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PERFORMANCE STATUS OF INDIAN IRON & STEEL PLANT VIS-À-VIS THE INTERNATIONAL PLANTS

A.
Integrated Steel Plants 

	Parameter
	Indian
	International

	Sinter Plant (t/m2/hr)
	1.2-1.5
	>1.8

	Blast Furnace (t/m3/day)
	1.3 -2.2
	2.5-3.5

	Coke Rate(Kg/THM)

Steel Making (blows/year/working convertor)
	450- 610+

4000-4500
	350-400

6000-10,000+

	BOF Lining Life (No. of Heats)
	2000-10000 +
	5000-10000 +

	Continuous Casting (metres /minute)
	1.0-1.9 (Slab)

3.0-3.5 (Billet)

0.5-0.9 (Bloom)
	1.4-2.5 (Slab)

3.0-4.7 (Billet)

0.5-1.0 (Bloom)

	Rolling Mills
	
	

	i) Hot Strip Mill
	
	

	Mill utilization (%)
	70-78
	85-90

	Yield from Slab(%)
	96.3-97.6
	98.5

	ii) Cold Rolling Mill
	
	

	
	
	

	          Mill utilization (%)
	56-64
	90

	          Yield (%)
	92.7-94.3
	95+

	      Specific Energy consumption 

 (Gcal/tcs)

 CO2 Emissions (Kg/tcs)    
	6.45-8.5+

2600-3300
	4.5-5.5

1200-1800

	 Steel Cleanliness (S,P,O,N) (ppm)
	 S: 10-100 ppm

 P: 50-200 ppm

O: 10-50  ppm

 N: 30-60  ppm
	  S: 5-150   ppm

P:10-150 ppm

  O: 5-40     ppm

  N: 10-40   ppm


B. Electric Arc Furnace Units 

	Parameter
	Indian
	International

	Furnaces size, tonne
	20-50/200
	100-250

	Specific transformer capacity, MVA/t
	0.3-0.8
	0.8-1.2

	Oxygen consumption, NM3/t
	5-40
	30-45

	Tap to tap time, minutes
	90-240
	60-90

	Specific productivity, t/hour/ MVA
	0.5-0.7
	0.8-1.1

	Power consumption, KWh/t
	300-700
	150-350

	Electrode consumption, Kg/t

CO2 Emissions (kg/tcs)

	2.5-6

600-900


	1-2.5

105-350




C. Direct Reduced Iron/ Sponge Iron Plants

	Parameter
	Indian
	International

	COAL BASED
	
	

	Module Size, Mt/ year
	0.015-0.15
	0.15

	Net Coal Consumption, t/t DRI (~25% Ash)
	0.75-1.1
	0.75-0.85

	S, P in DRI,%
	S: 0.02

P: 0.07-0.08
	S: 0.01-0.02

P:  0.06

	Ore type
	Lump
	Lump & Pellets

	     Usage in EAF, %
	20-80
	50-100

	     CFIX / FCT ratio
	0.45-0.50
	0.45-0.50

	GAS BASED
	
	

	Module Size, Mt/ year
	0.75-1.2
	0.75-1.2

	Nat. gas consumption, Nm3/t
	295-315
	275-300

	     Ore type
	Lump (60%) + Pellets(40%)
	Lump (30%) Pellets (70%)

	Fe, in ore, %
	65%
	~ 65%

	Metallization, %S
	90-92

S: 0.01-0.03%
	90-92

S: 0.005-0.01%
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LIST OF PROMISING TECHNOLOGIES IN IRON & STEEL 
	Sl.No.
	Name of  Technology
	Reasons for adoption 

	A.
	Iron-ore area
	

	1.
	Installations of high efficiency crushers
	Decreases size fluctuation of iron ore lump, lowers energy consumption in sizing operation

	2.
	Fine ore beneficiation using magnetic separation
	Beneficiation of slime: mineral conservation and ecological preservation.

	3.
	Floatex density separator
	Beneficiation of fines/ slime fluctuation in feed rate and grain  size: do not affect quality of output, applicable in coal washing also.

	4.
	Lamella thickeners and clarifiers
	Beneficiation of fines including slimes, lowers capital and space requirement easy maintenance.

