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Executive Summary

Resource efficiency or resource productivity, is the ratio between a given
benefit or result and the natural resource use required forResource
efficiency is closely linked to the concept®O A N dzf | Nuhih@asy 2 Y & €
gained prominence as a policy goal for sustainable development in recent
years. Circular economy implies reusing waste back into the production cycle

to produce new prodats and uses instead of wasting such materials with
embedded resources. Therefore, steps to achieve a circular economy are an
important part of resource efficiency.

A transition towards a Resource Efficiency is expected to contribute to a
more sustainald economic growth ando create new jobs Resource
efficiency in steel sector plays an important role as its main product i.e steel
can be recycled even after its end of life into usable products as well as other
waste or byproducts developed during prodtion of steel, known as slag or
flue gases can be used in several applicatiégwhieving full potentiabf
Resource Efficiency w.r.t steel scrap processingnd byproducts
development based on slag India woud require significant innovaig
efforts ranging from the adoptionf the state of the arttechnologes and
equipment, logistic support, new business models etc. This cannot be
achieved by incremental evolution within the existing systems. It will require
rather holistic and possibly razhl change of the existing production and
consumption systems. his may requirea colerent policy framework
addressing issues like financing capacity building supply chain
managementlogisticetc.

NITI Aayog has developed a coelpensive and balancesirategy guideline

paper on esourceefficiency, outlining future policy directions that should

LINR LI A GS AaKAFOGAY3I gle& FNRBY GKS gl ai
holistic approach combining more resource efficient production and
consumption approached.he implementation oResourcefficiencybased
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projectsis expected to contribute to a more sustainaldeeconomic growth
besides opening new avenues for employment.

This documengexclusively deals with the need of resource efficiency in the
steel sector adoption of whickshallhelp in improving prformance in the
field of energy,environment and efficiency in the sector besides making
industry globally competitive Steelis an alloy of iron and carbon, and other
alloyingelements, which, because of its wide range of properties and low
cost, isone of the most importantaterialin the modern world used for
innumerable applications e.g buildings, infrastructure, transport,
household appliances, automobiles, ships, machimefence etc. Indian
steel industry is the third largest stegtoducess in the world and going by
production trend in 2018, is likely to emerge as the second largest producer
soon The Indian steel industry enjoys huge advantage of high grade iron ore
and coalreservesbut technological interventions are required to make
effective utilization of the same to become globally competitive.

¢t2RIFI&> GKS LYRAIFIY aiSSt AyRdzaGNE O2y il
and employs about 25 lakh people directly or indirectpwever,the per
capita steel consumption in India is much below the world average but
increasing continuously. The per capita steel consumption is likely to be
increasedrom existing level 068 kg to 160180kg by 203e81. To ensure
sustainable development of & steel sector and to meet continuously
growing demand of steel from the domestic sourclgtional Steel Policy
2017 (NSP2017) has been issuedhis will require increasingteelmaking
capacity frompresent level of 125 milliotons per annum (MTPA) t800
MTPA by 20331. The creation of additional capacity for fulfilling the
anticipated demand will require significant capital investmengalodut Rs.

10 lakh Crore by 20381 and will alsancreaseemployment in the range of



36 Lakhs by030-31 from the current level of 25 Lakhs aroundl million
additional workforcesthrough direct & indirecbpportunities

| 1 dzyt y& I NB
The increased demand of steel will main §SOKy2t23&8 A

be driven by the new initiativesaken by | | F ¥ SOGA Y3 VY I
the Government of India in various secto] ¢ K®2aid 2F R

like Infrastructure, Housing, Transporl KSI G&® C2NJ
Capital Equipment & product YI.} y1A yRFQ% K2 9 S
manufacturing , Defence, Auviation et i; y‘gﬂ ?f Sél 5 I'Yé?_)di
under schemes likeMake in India , Smart A D

City, Afordable Housindor alletc., The | | 247t § t NA Y &.
choice of technology for this level g b | NEd R RIW 2 NI |
production  will  require  careful D2 @S NY YSyAyY {
consideration for effective and efficien 5 dz0 I A £ mMwmd K
utilization of domestic resources witl

minimum damage to environment.

Steelmakingprocess are generalbjfassifiedunder two heads, amely, Blast
FurnaceBasic Oxygen Furnace {BEOF) route and Electric Arc Furnéieafy
and /or Induction Furnace(IF) route. The BIBOF route (primary sector)
caters to around B2 2 F  steélmakingcapacity, while the remaining
55% is processed through the EAF anddite, mostly in MSME sector
(called assecondaryor mini steel sectgr The main raw material for steel
making are Iron Ore and / or Steel Scrap. However, olg#ermedate
product called spongeon, mainlyin EAF/IF route, is very common and have
been adopted widely. Today,India is the largest producer of sponge/direct
reduced iron (DRI).
Steel scrap i recyclable material leftover from steel manufacture or
fabrication or at end of life of the productRecyclingis the process of
converting such material  into reusable new materialSteel scrap is
essentially of three types:

A homein-housescrapwhich is generated inside the steel plant and

recycled in steelmaking,


https://timesofindia.indiatimes.com/topic/Narendra-Modi
https://timesofindia.indiatimes.com/topic/Narendra-Modi
https://timesofindia.indiatimes.com/topic/World-Government-Summit
https://timesofindia.indiatimes.com/topic/World-Government-Summit
https://timesofindia.indiatimes.com/topic/World-Government-Summit

A new scrapor prompt scrapwhich is generated during processing of
steel product at customers end, such as forming of auto components,
machining of tools, fabrication of structures/eigunent, processing of
white goods etc. These are collected and used in BW8ME or

secondary sector.

