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Abstract — Steel is important for buildings, bridges, roads, vehicles and machines. Its production supports development, but it 

also uses energy and raw materials and may create dust, air pollution, greenhouse gas emissions and solid waste. This paper 

reviews published research on environmental challenges in the steel industry and explains the main manufacturing stages. It 

describes the Blast Furnace–Basic Oxygen Furnace route and the Electric Arc Furnace (EAF), including its working principle 

and advantages. A manufacturing flow chart, a labelled EAF diagram and the supplied photograph of an industrial furnace are 

included. Ten major steel and metals-sector companies operating in India are also listed. The review suggests that good pollution 

control, efficient equipment, energy management and recycling can help reduce the environmental impact of steel production. 

This is a literature-based student paper and does not report new experiments. Steel is a fundamental material for construction, 

transportation, machinery and infrastructure. This review paper presents an overview of the steel industry, including raw 

materials, major production routes, steel manufacturing stages, Electric Arc Furnace (EAF) technology, environmental impacts 

and sustainable practices. It explains the blast furnace–basic oxygen furnace route and the EAF route, followed by secondary 

refining, continuous casting and rolling. Particular attention is given to EAF components, operation, advantages andlimitations. 

The paper also discusses greenhouse-gas emissions, air pollution, water use, solid by-products and occupational safety, together 

with commonly applied control measures. Applications of steel in civil engineering and other sectors are outlined, and examples 

of major Indian steel producers are listed for context. The review indicates that energy efficiency, responsible scrap recycling, 

cleaner electricity, pollution control and by-product utilization are important measures for improving the sustainability of steel 

production. The paper is a descriptive review and does not present plant-specific experimental results. 
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I. INTRODUCTION 
 

Steel is widely used in civil engineering for reinforcement bars, 

structural sections, bridges, industrial sheds, roofing sheets and 

many other structures. Steel production involves preparing raw 

materials, producing iron or melting metallic charge, refining 

the metal, casting it and rolling it into useful products.  

 

The industry can create environmental problems if energy and 

materials are not used efficiently or if dust and gases are not 

controlled. Published research has examined environmental 

challenges across the steel value chain, dust-control methods, 

energy efficiency and air-pollution monitoring. Understanding 

the manufacturing process helps explain where improvements 

can be made. Steel production requires large quantities of raw 

materials and energy. Conventional production routes can 

generate carbon dioxide, particulate matter, Sulphur oxides, 

nitrogen oxides, wastewater and solid by-products. At the same 

time, demand for reliable and affordable steel continues to 

increase. A review of manufacturing routes, furnace 

technology, applications and environmental controls is useful 

for understanding how the industry can improve productivity 

while reducing its environmental impact 

 

Objectives of the Study 

• To study the main manufacturing processes used in the 

steel industry, including the working principle and 

advantages of the Electric Arc Furnace. 

• To review major environmental problems and practical 

methods for reducing pollution and improving energy 

efficiency in steel production. 

• To identify major steel-producing companies in India and 

understand the importance of the steel industry in 

development. 
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II. METHODOLOGY 

 

This paper uses a literature-review method based on the 

research papers supplied for the assignment and additional 

industry references for manufacturing processes and Indian 

steel producers. The studies were compared to identify their 

main topics and findings. The flow chart and EAF diagram are 

simplified educational illustrations created for this paper. The 

industrial furnace photograph was supplied by the user. No new 

plant measurements, interviews or laboratory experiments were 

carried out. 

 

III. MANUFACTURING PROCESS OF STEEL 
 

Steel can be produced by different routes. The main routes 

include the Blast Furnace–Basic Oxygen Furnace (BF–BOF) 

route and the Electric Arc Furnace (EAF) route. Some plants 

also use Direct Reduced Iron (DRI) with an EAF or an 

Induction Furnace. The selected route depends on the plant, 

available raw materials, energy supply, cost and required 

product. 

 

1. Blast Furnace–Basic Oxygen Furnace (BF–BOF) Route 

Iron ore is prepared by processes such as sintering or 

pelletizing, and coal may be converted into coke. Iron ore, coke 

and limestone are charged into a blast furnace, where hot air 

supports reactions that produce molten iron, also called hot 

metal.  

 

This hot metal is transferred to a Basic Oxygen Furnace. 

Oxygen is blown into the metal to reduce excess carbon and 

other unwanted elements. The steel is then refined, cast into 

semi-finished shapes and rolled into products. 

