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Abstract

The iron and steel industry is one of the most energy-intensive sectors, accounting for approximately
5% of global energy consumption and contributing around 7% of worldwide CO: emissions. The
industry's carbon footprint is particularly challenging to reduce, as carbon plays a crucial role as a
stoichiometric reducing agent in conventional steel production. The reduction of iron ore during the
manufacture of primary (virgin) steel is responsible for a sizable amount of these emissions. Increasing
the utilization of scrap in electric arc furnaces (EAF) is one way to reduce the demand for virgin steel.
The demand for basic steel worldwide is expected to stay constant or perhaps increase because of
growing economic prosperity, especially despite increased recycling rates. Furthermore, the
development of cutting-edge technologies and infrastructure required for a low-carbon future still
depends on high-quality virgin steel. Consequently, it is essential to investigate and apply
technological advancements that can significantly reduce emissions in ore-based steel manufacturing.
Sustainable development in the steel sector extends beyond increasing production value; it must also
be assessed in terms of economic efficiency, resource optimization, worker safety, and environmental
responsibility. With global steel production and demand continuing to rise, the industry's energy
consumption and greenhouse gas emissions could double by 2050 if current manufacturing processes
remain unchanged. A revolutionary strategy is needed to stop this to guarantee long-term
sustainability and compliance with international climate targets. While improvements in energy
efficiency within existing processes could achieve a maximum reduction of 25% in overall energy
consumption, this would be insufficient to meet climate targets. Given the current climate projections,
the steel industry faces growing challenges that incremental improvements alone cannot resolve. To
effectively combat global warming, the sector must rapidly adopt breakthrough technologies. This
study evaluates both conventional and emerging technologies aimed at reducing energy use and
minimizing harmful emissions. Additionally, it showcases current research projects that involve
professionals from academia, industry, and research institutions. By integrating technology
assessments with microeconomic analysis, the study examines the potential impact of these innovations
on global material flows and the future trajectory of the steel industry.
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219 kg per person in 2023, as reported by the World Steel Association. This disparity indicates
substantial room for growth, and increasing steel consumption is essential for boosting India's GDP per
capita and improving overall living standards [1-5].

As the steel industry progresses, it must acknowledge the sector's intensive consumption of raw
materials and energy, along with its environmental impact. Manufacturers should focus on enhancing
productivity per unit of production, labor efficiency, and cost-effectiveness in line with global standards.
Continuous efforts are required to remain competitive while minimizing adverse ecological effects.

A sustainable development strategy for the steel sector should not only emphasize production growth
but also consider factors such as economic efficiency, resource optimization, workplace safety, and
environmental responsibility. In India, the steel industry is highly fragmented, consisting of various
production routes and numerous small and medium-sized enterprises engaged in steelmaking and
downstream processing [6].

The increasing concerns over global warming and international climate commitments, such as the
Kyoto Protocol and the Paris Agreement (2015), have intensified the need for emissions reductions
across all sectors. To align with the Paris Agreement's target of net-zero emissions by 2050, the steel
industry must undergo fundamental technological and process transformations, alongside reducing
material demand and increasing recycling efforts.

The conventional blast furnace-basic oxygen furnace (BF-BOF) route remains heavily dependent on
coking coal, making a shift to alternative reducing agents a significant challenge. Consequently, the
industry must explore breakthrough innovations in steelmaking. Several approaches exist to reduce CO:
emissions, including enhancing energy efficiency, transitioning to lower-carbon fuels (such as biomass-
based charcoal), and implementing carbon capture and storage (CCS) solutions. A combination of these
strategies could drastically cut emissions, with CCS-equipped plants potentially becoming near-zero
carbon emitters.

In light of global climate goals, alternative pathways such as process electrification and hydrogen-
based reduction have gained considerable interest. With advancements in renewable energy and
hydrogen production, steelmakers worldwide are actively investing in fossil-free steelmaking
technologies. Hydrogen-based direct reduction (H-DR) has emerged as a highly promising alternative
to the traditional BF-BOF route, offering a viable pathway to sustainable steel production. At its
Hamburg facility in Germany, for example, ArcelorMittal is working on a novel project that will
produce and use Direct Reduced Iron (DRI) on an industrial scale for the first time. The project uses
100% hydrogen as the reductant and produces 100,000 t of steel annually [7].

Since the steel industry accounts for more than 7% of yearly greenhouse gas emissions worldwide,
switching to green H2-DRI steelmaking pathways has significant potential to decarbonize the sector.
Although there are obstacles to overcome when scaling up technology, these obstacles can be mitigated
through technological advancements, regulatory assistance, and stakeholder cooperation. The steel
industry can meet the rising demand for steel worldwide and drastically lessen its environmental impact
by adopting these creative strategies.

GLOBAL STEEL SCENARIO
Production Scenario

In 2023, global crude steel production remained stable at approximately 1,888 Mt, mirroring the
output of the previous year. China maintained its position as the leading steel producer, contributing
1,019.1 Mt, which accounts for about 54% of the world's total production. With an output of 140.8 t,
India cemented its position as the world's second-largest producer of crude steel. 140.8 Mt in 2023, this
represents a significant increase from 111 Mt in 2019. The country's steel consumption also saw a rise,
reaching 97.7 kg per capita in the 2023-24 period.
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In terms of production methods, India's steel industry is characterized by a higher reliance on electric
routes. Specifically, 55.5% of India's crude steel production in 2023 was achieved through electric
processes, such as Electric Arc Furnaces (EAF) and Induction Furnaces (IF), while the remaining 45.5%
utilized the Basic Oxygen Furnace (BOF) route.

The global Direct Reduced Iron (DRI) production was significantly influenced by India, which
remained the world's largest DRI producer. In 2023, India's DRI output was 33.6 Mt, accounting for
31.7% of the global production. Table 1 provides a detailed breakdown of crude steel production, by
process, hot metal production, and DRI production for selected countries in 2023:

Steel Consumption

India’s steel consumption witnessed a recovery in the fiscal year 2021-22, reaching 106 Mt. This
growth trend persisted, with consumption climbing to 136 Mt in 2023-24. India still consumes less steel
per person than the world average, notwithstanding recent improvements. India's per capita
consumption in 2022-2023 was about 86.7 kg, which is far less than the global average of 229 kg
(Figure 1). The Indian government has set a goal to increase per capita steel consumption to 160 kg by
2030-31 in order to close this gap. This goal is supported by policies such as the National Steel Policy
(NSP) 2017, the Gati-Shakti Master Plan, and the 'Make-in-India' initiative. These strategic measures
are expected to drive further growth in steel consumption in the years ahead.

Table 1. Steel production, hot metal and DRI production scenario in 2023.

Country Crude Steel Oxygen Electric Hot Metal DRI Production
Production (Mt) Process (%) Process (%) Production (Mt) (Mt)

China 1,019.1 90.8 9.2 887.5 0

India 140.8 455 55.5 67.8 33.6

Japan 87.0 74.6 254 61.6 0

USA 814 29.4 70.6 18.3 3.5

Russia 71.6 65.9 32.1 519 8.5

S. Korea 67.1 69.0 31.0 454 0

World 1,888 73.2 26.3 1,319.4 106.0

These statistics underscore India's growing prominence in the global steel industry and highlight the diverse production
processes employed across different countries.

