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Executive Summary

The iron and steel sector is central to industrial development and economic growth of India. The
sector is one of the most energy and emissions-intensive industries; it accounts for about 12% of CO,
emissions of the country. Energy costs constitute 20-40% of total steel production costs, reflecting
the sector’s energy-intensive usage. The average specific energy consumption (SEC) of Indian steel
plants is around 6.0-6.5 GCal per tonne crude steel (tcs), compared with the global range of 4.5-5.0
GCal/tcs. Similarly, it exhibits high emission intensity of 2.5 tCO,/tcs, which is higher than the global
average of ~1.9 tCO./tcs. The high level of energy and emission intensities may be attributed to
heavy reliance on coal for both energy and process needs, low quality of raw materials, sub-optimal
capacities of secondary steel industries, low adoption levels of energy-efficient technologies, and
limited availability of cleaner fuels, such as natural gas and its high price.

Over the past two decades, the Indian steel industry has improved its energy performance,
supported by technology modernization and implementation of policy instruments such as the
Perform, Achieve and Trade (PAT) Scheme. As a result, the average SEC of the blast furnace route
from 6.5-6.7 GCal per tonne of crude steel (tcs) in 2015-16 dropped to about 6.0-6.5 GCal/tcs in
2023-24. However, a significant gap with global best practice levels still remains, underscoring the
need for accelerated deployment of best available technologies (BATs) and best practices.

In this context, this study made assessments of the potential of best BATs to improve energy
efficiency and reduce emissions across the iron and steel value chain. It evaluates their current level
of adoption, energy-savings and emission-reduction potential, and investment requirements under
India-specific operating conditions. The report also examines potential diffusion pathways, identifies
key barriers to wider deployment, and outlines recommendations for scaling up BAT adoption. The
document further highlights the importance of BATs in supporting the national priorities on energy
efficiency and emissions reduction.

BATs Identification and Energy and Emission Reduction Potential

A comprehensive list of BATs has been identified across steel production routes, including BF-BOF
(11 technologies), DRI-EAF/IF (14 technologies), and steel processing and auxiliary operations (11
technologies). These BATs cover key sub-processes such as sintering, coke making, ironmaking,
basic oxygen steelmaking, finishing, and cross-cutting systems. Estimated energy and CO.
reduction potentials for each BAT have been compiled and validated using field-level data and
expert consultations, reflecting prevailing Indian operating conditions.

Energy Efficiency in Steel Sector:
A Comprehensive Review of Best Available Technologies




Cost and Payback Analysis

An assessment of the costs of BATs in the Indian market conditions indicates strong financial viability
for several measures. Waste heat recovery (WHR)-based power generation in coal-based DRI kilns is
the most attractive option (around 432 kwh/t of electricity savings) with a payback period of under
three years. Measures such as VVVF drives and mullite-based kiln linings also demonstrate short
payback periods, making these suitable for immediate adoption, particularly in the steel processing
units.

The capital-intensive technologies such as CDQ involve high upfront investments and longer
payback periods, but offer substantial long-term gains in energy efficiency, productivity, and
emission reductions. The findings support a phased strategy by prioritizing low-cost, quick-payback
technologies while progressively deploying high-impact, capital-intensive options.

Current Adoption Levels of BATs and Diffusion Potential

The current adoption levels of BATs vary widely across steel production routes. The identified BATs

have been evaluated in terms of their current deployment and achievable diffusion potential. The
BATs having the maximum energy-savings potential are presented below:
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Figure ES!: Diffusion status and maximum adoption potential for major BATs in iron and steel sector

Some technologies such as PCI, CDQ, CCM, and TRT have achieved moderate to high levels of
deployment. However, several high-impact technologies including WHR in EAFs, energy-efficient
induction furnaces, advanced refractory linings in DRI units, oxygen enrichment in RHF, and in-
line induction heating have low adoption levels despite their strong energy-saving and emission-
reduction potential, making them key priority technologies for accelerated scale-up. Although
PCI has been adopted across all units, there is substantial scope to further increase coal injection
rate. The maximum untapped potential lies within coal-based DRI units, IF-based secondary steel
producers, and smaller rolling mills.




Key Barriers for Wider BATs Adoption

The present adoption levels of many of the BATs remain low despite their high potential for energy
savings and emission reduction. A clear understanding on BAT-specific barriers and challenges is
therefore critical to design appropriate policy, financial, and technical measures and initiatives to
address the constraints and enable wider adoption. While some of the barriers are plant-specific,
others are systemic and cut across the sector. These barriers include technical, financial, policy &
regulatory, and market & institutional (Figure ES2).

[-Retroﬁt challenges -ngh upfront capital -PAT—CCTS transition CSteeI price volatility
eIntegration complexity costs challenge eEnergy tariff variability
eOperational variability eLimited affordable eCarbon credit price eUnderdeveloped scrap
eLow automation in finance access eCompliance processes ecosystem

MSMEs eHigh interest & eLimited targeted eLow technical
eLimited digital collateral requirements incentives awareness
compatibility ePerceived technology *Weak green steel *Weak energy data
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Figure ES2: Barriers for wider BATs adoption

Energy Savings Potential of BATs

The energy consumption of iron and steel sector is estimated at ~100 Mtoe annually. The identified
BATs can deliver substantial energy savings and emission reduction ifimplemented to their maximum
adoption levels across the steel sector. It was assessed that the top BATs having high energy saving
potential can contribute to 74% of the total energy savings. The key BATs offering the highest specific
energy savings are presented in the subsequent section.

High Impact Thermal Energy Saving BATs
Thermal *PCl (2.23 GJ/t hot metal; ~212 kg CO,/t reduction)
*WHR from DRI kiln off-gases for ore preheating (5.4 GJ/t DRI; ~500 kg CO,/t reduction)
BATs *CDQ (1.9 GJ/t coke; ~194 kg CO,/t reduction)
oThin slab casting ( 1.2 GJ/t steel; ~183 kg CO,/t reduction)
eContinuous casting ( 1.2 GJ/t steel; ~146 kg CO,/t reduction)

High Impact Electrical Energy Saving BATs

Electrical *\WHR from DRI off-gases (power generation) (432 kWh/t DRI; ~416 kg CO,/t reduction)
eHigh-temperature scrap preheating (EAF) (150 kWh/tcs; ~109 kg CO,/t reduction),

BATs *EAF waste heat recovery (132 kWh/tcs; ~96 kg CO,/t reduction)

oTRT (50 kWh/thm; ~45.15 kg CO,/t reduction)

eEnergy-efficient IF (50 kWh/tcs; ~36 kg CO,/t reduction)

Energy Efficiency in Steel Sector:
A Comprehensive Review of Best Available Technologies




The findings demonstrate that WHR technologies offer some of the highest electrical savings per
tonne of output.
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Figure ES3: BATs with highest energy saving potential

Role of BATs for Meeting National Energy Efficiency and Emission Goals

The assessment indicates a cumulative potential of approximately 2.72 Mtoe of energy savings and

14.56 MtCO. of emission reduction. Accelerated deployment of BATs represents a scalable pathway

for aligning the sector’s growth with national energy efficiency priorities and decarbonization
objectives.
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Figure ES4: Energy savings and emission reduction potential of steel production routes

These technology-driven energy efficiency improvements within existing production systems can
make a significant contribution to national policy priorities, including (i) achieving India’s target
of doubling the rate of energy efficiency improvement by 2030; (ii) advancing emission-intensity
reduction commitments under the Nationally Determined Contributions (NDCs); (iii) enabling steel




producers to meet emission benchmarks under the Green Steel Taxonomy and produce certified
green steel; and (iv) enabling compliance of the Carbon Credit Trading Scheme (CCTS).

Wider adoption of identified BATs across India’s iron and steel value chain can deliver substantial
national-level energy and emission benefits while strengthening industrial competitiveness.

Recommendations and Way Forward

Accelerating the adoption of BATs across steel production routes require addressing the major
barriers and constraints that hinder wider deployment. This requires coordinated action across
industry, governments, financial institutions, supported by enabling policies, financing mechanisms,
and strengthened knowledge-sharing and capacity-building efforts particularly focusing on
secondary steel industry. Key recommendations include:

Industrial Actions Financial & Market Enablers

ePlant-level gap assessment eConcessional finance
eTime-bound modernization eBlended mechanisms
eImplement high-impact BATs *Risk guarantees
eDigitalisation *Credit enhancement
ePhased retrofitting eTechnical due diligence

Institutional Strengthening
& Capacity Building

Policy & Regulatory
Measures

eFiscal incentives
Capital subsidies
eRoute-specific BREFs
*BAT databases

eStructured training
eTechnical advisory
eStakeholder collaboration
eTechnology localization
*Adoption tracking

Energy Efficiency in Steel Sector:
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Background

The iron and steel industry is the backbone of the Indian economy, supporting industrial growth,
infrastructure development, and urbanization. India is the second largest producer of crude steel
globally. The sector is poised to grow rapidly in the coming decades although the production in
several leading steel-producing countries has either stagnated or declined.

The Indian iron and steel sector accounts for 12% of the total CO, emissions!, making its transition
crucial for achieving both national and global climate goals. Recognizing the need to decarbonize
the steel sector, the Ministry of Steel (MoS) had constituted a task force on energy efficiency as one
of the fourteen task forces to assess the scope and potential for energy efficiency improvements
and recommend strategies for their adoption across the steel sector. Based on the deliberations
and recommendations of these task forces, the MoS subsequently launched the strategy document
“Greening the Steel Sector in India (GSI): Roadmap and Action Plan” in 2024.

The Indian steel industry is characterized by high energy consumption and emission intensity as
compared to the global benchmarks. High energy use and emissions are attributed to several
factors including the dominance of coal-based blast furnace-basic oxygen furnace (BF-BOF) and
direct reduced iron (DRI) routes for steel production, the use of lower-grade iron ore and coking
coal, ageing technologies, and limited deployment of energy efficient technologies such as waste
heat recovery systems. The average emission intensity of Indian steel sector is 2.5 tonne CO, per
tonne crude steel (tcs), which is nearly 25% higher than the global average' of 1.9 tonne CO,/tcs.

Further, the specific energy consumption (SEC) of the dominant BF-BOF route is 6.0-6.5 GCal (25-27
GJ) per tonne crude steel as compared to a global average of 4.5-5.0 GCal/tcs (19-21 GJ/tcs).
The significant gap in SEC level indicates a substantial scope to improve energy efficiency and
environmental performance across Indian steel sector. The GSI report identifies adoption of best
available technologies (BATS) as a key near-term lever to improve energy efficiency and accelerate
decarbonization efforts in iron and steel sector.

In this context, it is important to systematically analyse and assess the relevance, applicability,
and adoption potential of BATs in the Indian steel sector. A wide range of proven BATs is available
across both integrated steel plants (ISPs) operating through the BF-BOF route and the secondary
steel industry (SSI), including coal-based DRI-electrical arc furnace (EAF) and induction furnace




(IF) processes. These BATs have demonstrated and proven their effectiveness globally in reducing
energy consumption, improving process efficiency, and lowering emissions.

