre-combustion capture is 

considered promising but requires additional infrastructure and cost considerations. Oxy-fuel combustion 

involves burning coal in an oxygen-rich atmosphere, resulting in a flue gas predominantly composed of CO2 and 

water vapor. The water vapor is condensed, leaving behind a concentrated stream of CO2 for capture. Oxy-fuel 

combustion is still in the experimental stage, and challenges include high capital costs, energy penalties, and the 

need for oxygen separation [2-8]. 

Despite advancements in carbon capture technologies, several challenges hinder their widespread 

implementation in coal facilities. Carbon capture, utilization, and storage (CCUS) technologies can be expensive 

to implement and operate, adding significant capital and operational costs to coal-fired power plants. The high 

costs associated with CO2 capture, transportation, and storage infrastructure have hindered the large-scale 

deployment of these technologies. Carbon capture processes require energy for operation, resulting in a 

reduction in the net output of power plants. The energy penalty can range from 10% to 40% depending on the 

technology used. This reduced efficiency raises concerns about the economic viability and overall environmental 

impact of carbon capture systems. Captured CO2 needs to be stored or utilized effectively to prevent its release 

into the atmosphere. Large-scale deployment of CO2 storage infrastructure, such as geological storage in depleted 

oil and gas reservoirs or deep saline formations, still faces regulatory, legal, and public acceptance challenges. 

Additionally, the development of viable CO2 utilization technologies, such as enhanced oil recovery or 

conversion into valuable products, is still in progress. The lack of consistent and robust policies and regulations 

supporting the deployment of carbon capture technologies has been a significant barrier. The absence of a carbon 

pricing mechanism or financial incentives for CO2 capture has limited the commercial viability of these 

technologies. 
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It is important to note that the field of carbon capture and storage is constantly evolving, and advancements 

continue to be made. It is advisable to consult the latest research and developments to obtain the most up-to-date 

information on the current status of CO2 capture from coal facilities [2-9]. 

3. Green Steelmaking Process 

In recent years, there has been a growing global focus on transitioning towards a sustainable and low-carbon 

economy. This shift has prompted the steel industry, one of the largest contributors to greenhouse gas emissions, 

to explore greener alternatives in the steelmaking process. Green steelmaking aims to reduce environmental 

impact, conserve resources, and mitigate climate change by adopting innovative technologies and practices. This 

work delves into the concept of green steelmaking, highlighting its significance and exploring various strategies 

and technologies employed to achieve sustainable steel production. Figure 1 shows the CO2 emissions from 

heavy industries that can be reduced with green practices like manufacturing green steel. Renewable Energy 

Integration: One of the key aspects of green steelmaking is the integration of renewable energy sources into the 

steel production process. Traditional steelmaking heavily relies on fossil fuels, primarily coal, for energy-intensive 

processes such as iron ore reduction and steel melting. By transitioning to renewable energy sources such as wind, 

solar, or hydropower, steelmakers can significantly reduce their carbon footprint and dependency on fossil fuels. 

Renewable energy integration not only minimizes greenhouse gas emissions but also contributes to the overall 

decarbonization of the steel industry. Carbon Capture, Utilization, and Storage (CCUS): The implementation of 

carbon capture technologies plays a crucial role in green steelmaking. CCUS involves capturing CO2 emissions 

from steelmaking processes and either storing it permanently or utilizing it for other purposes. Capturing CO2 

prevents its release into the atmosphere, reducing the industry's carbon footprint. The stored CO2 can be 

sequestered underground in geological formations or repurposed for enhanced oil recovery or the production of 

valuable products. CCUS technologies are vital in achieving carbon neutrality in the steel industry and facilitating 

the transition to a greener future[7-10]. 