1200 South Korea: 1039

1000
800 China: 632
600
Russia: 298
World Average: US: 296
400 229 ¢
0

Figure 1. Apparent steel use per capita.
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Demand and Supply Forecast

In 2017, the National Steel Policy was introduced by the Ministry of Steel to encourage sustainable
growth and improve energy efficiency in the steel industry. Up until 2030, this policy sets goals for
raising both output and demand. Reaching a steel production capacity of 300 Mt by 2030-31, or an
estimated 158 kg of steel consumption per person, is a major objective outlined in the policy.

PROCESS AND TECHNOLOGY
Conventional Steel Production Process

The main and secondary sectors of India's steel industry comprise a wide variety of production
facilities. While the secondary sector depends on electric arc furnaces (EAF) and electric induction
furnaces (EIF), the primary sector mostly uses the blast furnace-basic oxygen furnace (BF-BOF)
approach.

With an overall capacity utilization of 81%, the Basic Oxygen Furnace (BOF) process continued to
be the most popular way to produce crude steel in 2023-2024. India also makes use of a number of
steelmaking technologies, such as EAF, EIF, gas-based Direct Reduction (DR), coal-based DR, and
BF-BOF.

Coal-based DR is particularly common due to abundant domestic coal reserves and limited natural
gas and high-quality coking coal supplies.

However, India’s dependence on coal-based steelmaking poses environmental challenges, with coal
accounting for 85% of the sector’s energy use. Plans to expand capacity to 300 Mt by 2030 could
increase emissions. To address this, the government is promoting energy efficiency, renewable energy,
and hydrogen-based technologies. Despite modernization efforts, challenges such as rising Chinese
imports and competition persist. The steelmaking process is evolving with new technologies to utilize
various grades of iron ore, coal, and gas efficiently. The goal is to produce cost-effective steel while
conserving energy. In India, secondary steelmaking is growing with advanced DRI/MBF-EAF/IF-CC-
RM routes. The process involves reducing or smelting iron ore/sinter in a blast furnace, refining it in a
converter, or melting cast iron scrap/pig iron in an electric furnace before refining into steel. The choice
of steelmaking process depends on the availability and cost of raw materials, electricity, and charge
material composition: solid, liquid, or mixed.

Emission Norms and Environmental Issue

Raw materials must be handled, processed, and heated extensively during the steelmaking process,
whether it is done in an electric arc furnace (EAF) or a blast furnace-basic oxygen furnace (BF-BOF).
These activities contribute to emissions, primarily in the form of particulate matter (PM), sulfur dioxide
(S02), and nitrogen oxides (NOy). Additionally, trace amounts of dioxins and heavy metals, often
attached to dust particles, are released into the atmosphere.

To align with global climate targets limiting warming to below 2°C, steel production must reduce
carbon intensity by at least 70% by 2050. India, along with Africa, is expected to see continued growth
in steel demand, making decarbonization crucial. Transitioning towards zero-carbon steel is essential
for India’s sustainable development.

Energy consumption in Indian steel plants remains high compared to leading steel-producing nations
such as Japan, Germany, and the USA (Figure 2). The energy efficiency of Indian steel plants by process
route is detailed in Table 2, with plant-wise energy consumption and CO- emissions illustrated in
Figures 3(a and b).

In the steel industry, only 52% of the total energy input is effectively used for metallurgical reactions,
electricity generation, and process heat requirements, while the remaining 48% is lost to the atmosphere
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(Figure 4). An integrated steel plant has significant potential for energy recovery and reuse, as depicted
in Figure 5. The primary carbon input comes from coal, with a smaller contribution from limestone.
This carbon is then released into the environment through various pathways, as schematically shown in
Figure 6. The different types of the produced dangerous compounds in integrated steel plant are shown
in Figure 7.

SUSTAINABILITY INDEX IN STEEL INDUSTRY

Eco-friendly productivity balances economic growth and environmental sustainability by leveraging
advanced technologies, optimizing resources, and adopting sustainable practices for long-term socio-
economic and ecological benefits.

Table 2. Energy Efficiency (GCal/tcs).

Process BF-BOF route | DR-IF/EAF Route
Inefficient plant 7.3 7.1
Indian Average 6.8 6.5
Theoretical Minimum 53 4.0
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Figure 2. Average specific energy consumption of integrated steel plants by country.
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Figure 3. (a): Average specific energy consumption of integrated steel plants in India. (b): Specific CO,
Emission (T/tcs) of integrated steel plants in India.
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Figure 4. Energy employed and wasted in the BF-BOF route (unit: %).

Sustainability as a Business Imperative

Over the years, sustainability has evolved from being just a production-related function to a core
corporate philosophy for global steel manufacturers. Beyond fulfilling product specifications, modern
steel production now aligns with customer expectations, stakeholder requirements, and societal
demands. Sustainability is no longer merely an image-driven factor; rather, it is a fundamental necessity
that determines the long-term viability of businesses in a rapidly evolving industrial landscape.

Strategy for Sustainability

A three-tier strategy is suggested for effecting and sustaining capacity buildup of Indian steel
industry. While short term strategy would ensure industry’s immediately survival from global
overcapacity and economic slowdown on domestic front, the medium- and long-term strategy would
take care of transformation and sustainable capacity build-up of the industry in the long run. The
overview of the integrated strategy is given in Figure 8.
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Figure 5. Wasted energy in the integrated route (GJ/ton steel).
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Figure 6. Major carbon flow in the integrated still mill.

Inclusive Growth

"Inclusive growth" refers to a process whereby economic progress, as indicated by a consistent
increase in GDP, helps to broaden the breadth and scale of all aspects. The main idea behind boosting
welfare and wellbeing through economic growth is that it should be inclusive and sustainable, meaning
it should take into account the "People, Planet, and Profit" dimensions:

Incorporating the 3P Dimensions
People Factor
e Welfare measures for the employees, enhancing their skill, equal access to opportunities to all.
e Invest in people and their skill.
o Fight corruption at all levels.
e (SR Activities.
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Figure 7. Emissions type in the integrated steel mill.
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Dust, CO, H2S, tar,

phenol, ammonia,

Sox, Nox, cyanide,
BOD, SS, PAH, BTX

Dust, CO, HCL,
sulphides, fluorides,
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Mn, Zn,
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e Go Black to Green, Save the environment for future generation.
e Invest in environment friendly technologies

Profit Factor

e Enhance the productivity and techno-economics which generate more profit and there-by more
investment in people and plant factors.

Sustainability Indicator

According to report given by World steel association, Brussels, sustainable development means
development aimed at improving the quality of life for every one now and for generations to come. The
indicators enable the steel industries to measure their economic, environmental and social performance
(Table 3), and these can be used to track the industry’s progress towards a sustainable development.

Characteristics of Sustainable Technology

e Environmental Sustainability:
o Protection of eco-system.

o Protection of natural resources.
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e Economic Sustainability:
o Reduced production cost with pollution control.
o Improved market acceptability.
e Social and Cultural Sustainability:
o Preservation and enhancement of social and cultural values.
o Better health and working condition.