While some of the BATs have already been implemented in some Indian steel plants, their overall
penetration across different production routes remains limited. The lower degree of the adoption
of BATs may be attributed to factors such as limited availability of comprehensive information, high
capital investment requirements, technology sourcing challenges, and plant-specific constraints.
This underscores the need for a detailed assessment of current BAT penetration levels, along with
an analysis of the key barriers limiting wider adoption. Such an assessment would provide valuable
insights to the government to facilitate and accelerate uptake of BATs across the sector, while also
support steel producers and other stakeholders in informed, evidence-based decision-making.

Energy Efficiency in Steel Sector: -
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Objectives and Scope




The objectives of the study were to provide a comprehensive assessment of BATs in the Indian
steel sector, identify key barriers limiting their adoption, assess their potential role in supporting
the national energy efficiency and decarbonization goals, and recommend strategies to accelerate
adoption of BATs by the industry.

The scope of the study included:

« Compiling and updating the list of BATs for energy efficiency improvement across ironmaking,
steelmaking, and finishing operations

» Assessment of energy savings and emissions reduction potential of selected BATs
e Analysis of capex requirements associated with BATs in the Indian context
< |dentification of barriers limiting wider adoption of BATs

« Assessment of the maximum achievable adoption levels of individual BATs across steel production
routes under Indian operating conditions

< Assessment of the role of BATs in supporting national energy efficiency and emission reduction
targets

21

Methodology
The methodology followed in the study included the following:

1. Technology screening:
BATs were identified and
shortlisted based on (i)
technical performance (energy
efficiency and environmental
performance); and (ii) economic
viability

2. Categorization by production
route and process area: The
BATs were categorized based
on production routes (e.g.,
BF-BOF, DRI-EAF, IF, as well
as common BATs that are
applicable across different
production routes) and process
areas (e.g., sinter making,
coke  making, ironmaking,
steelmaking, and rolling mills)

\, Technology screening

Categorization by production route and process area

Performance assessment

), Data analysis

3. Performance assessment:
The energy and environmental
performance of BATs were
evaluated in the Indian
operating conditions to assess
realistic energy saving and
emission reduction potential.

(Key steps of the methodology)




Data analysis: An analysis of data from primary and secondary sources was carried out during
the study. The primary data involved inputs from structured discussions with ISPs, SSls, industry
associations, engineering companies, technology suppliers, consultants, and sector experts.
Secondary data was sourced from credible references e.g., Technology Customized List (TCL)
of JISF, Ministry of Steel, and Joint Plant Committee (JPC). Additional information was drawn from
relevant studies, technical publications, and other sources available in public domain which
ensured robustness and consistency of the data and the analysis.

Online consultations: Extensive online consultations were conducted with key stakeholders to
validate data, assumptions, and results. The consultations were also held to identify barriers and
assess adoption potential across the Indian steel sector.

Energy Efficiency in Steel Sector: -
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Overview of the
Indian Steel Sector




The iron and steel sector plays a crucial role in the Indian economy and has been a core pillar of
India’s industrial and economic development for decades. Steel is a key input for industrialization
and urbanization; it is used in a variety of applications from engineering and construction, industrial
machinery, consumer goods, automobile, to defence. The Indian steel sector contributes 2% to the
national gross domestic product (GDP), providing employment to about 2.8 million people, both
directly and indirectly. The steel industry is a strategic priority sector under the Government of
India’s ‘Viksit Bharat 2047’ vision, supported by key initiatives such as the Production Linked Incentive
(PLI) Scheme for specialty steel, Make in India and Ispati Irada campaigns, and the Domestically
Manufactured Iron and Steel Products (DMI&SP) Policy. The sector is expected to play a significant
role in supporting India’s journey towards a $5 trillion economy? by 2027.

3.1
Installed Capacity and Production

The crude steel production in India was 152 million tonnes (Mt) with the total installed capacity of
200 Mt® in 2024-25. India was the second largest producer of crude steel at global level, accounting
for about 8% of the global installed capacity in 2025. The crude steel production in India grew at
a compound annual growth rate (CAGR) of about 10% during* 2020 and 2025. The trend of rising
steel production in India is depicted in Figure 1. The National Steel Policy 2017 of the Ministry of Steel
sets a target of 300 Mt of production capacity by 2030, requiring a CAGR of 8.5% over the period
2026-30. The capacity addition is envisaged from both brownfield route (expansion) as well as
greenfield projects.
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Figure 1: Steel production trend in India
Source: Annual Statistics 2024-25, JPC

The consistent growth of steel sector is reflected in the rise of per capita finished steel consumption
from 70 kg in 2020-21 to 119 kg in 2024-25. However, the per capita consumption of India is 50%
lower than the global average of 233 kg?®, indicating strong potential for future demand growth as
infrastructure expands and rural economies become more integrated with the national development.

3.2
Major Producers of Steel

Steel production in India is largely concentrated in the eastern region of the country, followed by
the southern region. Steel sector is dominated by major integrated steel producers such as AM/




NS India, Jindal Steel, JSW Steel, NMDC Steel, Rashtriya Ispat Nigam Limited (RINL), SAIL, Tata Steel,
and Vedanta Steel. Together, these companies account for a significant share (57%) of the country’s®
total installed steelmaking capacity. The new capacities including both brownfield and greenfield,
as envisaged by major players is estimated’ at 72 Mt by 2030. Figure 2 shows locations of major
integrated steel producers and secondary steel production clusters on the Indian map.
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Figure 2: Indian map showing locations of major steel producers and steel production clusters

Source: Ministry of Steel, Gol

3.3
Steelmaking Processes

The Indian steel industry is characterized by heterogeneity with wide variations in plant sizes,
technology choices, and production routes across both the primary and secondary steelmaking
sectors. This diversity reflects the differences in resource availability, investment capacity, and
historical development of the industry. Steel is produced primarily through three major routes in
India: i) Blast Furnace-Basic Oxygen Furnace (BF-BOF) route, ii) Coal-based Direct Reduced Iron
(DRI)-Electric Arc Furnace (EAF) route, and iii) Induction Furnace (IF) route. While the BF-BOF route
is predominantly adopted by large ISPs, the DRI/scrap-based EAF and IF routes continue to be the
mainstay of the secondary steel sector.

BF-BOF Route

There were total 21 steel plants based on BF-BOF route in India with an installed capacity of 76 Mt
operating in 2024-25. The BF-BOF route is predominantly adopted by large ISPs due to large capacity
and continuous production. This route accounts for about 41% of total crude steel production® in
India. The BF-BOF remains the dominant steelmaking route globally, with a share of about 72% of
total steel production?.

Energy Efficiency in Steel Sector:
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The primary raw materials used in the BF-BOF route include iron ore, coking coal, limestone, and
steel scrap. The schematic diagram of steelmaking using BF-BOF route is given in Figure 3. In this, the
iron ore is reduced to molten iron in a blast furnace and subsequently refined into crude steel in the
BOF. This route dominates a growing share of steel production and is the preferred choice for most
new large-scale capacities due to its lower cost of production, superior energy and environmental
performance, longer equipment life, and ability to produce high-quality steel across a wide range
of grades.
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Figure 3: Schematic diagram of the BF-BOF route

Electric Arc Furnace Route

There are 41 EAF-based steel plants in India with a combined annual capacity of about 42 Mt and
production of 31.6 Mt in 2024-25. The EAF route contributes about 21%8 of the country’s total crude
steel production. The main raw materials used in this route are pig iron or hot metal, scrap, DRI, and
limestone and it uses electricity as the energy source. Although EAF can be operated with 100%
scrap, limited availability of domestic scrap and associated quality remains a key constraint for the
expansion of EAF-based steelmaking in India. Globally, the EAF route accounts for about 29% of the
total steel production. EAF route can become an important pathway for lower-emission steelmaking,
particularly when supported with an adequate availability of scrap and affordable clean electricity.

Induction Furnace Route

There are about 108! induction furnace (IF)-based steel plants in India with a combined annual
capacity of about 82 Mt in 2024-25. The IF route accounts for nearly 38% of the country’s total crude
steel production. The primary raw materials used are coal-based DRI, steel scrap, and electricity.
Figure 4 shows the schematic diagram of steel production process using coal-DRI-IF route.
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Figure 4: Schematic diagram of steel production using coal DRI-IF route

Most IF units operate as standalone facilities, with an average charge mix of around 44% scrap and
56% DRI It is estimated that nearly 90% of the output from coal-based DRI plants and about 69%
of total steel scrap consumption in the country are utilized by IF-based steel units. This highlights
the strong interdependence between coal-based DRI production and the IF segment in the Indian
steel industry.
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Figure 5: Route-wise steel production share in India

Figure 5 depicts the share of different routes of steel production in India. The relatively high share
of coal-DRI-EAF and IF, contributing to a total of 59% of total crude steel production®, distinguishes
India from many developed steel-producing economies and has important implications for energy
consumption, emissions intensity, and the choice of decarbonization and energy-efficiency
interventions.
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The relative shares of steel production by BOF and the combined share of EAF and IF routes have
remained largely stable over the past five years (Figure 6). However, according to the National
Steel Policy 2017, the BF-BOF route is projected to account for about 60-65% of the total crude
steel capacity and production by 2030-31 and the remaining 35-40% by the EAF and IF routes. The
projected share of BF-BOF is reflected in the announced expansion plans and capacity additions of
major steel producers.
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Figure 6: Route-wise share trend of steel production in India

Source: JPC

Direct Reduced Iron

Direct reduced iron (DRI), commonly known as sponge iron, is produced by reducing iron ore in
the solid state by using either coal or a reducing gas, without melting the ore. DRI is an important
input material for steelmaking, particularly for EAF and IF units. India is one of the largest producers
of DRI in the world. There were about 372 coal-based DRI plants operating in India with a total
installed capacity of 61 Mt and an annual production of around 47 Mt during 2024-25°. Coal-based
DRI accounted for nearly 84% of the total DRI production in the country. The remaining 16% was
produced through gas-based route, with five operating plants having an installed capacity of 12.7 Mt
and production of about 9 Mt during the year. Although gas-based vertical shaft kilns were initially
designed for natural gas operation, constraints in availability and high price of natural gas in India
led to the use of alternative gaseous fuels, including coke oven gas (COG), COREX gas, and coal-
derived syngas.

India is the largest producer of coal-based DRI in the world, and this route is a distinctive feature
of the Indian steel sector. This route supports decentralized, region-specific steel production,
particularly catering to the secondary steel industry. The continued reliance on this route is driven by
the availability of domestic non-coking coal, limited access to affordable natural gas, and constraints
in the supply of high-quality coking coal. As a result, coal-based DRI remains a critical link in India’s
steel value chain, especially for the IF and EAF-based steelmaking. Table 1 shows the comparison of
major steelmaking routes in India.