	B.
	Technologies in Coke Oven and By-Products area
	

	1
	Stamp charging
	Substitutes prime coking coal: improve coke quality and BF productivity: lower pollution.

	2
	High capacity coke oven
	Lowers number of units and manpower : better coke quality: lowers pollution.

	3
	Improved design and construction features of coke oven machine and other equipment
	Better performance: less manpower and improved pollution control.

	4
	Computerised heating control and automation.
	Accurate positioning of oven machines increased battery life, improved coke quality, lowers requirement of pollution control measures, etc.

	5
	Improved coke quenching system.
	Better efficiency: lowers water consumption: long life of warf and coke conveyors, etc.

	6
	Coke dry cooling
	Better coke quality: lowers environmental pollution: possibility of power generation and heat recovery.

	7
	Pollution control technologies in coke ovens.
	Improves emission control: coke quality and efficiency of coke ovens.

	8
	Regeneration of acid from acid sludge.
	Eliminates disposal problems of hazardous acid sludge: regenerated acid can be used in ammonium sulphate plant.

	9
	Laser based  spotting / positioning  system for coke oven  service machines.
	Increases productivity  due  to  rapid and  accurate  alignment  of  servicing machine

	10
	Desulphurization  of  coke oven gas.
	Yield  sulphur of  extremely good  quality.

	C
	Sintering
	

	1
	Processes  to use  super-fines  in sinter-mix  like (HPS) process, vibration  granulation equipment, high agitating mixture, etc. 
	Decreases AL2 O3 content, fuel rate; improves granulometry; improves productivity of machine.

	2
	Extension of grate width
	Increases productivity / production.

	3
	Waste heat recovery from sinter cooler
	Energy recovery; reduces cost of production.

	4
	Pollution control measures, like, EOS, AIRFINE, Sulfex process, etc
	Lowers  pollution level; reduces fuel consumption, etc.

	5
	Use of Mg silicate in sinter-mix
	Decreases alkali loading in BF; improves sinter  reducibility.

	6
	Improvement in sinter feeding system
	Increases bed permeability; yield and productivity.

	7


	High pressure sintering process 
	Can use high amount of super fines: improves sinter quality : improves productivity, etc. 

	8
	Increase in bed height and suction in sinter machine
	Improvement in productivity and sinter quality.

	D
	Blast Furnace area
	

	1
	Coal dust injection with oxygen enrichment
	Replaces BF coke:  by non coking coal : decreases production cost.

	2
	Use of silicon carbide refractories in blast furnace.
	Improves furnace lining life leading to higher furnace availability.

	3
	Copper stave cooling system
	Improves furnace cooling efficiency , increases service life.

	4
	Improvement in operation and control system by incorporating cast house expert system, laser radar system, on-line detection of tuyer leakage, etc.
	Stabilises the furnace operation leading to improved operating efficiency.

	5
	Dry slag granulation system  
	Lowers environmental pollution : reduces water consumption etc.

	6
	Post treatment of hot metal
	Improves steelmaking efficiency: yield etc.

	7
	Coke-ore mixed layer charging
	Lowers consumption of sized BF coke :  improves productivity

	8
	Remotely operated gunning system
	Reduces the capital repair time.

	E.
	Direct Reduction area
	

	1
	APEX iron carbide process
	Substitute process for production of iron carbide: flexibility in choice of fuel: lowers specific energy consumption: reduces operating cost as separate natural gas reformer  is not required.

	2
	Transportation of hot sponge iron (Hytemp process) 
	Facilitates hot DRI/HBI transportation and charging in EAF: reduces electricity consumption in EAF steelmaking.

	3
	Production of iron carbide
	Suitable in regions where natural gas is abundantly available: an alternative iron bearing material which substitutes use of imported scrap.

	4
	FIOR process and FINMET process
	Uses low cost iron ore fines to produce premium iron product stable DR briquettes which can be stored and transported as a merchant product.

	F.
	Basic oxygen furnace area
	

	1
	Monitoring of BOF lining wear
	Helps ion controlling wear by identifying weak spots: optimizes lining method and application of suitable brick quality and improves refractory yield.

	2
	Slag splashing in BOF converter
	It improves lining life’ thereby improves productivity of the furnace and decreases operating cost.

