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. As technology advances and the cost of renewable energy decreases,
|ntr0duct|0n hydrogen-based steelmaking has the potential to revolutionize the industry. If
widely adopted, it could play a pivotal role in achieving global carbon neutrality
Steel production is one of the most carbon-intensive industries, responsible targets and ushering in a new era of green manufacturing. However, significant
for approximately 7-9% of global COX emissions. Traditional steelmaking investments and policy support are required to make this transition feasible
methods rely heavily on coal and coke, which emit vast amounts of greenhouse at scale [5]. Hydrogen-based steelmaking is an innovative and sustainable
gases. However, the industry is on the brink of a transformation with hydrogen- approach to producing steel while significantly reducing carbon emissions.
based steelmaking emerging as a promising solution for decarbonization [1]. Traditional steel production relies on coal and coke as reducing agents,
The conventional blast furnace-basic oxygen furnace process relies on coke leading to high COXemissions. In contrast, hydrogen-based steelmaking uses
to reduce iron ore into molten iron. This process releases large quantities of hydrogen to remove oxygen from iron ore, producing water vapor instead of
carbon dioxide, making it one of the higgest industrial contributors to climate CORas a byproduct. This method, particularly when using green hydrogen
change. With increasing global pressure to reduce emissions and transition generated from renewable energy sources, offers a pathway to carbon-neutral
towards sustainable manufacturing, the steel industry is exploring alternatives. steel production. Companies and industries worldwide are investing in this
Conventional steelmaking is a major contributor to global carbon emissions, ~ technology to meet climate goals and reduce the environmental impact of
primarily due to its reliance on coal-based processes. The most common steelmaking.
method, the blast furnace-basic oxygen furnace (BF-BOF) route, depends on
coke (a form of coal) to reduce iron ore into molten iron. This process releases .
significant amounts of Carbon Dioxide (COR, making the steel industry one of COﬂClUSIOﬂ
the largest industrial polluters, responsible for approximately 7-9% of global
CORemissions. The global steel industry is one of the largest and most crucial sectors
L . . L ) in the world, serving as the backbone of industrialization and infrastructure
Another critical issue with conventional steelmaking is its heavy reliance ey glopment. Steel is used in a wide range of industries, including construction,
on finite natural resources. I.ron ore and cpklng coal, essential fpr the BF— automotive, shipbuilding, machinery, energy and consumer goods. It is a key
BOF process, require extensive mining, which leads to.deforestatlon, hab!tat material in building skyscrapers, bridges, railways and pipelines, making it
destruction and en\_nronmental degradgtlon. Th,e extraction anq transp_o_rtatlon essential for economic growth and modernization. Developing economies,
of these raw materials also add to the industry's carbon footprint. Additionally,  yaticylarly in Asia and Africa, are driving the demand for steel as they invest in
steel plants consume vast amounts of water for cooling and processing,  |age.scale infrastructure projects, smart cities and manufacturing expansion.
exacerbating water scarcity in many regions [2]. Energy inefficiency is another  aqgitionally, the push for renewable energy sources, such as wind turbines
major drawback of traditional steelmaking. Blast furmaces operate at extremely 54 electric vehicle production, has increased the need for specialized steel
high temperatures, often exceeding 1,500°C, requiring enormous amounts products.

of energy. The high energy demand not only increases production costs but
also strains global energy supplies. Furthermore, the industry's dependence

on fossil fuels means fluctuating energy prices can significantly impact steel Acknowledgement
production costs, making it economically unstable in certain regions.
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Beyond environmental concerns, conventional steelmaking also generates

large quantities of waste and pollutants. Slag, a byproduct of the iron reduction None.
process, requires proper disposal or recycling, while harmful gases such as
sulfur dioxide and nitrogen oxides contribute to air pollution and acid rain. Dust
and particulate emissions from steel mills can lead to respiratory diseases References
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