Table 1: Comparison of major steelmaking routes in India

Parameter

Typical plant scale

Primary raw materials

Ironmaking process

Steelmaking unit

Production share
(2023-24)

Energy intensity

CO. emission intensity

Key drivers in India

Policy outlook
(NSP 2017 / MoS)

BF-BOF Route

Large integrated plants
(=2 Mtpa), capital-
intensive

Iron ore, sinter, coking
coal

Blast furnace producing
hot metal

Basic Oxygen Furnace
(BOF)

About 41% of crude
steel production

Lower than average in
India but higher than
best-in-class global
benchmarks

High, due to coal-based
ironmaking

Economies of scale,
product quality, export
competitiveness

Expected to contribute
60-65% of capacity by
2030-31

Scrap-based Steel Production

DRI-EAF Route

Medium-scale plants
(0.5-2 Mtpa)

Iron ore/ pellets, non-
coking coal or natural
gas, scrap

Direct reduction
producing solid DRI

Electric Arc Furnace
(EAF)

About 21%

Lower than average

Lower for gas-based
DRI

Port-based connectivity,
decentralized and raw
material trade-oriented
units

Continues to play

an important
complementary role;
transition role in steel
decarbonization

Coal-DRI-IF Route

Small-scale units
(generally <0.5 Mtpa)

Steel scrap / DRI

Direct reduction
producing solid DRI

Induction Furnace (IF)

About 38%

Relatively high due to
smaller scale

High (coal-based DRI);
lower direct emissions
but high indirect
emissions in scrap-
dominant production

Low capital cost,
flexibility, MSME
participation

Focus on efficiency
improvement and
formalization

Scrap-based steel production accounted for about 21% of India’s total steel output' in 2023-24.
At present, around 33 Mt of scrap is used annually for steelmaking in the country, of which nearly
9 Mt is imported. Limited domestic scrap availability remains a key constraint on the expansion of
EAF capacity in India. This is largely due to the relatively young age of infrastructure and capital
assets, which delays scrap generation, as well as the absence of a well-developed system for scrap
collection, segregation, and processing suitable for steelmaking.
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4.1
Energy Consumption

The overall energy consumption of the Indian steel sector was estimated to be about 100 million
tonnes of oil equivalent (Mtoe) in 2024-25. The energy intensity of the Indian steel industry is higher
as compared to the global benchmarks, which may be attributed to a combination of structural and
operational factors. These include the coexistence of older and modern production technologies,
a diverse mix of steelmaking routes with a strong reliance on coal-based processes, low quality of
raw materials, and sub-optimal operating capacities, particularly in coal-based DRI units. In addition,
a limited deployment of energy efficient technologies contributes to higher energy consumption.

Energy constitutes a significant share of the total cost of steel production, accounting for nearly
20-40%, underscoring the sector’s strong dependence on energy inputs. Over the years, the Indian
steel industry has made notable progress in improving its energy efficiency, driven by the gradual
adoption of BATs. This is reflected in the reduction of overall SEC of blast furnace route from 6.5-6.7
GCal/tcs in 2015-16 to about 6.0-6.5 GCal/tcs in 2023-24",

The average SEC of BF-BOF plants in India currently is in the range of 6.0-6.5 GCal/tcs, while less
efficient plants consume as much as 7.1 GCal/tcs. The global benchmark SEC for BF-BOF plants is
4.5-5.0 GCal/tcs™. This gap indicates a technical energy-saving potential of around 1.0-1.5 GCal/
tcs, equivalent to approximately 15-25%, through wider adoption of energy-efficient and BATs
across key sub-processes such as coke making, sinter making, ironmaking, steelmaking, and waste
heat recovery. Realizing this potential would enable Indian steel plants to progressively move closer
to global benchmark levels of energy performance.

Coal-based DRI production, using rotary kilns, is a relatively high energy-intensive process and is
associated with higher emissions as compared to large integrated BF-BOF operations. The average
SEC of coal-based DRI units is about 7.0 GCal/tcs, while it is 8.0 GCal/tcs for less efficient DRI units.
The higher energy intensity is mainly due to the use of coal as both fuel and reductant, along with
smaller plant sizes, limited heat recovery, low quality of raw materials including coal, and operational
inefficiencies.

EAF and IF routes primarily rely on electricity for steel making. The SEC of steel production in EAF
units typically ranges from 415 to 675 kWh/tcs (average 480 kWh/tcs)*. Large variations in SEC
levels are attributed to factors like the grade of steel produced, composition of raw materials, size of
the furnace, capacity utilization, temperature of liquid metal, and operating practices. The EAF units
in India use scrap or a mix of scrap and DRI as the raw material. Due to the non-availability of scrap
and its utilization is limited to 40-80% with the balance being met through DRI. The lower SEC levels
of global EAF plants is attributed to preheating of scrap along with adoption of energy efficient EAFs
of large capacity. Significant improvements in energy efficiency of the EAFs can be achieved by
adopting a range of BATs and best practices.

The SEC of IF-based steelmaking is 580 to 800 kwh/tcs (average 680 kWh/tcs). IF plants are
of small scale and often operate with a higher share of coal-based DRI in the charge mix, which
influences overall energy consumption and emissions. These units are more energy-intensive as
compared to EAFs due to their smaller scale of operation, higher dependence on coal-based DRI
in the charge mix, and limited scope for energy recovery and process integration. Additionally, IF
units operate with low level of automation and process control, which further lowers their energy
efficiency as compared to EAFs. BATs and other best practices can help significantly improve the
energy efficiency of Indian IFs.




4.2
Emission Profile

The iron and steel sector is one of the largest sources of CO, emissions in India. In 2023-24, the sector
emitted approximately 365 Mt CO,, accounting for about 12% of the country’s total CO, emissions.
Within the sector, steel production accounted for about 23% of the total industrial emissions, which
is significant from a climate mitigation perspective. The average emission intensity of crude steel
production in India is estimated at 2.54 tCO,/tcs!, which is higher than the global average of 1.91
tCO./tcs., This gap is attributed to heavy reliance on coal-based processes in India, particularly
coal-based DRI production. Furthermore, the secondary steel sector accounts for nearly 50% of
steel production. Notably, iron production using coal accounts for 72% of total intensity.

The major steelmaking processes contributing to CO, emissions include coke making, sinter making,
pelletization, ironmaking, and steelmaking, with emissions arising from both fuel combustion and
process-related reactions. The emission intensity of steel production through different routes is
given in Table 2. The coal-based DRI-IF route has the highest emission intensity, while 100% scrap-
based steelmaking is the lowest.

Table 2: Emission intensity of steel production routes in India and the world®*

Average emission intensity (tCO,/tcs)
Process route

India Global
BF-BOF 2.20-2.60 2.20
Coal-based DRI-IF 2.70 - 3.10 -
Natural Gas-based DRI-EAF 1.40 - 1.60 1.40
Syngas-based DRI-EAF 2.50 -2.90 -
100% Scrap-EAF 0.55-0.65 0.30
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The Indian steel industry has made steady progress over the past two decades and adopted best
available technologies (BATSs) across the steel production chain. The sustained efforts of the steel
sector have helped in reducing emission intensity from 3.1 tCO,/tcs in 2005 to 2.54 tCO,/ tcs in
2023-24. The policy initiatives of the Government of India, mainly the Perform Achieve and Trade
(PAT) scheme, introduced in the year 2012 have further reinforced energy efficiency improvements in
the sector. Many of the steel plants have adopted proven energy efficient technologies to enhance
process efficiency as well as productivity. With these efforts, some of the largest ISPs in India exhibit
performance that are comparable with global performance benchmarks.

PAT Scheme

PAT is implemented by the Bureau of Energy Efficiency (BEE) under the National Mission for Enhanced
Energy Efficiency (NMEEE). The threshold energy consumption limit for iron and steel sector under
the PAT Scheme was revised from 30,000 toe in 2007-08 to 20,000 toe in 2017. About 270 steel
plants are covered in 2023 during Cycle-VIIl.

The PAT Scheme has played a key role in enhancing energy efficiency in steel sector. It helped in
achieving a cumulative energy savings of 6.137 Mtoe up to Cycle-V (2021-22) with steel sector being
one of the major achievers of energy savings. From 2026, the Scheme is being transitioned to the
CCTS, under which the steel plants are mandated to reduce emission intensity levels.

5.1
BATs for BF-BOF Route

A comprehensive list of BATs relevant for BF-BOF route is provided in Table 3 covering key sub-
processes across the BF-BOF route, including sintering, coke making, ironmaking, and basic oxygen
steelmaking.

Table 3: List of BATs for BF-BOF Route
S. No. Best available technology Technology description

Sintering (Product: Sinter)

Sinter plant heat recovery Hot exhaust gas exchanges heat with the sintered ore at

) system (Steam generation 500-700°C in the sinter cooler and is subsequently routed to a
from Sinter Cooler waste boiler to generate steam or hot water, or used for preheating
heat) combustion air for the ignition furnace.
Sinter plant heat recovery Hot exhaust gas recovers heat from the sintered ore at 500-

5 system (power generation 700°C in the sinter cooler and is routed to a boiler for steam
from sinter cooler waste generation, which is subsequently used for power generation in
heat) a steam turbine.

The multi-slit burner creates a uniform flame in the ignition
furnace. Control of the primary and secondary air ratio allows
adjustment of flame length, reducing energy consumption
during ignition.

High-efficiency Coke Oven
3 Gas (COG) burner in ignition
furnace for sinter plant




Best available technology

Selective Waste Gas
Recirculation (SWGR)

Coke making (Product: Coke)

1 Coke Dry Quenching (CDQ )

Coal Moisture Control (CMC)
System (top charged)

Ironmaking (Product: Pig Iron/Hot Metal)

Top Pressure Recovery
Turbine (TRT) with Dry Bag
Type Gas Cleaning Plant
(GCP)

Pulverized Coal Injection

(PCI)

3 Blast Furnace Hot Stove
Waste Heat Recovery

4 Top combustion type hot

stove with metallic burners

Steelmaking (Product: Steel)

Converter gas recovery
system (non-combustion/
suppressed combustion
method)

A Comprehensive Review of Best Available Technologies

Technology description

SWGR works by recirculating a portion of the primary sinter
waste gas back to the sinter strand which helps to reduce the
overall waste gas volume that needs to be treated, leading to
lower emissions, energy consumption, and reduced operational
costs. Waste gas recirculation rate of up to 40% in SWGR can
reduce waste gas emissions to the atmosphere by 770,000 m3/
hr.

Hot coke from the coke oven is cooled in specially designed,
refractory-lined steel chambers using counter-current circulation
of an inert gas in a closed loop. The heat recovered by the inert
gas is utilized for steam generation, which can be used on-site or
for power generation.

CMC utilizes waste heat from coke oven gas or low-pressure
steam to dry coal used for coke making. The system reduces
coal moisture from about 8-9% to 3-5%, thereby lowering fuel
consumption in coke ovens.

TRT converts the pressure energy of blast furnace top gas into

electricity using a turbogenerator. After expansion through the

TRT, the blast furnace gas containing combustible components
is utilized as a fuel in iron and steelmaking processes.

PCI involves injecting finely ground coal into the blast furnace
through tuyeres to partially replace metallurgical coke. PCI
reduces coke consumption, lowers hot metal production costs,
improves furnace productivity, and helps reducing overall CO,
emissions by decreasing coke making requirements.

The blast furnace hot stove waste heat recovery system captures
sensible heat from hot stove flue gases and utilizes it to pre-heat
fuel gas and combustion air for the hot stoves.

The top-combustion type hot stove uses a high-combustibility
metallic burner installed at the stove top, enabling higher dome
and waste gas temperatures. This results in increased blast
temperature and a consequent reduction in the reducing agent
rate.

The converter gas recovery system recovers high-temperature
BOF converter gas generated in large quantities during the
blowing process and enables its utilization as a valuable fuel.

Energy Efficiency in Steel Sector:



5.2

BATs for Secondary Steel Industry

A comprehensive list of BATs relevant for the Indian secondary steel industry is provided in Table 4
covering key sub-processes across the steelmaking route including coal-based DRI, EAF, and IF

operations.