A The third type is known and of life cycle scram obsolete scrap
A huge reserve of obsolete scrap is available whigbroperly utilized, will
lead to significant availability of scrap in the country and will boost the
growth of steel manufactungthrough MSME ¢econdary sectgr However,
in absence of any organized system, India is forced to impeatiy 67
million TPA of steelcsap leading todrainage of large amount of foreign
exchangeThere is a need of clear cut guidelines to be issued in the form of
policy so that the MSME sector can grow meeting all environmental norms
and adopting the best available technologies for sustainable developme

Recycling of one ton of scrap saves 1.1 ton of iron 064).7 Tof coking coal
andaround 0.20.3 T of fluxesBesides, [gecific energy consumptiois also
reduced drastically as the requirement of energfpr production of steel

through primary and secondar)

~

routesis 14 MJ/Kg and 11.7 MJ
Kgrespectively Thus, it leads to
savings in energy by 16/%. It
also reduces the water
consumption and GHG emissic
by 40% and 58% respectivel
Thus, the use of scrap as a me
source of raw material for stee
making enhance the
sustainability of the steel secto
and also results into significar
conservation of natural
resources

Recycling of one ton of scrap save
1.1 ton of iron ore,060.7 T of
coking coal an@round 0.20.3 T of
fluxes Specific energy consumptior
for production of steel through
primary and secondary routas 14
MJ/Kg and 11.7 MJ/ Kgspectively

Thus, it leads to savings in energy hy

16-17%. It also reduces the watel

consumption and GHG emission by

40% and 58% respectively.




Global ferrous scrap availability stood at ~775 MT in 2017, out of which 630
MT were recycled by the steel and foundry casting industries. As pedW
Scrap Asociation (VA estimates, global ferrous scrap availability will reach

1 billion tonsby 2030. Scrap consumption is driven by the price differential
between scrap and hot metahndtend to correlate closely with the prices

of iron ore and coking coal. Steelmakers make traffdbased on this input
prices as well as the global trends inntes of availability and demand of
ferrous scrap.

The production of steel through EAF/IFroute is exgcted to increase
substantially because of various inherent advantages the sector enjoys like
ow enerdy consumption, ease (N
establishing, availability of rav
material etc The gap between Ferrous Scrap being the
demand and availability for steel scrg Primary raw material for EAF/IF
. . . | based steel production, the
is likely to increase from 5 M| ,oicy  must envisages a
presently to 9 MT by 20222. During| framework to facilitate and
. . SRINTT promote establishment of
this perlod-, the total.avallablllty of metal scrapping centers 1o
steel scrapis likely torise from ~ 30| ensure scientific processing &

MT to ~ 46 MT. As steel scrap recycli 'ecycling of ferrous scrap
generated from various

industry grows, multpronged | sources and a variety of
interventions will be required with products.

regardto policy framework across the
value chain to conduct the operations

of the processwith efficient and effective maagement of resourcedt is

therefore necessary to formulate a policy for scrap generation and
processing, keeping in view the huge untapped resources available in the
O2dzy GNEBE AYy GKS FT2NXY 2F G20a2ftSiGS &aONJI |

Various strategies need to be enforced to kaascrap recycling to grow as
full-fledged organized industry witthe state of art facilities and economies
of scaleCurrently, he major limitations of this sector are absence of systems
for large scale scrap collection in an organized manner, lac&atination
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between scrap collectors and steel producer prevailing import duties,
absence of regulatory framework etc. In addition, the skilled manpower and
state of art facilities for collection, segregation, shredding, transporting etc.
need to be creted. The economics of the scrap recycling business will
determine how much obsolete scrap will actually be available for steel
production. Governmensupport may berequired to actively nurture this
industry throughhand holding with the promoters by way technological
support, streamlining regulatory requirement, developing a mechanism for
fair price mechanism between OEM and scrap processing celated,
acquisition and tastructures Interventions alsanay berequiredto accord
status eitherunder dnR dza (0 NB or{ GiLl yiTdk&l & O NHZ20 SalahB { G I @
recycling sectoto enable promoters to arrange for capital requirement and
also ensure statutory compliance w.r.t safety, health and environmental
norms. Higher scrap usage will promote larger volumeroflpction of steel
through EAFs, leading to a cleaner and greener industry.

Thepotentialfor revenuegeneration in steel scrap industry is of the order of
Rs. 2000 crore/ million toper annumof steel scrap processedhis will
require skilling peoplen new trades as well as bringing focus on new
innovative ideas / researches in the MSME sector. Some ofngteuites
such afNational Instituteof Secondarpteel technologyNISS); Biju Patnaik
National Steelnstitute BANSI)etc may fulfill this gap byformulating the
courseseededfor the steel scrap recycling sector.

Theneedof apolicy to scrap the vehicledder than15-20 yeardsalso being
discussed but formgolicy is yet to be announced. This mainly because

old vehiclesre considered as fuel inefficient af@lind to be oneof the main

source ofpollution and C@emissionin the cities If implemented, his will

lead togeneration of additiona20-25 MT of additional scrap in the next five

years or soThis may require numbers olieo shredding and scrap recycling

plants in the country. MSTiIGmitedand MahindraAcceloare alreadysetting

dzLJ LY RALF Q& TFTANRG OPAcApAdtySt isdelddiBIRMRIS NI 2 F
the major steel player vidata Steel is alsplanninga similar unit in
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Gurugram Haryanato tap this additional source ofscrap, mostly
automobilesand white goods in National Capital Region.