	3
	System for measuring the end point chemical analysis by drop in sensors
	It eliminates waiting period of converter due to quick chemical analysis of liquid steel.

	4
	Adoption of computerised process control system in BOF operation.
	

	5
	
	Improves end point corrections, reblowing and coolant additions which in turn improves production efficiency, steel yield   and refractory life

	6
	HI-VAP BOF spray cooling system
	This  technology has been successfully demonstrated in few select BOF converters abroad; It  facilitates successful cooling  of the BOF vessel shell and  trunion thereby   increases  campaign life.

	7
	Use of  BOF slag  for  ironmaking
	Utilizes  waste material for  reuse in ironmaking, reduces slag  disposal problems.

	8
	Adoption of new suspension system for BOF vessels.
	This new and improved type of suspension system could be adopted in future plants based on economics.

	9
	Recycling  of converter dust / sludge
	The pilot plant study  made needs to be kept  under  watch for future  applications.

	G.
	Electric Arc Furnace area

	1
	Twin vessel mono-power system
	Increases productivity due to reduced power off time.

	2
	Scrap preheating systems 
	Preheating of scrap lowers the requirement  of electric  power  reduces melting  time; reduces dust generation etc.

	3
	Hot metal usage in EAF
	Reduces power and electrode consumption ; lowers tap to tap time,  reduces dependency on scrap etc.

	4
	Post  combustion in EAF
	Lowers overall electrical  energy consumption, decreases heat load in the off gas system, etc.

	5
	Adoption of DC arc furnace
	Lowers electrode consumption, requires lower grid  strength, etc.

	6
	Cooling system for  electrodes and  furnace roof
	Lowers electrode consumption in EAF, maximizes shell life and minimizes down time for repair. 

	7
	Recycling of EAF dust
	Re-utilizes  hazardous waste; lowers power consumption and dependency on steel  scrap; improves steel yield, etc

	H
	Secondary refining area

	1
	RH/RH-OB process
	It is a fast refining process, capable  of processing large number of heats / day ; produces ultra  low carbon and very low hydrogen steels; suitable for large capacity integrated steel plants.

	2.
	CAS-OB process
	Process is simple in design and operation; suitable for medium to large capacity plants; facilitates production of special steel grades at shorter treatment times.

	3.
	MRP converter process
	Utilizes low grade charge material; consumes less energy; low operating cost; suitable for mini steel plant / foundries for producing variety of steel grades.

	4.
	AOD converter process
	Most prevalent stainless steelmaking process; suitable for mass  production of stainless steel; can be retrofitted in existing mini steels.

	I.
	Continuous Casting area

	1
	Tundish lining using remotely  operated industrial robot system
	It is a modern cost efficient, low labour intensive, pollution free system; remotely operated tundish lining has been proven on an industrial scale with low maintenance requirement.

	2
	Use of Electro Magnetic Stirring on solidification of strand
	Improves internal quality of cast billets; can be retrofitted in existing billet casters.

	3.
	Tundish metallurgy
	Improves steel quality and lowers strand breakouts.

	4.
	Level-II Automation 
	Facilitates scheduling of casting process: display data histograms: improves maintenance of equipment and quality of product.

	5.
	Automation and process control
	Facilitates smooth and trouble free operation of CC machine.

	6.
	Hot/direct charging of strands in rolling mill
	Conserves energy and improves mill productivity.

	7.
	Thin slab casting, beam blank and HCC technology.
	Energy efficient processes: lower capital and production costs: improves productivity.

	8.
	Moulds for high speed casting
	Improves casting speed thereby cater productivity.

	9.
	Application of Electro Magnetic Brake Ring (EMBR) in moulds
	Reduces turbulence and vortex formation at the meniscus level: facilitates floatation of inclusions to the mould slag level: reduces mould powder entrapment.

	10.
	Thin strip casting
	Demonstrated successfully by various process of commercialization: an economical route for production of flat rolled products.

	J
	Rolling mill (Flat) area
	

	1
	Automatic width control (AWC) in hot strip mill
	AWC system controls the steel width and hence improves the yield from mill.

	2
	Hydrochloric acid regeneration plant with spray roaster process
	Allows complete recovery of HCI acid for reuse in pickling: pollution due to acid fumes is reduced.