Table 4: List of BATs for secondary steel industry

S. No. Best available technology

Technology description

Coal-based DRI (Product: Sponge Iron/DRI)

Waste Heat Recovery (WHR)
1 from DRI kiln off gases for
power generation

WAHR from DRI Kiln off gases

2 for iron ore preheating
Mullite-based kiln lining for

3 reducing rotary kiln surface
losses

4 WHR from DRI kiln off-gases

for coal moisture reduction

Electric Arc Furnace (EAF)

High temperature continuous
scrap preheating

High efficiency oxy-fuel

2 burner
Adoption of Eccentric Bottom
Tapping (EBT)
4 Ultra-high-power transformer
5 Bottom inert gas stirring
6 Optimizing slag formation

The sensible heat in high-temperature off-gases from the rotary
kiln is recovered in a WHR boiler to generate high-pressure/
temperature steam. The steam is then expanded in a condensing
turbine for power generation.

The sensible heat in high-temperature off-gases from the rotary
kiln is recovered through a WHR system to pre-heat iron ore
up to 650°C. This reduces coal consumption and improves kiln
productivity.

Conventional high-alumina refractory used for inner lining is
replaced with low thermal conductivity, mullite-based high-
alumina castable refractory to reduce surface heat losses.

Sensible heat from high-temperature off-gases of the rotary kiln is
utilized for coal moisture reduction using a rotary drum dryer.

Using this technology, scrap is preheated to above 500°C and
continuously charged into the EAF, resulting in reduced power
consumption and maintenance costs, improved productivity, and
lower electrode consumption.

High efficiency oxy-fuel (supersonic/coherent) burners accelerate
scrap melting and promote slag formation during the refining
stage. Reduced nitrogen pick-up improves steel quality.

EBT system enables slag-free tapping through a reliable stopping
and scraping mechanism, resulting in higher iron and alloy yield,
improved productivity, and better steel quality.

Ultra-high-power transformer increases power input, shortens the
melting time (tap-to-tap time), boosts productivity (tonnes/hour),
and lowers overall kWh per tonne. It improves arc stability and
minimizes energy wastage in the transformer.

Inert gases like Argon or Nitrogen are injected at the EAF bottom
to enhance bath stirring, improving heat transfer and steel quality,
increasing iron yield by about 0.5%, and boosting productivity.

Controlled Oxygen and Carbon injection into the EAF enables
creation and control of a stable foamy slag layer. It increases
furnace thermal efficiency and reduces energy and electrode
consumption.




Best available technology Technology description

Optimized power control system uses data logging and real-time
visualization of the melting process, with automatic detection

7 Optimized power control of meltdown and additional scrap charging. Independent phase
power control ensures balanced melting and improved energy
efficiency.

The waste heat recovery system for EAF consists of a waste heat
Waste heat recovery for boiler designed to handle high-temperature off-gases containing

8 . .
steam or power generation dust and metal splashes, enabling heat recovery for steam or
energy generation.
Scrap pre-treatment using a scrap shear improves EAF energy
. efficiency by increasing scrap bulk density and reducing chargin
Scrap pre-treatment with Yy oy . g P . ty g ging
9 frequency. This enables larger single charges, lowers heat losses,

scrap shear L . . .
minimizes operational downtime, and improves overall furnace

productivity.
Induction Furnace

Energy-efficient induction furnaces, along with optimized auxiliary
systems, consume 10-15% less electricity and have lower energy
losses compared to conventional Ifs.

Energy-efficient induction
furnace

5.3
BATs for Steel Processing and Cross Cutting Areas

The list of BATs relevant for steel processing and cross-cutting operations is given in Table 5.

Table 5: BATs for steel processing and cross-cutting areas

Best available technology Technology description
Rolling
The ceramic regenerator captures waste heat from reheating
) Regenerative burner total furnace exhaust gases and preheats the combustion air to high
system for reheating furnace temperatures, resulting in fuel savings and reduction in NOx
emissions.
High-temperature recuperator for reheating furnace is a counter-
5 High temperature recuperator  flow heat exchanger which recovers waste heat from flue
for reheating furnace gases to preheat combustion air. It significantly boosts energy
efficiency and lowers fuel costs.
Process control and automation in reheating furnaces use target
. roduct temperature profiles to regulate furnace temperature.
Process control and automation P . P P . 9 P .
3 . Continuous oxygen analysis of exhaust gases enables precise
for reheating furnace . . . ; .
air-fuel ratio control, reducing excess air and associated energy
losses.
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Best available technology

Fibre block for insulation of
reheating furnace

In-line induction heating to
compensate heat losses in hot
billets before rolling

Oxygen enrichment in
combustion air for reheating
furnace

Cross-cutting Areas

Thin caster technology in steel
making section

Continuous casting in steel
making section

Walking Beam Furnace (WBF)

Common Energy Saving Measures

Variable Voltage Variable
Frequency (VVVF) drive for
motors

Energy Monitoring and
Management Systems (EMMS)

Technology description

Fibre blocks with low thermal conductivity are used for
reheating furnace insulation, reducing structural heat losses and
fuel consumption.

In-line induction billet heating compensates for temperature
losses in hot billets during transfer from the continuous casting
machine to the rolling mill. With automatic control, it eliminates
the need for a reheating furnace, significantly reducing exhaust
gas emissions and energy consumption.

Oxygen enrichment in reheating furnace combustion air boosts
efficiency and productivity by increasing flame temperature,
improving heat transfer, and reducing fuel use. It replaces
nitrogen partially with oxygen and results in smaller flames and
less flue gas.

It is an advanced steel manufacturing process that produces
semi-finished slabs with a thickness of 30-60 mm, significantly
thinner than conventional slabs (120- 300 mm). The shorter,
in-line process significantly reduces energy consumption and
improves the overall production yield.

This technology potentially replaces conventional methods like
ingot casting. It streamlines the production process, leading to
significant energy savings and improves overall efficiency when
compared to conventional methods.

WaBEFs are used to heat semi-finished steel products such
as slabs, blooms, and billets to the required temperature
for hot rolling. Compared to conventional furnaces, WBFs
offer significant energy-saving potential. With high levels of
automation, WBFs enable precise temperature control and
material movement for consistent product quality.

VVVF controls motor speed for pumps, fans, blowers, and
conveyors by adjusting voltage and frequency of electricity
supply. It offers significant energy savings by matching power to
actual load and eliminates constant full-speed operations.

The EMMS use real-time data to monitor, analyse, and optimize
energy consumption across ironmaking, steelmaking, and rolling
processes. It improves equipment performance, reduces energy
intensity per tonne of steel, lowers costs, and cuts the carbon
footprint, with potential energy savings of up to 20%.




The BATs suggested above are commercially proven, offer measurable energy and CO, emission
reductions, enhance process efficiency, and improve productivity. Adoption of BATs provides the
Indian steel producers with practical pathways to reduce energy and emission intensities, lower
production costs, and move closer to global performance benchmarks, supporting the sector’s
transition towards low-carbon and sustainable steel production.

5.4
Energy Savings and Emission Reduction Potential of BATs

Adoption of BATs have demonstrated significant reduction in energy and emission intensities across
different steel processes in the Indian iron and steel industry. The energy saving and emission
reduction potential of BATs applicable for the Indian iron and steel sector are given in Table 6.

Table 6: Energy saving and emission reduction potential of BATs in the Indian iron and steel sector

Energy savings Emission

reduction

Best available technology | Electricity | | G/t Remarks

(kWh/t
product)

(kg CO,/t

FEEE) product)

BF-BOF Route
Sintering (Product: Sinter)

Sinter plant heat recovery

system (steam generation Sinter plant capacity: 3 MTPA;

- 0.25 23.86

from sinter cooler waste 60,000 m¥/hr air preheated to 250°C

heat)

Sinter plant heat recovery

system (power generation Sinter plant capacity: 3 MTPA; Power
. 221 - 19.96 .

from sinter cooler waste plant capacity: 10 MW

heat)

High-efficiency COG
burner in ignition furnace - 0.01 0.44
for sinter plant

30% reduction in heat input required
for ignition

Coke consumption for the sintering
processing is reduced by 5%. lower

SWGR - 0.24 7.69 volume of flue gases reduces the
size of downstream gas cleaning
system

Coke Making (Product: Coke)

CDQ capacity: 120 tph; Coke Oven
CDQ - 1.9 194 Battery capacity: 1.0 MTPA coal
throughput.

Monitoring of coal feed moisture and
0.29 27.55 moisture addition if necessary (to
prevent fire)

CMC system (top charged)

Energy Efficiency in Steel Sector:
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Energy savings Emission

. o reduction
Best available technology | Electricity | | G/t Remarks

(kwh/t
product)

(kg CO,/t

ETEEE) product)

Ironmaking (Product: Pig Iron/Hot Metal)

TRT power generation increases by
TRT with dry bag type GCP 50 - 45.15 20% with dry GCP as compared to
wet type GCP

PCl injection: 180 kg; PCI
requirement: 40 tph for a BF useful
PCI - 2.23 212 volume of 2,355 m?; 80 tph for a BF
useful volume of 4,500 m3; 100 tph
for a BF useful volume of 5,500 m?

Blast furnace hot stove Blast furnace of useful volume 2,000
- 0.08 7.89
waste heat recovery m3/Mtpa

Top combustion type hot

stove with metallic burners oS 220 AnE B EEeley

Steelmaking (Product: Steel)

It is designed to recover about 70%
of the latent and sensible heat from
the converter gas. The recovered

0.84 79.8 gas is mixed with other by-product
gases and used for heating

Converter gas recovery
system (non-combustion/
suppressed combustion

h .

method) purposes; Converter capacity: 110
tonnes.

DRI-EAF/IF Route
Coal DRI (Product: Sponge Iron/DRI)
WHR from DRI kiln DRI plant capacity: 2x100 tpd;
off-gases for power 432 - 416 Power Plant: 4AMW; auxiliary power
generation consumption: 10%
WHR from DRI kiln
off gases for iron ore - 5.4 500 DRI plant capacity: 100 tpd
preheating
Mullite-based kiln lining for
reducing rotary kiln surface - 0.33 30 DRI Plant capacity: 100 tpd

losses

WHR from DRI kiln off-
gases for coal moisture - 0.65 60 DRI Plant capacity: 100 tpd
reduction




Best available technology

Energy savings

Electricity
(kwh/t
product)

Fuel (GI/t
product)

Emission
reduction
(kg CO,/t
product)

REIMETS

Electric Arc Furnace (EAF)

High Temperature
Continuous Scrap
Preheating

High Efficiency Oxy-fuel
Burner for EAF

EBT

Ultra-high-power
transformer

Bottom stirring

Optimizing slag formation

Optimized power control
for EAF

Waste heat recovery from
EAF for steam or power
generation

Scrap pre-treatment with
scrap shear

Induction Furnace

Energy-efficient induction
furnace

150 =

14.3 -

15 =

18 -

15 =

132 -

20 =

50 =

Steel Processing (Products: Finished Steel Products)

Rolling

Regenerative burner total
system for reheating
furnace

High temperature
recuperator for reheating
furnace

- 0.19
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109.05

10.40

10.91

10.91

13.09

4.36

10.91

95.96

14.54

36.35

10.66

6.31

EAF capacity: 50 T

EAF capacity: 35T

EAF capacity: 35T

EAF capacity: 100 T; Transformer
capacity: 100 MVA

EAF capacity: 80T
Annual production: 5,00,000 T/year

EAF capacity: 80T
Annual production 5,00,000 T/year

EAF capacity: 80T
Annual production 5,00,000 T/year

EAF capacity: 50 T

EAF capacity: 80 T
Shearing machines: 2x1250 T

Iron yield increases by 1.5%

IF capacity: 12 T

Reheating furnace capacity: 200 tph

Reheating furnace capacity: 200 tph;
Production: 200,000 tonne/year;
Fuel saving: 7%; Air pre-heated from
300°C to 500°C

Energy Efficiency in Steel Sector:



Best available technology

Energy savings

Electricity
(kwh/t

Fuel (GI/t
product)

Emission
reduction
(kg CO,/t
product)

REIMETS

Process control and
automation for reheating
furnace

Fibre block for insulation of
reheating furnace

In-line induction heating to
compensate heat losses in
hot billets before rolling

Oxygen enrichment
in combustion air for
reheating furnace

Cross-cutting Areas

Thin caster technology in
steel making section

Continuous casting in steel
making section

WBF

product)

Common Energy Saving Measures

VVVF drive for motors

EMMS

- 0.05
= 0.04
-19 0.20
-23.6 0.26
- 1.2
-50 1.2

= 0.92
8-15% =

= 0.12

3.16

2.46

5.96

22.41

182.64

146

84

8-15%

1

L1, L2 automation system for blast
furnace; fuel saving 3.5%.