The Financial Benefit to Industry

e Lower costs and increased profit through more efficient use of energy and raw materials, as well
as increased market value for green steel.

o Creating new markets for environmentally conscious products and keeping existing
environmentally concerned clients.

e Avoiding penalties levied against polluters, avoiding the possibility of being shut down for
breaking increasingly stringent local environmental regulations, or facing criticism from the
media or consumer advocacy groups.

Higher employee motivation and output as a result of better working circumstances.

o The opening of new markets and contracts as a result of a better company image.

Productivity Conceptual Model for Sustainability

Productivity is simply a rate at which the work is done w.r.t resources and in term of production,
labor, cost etc. When attempts are made to include all inputs and all outputs in a system, the measure is
called a “Total Productivity Measures for sustainability”, as shown in Figure 9.

Circular Economy Approach for Sustainability

The circular economy in steel manufacturing focuses on material recycling, energy conservation, and
resource efficiency. It emphasizes recovering valuable materials from end-of-life (EoL) products,
minimizing waste, and maximizing reutilization.

Survival Strategy Capability Buildup-Strategy Sustainability-Strategy

(Short Term) (Medium Term) (Long Term)
. [ . .
Benchma.rklng of Land use Strateglc planning
— operational — fhici — for integrated
efficiency
parameters framework
R r
Operational Project Over run Devglopment of
o restructuring | cost =  Engineering and
Consultancy
- Cost. - Expenditure in . HR Challenges
Reduction R&D
Financial Security of Raw Value creation and
| Restructuring ) Material 1 Risk Evaluation
Market Capturing
— & Revenue
Maximization

Figure 8. Integrated strategy for sustainable capacity build-up.
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Table 3. Global steel industry sustainability indicators (2013-2023).

3(a) Environmental performance
Year Energy CO: Water Waste Generation | Air Pollutants (NOx,
Consumption Emissions (t Consumption (kg/t steel) SO., PM kg/t steel)
(GJ/t steel) CO:/t steel) (m?/t steel)
2013 22.5 2.2 3.5 160 32
2014 222 2.18 34 158 3.1
2015 21.8 2.15 33 155 3.0
2016 21.5 2.12 32 150 2.9
2017 21.0 2.08 3.0 145 2.8
2018 20.8 2.05 2.9 140 2.7
2019 20.5 2.00 2.8 135 2.6
2020 20.3 1.98 2.7 130 2.5
2021 20.0 1.95 2.6 125 2.4
2022 19.7 1.90 2.5 120 2.3
2023 19.5 1.85 2.4 115 2.2
(b) Economic performance
Year Material Renewable Steel Scrap Investment in Economic Value
Efficiency (%) Energy Use Utilization (%) | New Processes (% Distributed (% of
(%) of Revenue) Revenue)
2013 90 8 32 2.0 60
2014 91 9 33 2.2 61
2015 91.5 10 34 2.4 62
2016 92 12 36 2.5 63
2017 92.5 14 37 2.7 64
2018 93 16 38 2.8 65
2019 93.5 18 40 3.0 66
2020 94 20 42 32 67
2021 94.5 22 44 3.5 68
2022 95 24 45 3.7 69
2023 95.5 26 47 4.0 70
(c). Social Performance
Year EMS (% of Employees) LTIFR (Injuries/million hours) Training
(Days/Employee)
2013 65 3.8 32
2014 68 3.7 35
2015 70 3.6 3.7
2016 72 3.5 4.0
2017 74 33 4.2
2018 76 3.1 4.5
2019 78 2.9 4.8
2020 80 2.7 5.0
2021 82 2.5 53
2022 84 23 5.5
2023 86 2.0 6.0

Note: EMS: Environmental Management System; LTIFR: Lost Time Injury Frequency Rate.

Key strategies include recycling metals, industrial residues, and byproducts while reducing emissions
through Carbon Capture, Utilization, and Storage (CCUS) technologies. Currently, the steel industry
operates at 32.9% resource efficiency, with secondary steelmaking (65.7%) being twice as efficient as
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ore-based production (29.1%). Energy-saving measures like off-gas recovery could save 4 EJ annually,
while optimizing material use may add another 1 EJ in savings [5]. A shift to best available technologies
in ore-based steelmaking could cut energy consumption by 6.4 EJ annually, reducing energy input by
26%. Additionally, transitioning to secondary steel production could save 8 EJ/year, though primary
steel demand is expected to persist beyond 2050 [6].

This transition is vital for sustainability, lower carbon emissions, and improved resource efficiency.

Barriers for Sustainable Approach

Geophysical Barriers
e Limited availability of low-emission energy sources.
e Dependence on imported raw materials.

Political Barriers
e Regulatory inconsistencies discourage investment in green technologies.
Lack of clear tax incentives for sustainable innovations.
Varied definitions of industrial waste and byproducts affect sustainability policies.
Weak intellectual property (IP) protection discourages technology transfer.

Economic Barriers
e High energy costs increase production expenses.
e Investment in sustainable infrastructure requires long-term capital.

Productivity — Sustainability

»
»

Conversion Process

1. Material, Tools & Equipment 1. Increased volume
Quality & Quantity . Higher. production
e To undertake the work per units .
efficiently e  Able to reach wider

e Update and fit for purpose market

2. Improved Services
2. People

e Correct skill level e  Better delivery

e  Trained and developed for the Better quality
purpose Better benefits to
customers

e  People with experience and
expertise in the appropriate
area of the business 3. Reduced Cost

e  Lower unit cost

e More profit

e  More sales

3. Process

e  System/ Procedure to ensure
organization can undertake
conversion process efficiently

e  Efficient technology adopted

e  Efficient Resource utilization, Zero
waste generation and Recycle- Policy
adoption

e  Management/ leadership style, right
caliber and competence

Figure 9. Productivity conceptual model for sustainability.
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Social Barriers
e Automation impacts employment levels in traditional steel plants.
e Resistance to change in industry-wide practices.

TECHNOLOGICAL APPROACH FOR ECO-FRIENDLY GREEN STEEL MAKING

The steel industry faces environmental challenges, from local pollution to global climate concerns.
Achieving sustainability requires eco-friendly steel production and cleaner technologies. Traditional
steelmaking is highly polluting, necessitating energy-efficient processes, waste utilization, and emission
reductions. Sustainable mining and beneficiation techniques, like sintering and pelletization, help
conserve resources and support a circular economy. Continuous technological advancements and
improved process control are key to minimizing emissions, maximizing material efficiency, and
ensuring long-term environmental responsibility in steel manufacturing.

Cleaner Technology vs. Cleaning Technology

o Cleaner Technology: are production processes, including monitoring and control technology,
which are less polluting, use resources in more effective manner, produce cleaner products and
less harmful residual waste, if any.

o  Cleaning Technology: are processes and products developed to neutralize the environmentally
harmful effects of a given process or activities. Waste water treatment, solid and hazardous waste
treatment, garbage disposal, recycling, and remediation technology are all included in this
category.