During steel making, all the unwanted elements present in the raw materials
are removed- aslag¥ by use of various fluxes so that maximum recovery of
Iron is ensured.lron & steel making processésus generate huge amount

of slag which is basically a nonmetallic product consisting of calcium
silicates and ferrites, combined with fused oxides of iron, aluminum,
manganese, magnesium, calciumhosphorousetc. ron making slags
known as Blast Furnace ( BF) skxg predominantly utilized ithe cement
making, but the steel making slagsoth from BOF (also called asLD
Convertej as well as EAF/IF furnackave limited usages. Thus, a major
portion isdumpedin open areas which occupy a large area in any plant
Sustainable use of slag shall contribute to natural resource saving and CO
emission reductin and also provide ecological advantage.

Steel slags are partigllconsumed at steelworks itself but has other
applications also liken cement, as road highways building material,
fertilizer, and as waste in landfills. However in India, the impur¢aof steel
slag utilization is yet to be fully realized and implement&Htere is an urgent
need to utilize this byroduct effectively by promoting researches as well as
adopting already proven technologies.

Steel slag has a great potential as a agpiment for natural aggregates in
road construction. Steel slag processing has been developed to enable its use
as product acceptable bihe construction industry. Steel slag aggregate
meets all important physical characteristics of aggregates laid down in
Ministry of Road Transport and Highway8oRTH specification for Road

and Bridge Work 2001 for preparation of bituminous concrete mixes.
Currently, use ofsteel slag as aggregais limited within few hundred
kilometers around the steeplant, mainly due tothe logistics issues
Although, feld trials have been conducted for assessing the suitability of
processed weathered BOF slag for use as rail track habastdue to

10



presence of lime the safe utilization could not be established tik.datlot

aolfsS aitdzRé Kra 0SSy O2yRdzO0SR F2NJ a

YI (dzNR y3 2P that th€ issaels lofdigne can be addressed and
acceptability of slag as an aggregate or rail ballast can be impr@esides,
steel slag can be used famending acitt soils for soil neutralization and as
source of growing agentfndia is having nearly 40% afable land as acidic
and thus steel l|ag can be the best and cheapest source for such solil to
correct the acidity as well as improtree crop prodictivity. This necessitates
conducting field level trials toaVvelopsteel slag based cost effective eco
friendly fertilizers for sustainable agriculture amglusivegrowth

This strategy paper discuske opportunities and strategiesneeded for
effective utilization of steel scrap and slag a cost effective manner.e
Resource Efficiency to improve sustainability of the sector as well as to
promote the concept of circular economyAction ajendaalso has been
suggested to implement the measwweequired to make scrap recycling and
steel slag utilization a sustainable, energy efficient and environment friendly
sector.

11



1.0 Background

Resource efficiency or resource productivity is the ratio between a given
benefit or result and the natural resource use required forResource
efficiency is closely linked to the concept®O A N dzf | Nuhih@asy 2 Y & €
also gained prominence as a gligoal for sustainable development in

recent years. Circular economy implies reusing waste back into the
production cycle to produce new products instead of wasting such materials

with embedded resources. Therefore, steps to achieve a circular economy
arean important part of resource efficiency.

Steel is one of the most importanmaterialin the modern world and is used

for innumerable applications right from safety pins to bridges, transmission
towers, automobiles,defence etc. Historically, all nations during their
industrialization phase have been backed by a strong domestic steel
industry. The crude steel production in India has increased considerably in
the last 5 years reaching to highest ever production of 103 mitbmis in
2017-18 against 81.694 million tons in 2013.1

India is the third largest steel producers in the warldnd on-going
production trend in 2018, is likely to emerge as the second largest producer
soon, surpassing Japan. Today, the Indian stedustry contributes

I LILINREAYIFGSte wr (2 GKS O02dzyiNEB Q& D5t
directly or indirectly.The contribution of alloy steel industry and stainless
steel industry is also significant and it is contributing both in meeting
domestic rguirement as well as exporting the special steel and products to
numbers of countries. Today, India the second largest stainless steel
producer in the worldut lacking in meeting domestic requirement of special
steels for sectors like automobile, electrical, aviation, capital equipment etc
and thus a large amount of such special steels are being imported

1 Annual Statistics 201718 -JPC
12



The Indian steel industry enjoys advantage of labdity of high grade iron
ore but non availability of adequate quantity and qualitycokingcoal is one

of the main reason dafs non-competitiveness. Although, India is having large
reserveof coking coal but due to mining issues and lack of technaobgic
expertise / availability of suitable technolofjyr coalwashing most of the
requirement is met by import. In addition, India is havingteong MSME
sector, highly trained manpoweand a relatively low labar costwhich can
boost growth of the steelextor in future There arenumbersof other factors
such as significant increase in Governnéggibending on infrastructure and
manufacturing sector, increase in per capita incoesase of doing business

, human resources for steel sectahich had necesgated formulation of
the new National Steel Policy 2017 (NSP2Q@a7¢verage the full potential
of growing domestic demand for economic growth

Themain objectivef NSP2017 are as follows:

=

Build a globally competitive industry

Increase per Capitdteel Consumption to 160 Kgs by 2€80

3. To domestically meet entire demand of high grade automotive steel,
electrical steel, special steels and alloys for strategic applications by
203031

4. Increase domestic availability of washed coking coal so as to eeduc

import dependence on coking coal from ~85% to ~65% by-3230

To have a wider presence globally in value added/ high grade steel

6. Encourage industry to be a world leader in energy efficient steel
production in an environmentally sustainable manner.