Surface area of 100 tph furnace:
1,350 m?; fuel saving: 2.7%

In-line induction heater of 500kW
capacity to gain 100°C

Reheating furnace capacity: 100 tph;
Billet temperature: 1100°C; Increase
in O, content in combustion air to
39%; Required amount of oxygen
generation through electricity is
considered here (0.5 kWh/m3N);
Oxygen from inhouse oxygen source
is used.

Capacity: 2.5 Mtpa; applicable for
flat products only

Double strand continuous caster of
125,000 T/year capacity

Furnace capacity: 200 tph
Energy consumption: 0.3GCal/t

IE5 motor capacity: 15 kW

Energy saving potential: 1% electrical
and 4% thermal energy saving;
energy savings will depend on
baseline energy consumption and
EMMS system’s scope.



5.5
Capital Cost and Payback Analysis

The capital cost (CAPEX) of BATs varies depending on the type of technology, plant capacity, and
site-specific conditions. CAPEX estimates for the proposed BATs across different steel production
routes are presented in Tables 7, 8, and 9.

Table 7: CAPEX and payback period of BATs for BF-BOF route

CAPEX Payback

Best available technology period REMENS
( crore)

(months)

Sintering (Product: Sinter)

Sinter plant heat recovery system
(steam generation from sinter 50 43
cooler waste heat)

Sinter plant capacity: 3 MTPA; Air:
60,000 m*/hr

Sinter plant heat recovery system
(power generation from sinter 60 241
cooler waste heat)

Sinter plant capacity: 3 MTPA; Power
plant: 10 MW

High-efficiency COG burner in

ignition furnace for sinter plant 03 65 i
SWGR 30 27.3 -
Coke Making (Product: Coke)
CDQ capacity: 120 tph; Coke Oven
CDQ 350-500 145 Battery capacity: 1.0 MTPA coal
throughput
CMC system (top charged) 100 224 -

Ironmaking (Product: Pig Iron/Hot Metal)

Cost depends on blast furnace inner

TRT with dry bag type GCP 100-225 27 vlliie

PCI injection: 180 kg (GCV - 6900 Kcal/
Kg); PCI requirement: 40 tph for a BF

PCI 100-180 12 useful volume of 2,355 m?; 80 tph for a
BF useful volume of 4,500 m?; 100 tph
for a BF useful volume of 5,500 m?

Energy Efficiency in Steel Sector: -
A Comprehensive Review of Best Available Technologies



CAPEX Pay.back
Best available technology period Remarks

( crore) (months)

Cost depends on the type of heat

Blast furnace hot stove waste heat recovery device (oil/water-based).
6-9 61
recovery Blast furnace useful volume 2,000 mé/
Mtpa;

Steelmaking (Product: Steel)

Converter gas recovery system
(non-combustion/ suppressed 60 5 Converter capacity: 110 T
combustion method)

Table 8: CAPEX and payback period of BATs for secondary steel industry

CAPEX Payback

Best available technology period Remarks
( Crore)

(months)

Coal DRI (Product: Sponge Iron/DRI)

WHR from DRI Kiln Off-gases for power 29 DRI plant: 2x100 tpd

generation Power Plant: AMW

WHR from DRI Kiln off-gases for iron

e prEEs e 15 60 DRI plant capacity: 100 tpd

Mulllte-t_)ased kiln lining for reducing 1 66 DRI Plant capacity: 100 tpd

rotary kiln surface losses

WHR f DRI kiln off- f I .

. rom .I n ofi-gases for coa 33 DRI Plant capacity: 100 tpd

moisture reduction

Electric Arc Furnace (EAF)

High temperature continuous scrap 45 23 EAF capacity: 50T

preheating

High-efficiency oxy-fuel burner 6 47 EAF capacity: 35T

EBT 15 1 EAF capacity: 35T with EBT
EAF capacity: 100 T

Ultra-high-power transformer 40 119
Transformer capacity: 100 MVA
EAF Capacity: 80T

Bottom stirring in EAF 2.21 7
Annual production: 5,00,000 T/year
EAF Capacity: 80T

Optimizing slag formation 10-13 102
Annual production: 5,00,000 T/year
EAF capacity: 80T

Optimized power control 12.75 45

Annual production: 5,00,000 T/year

Waste heat recovery from EAF for
steam or power generation

54 31 EAF capacity: 50 T




CAPEX Payback

Best available technology period REINENS

( Crore) (months)

; EAF capacity: 80 T
Scrap pre-treatment with scrap shear  32.3 86
Shearing machines: 2 x 1250 T
Induction Furnace

Energy-efficient induction furnace 5 89 IF capacity: 12 T

Table 9: CAPEX and payment period of BATs for steel processing industries

CAPEX Payback

Best available technology period REINENS

(' Crore) (months)

Regenerative burner total system for

leheating firnace 45 154 Reheating furnace capacity: 200 tph

. Reheating f ity: 2 h;
High temperature recuperator for eheating furnace capacity: 200 tp

. 2.5 16 Production: 200,000 tonnes billets/
reheating furnace
year
Process control and automation for 20 259 L1, L2 Automation System for Blast
reheating furnace Furnace
Fibre block for insulation of reheating 10 162 Surface area of 100 tph furnace: 1,350
furnace m?

In-line induction heating to
compensate heat losses in hot billets 0.7 3
before rolling

Cost of in-line induction heater of
500kW capacity to gain 100°C

Continuous casting in steel making 4 0.2 Double strand continuous caster of
section ' 125,000 tonne/year capacity
WBF 180 127 Furnace capacity: 200 tph

The WHR system for power generation in coal-based DRI kilns emerges as the most financially
attractive option, offering electricity savings of about 432 kWh per tonne of product with a payback
period of less than three years. Other measures such as VVVF drives and mullite-based kiln linings
also have short payback periods, making them suitable for immediate and wide-scale adoption,
particularly in the secondary steel sector. However, capital-intensive technologies such as CDQ and
thin caster systems involve higher upfront investments and consequently, longer payback periods;
however, they deliver substantial long-term benefits in terms of energy efficiency, productivity, and
emission reduction.

Overall, the analysis highlights that a phased implementation approach prioritizing low-cost and
low payback BATs while progressively adopting high-impact, capital-intensive technologies can
support both near-term economic gains and long-term decarbonization of the steel sector.

Energy Efficiency in Steel Sector:
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The present diffusion rate and maximum adoption potential for BATs in iron & steel sector are
provided below.

6.1
BF-BOF route

The present diffusion rate and maximum adoption potential of BATs in BF-BOF route are given in
Table 10.

Table 10: Diffusion rate and maximum adoption potential of BATs in BF-BOF route

Maximum
diffusion
potential

. Present
Best available

S. No. diffusion Observations

technology rate (%)

(%)

Sintering (Product: Sinter)

Sinter plant heat
recovery (steam

1 . . 50%
generation from sinter
cooler waste heat)

Sinter plant teat
5 recovery (power 15%

generation from sinter
cooler waste heat)

High-efficiency COG
3 burner in ignition 60%
furnace for sinter plant

4 SWGR =

Coke Making (Product: Coke)

1 CDQ 75%

Old plants can be
retrofitted with WHR
systems during long
shutdowns

75%

Power generation is a
low-priority option, as
waste heat is directly
used for heating or
steam leads to better
CO, savings

20%

Many plants have
implemented this

option. The adoption 90%
also leads to better

quality of product.

This is a relatively new
technology. Globally

. . 5%
implemented in Tata >
Steel, Netherlands.
Technical issues limit

90%

higher BAT diffusion

Waste heat is recovered
to generate steam
(10-12 bar and 270°C).

This may be considered
in case of no demand for
steam at the plant.

In India, sinter waste
heat is mostly utilized
for steam or power
generation, which is
comparatively easy
to integrate and
operate. Standalone
merchant units are
potential candidates
for implementing the
technology as they may
not require steam.

Space constraints in
retrofitting in some
older units



Present

B ilabl : .
S. No. Rl diffusion

technology rate (%)

Maximum
diffusion
potential

Observations

(%)

REIMETS

CMC system (top

0,
charged) 20%

Ironmaking (Product: Pig Iron/Hot Metal)

TRT with dry bag type

. 50%
gas cleaning plant
2 PCI 100%
Blast furnace hot stove 55%
waste heat recovery
Steelmaking (Product: Steel)
Converter gas
recovery system
1 (non-combustion/ 90%

suppressed
combustion method)

Controlled conditions

are required to pre-

heat coal for moisture 60%
removal to ensure

safety

Some of the blast

furnaces do not

meet the technical 70%
requirements for

adoption

Although plants have
adopted this, there is
under-utilization i.e. low
PCI rate observed in

many plants.

100%
Present range of PCI
varies widely from
50-200 kg/tonne hot
metal (thm).

70%
Installed at technically 90%

compatible sites

Energy Efficiency in Steel Sector:
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There may be technical
limitations for adoption
by vintage plants

Retrofitting old blast
furnaces have technical
challenges like space
availability, technical
compatibility, and
vintage supporting
equipment.

New blast furnaces are
expected to replace
the inefficient, older
furnaces.

Use of PCI to
benchmark levels is
feasible (180-200 kg/t)

Vintage equipment
restricts retrofitting
possibilities.

Vintage equipment,
steam requirement and
the cost determine the
adoption potential



Technologies like TRT and CDQ have achieved relatively high level of adoption, particularly in
private sector ISPs. Modern large capacity blast furnaces (above 2,000 m3 capacity) have in-built
TRT which help in effective recovery of pressure energy from blast furnace top gas. PCl is also widely
implemented in the Indian steel plants, with several leading private steel producers achieving high
injection rates which is comparable to global benchmarks. Near-100% adoption has been reported
for continuous casting due to techno-economic advantages, while WBFs are increasingly being
adopted in rolling mills to improve energy efficiency and ensure consistent product quality.