Most Efficient Technologies for Greenhouse Emissions Abatement
Coal and coke

Coke production has recently encountered several challenges, including stricter environmental
regulations, declining availability of high-quality coking coal, and the need to modernize aging
facilities. These factors have driven the development of advanced technologies capable of utilizing
lower-grade or non-coking coals. Additionally, wastewater management remains a critical concern in
coke plants, requiring efficient treatment solutions. Various technological advancements have been
introduced to optimize coke usage and reduce dependence on conventional methods in integrated
steelmaking. The material flow and emission sources in coke production illustrate areas for
improvement and innovation.

Wastewater Treatment

Coke production wastewater contains ammonia salts and toxic compounds like phenols, polycyclic
aromatic hydrocarbons (PAHs), thiocyanates (SCN7), and cyanides (CN"). Phenols contribute
significantly to chemical oxygen demand (COD), serving as both a carbon source and a microbial
inhibitor. Effective effluent management requires primary, secondary (biological), and advanced
(physical/chemical/biological) treatments. For these discharge points, pH, emission limit values, and
typical observed emissions for a series of key pollutants including COD, biochemical oxygen demand
(BOD), suspended solids, ammoniacal nitrogen, thiocyanate (SCNT), and cyanide (CN) are
summarized in Table 4.

For industrial wastewater, biological treatment is the most common approach, with activated sludge
processes being widely used. However, sequential batch reactors (SBRs) have demonstrated superior
efficiency in removing ammonia, phenols, COD, suspended solids (SS), and biochemical oxygen
demand (BOD).

Table 4. Effluent discharge limits and typical emissions expressed in mg/1 of pollutants for coke making
operations.

Parameter COD BOD | suspended solids N SCN- CN pH
Effluent discharge limit 500 100 150 200 10 0.3 -
Typical emission levels | 125-180 | 3-15 20-100 75-150 | 0.5-1.5 | 0.05-0.08 6.5-7.2
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Unlike conventional systems, SBR integrates aeration and clarification in a single tank [7]. For
phenol and PAH degradation, advanced oxidation using ozone and hydrogen peroxide is the most
effective method. Additionally, anaerobic pre-treatment involves three biochemical reactions:

e Hydrolysis: Enzyme-driven breakdown of complex organic matter.

e Acidogenesis: Bacterial conversion of simple compounds into substrates for methanogenesis.

e Methanogenesis: Bacterial transformation of methanogenic substrates into methane and CO..

Coke Dry Quenching (CDQ)

When combined with coal preheating, CDQ seems to be the most effective method for lowering air
pollution while simultaneously enabling a notable energy recovery or savings. Dry quenched coke is
also stronger and tougher, and it has a significantly lower moisture content than wet quenched coke.
Additionally, heat recovery of quenched media, typically nitrogen, can produce steam (Table 5); and
Table 6 shows the reduction of CO, release.

Use of Coke Oven Gas

Coke oven gas (COQ) is a point of high interest to enhance energy efficiency and reduce GHG
emissions in the steel industry. COG is an important and valuable byproduct produced during the coke
making process in the iron and steel industries because it has the highest caloric value of all process
gases. COG contains valuable combustible constituents, such as CH4 and H,, with a reasonable heating
value. The gas cleaning process includes also tar, methanol, naphthalene removal, and the cracking of
ammonia to hydrogen [8]. COG has the highest calorific power among all the integrated steel plant off
gases. So, it can be employed also to increase the calorific power of other process gases.

Charging Battery for Coal Stamps

By compacting the coal blend before the carbonization process, it is possible to coke high volatile
coals with low coking characteristics to provide high-quality coke for blast furnace applications. In this
case, it has been beneficial to densify up to an 80% relative material density, or a compact density of
about 1100 kg/m’. If the so-called stamp charging procedure is used, coal is compacted by stamping.
When manufacturing coke with heat recovery ovens, the coal is compressed by pressing.

Table 5. Utilization of COG for steam and power generation for 1 Mt coal handling.

Parameters Technical consideration Total
Total coal utilized (8% moisture) Million Ton 1 Mt (gross)
Gross coke produced Million ton (75.5% of dry coal charged) | 0.69 Mt (gross)
Generation of COG @330 m3/t dry coal 303 million m?
Flaring of COG to maintain line pressure 3% 9 million m?
AvailableCOG | - 294 million m?
Caloric Value of COG 4000 kcal/m? 1178000 GCal
Steam generation by COQ 800 MCal/t steam generation 1.5 Mt steam
Steam Generation at CDQ 0.45 t/t gross coke cooled 0.3 Mt steam
Total steam generated 1.8 Mt steam
Total power generated 3.8 t steam/ MWH 470000 MWH ~ (54 MW)

Table 6. Reduction of CO; emissions.

Scenario CO: emission (t-COz/Year)
CO: emission from CDQ 1771569
Baseline CO2 emission 1908311
Expected reduction of CO emission 136742
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Quenching for Coke Stabilization

Stabilization of Coke Quenching is a sophisticated, environmentally friendly wet quenching method
that was created as a substitute for CDQ. By applying pressure to the water at the top and bottom of the
oven, Coke Stabilization Quenching enables the coke to be quenched (Figure 10).

Ammonia Liquor Aspiration System at High Pressure

In coke oven batteries, the high-pressure ammonia liquor aspiration system (HPALA) works well to
reduce charging emissions. In this technique, the byproduct ammoniacal liquor is pumped through special
nozzles in the goose neck during charging after being compressed to around 3540 kg/cm?. This prevents
the pollutants from being released into the atmosphere by creating enough suction inside the oven.

Flue Gas Treatment and Gas Cleaning Technologies
Emission reduction technology to remove dust, sulfur oxides, and nitrogen oxides has been developed
by treating and combusting flue gas from coal combustion through a superior process design.
e SOx Reduction Technology.
NOx Reduction Technology.
Particulate Treatment Technology
Trace Element Removal Technology.
Gas Cleaning Technology.

Flue gas Desulfurizer

Limestone is powdered to prepare a water-based mixture (limestone slurry). The mixture is injected
into the flue gas to induce a reaction between the limestone and the sulfur oxides in the flue gas to form
calcium sulfite, which is further reacted with oxygen to form gypsum. The gypsum is then separated as
a product (Figure 11).

Flue gas Denitrizer

Ammonia is injected into the flue gas containing nitrogen oxides. The gas mixture is introduced to a
metallic catalyst (a substance which induces chemical reactions). The nitrogen oxides in the flue gas
undergo catalyst-induced chemical reactions, causing them to decompose into nitrogen and water.

Top quench
A A A ,

O

Bottom quench

Figure 10. Coke stabilization quenching system.
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Figure 11. Electrostatic precipitator for Flue gas containing ash and dust.

Methods for Efficient Utilization of Coal Ash

Coal ash has been utilized extensively in a variety of applications, including as a raw material for
cement, cement mixes, roadbed material, backfill material, and embankment material. It primarily
enters the cement industry as a raw ingredient for cement that substitutes clay.

In addition to its use in concrete, coal ash is frequently utilized in the civil engineering field for
backfilling, road building, foundation enhancements, and other earthwork, as well as in the construction
industry as an artificial lightweight aggregate. However, it is utilized as a soil conditioner or fertilizer
in the forestry, fishery, and agriculture sectors.