7. Establish domestic industry as a cesffective and quality steel
producer

8. Introducing the concept of life cycle cost while evaluating projects
instead of upfront cost

9. Attain global standards in Industrial Safety and Health

10.To substantially reduce the carbémot-print of the steel industry

N

o

In 201718, nearly 47million tons of steel was produced by BOF route and
around 56 million tons by EAF/IF route M&MEsector (Secondary / Mini)

13



hascontributed around S%of the total steel production in theountry?. A
large portion of input metal used by this segment comprisesteel scrap
from different sources, in addition to sponge irérdirectly reduced iron
(DRI)produced from iron ore using netoking coal In order to move
towards greener technologies, st of the developed countries are
switching over to scrap based steel production instead of iron ore based

production. In Indian context,

the

importance of MSME sectdrecomesvery

significant as the generation of scrap
likely to be increased significantlgnd

utilization of the same in making steel w
help in minimizing greenhouse gas emiss
as well as conservation of natural resourcs
Thus, during rampup of steelmaking
capacity to 300MTPA by 203031, steel
scraprequirementis poised tobeincreasel

significantly. This strategy paper aims t
provide general guidelines for scrap
generation and processing, keepimgview
the huge untapped resources available
0KS O2dzy iNB Ay GUKS

Globally, steel containers, cans
automobiles, appliances and constructig
materials contribute the major chunk @
NEO& Of SR YIFUOSNALF T a

inherent  physical properties  during

A sustainable circular
economy is one in which
society reduces the burden
on nature by ensuring
resources remain in use for
as long as possible. Once the
maximum value has been
extracted, the resources are
then recovered and reused,
remanufactured, or recycled

to create new products.
Soci etyods nee
such as food, housing,

transportation and energy,
can be met without the
production of waste.

Steel is fundamental to the
circular economy. Not only
can steel products be reused
and remanufactured, steel is
also a permanent material
which can be recycled over
and over again without losing
its properties.

World Steel Association

recycling process. The recycling process
drastically reduces the energgdditives& fluxesrequirement compared to
its production from iron ore. Basic Oxygen Furnace (BOF) steelmalkimg

2 Annual Statistics 20:18-JPC
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& O Ngehedéated during processing of crude steel into the finished products.
EAF/If route supported by downstream refining process consumes most of
the scrap in addition to DRI. TheQuadity of steelmaking througlfc ARF

route depends onquality and quantity ofecycled steel and DRind may
steelmay contairslightlyhigherresidual elements, depending on the scrap
used But now a days, large technological advances have been made and
almost similar quality of steel as of BOF is produced by EAF/IF route also.
Thus, the steel produces by EAF/IF route is being widely acceptadous
applications such asautomobile & egineeringindustry, structural beams,
rebars and other products.

Iron & steel making processes genersli@g quantity ofwhich depends upon

the input raw material quality and processequirements. Based on
production data of crude steel and pig iron, it is observed that in 2[8,7
nearly 27 million ton of BF slag, 8 million Tons of 8&4;2.5 million tons of
EAF slag and around115 million tons of IF slag was generate@last
Furnaceslag isoredominantly utilized inthe cementmakingand more than
85% of the same is being used. There are some plants which are not having
easy access to the cement plants and thus finding it difficult to make 100%
utilization of the same. But, looking into thevailability of limestone and
trend to replace more limestone with BF slag, most of the slags will find
effective uses as an alternate raw material for cement industry. The same is
not applicable for the steel slag whether producedBuyfFLDroute or EAF

IF route. Although, some quantity is beinged inroad construction but
majority isusedin land filling/ dumped in the plantand thus not finding
much economical usagées. order to achieve a sustainable steel production,
itis essential thahighervolume of steel slagp begeneratedwith increasing
steel production in the country, is beneficially utilized and fully consumed in
anenvironmentallyfriendlymanner. Sustainable use of slag shall contribute
to the conservation ofnatural resource andeduction in C®@ emission
besidesecologicahdvantagedue to less storage requirementhe need for
saving natural resources and energy makes it essential to enltanseof

steel slagn various byproducts form Extensive researches are being made

15



globally and new techniques/ applications are gettingdeveloped for
effective utilization obteelslag and turninghe samanto valuable products.
Globally Steel slag is used in multiple ways e.g. as a raw material for cement
manufacture, a road base amse material, concrete, soil amelioration in
agriculture etc. However in India, the importance of steel slag utilization is
yet to be fully realized and implemented.

Achieving full potential oResourcd=fficiencyin steel sectowv.r.t steel scrap
processingand slag utilizationn India would require significant innovation
efforts ranging from the adoption of latest technology and equipment,
logistic support, new business models etc. This cannot be achieved by
incremental evolution witin the existing systems. It will require rather
holistic and possibly radical change of the existing production and
consumption systems. To support the transition to a Resource Efficiency
w.r.t. steel scrap processing arsdeel slagutilization, a coherem policy
framework and major policy innovation will be needstich can address all
technical and noftechnical issuesncluding financing, capacitiguilding,
supplychain management etc.