 

2. Main Manufacturing Steps 

• Raw-material preparation: iron ore, coal/coke, limestone 

and other materials are prepared. 

• Iron making: the blast furnace produces molten iron in the 

BF–BOF route. 

• Steel making: hot metal is processed in a BOF; in the EAF 

route, scrap and/or DRI are melted using electricity. 

• Secondary refining: the composition and temperature are 

adjusted to meet the required grade. 

• Continuous casting: liquid steel is cast into slabs, blooms 

or billets. 

• Rolling and finishing: semi-finished steel is rolled into 

bars, sheets, plates, wire rods and other products. 

  

 
Figure 1. Typical integrated steel manufacturing route 

 

Note: This flow chart shows a simplified BF–BOF route. EAF 

plants use scrap and/or DRI as the charge and melt it in an 

electric furnace. 
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IV. ELECTRIC ARC FURNACE (EAF) 

 

An Electric Arc Furnace uses electrical energy to melt metallic 

materials. Common charge materials include recycled steel 

scrap and Direct Reduced Iron (DRI), either separately or as a 

mixture. Graphite electrodes carry current and create an electric 

arc, producing intense heat that melts the charge. The molten 

metal is then refined to obtain the required chemical 

composition. 

 

1. Main Parts of an EAF 

• Graphite electrodes: carry electrical current and create the 

electric arc. 

• Furnace shell and refractory lining: contain the charge and 

resist high temperatures. 

• Roof or lid: covers the furnace and supports the electrodes. 

• Charging system: adds scrap, DRI and other required 

materials. 

• Power supply and controls: manage electrical input and 

operation. 

• Slag and tapping arrangements: allow slag removal and 

discharge of molten steel into a ladle. 

 

Figure 2. Simplified labelled diagram of an Electric Arc 

Furnace 

 

2. Real Photograph of an Industrial Furnace  

The photograph below was supplied for this paper. It shows an 

industrial furnace installation with a bright, hot area near the 

lower opening. The exact furnace type cannot be confirmed 

from the photograph alone, so it is described as an industrial 

furnace photograph rather than proof of a specific EAF model. 

 
Figure 3. User-supplied photograph of an industrial furnace 

 

3. Advantages of an Electric Arc Furnace 

• Can use recycled steel scrap and support steel recycling. 

• Flexible charge materials and production schedules, 

depending on plant requirements. 

• Used in plants of different sizes. 

• Does not require a coke-based blast furnace for the melting 

route. 

• Can have lower direct emissions than the BF–BOF route, 

especially when electricity is low-carbon; actual emissions 

depend on power source and charge materials. 

• Electrical input can be controlled to manage melting and 

temperature. 

 

Limitations: EAFs need a reliable, high-capacity electricity 

supply. Their environmental performance depends on the 

electricity source, charge quality, dust collection and plant 

operation. Emission-control systems and safe handling of dust 

and slag are still necessary. 

 

V. ENVIRONMENTAL PROBLEMS IN THE 

STEEL INDUSTRY 
 

1. Air Pollution and Dust 

Dust may be released during raw-material handling, sintering, 

charging, furnace operations and material transfer. Depending 

on the process, gases and fine particles can also be emitted. 

Without suitable controls, these emissions can affect local air 

quality. 

 

2. Greenhouse Gas Emissions 

Using coal, coke and other fossil fuels can release carbon 

dioxide. The overall impact depends on the production route, 

energy source, raw materials and plant efficiency. 
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3. High Energy and Resource Use 

Steel production requires high temperatures, electricity, fuel, 

water and raw materials. Heat loss, old equipment and 

inefficient operation can increase resource use. 

 

4. Solid Waste and By-products 

Steel plants generate slag, dust and sludge. Some materials can 

be recovered or reused when technically suitable and allowed 

by environmental rules. Safe collection and storage are 

important. 

 

VI. REVIEW OF SELECTED RESEARCH 

PAPERS 
 

1. Environmental Challenges Across the Steel Value Chain 

Conejo, Birat and Dutta (2019) reviewed environmental 

challenges across the steel value chain. Their work supports 

considering raw-material extraction, processing, energy supply, 

production and recycling, rather than looking only at the 

furnace. 

 

2. Hybrid Filtration for Sinter Dust 

De Castro and colleagues (2024) studied a hybrid system 

combining an electrostatic precipitator and a fabric filter. Their 

bench-scale study reported dust collection efficiency close to 

100% at the highest tested electric-field condition and a delay 

in pressure-drop increase. Full-scale performance would need 

to be checked separately. 