Utilization technologies are currently being actively developed in order to expand the use of coal ash
in the aforementioned sectors and address the projected future increase in coal ash generation brought
on by factors like the construction of new coal-fired power plants. In order to accomplish this, several
challenges, including the diffusion of technology, the exploitation of demand, and the improvement of
the distribution mechanism, must be addressed [9]. Additionally, Table 7 shows the emissions’
reduction and energy efficiency potential for coking innovations.

Sinter Making

Another fundamental process for raw materials preparation is sintering. CO,, NOy, SOy, PCDD/Fs,
and particulate matters are continuously produced during the whole sintering cycle; this is because of
the fuel combustion, carbon in the fed material, and other carbonaceous sources such as limestone and
dolomite. Many parameters are involved during sintering. The optimization of these parameters control
can lead to the increase in productivity and in the quality of the sintered ores, as illustrated in Figure 12.

Sinter Plant Waste Heat Recovery

One way to increase sinter making efficiency is by heat recovery at the sinter plant [10]. There is a
chance to harness the sensible heat and use it to warm the combustion air for the burners and produce
high-pressure steam that can power turbines to produce energy. Sinter plants release two types of waste
heat that may be reused: the sensible heat of the cooling air from the sinter cooler and the sensible heat
from the main exhaust gas from the sintering machines.

Treatment of Exhaust Gas

SOx, NOx, dioxins, and dust are all present in sintering exhaust gases [11]. To boost the amount and
quality of steam recovery and achieve significant fuel savings, they can be treated, adsorbed, broken
down, and/or gathered as harmless byproducts [12].

© STM Journals 2025. All Rights Reserved 20



Eco-Friendly Steel Making for a Sustainable Future Santosh Kumar

Improvement of air - —
flow in raw material Binder (ad(.htlon of .
Operational aspects > (increase bed height, > burnt Time) Reduction of coke
reduce suction
pressure) Lo . .
5(  Optimization of Reduction of electric
water addition power
21 Use air flow roads wires
> Reinforce granulation
> Charge density control
—> Improved yield Reduction of coke
Control of coke breeze ) )
> sue Reduction of electric power
Increase of heat recovery
3 Even baking > Segregat.ion feeding
equipment
N Increase of surface
- density of bed
.| Prevention of N
excess crushing[~| Reduction of shoot drop
] Reduction of ignition| Reduction of volume of
Equipment aspects > S
quip P furnace fuel d furnace
> Furnace pressure
control
5| Burner improvement
> Ratlonahzatl'on of N Control of n}lmber of Reduction of electric power
blower efficiency revolutions
2| Energy saving at EP 2| Intermittent electric | Reduction of electric power
charge
>
7|Exhaust heat recovery >
Recovery of cooler | Increase of heat recovery
exhaust heat
> Main exhaust heat
recovery
. Maiq exhagst gas
: circulation
Reduction of electric power
Reinforcement of
2| Prevention of air S sealing between
leakage palettes
> Dead plates

Figure 12. Energy-saving solutions in sintering.
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Table 7. Emissions reduction and energy efficiency potential for coking innovations.

Technology Emissions Fuel saving Electricity Capital | Operating
reduction (GJ/t coke) | saving (GJ/t | costs ($/t costs ($/t
(kgCO2/t coke) coke) coke) coke)
CDQ 27.5 1.2 300(kWh/t) 109.5 0.78
Coke making control systems 3.8 0.17 - 0.37 -
Coal moisture control 6.7 0.3 --- 76.6 ---
COG recovery - 6-8 - - -
CSQ --- 2(%) --- --- ---
Table 8. Emissions reduction and energy efficiency potential for sintering innovations.
Technology Emissions Fuel saving Electricity Capital Payback
reduction (GJ/t sinter) | saving (GJ/t | costs ($/t Time
(kgCOx/t sinter) sinter) sinter) (year)
Waste heat recovery 57.2 0.55 4.7 2.8
Sinter waste heat power generation 0.023 0.98 3.1
Improved Processcontrol 5 0.05 0.21 1.4
Reduction of leakage 1.7 (kWh/t) 0.12 2.1
Utilization of waste fuels 19.5 0.18 0.29 0.5

Among all the technologies, the largely used methods are denitrification equipment, desulfurization
equipment, and activated coke packed bed adsorption. The system allows to adsorb and recover SOx as
a useful byproduct; to decompose NOx to nitrogen, water, and oxygen by ammonia; the collection of
pollutants in activated coke, and the adsorption of dioxins in activated coke, which are subsequently
decomposed with nitrogen at 450°C. Another method is the gas treatment through selective catalytic
reduction.

Sectional Gas Recirculation

The specific flow rate of waste gas during sintering is relatively high (1500-2500 Nm?®/t-sinter), and
the exhaust gas from this process contains lots of potentially hazardous substances, such as dusts, COXx,
SOx, NOx, dioxin, etc. Although end-of-pipe cleaning technology is applied widely for clean sinter
production, it suffers the high cost of investment/operation and low utilization of byproducts. Flue gas
recirculation (FGR) is a technique used for partial recycling of the waste gas from the strand through
the hot sinter and the flame front [13]. This technique can contribute to reducing emission of exhaust
gas and to recovering waste heat of the flue gas [14, 15]. Moreover, Table 8 shows the emissions’
reduction and energy efficiency potential for sintering innovations.

Direct Iron Ore Smelting Reduction Process

Direct reduced iron production is destined to increase in the next and far future. This is due to the
continuous innovations of the plants leading to less energy consumption and carbon dioxide emissions.
In this direction, the technological solutions push toward the waste energy recovery and the use of CO
and H; as reductant agents [16]. The gas-based processes are located in those regions where natural gas
is available in abundance and at reasonable prices. The Direct Iron Ore Smelting Reduction Process
(DIOS) directly uses non-caking coal in a powder or granular form, and iron ore without the use of coke
or a sintering process, which are normally required in blast furnace processes. The non-caking coal is
directly fed to a smelting reduction furnace, while the iron ore is preliminarily reduced before being fed
to the furnace, thus producing molten iron.
Possibility of utilizing inexpensive raw materials and fuel (non-caking coal, in-house dust, etc.).
Low operating cost.
Responds flexibly to variations in production rate.
Compact and small incremental investment.
Stable, high-quality supply of iron source available.
Effective use of coal energy.

AN e
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7. Easy co-production of energy (co-generation).
8. Low environmental load (low SOx, NOx, CO», dust generation, no coke oven gas leaks).

Replacement of Carbon by Hydrogen in Smelting and DRI process

The steel industry is actively pursuing innovative technologies to significantly reduce carbon dioxide
(CO») emissions and enhance environmental sustainability. Several notable projects and initiatives have
been launched worldwide, focusing on alternative methods of steel production that minimize reliance
on fossil fuels [17].

ULCOS Project

With the goal of reducing CO emissions from steel manufacturing by at least 50%, 48 businesses
and 15 European nations are working together on the Ultra-Low CO, Steelmaking (ULCOS) project.
The project explores various technological pathways, including the use of hydrogen and electricity as
reducing agents to decrease carbon consumption [18]. In one approach, hydrogen produced through
water electrolysis is utilized in a shaft furnace for iron reduction. This method results in CO2 emissions
of approximately 300 kg/t of crude steel, representing an 84% reduction compared to the traditional
blast furnace process, which emits around 1,850 kg of CO:/t.