This strategy paper highlightise steel scraand steel slagcenaio in India
Recommendations have been madenmplement the measures required to
make scrap recyclingnd slag utilizatiora sustainable, energy efficieahd
environment friendly sector and to set parameters for sustainable
developmentof the same

16



2.0 Steel Demand & Supply Scenario

2.1 Global Demand and Supply

Steel is a critical industry worldwide, and steel products are a heavily traded
commodity. In recent years, market changes, shifts in import and export
levels, and weakness in the global demand for steel have negatively
impacted steel industries across theorld. Along with shifting trade
patterns, world benchmark steel pricesgere trending downwardAlthough,

steel industry had faced major challenges from 2011 to 2014 due to multiple
reasons, 2015 was also a period of decline for the steel industry, eskw
global demand caused declines in other indicatdree positive sign of
improvement started towards late 2015 and still continuing.

During 201718, the global steel consumption registered a growth of 2.8%,
driven by strong demand from China. Goingafard, 2018 may witness a
relatively muted growth of 1.6%-@-y due to slower demand projection in
China. The global crude steel production during 20&7egistered a 5.3%
IAINRPOoGK (G2 wmMcdm a¢ > ntdbdibon hastoeed B3R FK /| KA Y I
India remairs one of the fastest growing marketsvith crude steel
production rising 6.2%-g-y, reaching 1@ MT and propelling India to the
third largest steel producer in the world. Steel production in European Union
(EU) and North America registeredjgwth of4.8% and 4.1%espectively.

The crude steel production and consumption data is the last 10 years is
shown in Table 2.1 which clearly shows that although there is not much
increase in average per capita consumption globally but the production has
increased cosiderably from 1330 million tons in 2007 to 1689 million tons
in 2017, mainly due to increase consumption in the developing countries.

3 World Steel Association
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Table —2.1: World Crude Steel Production vs. Consumption3

Year Production Consumption Per Capita
dillion Tong | dMiillion Tonsy Consumption
(Kg.)
2007 1348008 1330837 2022
2008 1343829 13368698 2008
2009 1238855 1233834 182®
2010 1433833 1409997 206®
2011 1538003 1414.000 204.6
2012 1560031 1442.000 206.2
2013 1650854 1541.500 217.9
2014 1669850 1545.800 216.0
2015 1620001 1500.700 207.3
2016 1627004 1516.000 207.1
2017 1689.000 1587.400 2145

The combination of weaker Chinese demand and large gap between current
production and available capacity may lead to higher exports from China
during 2018 and beyonds per the 13th Five Year Plan for its steel industry
released by the Chinese governmebly 2020, the government expects
apparent demand in China to decline to 6500 MT vs production of 750

800 MT. This suggests the government expects steel exports to remain flat
at current levels of about 100 MTPA

Demand in Japarbouth KoreaEU, USAs expected to remain stable in the
near future.Thusthere may not be much increased in steel consumption in
these countries and the demand may grow only from the developing
countries.

2.2 India’s Future Demand

The past three years have been challendgmgthe domestic steel industry

on account of a global supply glut. During this period, global prices declined
by approximately 35%. Imports of finished steel in 2Q54ncreased by 71%
and another 26% in 20156 y-0-y. The sector also saw significantafiicial
stress, with NPAs amounting to 37% of loan outstanding as on March 2016.
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In spite of all constraints, stes
production and consumption continues
to grow and per capita consumptio
has increased from 47 Kg in 2007 to
excess of 65 Kg #017 asshown below
in Table2.2. Overall economic growth
and more specifically accelerated spel
in infrastructure sector including roads
railways and ship building, anticipate
growth in defence sector andhe

automobile sector are expected t¢

LY RA I Q& rodéciios
grew 6.2% yo-y to 101MT
in 2017 in line with the
ongoing expansion in steg
making capacities an
ramping of production by
steel majors such as, SA
TATA Steel and JSW. T
led to India becoming the
second largest steg
producer in the world in the
first quarter of 2018,
surpassing Japan. Durin
2017, steel consumptior
grew by around 5.2%.

create significant demand faosteel in
the country. In addition to this|
favourable demographics
improvement in  various  SOGiO

economic indicators, increasing penetration of steel in rural areas, and
increased usage of steel in bridges, crash barriers are also expected to
contribute pasitively to steel demand. The focus on the Make in India
Initiative is overall expected to give a fresh boost to steel consumption.

Table —2.2: India Crude Steel Production vs. Consumption

Year Production Consumption Per Capita
dMillion Tong) | dMlillion Tong Consumption

(Ko)

2007 53#%68 55¢191 470

2008 57®91 56@09 470

2009 63®27 64860 530

2010 68®@76 69d82 56d®*

2011 73071 69.80 56.00

2012 77®@64 72.40 57.3

2013 81@99 73.70 57.6

2014 87@92 75.9 58.7

2015 89026 80.20 61.3

2016 oO5m77 83.60 63.2
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\ 2017 \ 101.0 \ 87.20 \ 65.2 |

As a result of the above, the steel consumption is likely to grow by an average
of 6.3% and reach 140 MT by230 This will lead to an increase in per capita
consumption of steel from®kg in 2017 to approximately 97 kg by 2GRl
finally around 160 Kg by 2030

Alloy / Stainless Steel Demand in India

The production capacity available with stainless steel (SS) industry is close to
4 million TPA The production process adopted goemarily through EAF
AODVD/VODand IFInduction FurnaceAODVD/VODroutes, share roughly
being50 % each. Feed materials used is entirely SS scrap for IF route. In the
case of EARODVD/VODroute, MS scrap along with Fer, nickel etc., or SS
scrap or both in combinatioare used.