  

3. Efficiency in the Indian Iron and Steel Industry 

Debnath and Sebastian (2014) studied efficiency in Indian iron 

and steel units using data envelopment analysis. They found 

differences in efficiency among units and discussed equipment 

age, location and operating practices as possible influences. 

 

4. Air-Pollution Monitoring Research Zolotova,  

Ivanova and Ayan (2025) reviewed global research on air 

pollution from the iron and steel industry, focusing on 

publications from 2018 to 2024. Their review shows the 

importance of continued research and monitoring. 

 

5. Energy Efficiency and Pollution Reduction Zhang and 

colleagues (2014) studied the co-benefits of energy-efficiency 

improvement and air-pollution reduction in the Chinese iron 

and steel industry. Their analysis indicates that some energy-

saving measures can also reduce air pollutants, depending on 

plant and technology conditions. 

 

 

 

Ten Major Steel Producers in India 

The following is an indicative list of important steel producers 

and metals-sector companies operating in India. It is not a strict 

rank order from 1 to 10 because rankings vary depending on 

whether capacity, crude-steel output, finished-steel output or 

financial year is used. The Ministry of Steel's 2025–26 capacity 

information identifies seven large producer groups: SAIL, 

RINL, NMDC Steel, Tata Steel Group, AM/NS India, JSW 

Group and Jindal Steel. 

 

No. Company Brief description 

1 Steel Authority of 

India Limited 

(SAIL) 

Public-sector producer 

with 

integrated steel plants 

and a wide range of 

products. 

2 Tata Steel Group Major integrated 

producer  serving 

construction, 

automotive  and 

industrial markets. 

3 JSW Steel / JSW 

Group 

Large private 

producer of flat and 

long steel products. 

4 Jindal Steel 

Limited (JSL; 

formerly JSPL) 

Producer of steel and

 related 

industrial products. 

5 ArcelorMittal 

Nippon Steel 

India (AM/NS 

India) 

Integrated producer 

with a major presence 

in flat steel products. 

6 Rashtriya Ispat 

Nigam Limited 

(RINL) 

Public-sector producer 

associated with the 

Visakhapatnam steel 

plant. 

7 NMDC Steel 

Limited (NSL) 

Steel producer 

operating  an 

integrated plant at 

Nagarnar, Chhattisgarh. 

8 Jindal Stainless 

Limited 

Major stainless-

steel producer. 

9 Godawari Power Producer operating in 
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and Ispat Limited the iron and secondary 

steel sector. 

10 Electrosteel 

Castings Limited 

Metals-sector company 

known for ductile iron 

pipes; not listed as one 

of the seven largest 

crude-steel producer 

groups. 

 

Note: If an assignment requires the ten largest crude-steel 

producers ranked by output, the ranking should be tied to a 

single official dataset and a stated financial year. 

 

Pollution Control and Sustainable Solutions 

• Install and maintain suitable dust collection systems, 

including fabric filters or electrostatic precipitators. 

• Monitor emissions and energy use regularly and maintain 

records. 

• Reduce heat losses and maintain furnaces, motors and 

other equipment. 

• Use scrap and suitable by-products efficiently while 

following quality and environmental rules. 

• Train workers in safe operation, pollution prevention and 

maintenance. 

• Test new technologies under plant-specific conditions 

before large-scale installation. 

 

VII. DISCUSSION 
 

The reviewed papers show that environmental improvement 

requires several actions together. Better filtration can control 

dust, while energy-efficiency measures can reduce resource use 

and may also lower emissions. EAF production can support 

steel recycling, but its environmental impact depends on 

electricity generation, charge materials and pollution-control 

equipment. Equipment condition and operating practices also 

influence efficiency. Laboratory results and country-specific 

studies should not be assumed to represent every steel plant. 

 

VIII. CONCLUSION 
 

Steel is essential for infrastructure and industry, but 

steelmaking can use large amounts of energy and create 

pollution and waste. This paper described the main stages of 

steel manufacturing, explained the Electric Arc Furnace and its 

advantages, included a labelled EAF schematic and 

manufacturing flow chart, and listed major Indian steel and 

metals-sector companies. The reviewed research supports 

improving dust collection, monitoring emissions, saving 

energy, maintaining equipment and recycling suitable 

materials. Cleaner steel production depends on selecting 

appropriate processes and checking their performance under 

real plant conditions. 
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