H2FUTURE by Voestalpine

Initiated in 2017, the H2ZFUTURE project by Voestalpine focuses on reducing CO: emissions in steel
production by replacing coke with hydrogen. The project entails building a 6 MW proton exchange
membrane (PEM) electrolysis system at the Austrian steel factory owned by Voestalpine in Linz. This
facility produces green hydrogen from renewable energy sources, which can be used as a reducing agent
in steelmaking processes [19]. The project's goal is to achieve an 80% reduction in CO2 emissions by
2050.

SuSteel (Sustainable Steelmaking) Project

The SuSteel project aims to develop hydrogen plasma technology for the smelting reduction of iron
ores, enabling the direct production of steel without intermediate stages. Hydrogen plasma serves both
to reduce iron oxides and to melt the resulting metallic iron. A 250 kW pilot plant is under construction
at Voestalpine's Donawitz site to advance this technology. This approach also offers new possibilities
for alloying different steels.

SALCOS Project by Salzgitter AG

Proposed in 2019 by Salzgitter AG and Tenova, the Salzgitter Low CO: Steelmaking (SALCOS)
project aims to transform traditional blast furnace processes into direct reduction iron (DRI) processes
using hydrogen as a reducing agent [20]. The project plans to gradually shift from carbon-intensive
methods to a DRI-electric arc furnace process, utilizing surplus hydrogen for multiple purposes. An
integral part of this initiative is the Green Industrial Hydrogen (GrlnHy) project, which employs high-
temperature water electrolysis to produce hydrogen using waste heat from steel plants and renewable
energy sources.

Flash Ironmaking Technology in the United States

Developed based on the iron ore resources in the US, Flash Ironmaking Technology (FIT) involves
the reduction of iron concentrate to direct reduced iron (DRI) in a suspension state using hydrogen,
methane, or other gases as reducing agents [21]. This process allows for the direct use of fine iron ore
concentrates without the need for pelletizing or sintering, potentially reducing energy consumption and
CO: emissions. Large-scale tests have been conducted using iron concentrates from companies like
ArcelorMittal and Ternium.

HYBRIT in the Nordics
The HYBRIT initiative, a collaboration between Swedish and Finnish companies, focuses on direct
reduction of iron ore using hydrogen produced via water electrolysis. In Sweden and Finland, the project
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aims to cut CO, emissions by 10 and 7%, respectively. Pelletizing, hydrogen generation, direct
reduction by hydrogen, and electric furnace smelting are all steps in the HYBRIT process. In contrast
to conventional blast furnace techniques, this approach achieves a 98.44% reduction in CO2 emissions
and a 25.17% decrease in energy consumption [22].

MIDREX Process with Hydrogen Addition

The MIDREX process, commonly used in shaft furnaces, traditionally relies on natural gas, coal, or
oil-gasified gas as reducing agents. Recent developments have focused on increasing the hydrogen
content in the reducing gas to enhance reduction efficiency and reduce CO: emissions. For instance, a
MIDREX plant at Voestalpine operates with a reducing gas containing approximately 55% hydrogen
and 36% carbon monoxide. Plans are underway to produce steel with hydrogen and demonstrate large-
scale production using direct reduced iron (DRI) made with 100% hydrogen as a reductant [23-26].

HYL-ENERGIRON Process

Originally utilizing natural gas, the HYL technology has evolved into the HYL-ENERGIRON process
by incorporating coal gasification technology. In this process, a gas shift reactor converts carbon
monoxide into hydrogen, resulting in a reducing gas suitable for iron ore reduction. The energy
consumption and CO: emissions of this process are comparable to those of the MIDREX process.
Collectively, these projects represent significant strides toward sustainable steel production, focusing on
innovative methods to reduce CO: emissions and enhance environmental sustainability in the industry.

Blast Furnace

The technological evolution of the blast furnace plants led to highly efficient reactors very close to
their thermodynamic limits. One of the main disadvantages of the integrated route is the necessity of a
coke plant with high energy intensity and very high emissions levels.

In an effort to lessen these effects, the addition of carbon-bearing reductants at the tuyere stage has
stimulated blast furnace operations to drastically cut down on coke consumption. Another important
innovation is represented by the top gas recovery technologies. In the new-generation blast furnaces,
oxygen is employed as substitute of the air. Many online process monitoring and control systems are in
use or under development with the overall goal of increasing the process efficiency and fuel
consumption and environmental impact reduction.

Pulverized Coal Injection

Almost all integrated steel plants have implemented pulverized coal injection at varying injection
rates. Pulverized coal and natural gas injection replaces the use of coke, thereby reducing coke
production and saving the large amount of energy consumed in coke making, reducing emissions from
coke ovens, and reducing maintenance costs. The system provides additional fuel for the iron oxides’
reduction. In this way, energy and emissions are reduced. The maximum quantity of pulverized coil
employable in the BF is around 0.3 t/t of hot metal. For a coal injection of 200 kg/t hot metal, coke can be
reduced of more than 300 kg/t hot metal, so the net energy saving is quantified in 3.76 GJ/t-injected coal.
With a use of 180 kg/t hot metal, a global reduction of 10 Mt CO; can be reached [27, 28].

Top-Pressure Recovery Turbines

Using an expansion turbine, the top-pressure recovery turbine (TRT) converts the physical energy of
high-pressure blast furnace top gas into electrical power [24]. Their energy production capacity is up to
40 kWh/t-HM, which is equal to 30% of the electricity needed for BF operations.

Heat Recuperation from Hot Blast Stoves

Hot blast stoves require a high energy consumption (3 GJ/t-HM) that is over than 30% of the energy
consumed in the BF operations. The hot gas (around 250°C) can be recovered to preheat the fuel or the
air to be introduced in the stoves. The energy saving leads to an increased efficiency up to 8%. In order
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to warm the fuel and combustion air for the hot stoves, this equipment recovers the sensible heat of the
flue gas produced during heating the hot stoves that supply hot blast to the blast furnace [29].

Slag Heat Recovery

About 0.25 to 0.30 t of liquid slag, heated to temperatures between 1200 and 1600°C, are produced for
every ton of pig iron in contemporary BFs. One of the biggest untapped energy sources in metal fabrication
activities is molten slag. One of the biggest challenges in building a more environmentally friendly iron
and steel business is figuring out how to reuse such massive amounts of slag and its waste heat. Additional,
Table 9 shows the emissions’ reduction and energy efficiency potential for BF innovations.

Hydrogen injection in Blast Furnace
Several leading steel manufacturers are pioneering hydrogen-based technologies to reduce carbon
emissions in ironmaking processes.

Thyssenkrupp Steel's Initiative for Hydrogen Injection

The first business in the world to inject hydrogen into a blast furnace while it was in operation was
Thyssenkrupp Steel, which did it in November 2019. Coal dust is replaced by hydrogen as an extra
reducing agent in an effort to lower CO- emissions since hydrogen reacts to form water rather than COs.