The domestic production and consumption®$during 200910 and 2013

14 are shown in Tabl@.3. The domestic production increased from 2.4 MT

in 200910 to 2.9 MTin 201314. The consumption ddSduring this period
increased from & MT to 3.1 MTIn 201718, Stainless steel production in

the country touched 3.6 MT, registering an annual growth rataerotind10

per cent.Going by India's GDP growth rate, and thetfthat our per capita
consumption of stainless steel is 2 kg as against the world average of 6 kg, it
Is evident that stainless steel has ample scope for growth

Stainless steel is increasingly being consumed to produce clean energy.
Desalinationwhich will pave the way through future water crises, is based
on stainless steel. Flegas desulfurization, or FGD, a process that removes
sulfur dioxide from exhausts, is also impossible without stainlessdiectio
requirement of corrosion resistancend longer life Stainless Steat also
gaining ground in nuclear powerailway, infrastructure etc. It is expected
that the demand may be doubled by 2030.
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Table — 2.3: Stainless Steel Production and Consumption in India

Year Production Consumption Import
200910 2.4 2.5 0.1
201314 2.9 3.1 0.2

Alloy and special steels, particular, are strategic materials needeih
smaller quantities essentiallyfor intricate and sophisticated applications
where improved mechanical properties, high strength characteristics, high
resistance to heat, wear and corrosion, excellent surface finish are called for.
The demand for alloy steel is mainly arising from stratesgictor like Oil &

gas besides automobile and transport. The present demand of around 5
million tonnes is also likely to be doubled by 2030. Thus, the overall

requirement of stainless and alloy steel may be betweetid 2nillion Tons
by 2030.
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3.0 Steel Manufacturing

3.1 Steel Manufacturing Alternatives

Steelmaking can be classified under two heads, namelyB@HBlast
Furnace; Basic Oxygen Furnageyte andHectric/ Induction Furnace route
route. BFBOF route Iron Ore as primary source of raw material where as in
EAF/IF route the raw materials are Steel scrap, Sponge Iron and to some
extent Pig Iron. The installed capacity and production from different route
201718 in million tons was as follah

Route Installed Capacity, MT Production, MT
Iron/ DRI

BF 80.556 73.744
DRI 49.617 30.511
Crude Steel

BOF 55.267 47.489
EAF 40.242 26.421
IF 42.466 29.221

Theproduction of crude steel from BBOF routecontributesaround45 % of
LYRAFQa adGSStYlI{1Ay3 oB%idpdsedsed thiokight S
the electric route. India is also the largest producer of sponge iron théh
installed capacity of around 49T but the utilization is quite lowwhichis

alsoa feed material for the electric route of steelmaking, in addition to scrap.

BFBOF remains the main route in countries where the required raw
materials are available. Production of highd flat products (for automotive,

Oil & Gas, Lifting & Exeation segments etc.) is more convenient through
this route. Historically, as countries have matured, share of EAF has
increased, due to environmental concern&s the demand of steel is
increasing continuously in India, it is expected that EAF contoibighall

4 Annual Statistics 20:18-JPC
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remain in the same ratio but the installed capacity shall increase
considerably.

3.2 Major Indian Steel Producers

Broadly there are two types of producers in India, hamehgjor steel
producers andVISME $econdarymini) steel producersintegrated major

steel plants have facilities to convert iron ore into hot metal and further
process the hot metal into steel. The liquid steel is cast into slabs, billets and
blooms and these are further processed into finished products such as hot
rolled coil, cold rolled coil, structural, wire rods, rails, bars etc. Currently the
major integrated steel plgersin India include SAIL, Tata Steel, JISW, RINL,
JSPLEssar Steel, Bhushan Steel [tecently taken over by Tata steel)
Bhushan Steel & PowetdL etc. The capacity of each plant of major players

Is in excess of 1 million and at several location it is having upto 12 million
tons at single location.

Secondarf{MSME)steel producers use scrap or sponge iron/direct reduced
iron (DRor hot briquetted iron (HBI)Thissectorcomprises mainly electric

arc furnaces (EAF) and induction furnaces (IF) units, apart from steel
processing units such as hot rolling, cold rollamgl rerolling units. Sponge

iron and merchant pig iron produceese also included in the secondary
(MSME)steel producer category. There aapproximately313 sponge iron
producers 42EAFs112dFs, andaround 1157%mall and medium sized steel
rerolling mills (SRRMSs) scattered over the country. They are usually found in
clusters, with each cluster having about&00 units. Collectively, thdSME
steelsector producesround 30MT of finished steel, which is close 34%

2F LYRAFQ&a aiGSStf LINRPRdAZOGAZ2Y® LG KI

directly and indirectly, around 400,0Qople.A general overview of Steel
making in India is shown in Figtte
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Fig 1: Overview of Steel Making in India

3.3 Steel Production Processes
Blast Furnace (BF)-Basic Oxygen Furnace (BOF):

Most ofthe major steel producersperate through the BIBOF route. Blast
furnaces convert iron ore into hot metal (when further processed in liquid
stage to steel) or pig iron (when dtified). The fuel used in the BF is coke,
which has a dual role: it provides the required thermal energy and also acts
as a reducer. Product of BF contains high amount of carbon, silicon and other
impurities. The hot metdrom BFis transferred into a BO¥essel where its
carbon, silicon and other impurities are oxidized or removed through slag
separation. Main inputs in BF are iron ore, sinter/pellet and cékether,
natural gas can be injected as a supplement fuel in BF operation, to reduce
the consumpion of coke. It reduces NOSQ and CQ emissions and
improves productivity of BF.