Circular Economy and Recycling: Green steelmaking embraces the principles of the circular economy by 

promoting the recycling and reuse of materials. Steel is highly recyclable, and the use of recycled scrap in the 

production process significantly reduces energy consumption and raw material extraction. Through efficient 

collection, sorting, and processing of scrap steel, the industry can minimize waste generation and conserve natural 

resources. Additionally, byproducts and waste materials from steelmaking, such as slag and sludge, can be utilized 

in various applications, including construction materials and cement production, further reducing environmental 

impact. Green steelmaking involves the adoption of innovative technologies that minimize emissions and 

enhance energy efficiency. Some notable technologies and processes include: Hydrogen, a clean energy carrier, 

can replace fossil fuels in the reduction of iron ore, resulting in the production of "green" or "hydrogen-based" 

steel. Hydrogen-based direct reduction processes, such as the use of hydrogen plasma, show promising potential 

in achieving carbon-free steel production. Electric arc furnaces, powered by electricity, offer a greener alternative 

to traditional blast furnaces. EAFs utilize scrap steel as the primary feedstock, reducing the reliance on virgin iron 

ore. They also enable better control of steel composition and contribute to improved energy efficiency. Biomass 

and Bioenergy: Biomass-based energy sources, such as waste wood or agricultural residues, can be used to 

generate heat and power for steelmaking processes. The utilization of bioenergy reduces reliance on fossil fuels 

and provides a renewable and carbon-neutral energy option. 

Collaborations and Policy Support: Achieving green steelmaking requires collaboration between industry 

stakeholders, governments, and research institutions. Governments can play a crucial role by implementing 

supportive policies, providing financial incentives, and setting regulatory frameworks that encourage the adoption 

of greener steelmaking practices. Collaborative efforts between industry players can facilitate knowledge sharing, 

technology development, and the scaling up of sustainable steelmaking solutions. Green steelmaking represents 

a significant step towards achieving 
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Figure 1: CO2 emissions from heavy industries can be reduced with green practices like manufacturing green 

steel. (Reproduced from: https://www.weforum.org/agenda/2022/07/green-steel-emissions-net-zero/) [7] 

 

Key characteristics and practices of green steel include: 

a) Reduced Carbon Emissions: Green steel aims to minimize carbon dioxide (CO2) emissions by adopting 

cleaner technologies and energy sources. This involves using renewable energy, such as wind, solar, or 

hydropower, to power steelmaking processes and reduce reliance on fossil fuels. Additionally, carbon 

capture and utilization technologies may be employed to capture and store or repurpose CO2 emissions 

generated during steel production. 

b) Energy Efficiency: Green steelmaking methods prioritize energy efficiency by optimizing processes and 

reducing energy consumption. This includes using energy-efficient equipment and technologies, as well 

as improving heat recovery systems to minimize energy waste. 

c) Recycling and Circular Economy: Green steel promotes the recycling and reuse of materials, particularly 

scrap steel. Recycling not only reduces the demand for virgin raw materials but also saves energy 

compared to primary steel production. It also aligns with the principles of the circular economy, where 

products and materials are kept in use for as long as possible, minimizing waste generation and 

maximizing resource efficiency. 

d) Waste Reduction and Valorization: Green steelmaking focuses on minimizing waste generation and 

maximizing the utilization of byproducts and waste materials. By converting waste streams, such as slag 

and sludge, into valuable resources for other industries or applications, green steel contributes to waste 

reduction and promotes resource efficiency. 

e) Sustainable Resource Management: Green steel considers sustainable resource management by 

reducing the extraction of natural resources and minimizing the environmental impact associated with 

mining and raw material processing. It aims to optimize the use of resources throughout the steel 

production process. 

f) Life Cycle Assessment: Green steel takes into account the entire life cycle of steel, from raw material 

extraction to production, use, and end-of-life considerations. Life cycle assessment tools help evaluate 

https://www.weforum.org/agenda/2022/07/green-steel-emissions-net-zero/
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the environmental impact of different stages and identify areas for improvement to achieve overall 

sustainability. 

The development and adoption of green steel technologies and practices are crucial in transitioning the steel 

industry towards a more sustainable and low-carbon future. By producing steel in an environmentally responsible 

manner, green steel contributes to mitigating climate change, conserving resources, reducing pollution, and 

meeting the growing demand for sustainable products [5-10]. 