6.2
DRI-EAF/IF route

The diffusion rate and maximum adoption potential of BATs in coal-DRI-EAF/IF route is given in

Table 11.

Table 11: Diffusion rate and maximum adoption potential of BATs in coal-DRI-EAF/IF route

. Present
Best available

S. No. diffusion

technology )

Observation

Maximum
diffusion
potential

(%)

REIMEIS

Coal DRI (Product: Sponge Iron/DRI)

WHR from DRI
kiln off-gases

1 for power 60%
generation

WHR from DRI
kiln off-gases
for iron ore
preheating

10%

Mullite-based
kiln lining
3 for reducing 5%
surface losses
in rotary kiln

WHR from
DRI kiln off-

4 gases for 5%
coal moisture
reduction

More prevalent in DRI
plants of more than
200 tpd capacity.

About 60% plants out
of existing 350 coal-
based DRI plants have
adopted WHR based
power generation.

Small kilns of less than
100 tpd adopted this
technology

Low due to longer
payback period

Only few DRI plants
below 100 tpd
capacity have adopted
this system

80%

20%

80%

10%

Types of WHR system will
depend on the configuration
of DRI plant.

Type of WHR system will
depend on the configuration
of DRI plant. Adoption by
smaller kilns would require
statutory approvals.

The extent of adoption is
strongly influenced by the
price of mullite refractories
and the extent of alkaline
material in DRI kiln.

More suitable for DRI plants
having WHR for power
generation.



Present

Best available
technology

S. No.

Electric Arc Furnace (EAF)

High
temperature
1 continuous -
scrap
preheating

High-efficiency

0,

2 oxy-fuel burner 10%
Eccentric

3 bottom tapping 50%
in existing EAFs
Ultra-high-

4 power 60%
transformer

5 Bottom stirring 5%

6 Optlml_zmg slag 10%
formation

7 Optimized 10%
power control

8 Waste heat 50
recovery

diffusion
rate (%)

Observation

Technical constraints
such as space
availability and size of
EAF restrict adoption
in Indian EAFs

Larger units have
installed adopted

Smaller units lag
behind adoption of
this technology. Space
constraints for ladle
movement restricts
installation.

Units have already
upgraded the
transformers as per
compatibility with grid.

Existing output of
liquid metal meets the
downstream process
requirements. This
helps in avoiding
external stirring.

Retrofitted as a
comprehensive
automation system

Retrofitted as a
comprehensive
automation system

Not implemented by
standalone EAFs, as
they do not require
steam. However, it

is feasible in ISPs
having EAF and steam
requirement.

Maximum
diffusion
potential
(%)

40%

60%

80%

100%

20%

100%

100%

35%

Energy Efficiency in Steel Sector:
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RENETS

More suitable for EAFs with
60 tonne capacity and
above. The payback period
will be higher for small EAFs.

Limited applicability in
smaller size (less than 25
tonne) furnaces.

Few smaller units may have
space constraints.

The balance units are keen
to install this technology.
Need coordination with
utility companies.

New facilities may opt for
bottom stirring for upfront
optimization; existing units
may not adopt, given

that their established
downstream workflows
already have the necessary
process requirements.

Old units are gradually
upgrading automation
systems.

Old units are gradually
upgrading automation
systems.

Small furnace scales and
downstream energy
mismatches hinder
waste heat recovery,
while high DRI ratios
increase dust loading,
further complicating heat
extraction.




Best available
technology

S. No.

Scrap shear for

Present
diffusion
rate (%)

Maximum
diffusion
potential
(%)

Observation

Space constraints in
older units restricts

RENETS

9 50% . . 100% -
pre-treatment ° the adoption of this °
measure
Induction Furnace
Energy-efficient . . Old units are expected to
. . All n nstallation . -
1 induction 15% ew insta ? I.O S 100% shift to energy efficient
are energy-efficient IFs
furnace furnaces

For coal-based DRI-EAF/IF route, adoption of WHR systems for power generation from kiln off-gases
have seen increasing in larger DRI plants, due to their strong techno-economic attractiveness and
relatively short payback periods. WHR-based iron ore pre-heating, and coal moisture reduction
systems are also gaining traction, though their adoption remains constrained in smaller plants by
space limitations, operational complexity, and capital availability.

In EAF operations, technologies such as continuous scrap pre-heating, oxy-fuel burners, eccentric
bottom tapping, optimized slag practice, and advanced power control systems have been
selectively adopted by modern and large-scale EAF operators, delivering tangible benefits in terms
of energy efficiency, productivity, and steel quality. However, their penetration across the broader
SSI segment remains limited due to high upfront costs, variable scrap quality, and constraints related
to grid power reliability.

In IF-based units, adoption of energy-efficient IFs has improved although significant potential still
exists for wider deployment of advanced auxiliaries and digital controls.

6.3
Steel Processing and Cross-cutting Areas

The diffusion rate and maximum adoption potential for steel processing, cross-cutting operations,
and utility systems, covering rolling mills, casting technologies, and common energy-saving
measures are given in Table 12.




Table 12: Diffusion rate and
cross-cutting areas

Best available

. No.
> No technology

Rolling

Regenerative burner
1 total system for
reheating furnace

High temperature
2 recuperator for
reheating furnace

Process control
3 and automation for
reheating furnace

Fibre block for
4 insulation of
reheating furnace

In-line induction
heating to

5 compensate heat
losses in hot billets
before rolling

Oxygen enrichment
6 in combustion air for
reheating furnace

Cross-cutting Areas

Thin caster
1 technology in
steelmaking section

maximum adoption potential of BATs for steel processing route and

Present

diffusion Observation

rate (%)

20%

60%

20%

5%

5%

5%

5%

A Comprehensive Review of Best Available Technologies

Applicable only for
gas-based large
capacity reheating
furnaces.

There is scope

for performance
improvement

of existing
recuperators
installed in some of
the units.

Most of the larger
furnaces have
automation systems
in place.

Penetration level
in smaller units
remains low.

Unit specific
intervention for long
products

Limited application
due to cheaper
oxygen availability
constraints.

Requires space;
plant layout is
critical.

Maximum
diffusion
potential
(%)

Remarks

Suitable for rerolling facilities
with more than 1 Mtpa having
gas-based reheating furnaces.

25%

Many units have adopted
this BAT, but many are yet to
adopt.

80%

Smaller units are gradually

0,
100% adopting this BAT.

Some larger units have
adopted this BAT, but many
are yet to adopt.

80%

Given the wide availability

of mature technological
solutions, this technology is
well-suited for long products.

50%

Oxygen enrichment will
depend on the price and
availability of oxygen near
furnace (suitable for rerolling
mills with more than 0.5 Mtpa
capacity, where oxygen is
easily available).

30%

Few large plants making flat
products may also opt for
endless strip casting.

10%

Energy Efficiency in Steel Sector:




Maximum
Best available diffusion

Present

diffusion Observation . REIMEINS
potential
rate (%)

(%)

technology

Larger units

have already All the steel producers will
. implemented. move away from ingot/
100% continuous P . . _y d
. Smaller units billet casting towards more
2 casting in 70% . 85% . .
steelmaking section are adopting efficient continuous casters/
g this technology thin casters/endless strip
gradually as per casters.

technical feasibility.

Implemented in
larger furnaces,

generally the most Will be implemented in the
3 WBF 20% modern ones. 30% units with capacity of more
Smaller and some than 0.5 Mtpa.

larger units are yet
to adopt the BATs.

General Energy Saving Measures

Units are gradually
upgrading existing

. ith VVVF
VVVF drive for motors wit Constant loads may not

20% ms. Fix % .
motors 0% systems ed 50% require VVVDs.
speed motors may

not need VVVF
drives.

Steel plants

are gradually
implementing
EMMS for different
sub-processes/
sections.

2 EMMS 10% 100% =

The current adoption levels indicate that BATs such as continuous casting and high temperature
recuperators have achieved higher penetration, particularly in large and modern steel plants.
However, several BATs related to reheating furnaces like regenerative burners, fibre insulation,
oxygen enrichment, and advanced process control remain less adopted, especially in small and
medium re-rolling mills, despite their strong energy-saving potential.

Technologies like in-line induction heating and walking beam furnaces show moderate current
diffusion but offer substantial scope for expansion in larger capacity units where product quality
requirements are higher. BATs for cross-cutting areas such as thin casting and continuous casting are




expected to gain further traction as plants move away from energy-intensive conventional routes.

Additionally, common measures such as VVVF drives and EMMS have significant untapped potential
and can be scaled up across all plant sizes, supported by declining costs, digitalization, and policy
incentives. Overall, there is considerable potential for improving energy efficiency and emission
performance in steel processing through wider adoption of these BATSs.

The top 10 BATs in terms of energy saving potential are mapped for their current diffusion rate and
maximum potential in Figure 7.

THIN CASTER

ccMm

IN - LINE INDUCTION HEATING

TRT

OXYGEN ENRICHMENT IN RHF

MULLITE LINING - DRI

cbQ

EE-IF

PCl

WHR - EAF

M Present diffusion rate (%) Potential

Figure 7: Diffusion status and maximum adoption for major BATs (based on CO, reduction)
in iron and steel sector

Current diffusion levels of BATs across steel processes vary widely. PCI has achieved 100% adoption
across applicable units; however, there remains substantial scope to increase the PCl injection rate,
enabling additional energy savings and emission reductions. CDQ (75%), CCM (70%), and TRT (50%)
show relatively high penetration with moderate headroom. In contrast, high-impact options such
as WHR-EAF (5%), EE-IF (15%), mullite lining in DRI (5%), oxygen enrichment in RHF (5%), and in-
line induction heating (5%) remain significantly under-utilized despite strong mitigation potential,
indicating priority areas for scale-up.

6.4
High Impact BATs

Among the suggested BATs across steelmaking processes, those with the highest potential for
thermal and electrical energy savings, as well as CO; reduction, are shown in Table 13 and depicted
in figures 8 and 9.

Energy Efficiency in Steel Sector:
A Comprehensive Review of Best Available Technologies




Table 13: High impact BATs for iron and steel industry

S. No. Best available technology

Route/process

Energy savings

Emission reduction
(kg CO,/1)

Thermal Energy Savings

WHR from DRI kiln off-gases
for iron ore preheating

2 PCI
3 CDQ
4 Thin caster technology in

steel making section

Continuous casting in steel
making section

Electrical Energy Savings

WHR from DRI kiln off-gases
for power generation

High temperature
2 continuous scrap
preheating

Waste heat recovery from

3 EAF for steam/power
generation
4 TRT with dry bag type GCP

Energy-efficient induction
furnace

Coal-DRI

BF-BOF

BF-BOF

Steel processing

Steel processing

Coal- DRI

EAF

EAF

GJ/t product

5.4

2.23

1.9

1.2

1.2

(kwh/t product)

432

150

132

50

50

500

212

194

183

146

416

109

95.96

45.15

36.35
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Figure 9: Major BATs with high electrical energy saving potential

The BATs with maximum thermal energy potential include WHR from DRI kiln off-gases for ore
preheating, followed by PCI and CDQ although their emission reductions are influenced by the
extent of coke substitution and recovery efficiency. Thin casting and continuous casting show
moderate thermal savings but relatively strong emission reductions due to avoided reheating and
downstream fuel use. The BATs with maximum electrical energy saving potential include WHR from
DRI off-gases for power generation, followed by scrap preheating and EAF WHR.