	3
	On-line accelerated controlled cooling of plates
	Allows leaner chemistry to attain the same strength level and improves weldability.

	4
	Zinc alloy electro-plating
	Lighter coating weight, better weldability and paintability.

	5
	Thermo-mechanical controlled processing
	Leaner chemistry due to micro-alloying: adequate strength and good weldability achievable.

	6
	CVC control in finishing mills of HSM
	Good strip flatness and surface quality.

	7
	Profile and automatic shape control of CR strips
	Ensures good strip flatness and surface quality.

	8
	Continuous annealing line for sheet gauge material
	Reduces processing time and produces cleaner, flatter surface.

	9
	Automatic surface inspection of strip on delivery side of mill and other processing and finishing lines.
	A quality assurance measure which detects, classifies and provides information for eliminating defects.

	10
	Recrystallisation controlled rolling.
	Can be adopted in existing plate mills having low roll separating force for producing stronger plates.

	11
	Hydraulic automatic gauge control in plate mill
	Improves gauge tolerance and reduces gauge rejections, thereby, improving the yield.

	12
	On-line ultrasonic testing of plates
	A quality assurance scheme which can test plates at a speed matching that of the line: has low setting up time when plate size is changed.

	13
	Bite and back rolling method for slabbing mill yield improvement
	Improves slab yield by 3.5 to 4%.

	14
	High convective 100% hydrogen batch annealing
	Lowers energy consumption, uniform cooling rates are achieved.

	15
	Laser based line projection system for shear blade alignment
	Increases production rate, avoids accidents.

	K
	Rolling mill (Non-Flat) area
	

	1
	Use of 3 roll block stand as intermediate finishing blocks in wire rod mills.
	Allows free size rolling without changing of passes or stands.

	2
	In-line heat treatment of wire rods
	Low installation cost: low production cost: short delivery time: no further off line heat treatment.

	3
	Temperature controlled rolling of round bars and wire rods
	improves mechanical properties saving of subsequent heat treatment processes.

	4
	Thermo-mechanical treatment , on-line accelerated cooling,  Post-finishing Block & FRS (Flexible Reducing & Sizing) 
	These enable to roll all finished rod sizes from a common family of feed sizes produced by intermediate mill leading to improvement of quality, reduction in cost etc. 

	5
	High speed discharge of bars and rods in straight length
	Small diameter plain rounds and bars can be discharged to cooling bed at a much faster rate without loss of production.

	6
	On-line  gauge control of long products
	Non contact gauging system can measure and display major dimension of section: measurements are unaffected by bar twist.

	7
	Use of carbide rolls for bar and rod mill
	Improves quality and tolerance of rolled products; improves mill utilisation and availability.

	8
	Predictive maintenance for No-twist block in wire rod mill using vibration monitoring
	Reduces cost of repairs and lowers unplanned down time.

	9
	Energy conservation in rolling mills (hot charging/ direct rolling)
	The main advantage is the saving of energy besides reduction of scale loss.

	10
	On-line gauge control of long products (laser based or camera based)
	Permits on-line measurement of products besides improving yield and reducing post operation maintenance.

	11
	Momentless straightening of rails
	Reduces straightening forces and decreases rail cross section distortion.

	
	In-line heat Hardening of rails
	High and uniform hardness and high depth of hardness could be achieved when compared to off-line system.                     
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SMELTING REDUCTION (SR) PROCESSES

	Sl.

No.
	Process Name/ Developer(s)/ Promoter
	Basic Process Features 
	Status/ Remarks 

	1.
	COREX (earlier KR Process): 

Voest Alpine, Austria
	Pre-reduction (+90%)  of iron ore lumps (8-20mm)/ pellets in a Shaft Furnace using off-gas (part)  from the Melter  Gasifier.

Melting of hot pre-reduced iron in Melter Gasifier using sized coal (non-coking coal, 5-40mm, FC: +50%) and injected oxygen.
	Four modules are in operation.  Process is extremelty sentive to  size/ quality of iron ore and coal.  Viability depends on gainful utilization of off-gas and cost of power/ oxygen

	2.
	ROMELT (earlier FLPR-Ferrous Liquid Phase Reduction): Moscow State Institute of Steel and Alloys (MISA) and Novolipetsk Steel Works,  Russia
	A single stage process with high degree of post-combustion .