POSCO's Method for Producing Hydrogen Reduction Iron (HyREX)

POSCO created the HyREX process, which turns fine iron ore into Direct Reduced Iron (DRI) by
using hydrogen. To create hot metal, the DRI is subsequently charged into an Electric Smelting Furnace
(ESF). This approach uses renewable energy sources and green hydrogen to reach almost zero emissions.

In 2024, POSCO set up a test plant for this hydrogen-based ironmaking technology, which is a big
step toward becoming carbon neutral by 2050.

Nippon Steel's COURSES50 Project

The COURSESO initiative by Nippon Steel is centered on hydrogen-rich reduction in the production
of iron. The project aims to provide high-strength, high-reactivity coke that is appropriate for hydrogen
reduction blast furnaces, as well as reaction control technologies to use hydrogen to reduce iron ore and
reforming technologies to boost the hydrogen content of coke oven gas. Through CO; recovery and
hydrogen reduction, the initiative seeks to reduce emissions by 30%.

These programs mark important advancements in the steel industry's shift to more ecologically
friendly and sustainable production practices.

Steel Making

The actual converting technologies are based on a combination of blowing oxygen from the top laces
and inert gas or oxygen plus inert gases from the bottom of the reactors. Today’s highly efficient electric
arc furnaces consume roughly 300 kWh/t-steel. The appropriate greenhouse gas reduction strategy is
strongly influenced by the source of electricity generation (i.e., fossil fuel or nuclear).

Table 9. Emission reduction and energy efficiency potential for BF innovations.

Technology Emission Fuel Electricity Capital Payback
reduction saving saving costs ($/t Time
(kgCO2/t HM) | (GJ/tHM) | (GJ/t HM) HM) (year)
Pulverized coal injection, 130 kg/t-HM 47 0.77 -- 11 2
Top-Pressure Recovery Turbines 17.6 -- 0.11 313 30
Improved hot stove process control 22.6 0.37 -- 0.47 0.4
Blast furnace Process control 24.4 0.4 -- 0.56 0.40
Heat recuperation from hot blast stoves 4.9 0.08 -- 2.2 8.7
NG injection 55 -- 0.9 -- --
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Reduction of indirect emissions requires reducing electrical energy consumption. Chemical energy
sources now provide a larger percentage of the furnace's energy inputs due to the present trend toward
higher fuel and oxygen addition. Oxyfuel burners in the furnace have become a necessity to increase
the rate of scrap melting in cold spots and thereby make scrap melting more uniform and to reduce the
electricity needed for the metal fusion. Waste gases’ recovery and utilization as well as foamy slag
practices allow to reduce energy consumption. The bottom stirring practice is getting more and more
important and even essential, especially for the furnaces having big temperature gradient in the bath,
such as big shell furnace. Compared to earlier controls, modern controls that employ a multiplicity of
sensors contribute more to precise process monitoring and power savings.

Emissions from Fugitive, Diffuse, and Stack Sources

Source monitoring, incident investigation, plant inspections, source modeling, abatement
technologies (e.g., bag filters, electrostatic precipitators (ESPs), wet scrubbing systems, activated carbon
adsorbers, cyclones, mist eliminators, etc.), combustion control, beneficiation, yield/process optimization,
and targeted plant maintenance regimes are some of the controls used to manage stack emissions.

Regional ambient air quality standards, which are based on an evaluation of the projected or actual
influence on the ambient air quality at specific ambient monitoring points in the surrounding area, are
frequently used to regulate diffuse and fugitive emissions.

Some of the Emissions management practices are:
1. Coarse dust (>PM10)

o Wheel wash systems, Road paving/Sweeping/watering of roads/Watering of raw
materials/Surface sealants/Enclosures/Windbreaks/Weather alerts/Monitoring/video
surveillance

2. Fine dust (<PM10)
e  Wet or dry dedusting/Building dedusting for diffuse emissions.
3. SO
e Desulphurization of coke oven gas, blast furnace gas, sinter and flue gas.
e Activated carbon/Low sulphur raw materials.
4. NOy
e Low-NOx burners.
e C(Catalytic conversion equipment.
5. Heavy metals
e Dedusting equipment.
e Addition of activated carbon.
6. Dioxins
e Dedusting equipment.
e Addition of activated carbon or other adsorbents, temperature control afterburners.
7. Volatile Organic Compounds (VOC)

e (Gas processing.

e Vapor recovery systems, afterburners.

e Incinerators.

e Low volatile organic compounds coatings.

Power Generation Technologies in Steel Plant Requirements
Pulverized Coal-fired Power Generation Technology (Ultra Super Critical Steam)

In modern steel plants, power generation technologies play a crucial role in enhancing energy
efficiency and reducing environmental impact. One widely adopted method is pulverized coal-fired
power generation, particularly utilizing ultra-supercritical (USC) steam conditions. In this approach,
coal is finely ground into a powder and combusted to heat water, producing high-pressure steam that
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drives turbines for electricity generation. Operating at supercritical pressures and temperatures, above
3,200 psi and 374°C, eliminates the phase distinction between liquid and gas, leading to higher thermal
efficiencies and reduced CO: emissions compared to subcritical systems. New coal-fired power plants
now come equipped with USC technology, which offers increased efficiency and reduced emissions.

Modern Fluidized-Bed Boiler with Circulation

Circulating fluidized bed (CFB) boilers are another example of sophisticated technology. In order to
facilitate effective and clean combustion, CFB boilers burn fuel in a fluidized state, in which solid
particles are suspended in an upward air flow. Low-grade coal, biomass, sludge, waste plastics, and
used tires are just a few of the fuels that can be used with this flexible process. Lower temperatures
during the combustion process in CFB boilers reduce the production of nitrogen oxides (NOx) and
enable the in-situ capture of sulfur dioxide (SO:) through the addition of limestone to the furnace. As a
result, there are less pollutants, and a more environmentally friendly ash byproduct is produced.

Boilers with Slag Taps

In addition to reducing the volume and purifying the ash released from the boiler, slag-tap boilers are
made to handle fuels that are challenging to ignite. By keeping the combustion temperature high, these
boilers convert ash into molten slag that can be extracted from the furnace. In addition to lowering the
amount of trash produced, this procedure makes it possible to recover the ash as molten slag, which can
be used in a variety of ways. Furthermore, slag-tap boilers, which resemble oil-fired boilers in their
small shape, can drastically lower NOy emissions.

Steel factories may increase operating flexibility, lower greenhouse gas emissions, and improve
energy efficiency by integrating these cutting-edge power generation technologies. The availability of
fuel, environmental laws, and particular plant needs all influence the technology selection. Steel
factories can make major strides in sustainable power generation by implementing circulating fluidized
bed combustion, ultra-supercritical steam conditions, and slag-tap boiler designs.

Automation and Control Process Connectivity

Even though many ironmaking plant facilities have implemented process optimization systems, there
is frequently no overall automation system in place to assist coordination and through-process
optimization of all existing iron and steel making facilities. By coordinating the various aggregates,
including raw material management, coke oven plants, sintering, pelletizing, direct reduction,
pulverized coal injection plant, blast furnace operation, and steel making, this method enables
automated production control systems to achieve standardized operation throughout all iron and steel
making facilities. Reduced conversion costs, more consistent quality, better efficiency, and enhanced
production are the results of complete process optimization made possible by the traceable production
decisions that follow and the increased transparency.