Energy Efficiency in Steel Sector:
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Figure 10: Top 10 high impact BATs based on energy saving potential
Source: TERI analysis

As shown in Figure 10, the top 10 high impact BATs across steelmaking routes have cumulative
energy saving share to 74%. Figure 11 shows high impact BATs having cumulative emission reduction
potential of 73%. This indicates that prioritized implementation of high-impact BATs can deliver
majority of potential energy and emission reductions in the steel sector.




PCl, 13% EE-IF, 11%

Others, 23%

Oxygen

enrichmentin
RHF, 6% TRT, 5%

In-line
Mullite lining- induction Thin
WHR-EAF, 17% DRI, 6% heating , 4% | CCM, 4% |Caster, 3%

Figure 11: Top 10 high impact BATs based on emissions reduction potential
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The present adoption level of many of the BATs remain low despite their high potential for energy
savings and emission reduction. A clear understanding on BAT-specific barriers and challenges is
therefore critical to designing appropriate policy, financial, and technical measures and initiatives
to address the constraints and enable wider adoption. While some of the barriers are processing
plant-specific, others are systemic and cut across the sector.

7.1
Key Barriers for BATs Adoption

1. Technical Barriers
a. Adaptability of New Technologies in Existing Plants

Many of the steel plants have legacy layouts and space constraints, hence, limit the feasibility of
retrofitting modern equipment such as sinter waste heat recovery, TRT, increasing PCI rate, waste
heat recovery in coal DRI, etc. Also, adaption of BATs within existing plants requires extensive
modifications to process flow, upgradation of utilities, and changes in structural arrangements. These
issues hinder steel plants, especially old ones, from undertaking technology upgrades with BATSs.
Further, some of the plants have quite old blast furnaces and the retrofits may result in structural
damages.

b. Need for Long Shutdowns for Retrofits

Commissioning of BATs involves modification of existing systems, necessitating longer plant
shutdowns affecting overall production. This discourages steel plants to undertake technological
upgradation for risk of operational disruptions and market losses. As a result, even technically
feasible retrofits are postponed or avoided by the plants.

c. Limited Availability of Domestic Technology Suppliers

Several BATs, such as CDQ , TRT, and sinter plant waste heat recovery systems, are largely imported,
which significantly increase both capital and operation & maintenance (O&M) costs. The limited
availability of indigenous suppliers also poses challenges in obtaining timely operation services and
spare-parts support. Consequently, the reliance on imported technologies has resulted in lower
adoption levels of such BATSs.

2. Financial Barriers
a. High Capital Expenditure and Long Payback Periods

Adoption of BATs involves significant upfront investment with long payback periods. The secondary
steel industries, which generally operate on tight profit margins find the investments in BATS
financially challenging.

b. Limited Access to Affordable Financing and Risk Mitigation Mechanisms

Availability of dedicated financial instruments for BATs adoption remains limited. Commercial banks
perceive such EE projects as high-risk being newer technologies. The absence of concessional credit
lines, risk guarantees, and performance-based financing schemes restrict technology investments,
especially among small and medium enterprises. Further, limited or lack of financial incentives
impacts the adoption, despite long-term operational and environmental benefits.




c. Limited Technical and Financial Capability to Scale-up Plant Size or Process Route

Smaller DRI-EAF/IF plants generally lack the financial and technical resources to transition to larger,
more efficient BATs. The shift to BAT-compliant operations requires capital, design expertise, and
operational skill sets, which are generally lacking for many secondary producers.

3. Policy and Regulatory Barriers

a. Inadequate Incentives

Inadequate incentives, carbon pricing, or mandatory performance standards reduces the motivation
for industries to upgrade. This gap is particularly evident in the MSME sector, where there is a lack
of regulatory frameworks.

b. Lack of Standardized Benchmarks and Performance Databases

There is alack of comprehensive, publicly accessible database on BAT performance benchmarks, cost
parameters, and achievable emission reductions. Without standardized reference levels, industries
face difficulties in assessing the relative advantages of BATs or setting realistic performance targets.
This also limits effective policy monitoring and evaluation.

4. Institutional and Market Barriers

a. Limited Coordination Among Stakeholders

There is a lack of coordination among key stakeholders, particularly, small steel producers,
government, and technology providers which hampers large-scale technology diffusion. The
absence of collaborative efforts among the key stakeholders has impacted the progress.

b. Lack of Technical Expertise and Awareness Among SSI

Many secondary steel industries operate with limited awareness or understanding of BAT options,
benefits, and operational requirements. This is especially true for coal DRI plants, IF units, and
steel downstream/ MSME plants. The absence of in-house technical capacity leads to sub-optimal
technology selection or non-adoption of BATs.

c. Low Awareness and Capacity at Management and Operational Levels

Decisionmakers and plant personnel lack exposure to BATs and international best practices.
Insufficient training and capacity development restrict their ability to assess, adopt, and sustain
BATs adoption effectively, reducing overall implementation rates.

d. Lack of Technical and Financial Capability of Small Units

Smaller DRI-IF and SRRM units generally lack both skilled manpower and financial flexibility to pursue
modernization. Limited institutional support and lack of access to consulting or technical assistance
constrain the ability of these units to adopt advanced technologies.

Energy Efficiency in Steel Sector:
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7.2

l\7|apping of Barriers to Adoption of BATs

A mapping analysis was carried out across the steel sector to identify specific barriers (Tables 14,

15, 16, and 17).

Table 14: Specific barriers across different steel production routes in India

Category

Technical
Barriers

Financial and
Economic
Barriers

Policy and
Regulatory
Barriers

Institutional
and Market
Barriers

Integrated steel plants

TI-1- Legacy layouts and
space constraints limit
retrofits

TI-2- Risk of structural
damage while modifying
old equipment

TI-3- Long shutdowns
needed for installation of
complex BATs

TI-4- Dependence on
imported technologies
with limited domestic
suppliers

TI-5- Application on
selective route/plant

FI-1- High CAPEX for large-
scale BATs

FI-2- Higher O&M

costs due to imported
technologies

PI-1- No specific policy
incentives supporting
large BAT retrofits

IMI-1- Limited domestic
technology providers for
large specialized systems
IMI-2- Delays in after-
sales service and spare
availability

Secondary steel industry

TS-1- Unfavourable techno-
economics in small units
TS-2- Variable quality of
coal, iron ore, and scrap
affecting BAT stability
TS-3- Limited automation
and process control
systems

FS-1- Limited access to
affordable finance; high
perceived risk

FS-2- Weak financial
capacity to scale up
processes or adopt efficient
routes

FS-3- High re-engineering
costs beyond the capacity
of small units

PS-1- Lack of regulatory
measures for performance
improvement in smaller
units

IMS-1- Low management
and workforce awareness of
BAT benefits

IMS-2- Limited in-house
technical expertise

IMS-3- Lack of institutional
support for consulting or
training

Common barriers

TC-1- Production disruptions
due to long shutdowns
TC-2- Raw material variability
affecting BAT performance
TC-3- Retrofitting constraints
in brownfield setups

FC-1- High capital investment
and long payback periods
FC-2- Lack of targeted
financial incentives

FC-3- Uncertainty in returns
and absence of risk-mitigation
instruments

PC-1- Absence of standardized
BAT benchmarks and public
performance databases

PC-2- Limited sector-specific
policies for BAT deployment

IMC-1- Limited coordination
among government, industry,
and technology suppliers
IMC-2- Insufficient capacity-
building initiatives across the
sector

IMC-3- Overall low awareness
of advanced technology
options



Table 15: Assessment of barriers for ISPs

S. No.

Best available technology

Sintering

Sinter Plant Heat Recovery (steam recovery
from sinter cooler waste heat)

Sinter Plant Heat Recovery (power

2 . .
generation from sinter cooler waste heat)

3 High-efficiency Coke Oven Gas Burner in
Ignition Furnace for Sinter Plant

4 Selective Waste Gas Recirculation (SWGR)

Coke Making

1 Coke Dry Quenching

2 Coal Moisture Control System (top charged)

Ironmaking

) Top Pressure Recovery Turbine — with Dry
Gas Cleaning Plant

2 Pulverized Coal Injection

3 Blast Furnace Hot Stove Waste Heat
Recovery

4 Top Combustion Hot Stove with Metallic
Burners

Steelmaking
Converter Gas Recovery System (non-

1 combustion/ suppressed combustion

method)

A Comprehensive Review of Best Available Technologies

Major barriers

TI-1

TI-1

TI-1

TI-4

TI-1

TI-1, TI-2

TI-1, TI-4

TI-4

TI-1

TI-2, IMI-

TI-1

Other barriers in BAT
adoption

TI-2, FI-1, PI-1, IMI-1

TI-2, FI-1, PI-1, IMI-1

TI-2

TIL, TC-3, FI-2

TI-3, TI-4, FI-1, PI-1,
IMI-1

TI-3, TI-4, FI-1, IMI-1

TI-3, FI-1, PI-1, IMI-1,
IMI-2

PI-1, IMI-1

TI-2, IMI-1

1 TC-1, TC-3

TI-2, TI-4, FI-1, IMI-1,
IMI-2

Energy Efficiency in Steel Sector:




Table 16: Assessment of barriers for DRI-EAF/IF Route

Other barriers in BAT

S. No. Best available technology Major barriers adoption

Coal-DRI

1 Waste Heat Recovery from DRI Kiln for Power TS-1, TS-2 TS-3, FS-3. PS-L, IMS-L, IMS-2
Generation

5 Waste Heat Recovery from DRI Kiln for Iron Ore TS, FS-3 IMS-1, IMS-2, IMS-3
Preheating

3 g/IL:Jrlflia:c;b:::?LIZiLr;;.;ning for Reducing DRI Kiln IMI-L, FC-3 IMC-L, IMC-2

4 Waste Heat Recovery for Coal Moisture Reduction TC-3, IMS-L PS-1. IMS-2
in DRI Kiln

Electric Arc Furnace

) Eﬁ:h Temperature Continuous Scrap Preheating for FS3 IMS-L, IMS-2, IMS-3

2 High-efficiency Oxy-fuel Burner for EAF FS-3 IMS-1, IMS-2, IMS-3

3 Eccentric Bottom Tapping on Existing Furnace FS-3 IMS-1, IMS-2

4 Ultra-high-power Transformer for EAF FS-2, FS-3 IMS-2

5 Bottom Stirring in EAF TS-1, TI-4 FC_3, IMS-1

6 Optimizing Slag Forming in EAF TS-3, IMS-3 IMC-3

7 Optimized Power Control for EAF TS-3 IMS-2

8 Waste Heat Recovery from EAF TS-1, FS-3 IMS-1, IMS-2, IMS-3

9 Scrap Pre-treatment with Scrap Shear IMS-1, IMS-3 FS-2, TS-1

Induction Furnace

1 Energy-efficient Induction Furnace FS-2, FS-3 PS-1, IMS-1

Table 17: Assessment of barriers for steel processing and cross-cutting areas

Other barriers in BAT

S. No. Best available technology Major barriers

adoption
Rolling

Regenerative Burner Total System

L for Reheating furnace

IMC-2, IMC-3 TC-2

High Temperature Recuperator for

Reheating Furnace IMS-1, IMS-2 IMC-3
3 Proces§ Control and Automation for TS FC.2 PO PC2
Reheating Furnace




S. No. Best available technology Major barriers

Other barriers in BAT
adoption

4 Fibre B!ock for Insulation of PC-2, PC-3
Reheating Furnace

In-line Induction Type Billet Heater

5 for Direct Rolling IMS-1

6 O.xygen Enrichment for Combustion IMS-1
Air

Cross-cutting Areas
Thin Caster Technology in Steel

1 . . TI-5
Making Section
100% Continuous Casting in Steel

2 . . FS-2
Making Section

3 Walking Beam Furnace (WBF) TI-5

Common Energy Saving Technologies

1 Variable Voltage Variable Frequency IMS-1
(VVVF) Drive for motors

2 Energy Monitoring and TCAL, FC-2

Management System (EMMS)

PC-1, TC-3

IMC-2

FI-1, FC-3, IMI-1

IMS-3

IMS-3, IMS-1, TI-5

IMC-2

TC-3

The mapping of barriers against the identified BATs indicates specific challenges across steel industry
segments. ISPs primarily face technical constraints, especially related to retrofitting limitations in
existing facilities, which restrict integration of advanced technologies. In contrast, SSIs encounter
financial, institutional, and market-related barriers that hinder investment decisions and slow down
technology upgradation. Several barriers are common to both segments, addressing the common
challenges such as policy, skilled workforce availability, and lack of financial incentives.