BOF normallyuses oxygen in the process along with lime, limestone and
dolomite. The liquid steel produced is further refined (called secondary
refining), if required, and cast into ingots, slabs, blooms or billets.
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Continuous casting, introduced in Indian integitgeel plants in early 80s,
has gradually replaced traditional ingot casting route, and today almost 90%
of the steel is continuously cast into slabs/ blooms/ billets, leading to
significant savings in cost and energy.

Electric Arc Furnace:

Industrial EA&s vary in size from small units 456 ton capacity usedo as
largeasfurnacesof 250ton capacity{ 2 YS 2F G KS LINR RdzOS NI 4
their furnaces to a new design called New Oxygen Electric Arc Furnaces,
where advantage of oxygen lancing is utilizedncrease the productivity

and reduce the energy consumptioi:he power required to melt a ton of
steel in EAF is approximately 440 KWh. The furnace can be operated with
100% scrap as input metal along with lime and dolomite, which are slag
formers. Tis greatly reduces the energy required to make steel when
compared with primary steelmaking using iron ore. EAFs are extremely
flexible and if required hot metal from BF or direct reduced iron can be used
as furnace feed.

Induction furnace (IF):

A largetonnage of mild steel is made through IF route in India. Induction
furnace works on the principle of electromagnetic induction. Initially IFs were
used for melting ®inless steel scrap. Since nedjhties, these furnaces are
used for mild steel production also. IFase of the most cost effective
technique but the process lack in refining the steel. Thus most of the players
uses downstream facilities like Ladle Refining Furnace ( LRF) to get the
desired chemical composition.

3.4 Alternate Technologies

The following steel making options aksoavailableand being used globally,
including India mainlyo reduce the impact on environment and carbon
footprint. Although, such process are ctea way of producing steel and
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uses Iron Ore as main raw materials, but non availability of natural gas/
alternate gas hasnpeded the growth of such technologies.

Corex:

This is a relatively neprocessdeveloped by South Kordar production of

hot metal using iron ore/pellets and nesoking coal. The process differs
from the conventional blast furnace route. Here, low grade coal can be
directly used for ore reduction and melting, eliminating the need for coke
making units. Thase of lump ore or pellets also eliminates the need of sinter
plants. The operation is carried out in two reactors, namely, the reduction
shaft and the meltegasifier.

The first two Corex plants were introduced at JSW in 1999 and 2001
respectively and a operating successfully since then. Later in 2011, two
more Corex plants were relocated from Korea to Essar Steel, Hahis.
plant is facing problem due to neawvailability of natural gas based on which
the plant was designed.

Direct Reduced Iron (DRI):

The DRI process of producing steel is intrinsically more energy efficient than
BF route because it operates at lower temperature. The DRI units are either
coal based or gas based. The energy efficiency of coal based plants are lower
than gas baseplants and the emission level is significantly higher. Currently,
India produces approximately 60% of steel through scrap and DRI, which help
in reducing emission level compared to-BEBF routeNatural gas is utilized

as reductant irgas basedR plants.

The main product of BOF/EAF /IF are steel but during production several by
products (or waste) and flue gases are also produced. The flue gases are
properly treated for recovery of heat energy and thus the same is not
covered in this strategic resour@éficiency document. However, other by
product viz Slag (excluding Jyoduct of coke making plants) has been
coveredseparatelyin this documenin Chapter 5.0
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It is expected that the stringent environmental requirement and continuous
pressure on reduon of CQ emission to avert climate change may lead to
development of cleaner technologies in time to come. However, based on
the present projections, it is expected that the share of EAF shall increase

considerably as can be seen from FigRr@ below:

Global Steel Production Footprint  Global Evolution of Steel Production Historic shift towards EAF in
(2015) (MnTP4) mature markets

BF-50F MEN W IF -
B FFE0F WEF W F n mEFm 150 USA B 2

USA EU China India Global

2025 2035

Figure 2: Global evolution of steeinaking route

5 Source: Tata steel
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4.0 Steel Scrap & Life Cycle

4.1 Scrap Definition & Classification
L ¥ R Atéelpfioduction touched nearly 100 Million T mark in 2017 with
major contribution from Secondary Sectofteel is amaterial most
conducive for circular economy as it can be used, reused and recycled
infinitely. Steel produced today is scrap for tomorrow and thus again
becomes a resourcé&teelscrap comes from several different sources and it
varies both in respect gfhysical and chemical properties. The age of a scrap
consignment can vary fro one day to over 100 years olflhe properties
depend on where the scrap comes from and when it was produced. Different
grades of steel are produced for variety of applicatidtiherefore becomes
essential that the scrap segregated generally by composition and size or
grade suitable for meltingn order for the recycling process to be as effective
as possible.
Depending orits origin of generatiorsteel scrap is classifiedtmthree main
categories

(i) Home/In-housescrap,

(i)  New scrappr prompt scrapand

(i)  Old scrapor obsolete/end of life cycle scrap

Home/In-house scrap is the internally generated scrap during the
manufacturing of steel products in the steel plants. This form of scrap rarely
leaves the steel plant production area. Instead, it is returned to the
steelmaking furnace on site and melted again. This scragr@sn physical
properties and chemical composition. Technological advancements have
significantly reduced the generation of home scrépe generation of home
scrap in various plants in the country from 20@38-14 is shown in table 4.1

and consumption ithe same period in Table 4.2.
Table 4.1: Year wise Generation of Home Scrap by ISPs : 2009-10 to 2013-14.