"Green' Contribution to Other Industries: Emphasis on the Manufacturing of Value-Added Steel

Steel may assist in increasing the sustainability of conventional items and is essential for the creation
of electric vehicles, energy-efficient enterprises, and structures. For instance, a car's overall life cycle
carbon dioxide emissions can be decreased, and its structural weight can be reduced by up to 25% by
using modern high-strength steel. Research and development carried out in cooperation with steel-using
industries contributes to the continuous evolution of steel products.

Low Alloy Steels with High Strength

High strength low alloy steels, which are stronger than ordinary carbon steels, are perfect for
applications that call for high stress levels, often at low temperatures. High-strength steels can improve
vehicle performance because they are lighter than other materials. These steels are also used in bridges,
lorries, and cranes.
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Steel that can Withstand Heat

More heat-resistant steel products are appropriate for use in the production of high-temperature
machinery. For instance, these steels can lead to increased energy efficiency by enabling thermal
engines to run at higher temperatures. Furthermore, the environment benefits from the resource savings,
because a given amount of steel utilized in these applications results in higher performance.

Electrical Steels That Are Effective
These steels can help save energy by lowering the losses in electric motors and converters.

Corrosion-Resistant Steels

As a result of advancements in coating technology, steel goods are now more resistant to corrosion.
The industry strives to maintain steel’s attractiveness as a material used in the automotive and other
applications by developing steels that are resistant to wear, have long-lasting stability, and have tailored
surface hardness. Corrosion-resistant steels also extend the lifetime of the product. This reduces
disposal requirements and, thus, improves the environmental impact of a given steel product.

Automotive Grades

Automobile segment is the fastest growing segment today. Improvement of fuel economy through
weight reduction without compromising on the safety standards is the greatest challenge before the auto
industry. This is possible through the development of high strength cold and hot rolled steels that
combine weight reduction and impact resistance coupled with improved formability. The development
of multiphase steels consisting of at least two different structural phases has led to significant enhancement
of strength level without deterioration of ductility. These steels commercially available as dual phase
(DP), transformation induced plasticity (TRIP), duplex steel (DS) and complex phase (CP) possess
higher energy absorption capacity during impact compared to conventional high strength steel (HSS).

Interstitial Free (IF)

Steels have gained popularity over the last decade and is in the process of gradually replacing the
traditional low carbon extra deep drawing (EDD) quality cold rolled steels for body-in-white
applications. IF steels are characterized by a low strength (YS: 130-150 MPa), high elongation (>45%)
and excellent formability (r: 2.0) allowing to press formability of complex shapes without cracking. The
future of Indian Steel Industry lies in quick adaptation of technology and production of these grades of
hot and cold rolled varieties of automotive steels.

High Strength Line pipe Steels

The drive to achieve higher transportation efficiency has necessitated a steady increase in operating
pressure of transmission pipelines. The requirement of API X-80 grade line pipe steel for pipeline
projects in India is no longer a dream but a reality. X-80 grade line pipes are being produced by major
steel makers across the world through the TMCP route using a low carbon micro-alloyed steel. To
achieve the desired strength, the alloy chemistry and hot rolling parameters are controlled to achieve a
ferrite-bainite structure. Higher strength level of X-100 variety is under development using a low carbon
(~0.06C) steel microalloyed with Nb, Ti, Mo and subjected to on-line quenching leading to a bainite +
martensite structure.

Ultrafine Ferrite (UFF)

Ultrafine grained steels, typically characterized by 1-3 um grain size, are currently the subject of
great deal of research. They offer the prospect of very high strength (YS: ~700 MPa minimum) with
good toughness from standard steel compositions.

Ultra High Crack Arresting Steel
It is important to ensure brittle fracture safety of large welded structures for critical application e.g.
shipbuilding, offshore and low temperature storage tanks. This steel has an ability to arrest crack
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propagation which is 3—10 times higher than conventional steels. The uniqueness of the steel is ultra
fine grain size of 1-3 um in the surface layers and moderately fine grain size (~10 pum) at the mid-
thickness of the plate.

Slag Management
Dry Slag Granulation with Energy Recovery

Several systems capable of utilizing the energy in hot air delivered from the granulator have been
developed. Recovery systems are applicable to both blast furnace slag granulators and to slag pot
systems. Depending on the plant setup, the energy can be used directly for preheating or heating
purposes, or for the production of process steam and/or electricity. When compared to the water
granulation technique, this dry slag granulation method offers numerous benefits. No water consumption.

e Saving of 0.7 m® water/t of slag.

e Heat recovery.

e 1800 MJ contained in 1 t of slag.

e Reduced sulphurous emissions.

Steel Slag Steam-aging Process

Expansion characteristic is a big problem when steel slag is used as road bed material. As a method
to promote the expansion of free lime in advance and thereby suppressing expansion of steel slag, aging
by leaving in natural state was applied before the 1990s. However, as the air aging treatment takes
6 months or longer, and large space is needed, therefore aging acceleration (steam aging and pressurized
steam aging) was developed and put into practical operation in the 1990 [30, 31].

Slag Modified Treatment by Injection Treatment

The modifier for slag stability is added into molten slag. Such modifier contains mainly SiO», and
some adjustment agent such as AlO3;, CaO and MgO. Among the rest, SiO», Fe;O3 and free CaO can
react to produce calcium silicate or calcium ferrite. In this way, the stability is strengthened; the content
of wearing cement mineral is increased, so is the slag use safely.

Extending Horizon for Slag End Use

The majority of applications, with the exception of BF slag cement, only utilize the physical
characteristics of iron/steel slag, such as road base course and civil engineering projects, as alternatives
to natural sand and gravel. Currently, almost all of the slag resulting from steel production is used
effectively. Long-term demand for these commodities is anticipated to decline, nevertheless. Therefore,
it is crucial to develop new uses for slag by utilizing its properties.

CONCLUSION

Low-carbon steelmaking cannot be solved by a single technology; rather, a wide range of solutions
must be used, either separately or in combination, depending on the situation in each location. A big
effort has been conducted by all the producing companies in order to improve energy efficiency to
sustain reduction in specific energy consumption; among these they have to be generally mentioned:
utilization of byproduct gases for steam and power generation, phasing out old and energy-inefficient
units, enhancing byproduct gas recovery and optimization of operating practices, regular energy audit
and implementation of its recommendations, coal injection at blast furnaces, waste heat recovery from
waste gas of blast furnace stoves, installation of top recovery turbine, the use of regenerative burners at
hot strip mill for maximizing fuel efficiency, coke dry quenching, application of V/F drives, upgraded
centralized energy management center, large size BFs with higher energy efficiency, use of pellets and
shift to alternate fuel for utilizing lean by-product gases, promoting use of renewable energy in
operations, and coal injection etc.

Key emissions abatement options in the steel industry include:
e Improved energy efficiency.
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e Fuel shift.

e Carbon capture and storage.

e Structural change/Process Change.
o New steelmaking processes.
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