Energy Efficiency in Steel Sector:

A Comprehensive Review of Best Available Technologies
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Potential Contribution
of BATSs to National
Programmes and
Targets




The wider adoption of BATs in iron and steel sector is envisaged to play an important role at the
national level. It would support national targets on energy intensity reduction, emissions mitigation,
and sustainable industrial development.

8.1
Overall Impact of BATs on Iron & Steel Sector

An assessment of present diffusion levels of BATs across steelmaking routes, and the potential
adoption level indicate a substantial scope for improvements in energy efficiency and emission
reduction. While a few BATs have already achieved a high level of adoption, many of the high-impact
technologies remain under-adopted despite being proven energy and environmental performance.

Bridging this gap would require targeted policy support, improved access to finance, and measures
to address technology and sector-specific implementation barriers. Accelerated adoption of BATs
can therefore play a pivotal role in reducing energy and emission intensities in the steel sector while
supporting its long-term competitiveness and alignment with national climate and energy goals.
According to the International Energy Agency (IEA), the global adoption of current BATs could
reduce the energy intensity of heavy industries by nearly 25% using existing technologies alone.

An assessment was undertaken to estimate the aggregate energy savings and CO, emission
reduction potential with the BATs adoption in the steel sector. Awider adoption of BATs would result
in a cumulative energy savings of about 2.72 Mtoe and an emission reduction of about 14.56 Mt CO,
across different steel production processes (Table 18).

The results indicate a potential for substantial energy savings and emission reduction across steel
value chain. The identified BATs offer significant near-term, technology-driven reductions within
existing production routes and can serve as a foundational step in the sector’s transition towards net
zero. It would strongly support sustained growth of the sector while achieving significant energy
saving and contributing towards industrial decarbonization objectives of the country.

Table 18: Aggregate energy savings and emission reduction potential of BATs in Iron & steel industry

S. No. Steel making route Energy saving potential (Mtoe) Emission reduction potential (MtCO,)
1 BF-BOF 113 5.04
2 DRI-EAF/IF 0.83 6.62
3 Steel Processing 0.76 2.89
Total 2.72 14.55

Source: TERI analysis




The results indicate a potential for substantial energy savings and emission reduction across the
steel value chain. The identified BATs offer significant near-term, technology-driven reductions within
existing production routes and can serve as a foundational step in the sector’s transition towards net
zero. It would strongly support sustained growth of the sector while achieving significant energy
savings and contributing towards industrial decarbonization objectives of the country.

100%
80% —
60%

40%

Energy savings (Mtoe) Emission reduction (MtCO,)

m BF-BOF m DRI-EAF/EIF m Steel Processing

Figure 12: Energy saving potential and emission reduction potential in different routes
Source: TERI analysis

Figure 12 highlights the significant decarbonization potential across three steelmaking routes. The
BF-BOF route leads in energy-saving potential, contributing 1.13 Mtoe (42%) while the corresponding
emission savings are 5.04 MtCO, (35%) of the total potential from BATs.

The DRI-EAF/IF route offers the highest emission reduction, accounting for 6.62 MtCO, nearly half of
the total potential shown against the energy saving potential 30%. While steel processing contributes
the least in both categories, the data emphasizes that shifting toward DRI-based methods is the
most effective lever for cutting the carbon footprint.

8.2
Doubling the ‘Energy Efficiency Rate’ Programme of
Government of India

The Government of India aims to double its energy efficiency improvement rate from approximately
2.5% in 2024 to 4% annually by 2030, aiming to reduce energy consumption by 89 Mtoe. This initiative
is implemented by the BEE focusing on different energy-use sectors like industries, buildings, and
transport through the PAT Scheme and India Cooling Action Plan (ICAP),

A wider adoption of BATs across different steel production routes is essential for achieving the
national objective of doubling the rate of energy efficiency improvement. There is an ongoing
transition from PAT framework to CCTS reinforcing this pathway by incentivizing emission-intensity
reduction through sustained improvements in industrial energy performance.

Energy Efficiency in Steel Sector:
A Comprehensive Review of Best Available Technologies




8.3
Steel Sector Emission Targets for 2030

NDC Targets

The Ministry of Steel has aligned its sectoral decarbonization roadmap with India’s updated NDCs,
which commit to a 45% reduction in the emissions intensity of GDP by 2030 from 2005 levels. As
a hard-to-abate industry, the iron and steel sector align with this transition through a combination
of energy efficiency improvements, resource optimization, and fuel and process switchover. It has
been broadly acknowledged by the industry that the wider adoption of BATs is the most crucial
lever for reducing emissions in steel production routes.

Green Steel Taxonomy

The sector has demonstrated progress in lowering its specific emission intensity. The average CO,
emission intensity of Indian steel production declined from approximately 3.1 tCO,/tcs in 2005 to
about 2.65 tCO./tcs in 2015, and further to around 2.5 tCO./tcs by 2024. The reduction trend
in emissions intensity highlights the role of energy efficiency improvements through technology
upgradation, WHR, improved process control, and energy management practices in reducing
emissions despite expanding production.

To further accelerate decarbonization, the MoS launched the Green Steel Taxonomy in 2024,
establishing an intensity-based framework to classify and incentivize low-emission steel production.
Under this framework, 'Green Steel’ is defined as steel produced with an emission intensity below
2.2 tCO./tonne of finished steel (tfs). A star-rating mechanism has been introduced to recognize
progressive emission performance and support market differentiation of lower-carbon products
(Table 19).

Table 19: Star-rating mechanism for green steel products

Star-rating Emission intensity (tCOze/tfs)

5-Star Less than 1.6
4-Star 1.6-2.0
3-Star 2.0-2.2

In this context, wider deployment of identified BATs across primary, secondary, and processing
routes can enable a significant share of the near-term emission reductions required to meet these
benchmarks.




Carbon Credit Trading Scheme

The transition from the PAT scheme to the CCTS from 2025-26 represents a shift from energy-
focused performance regulation to a comprehensive emission-intensity framework. Under CCTS,
obligated entities in energy-intensive sectors, including iron and steel, are assigned GHG emission
intensity targets, providing a direct economic incentive for reducing emissions through improved
energy and process performance. The adoption of BATs would become a compliance pathway,
as technologies that enhance energy efficiency, recover waste heat, and optimize fuel utilization
would enable cost-effective reduction in emission intensity. The CCTS strengthens the role of BATs
in significant emission reductions and advancing the sector’s transition towards low-carbon steel
production.

Energy Efficiency in Steel Sector: -
A Comprehensive Review of Best Available Technologies
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An analysis of BATs indicates that energy saving of 2.72 Mtoe and emissions reduction of 14.56 Mt
CO, may be realized with BATs’ wider adoption, representing a significant contribution to India’s
industrial decarbonization pathway. BAT deployment is, therefore, envisaged as a high-impact,
near-term strategy to achieve measurable improvements in energy efficiency and emission intensity
while maintaining a sustainable growth path. However, the analysis and barrier mapping further
indicate that a large-scale adoption would require coordinated policy support, targeted financing,
institutional strengthening, and technical capacity development particularly for the secondary
steel sector. Addressing these barriers can help unlock large-scale efficiency gains across different
process routes.

The following actions are recommended to accelerate BAT adoption in the near to mid-term. These
recommended actions directly address technical, financial, policy, and institutional barriers and
are intended to enable large-scale, economically viable deployment of BATs across different steel
production routes.

9.1

Industrial Action

The industrial actions include the following:

« Undertake plant-level gap assessments against BAT benchmarks and implement time-bound
modernization or retrofitting plans

e Prioritize high-impact technologies with demonstrated techno-economic viability, e.g., WHR
systems, TRT, advanced process control systems, high-efficiency furnaces, and optimized rolling
operations

e Promote digitalization through EMMS for real-time tracking of energy and emission performance

e Encourage cluster-based modernization programmes for secondary steel plants to address
scale of operation and infrastructure constraints

e Support phased retrofitting strategies to minimize production disruptions and shutdown-related
risks.

9.2

Financial and Market Enablers

The financial and market enablers include the following:

» Develop financing schemes for BAT deployment through concessional credit lines and blended
finance mechanisms

* Introduce credit enhancement instruments and partial risk guarantees to reduce perceived
investment risks, particularly for MSME steel units

* Facilitate independent technical due diligence frameworks to strengthen bankability and
investor confidence in BAT projects

9.3
Policy and Regulatory Measures

The policy and regulatory measures include the following:




»  Align sectoral benchmarks under the CCTS with BAT-level performance for different production
routes

« Introduce targeted fiscal incentives and capital subsidies for priority energy-saving technologies

» Develop route-specific BAT reference (BREF) documents tailored to Indian operating conditions
and update them periodically

e Establish standardized performance benchmarks and national databases on BAT costs, savings
potential, and operational experience.

94
Institutional Strengthening and Capacity Building

The institutional strengthening and capacity building requirements in the Indian steel sector include
the following:

« Develop structured training programs for plant personnel and financial institutions focusing on
BAT deployment and carbon accounting

e Provide targeted technical advisory and handholding support for secondary steel clusters and
MSME units

e Strengthen collaboration platforms among government agencies, industry associations,
technology providers, and financial institutions

e Promote domestic technology development and localization to reduce dependence on
imported systems and improve after-sales support

»  Publish periodic sectoral benchmarking and adoption tracking reports to monitor progress and
inform policy adjustments.

Way Forward

Wider adoption BATs is a potential strategy to enhance energy efficiency and reduce emissions in
the Indian steel sector. This would require a coordinated implementation framework that integrates
technology deployment, financing mechanism, policy and regulatory instruments and market
creation to overcome envisaged barriers in the sector. With appropriate enabling conditions,
deployment of BATs can serve as a significant near-term pathway for steel industries to improve
competitiveness, achieve global benchmarks, and help achieve national climate commitments.

Energy Efficiency in Steel Sector:
A Comprehensive Review of Best Available Technologies
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