Iron Ore (any type e.g. lumps/ pellets/ fines etc.) and lumpy/ fine coal (low ash and low VM)  are reacted in a Rectangular  horizontal smelting  reactor  where oxygen and air are blown through two rows of  side lances/ tuyers.
	A 0.3 LTPA pilot plant worked in Russia.  No commercial plant till date.  Simpler equipment design,  less captive intensive, less restriction in size/ quality of ore and coal.  But high consumption of oxygen/ power.    

	3.
	HISMELT Corporation Pty. Ltd. (A Member of the Rio-Tinto Group), Australia


	A two stage process with high degree of post- combustion.   Pre-reduction  of ore fines upto FeO  stage in circulating  fluidized  bed using  off-gas from Smelter Reduction Vessel (SRV) .

Smelting in SRV with bottom injected coal and natural gas where pre-heated air used for coal gasification.
	0.8MTPA  demonstration plant commissioned in Australia.  Iron Ore and Coal Fines can be used, though use of slimes is yet to be established.    Off-gas has significant thermal and chemical energy and its effective utilization   is must for viability. Also an  oxygen intensive  process.   

	4.
	FINEX: Voest Alpine and Research Institute of Industrial Science and Technology, Korea Posco, Korea
	Two stage production process.  Pre-reduction in series of fluidized bed reactors followed by compacting into briquettes; coal fines also used as briquettes.

Smelting of hot pre-reduced briquettes in Smelter-Gasifier using oxygen and coal briquettes.
	Based on success of 2000 TPD demonstration plant, a 1.5 MTPA  commercial plant is under construction and is scheduled to be begin full scale operation by end of 2006.  

	5.
	FASTMELT: Midrex, USA and Kobe Steel, Japan


	Two stage smelting - Pre-reduction i.e. DRI production  in RHF (FASTMET) using coal, coke breeze and carbon bearing waste and melting in Electric Iron Furnace (EIF) to produce hot metal directly from Hot DRI.  
	Two commercial FASTMET  plants  set up in Japan to produce DRI, one producing hot metal using EIF.  Poor energy efficiency  and viability for large scale hot metal production yet to be established.  

	6.
	AUSMELT (AUSIRON): Limited, Australia.
	Single stage process working under negative pressure using  Oxygen and coal fines blown through top lance(s) into a liquid metal bath in a converter type furnace.


	A 0.5 LTPA demonstration plant set up  in Australia.  No commercial plant.  High ash low CV coal and iron ore fines including various iron bearing material may be used.  Flexibility operation, can be quickly stopped and quickly re-established.

	7.
	COMBISMELT: LURGI, Germany and Mannesmann Demag, Germany
	Pre-reduction in rotary kiln using coal
	Smelting and final reduction in EAF.

	8.
	AISI Process: American Iron and Steel Institute and HYL, Mexico.
	Pre-reduction in shaft furnace using smelter off- gas upto FeO Stage.

Molten iron bath reactor using coal and oxygen with post-combustion and provision for direct steelmaking.
	 Can use lump ore or pellets and low ash coal.  An oxygen intensive process.  Only a 8 TPH pilot plant set up in USA.

	9..
	ITmk3:

Kobe Steel, Japan and Midrex, USA
	A three stage process i.e. a pr-heater, a fluid bed pre-heater, a fluid bed pre-reduction furnace and a reduction furnace.  Fine ore pre-heated at 600 DC in pre-heater, reduced to 27% at 780 DC in pre- reduction furnace and melted in reduction furnace.
	Fine/ powder ore and coal can be used.  Operation flexibility with provision for stopping and restarting operations easily. Established only in pilot plant stage and break through to depend on actual commercial success.

	10.
	TECNORED: CAEMI, Brazil
	Coal, ore, green pellets and briquettes reduced in a specially designed low shaft furnace.

Melting in shaft furnace
	Strictly speaking, not a DR or SR process but  a combination of pelletisation and modified BF.  Can use ore fines/ lumps and coal fines, no oxygen required.  No commercial plant established.

	11.
	PLASMA-SMELT: SKF Steel, Sweden
	Pre-reduction in fluidized bed in two stages using gas from plasma furnace.

Smelting in plasma furnace.  
	No commercial plant 
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