4. Conclusions 

Green steelmaking refers to steel that is produced using environmentally friendly and sustainable methods, 

with minimized carbon emissions and reduced environmental impact throughout its lifecycle. It encompasses the 

implementation of clean technologies, renewable energy integration, carbon capture and utilization, recycling, 

and adherence to circular economy principles. Green steel aims to address the environmental challenges 

associated with traditional steel production and contribute to the global effort to combat climate change. The 

steel industry is one of the largest contributors to global greenhouse gas emissions, primarily due to the use of 

coal and other fossil fuels in the production process. Green steelmaking methods, such as using renewable energy 

sources and carbon capture technologies, significantly reduce carbon emissions, helping to mitigate climate 

change and limit global warming. Green steelmaking emphasizes the efficient use of resources and promotes 

recycling and reuse. By incorporating a circular economy approach, green steel reduces the reliance on virgin 

raw materials and minimizes the extraction of natural resources, thereby preserving biodiversity and ecosystems. 

Green steelmaking technologies, such as electric arc furnaces and hydrogen-based reduction processes, offer 

higher energy efficiency compared to traditional blast furnaces. By optimizing energy consumption, green steel 

reduces the overall demand for energy resources and contributes to a more sustainable energy landscape. Green 

steelmaking focuses on minimizing waste generation and maximizing the utilization of byproducts and waste 

materials. By converting waste streams, such as slag and sludge, into valuable resources for other industries, green 

steel contributes to waste reduction, promotes resource efficiency, and reduces the environmental burden 

associated with waste disposal. As the world transitions towards a low-carbon economy, there is an increasing 

demand for sustainable and environmentally friendly products. Green steel presents an opportunity for the steel 

industry to meet this market demand, tap into new economic opportunities, and remain competitive in a rapidly 

changing business landscape. Many countries and international organizations have set ambitious targets to reduce 

greenhouse gas emissions and achieve carbon neutrality. The production of green steel aligns with these 

commitments and helps countries meet their climate goals. Furthermore, regulatory frameworks and policies 

supporting sustainable steel production can incentivize the adoption of green steelmaking practices. 

References 

1. Paul W. Griffin, Geoffrey P. Hammond, The prospects for ‘green steel’ making in a net-zero economy: 

A UK perspective, Global Transitions, Volume 3, 2021, Pages 72-86,  

2. L. Nybo, T. Kjellstrom, L.K. Bogataj, A.D. Flouris, Global heating: attention is not enough; we need 

acute and appropriate actions, Temperature 4 (No. 3) (2017). 

3. D. Archer, V. Brovkin, The millennial atmospheric lifetime of anthropogenic CO2, V. Climatic Change 

90 (No. 3) (2008) 283e297, 2008 

4. P.W. Griffin, G.P. Hammond, Industrial energy use and carbon emissions reduction in the iron and 

steel sector: a UK perspective, Appl. Energy 249 (2019) 109e125. 

5.  J.K. Singh, A.K. Rout, Advances in green steel making technology - a review, Am. J. Mater. Eng. 

Technol. 6 (No. 1) (2018) 8e13. 

6. T. Koch Blank, The Disruptive Potential of Green Steel, Insight Brief, Rocky Mountain Institute [RMI], 

2019. 

7. World Economy Forum, “What is green steel and why does the world need more of it?” accessed at  

https://www.weforum.org/agenda/2022/07/green-steel-emissions-net-zero/, July 2022. 

8. V. Vogl, M. Åhman, What is green steel? Towards a strategic decision tool for decarbonising EU steel, 

in: 4th ESTAD Proceedings, Paper P532, European Steel Technology and Application Days [ESTAD], 

2019. Dusseldorf, German. 

9. J.H. Wesseling, S. Lechtenb€ohmer, M. Åhman, L.J. Nilsson, E. Worrell, L. Coenen, The transition 

of energy intensive processing industries towards deep decarbonization: characteristics and implications 

for future research, Renew. Sustain. Energy Rev. 79 (2017) 1303e1313. 



Siddiqui  DOI: 10.36297/vw.applsci.v5i1.48 ISSN 2582-5615 

176 
 

10. D. Leeson, N. Mac Dowell, N. Shah, C. Petit, P.S. Fennell, A techno-economic analysis and systematic 

review of carbon capture and storage (CCS) applied to the iron and steel, cement, oil refining and pulp 

and paper industries, as well as other high purity sources, Int. J. Greenhouse Gas Control 61 (2017) 

71e84.  

 

 

© 2023 by the authors. Open access publication under the terms 

and conditions of the Creative Commons Attribution (CC BY) 

license 

(http://creativecommons.org/licenses/by/4.0/) 

http://creativecommons.org/licenses/by/4.0/