W00 tonnes
Name of the Company 2009-10 2010-11 | 2011-12 2012-13 2013-14
SAIL 1200 1210 1140 1140 1260

28



Name of the Company | 2009-10 2010-11 | 2011-12 2012-13 2013-14
Tata Steel 400 410 440 550 610
RINL 230 230 230 210 245
Essar Steel 450 450 490 505 410
JSW 690 830 870 980 1150
JSPL 125 125 240 230 175
BSPL 30 35 40 50 65
Bhushan Steel Ltd. 20 70 65 70 70
Total 2845 3360 3515 3700 3985

Table 4.2 : Year wise Consumption of Steel Scrap by ISPs during 2009-10 to 2013-14.

W00 tonnes
Name of the 2009-10 2010-11 2011-12 2012-13 2013-14
Company
SAIL 1000 1010 950 950 1010
Tata Steel 400 410 440 550 610
RINL 230 230 230 210 245
Essar Steel 450 450 490 505 410
JSW 690 830 870 980 1150
JSPL 125 125 240 230 175
BSPL 30 35 40 50 65
Bhushan Steel Ltd. | 20 70 65 70 70
Total 2645 3160 3325 3510 3735

Source : JPC Repgiindian Scrap Market, 2015

New scrap (also calledprompt or industrial scrap) is generated from
manufacturing units which are involved in the fabricating and making of steel
products such as forming of auto components, white goods, machining, tool
and equipment manufactureScrap accumulates when steel is cut, drawn,
extruded, or machmed. It is usually transported quickly back to steel plants
for re-melting. The supply of new scrap is a function of industrial activity.
When activity is high, more quantity of new scrap is generated. The chemical
composition and physical characteristiesnew scrap is well known. This
scrap is typically clean, meaning that it is not mixed with other materials.

Old scrap, also known asbsolete scrap, is the steel that has been discarded
when steel productse(g. automobiles, appliances, machinery, buildings,
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bridges, ships, cans, railway coaches and wagons etc.) have served their
useful life.Old machinery and equipment are auctioned by railways, de&fen
port authorities etc. The first option of buyers of suchg@pment and
machineries are to recondition them and sell at higher price. The second
option is to dismantle them and sell as spare parts for maintenance of
equipment in use. The third and last option is selling as metal scrap. Similarly
old vehicles neetb be scrapped after completion of its service life. However,
in India, after serving the life in large cities, such vehicles are usually
relocated to Tiegll and Tietlll cities and small towns where demand for such
vehicles exists. Presently, no policyists towards scrapping of vehicles and
this needs immediate attention of Govt. of India as older the vehicles, greater
Is the pollution levelOld scrap is often contaminated, depending on its origin
and the collection systems. Since the old scrapesmnhterial that has been

in use for yearschemical composition and physical characteristics are not
usually well known. It is also often mixed with other trash. Due to these
reasons, old scrap it easyto recycle It requirescleaning, sorting, removal

of coatings, and other preparatioike pressing, crushing, shearing,
shredding etc Priorto use.Obsoletescrapmay contain radiation source
with associated environmental and health risks. These low intensity
radioactive sourcemaytrickle into scrap fom wastes disposed by research
laboratories, scientific gauges, industries, hospitals &lihough, @lequate
safeguardshave been made at port handling imported scrap eosure
detection of radioactive material in imported ferrous scirayt the similar
measures shall be required for the scrap processing industry also

4.2 ITC/HSIC Code Classification

Steel scrap is covered in ITC/HS {Indian T@ldefication(ITC)based on
Harmonized System (HS) of Coding}eCi2D4. It was adopted in India for
Import-exportoperations.Thereare no internationally accepted standards
for Scrap but some guidelines issued by the following agencies are used
globally.

A Bureau of International recycling ( BIR)

30



A EU 27 Steel Scrap Spexifions Shredded E40
A Institute of Scrap recycling Industries ,Inc ( ISRI) specifications
A Japan ferrous Raw Material association

4.3 Global Steel Scrap scenario

After more than a decade of consistent growth, global demand for steel
scrap started declining in 2014. This was due to both the slowdown in overall
steel demand and a drop in the glob| giopal

ferrous  scraf

production share of the EAF route the
primary destinaion for scrap ¢ in
steelmaking. While steel production gre
4.3 percent per year since 2000, scr
annual growth has averaged 3.1 percel

availability stood at abou
750 million tons in 2017
out of which 630 million
tons were recycled by thg
steel and foundry casting
industries. As per estimate

Theslower global growth of steel scrayas
fa2 RdzS G2 | I NB
share of the global steelmalg sector. In
2000, China accounted for 15 percent
global crude steel production, while in 201
it representedalmost50 percent. Over the
past two decades, China has dominat
both steel demand and production. As a developing economy, it has limited
domestic supply of obsolete scrap. Additionally, with most of the installed

assets using BOF technology, China has langdigd on primary raw
materialscy  YSf & ANRY 2NB FyR O21Ay3 O2If o
a0SSt LINPRdzOUAZ2Y 3INBsS>X 3 26 RSLISYR

of WSA, global ferrou
scrap availability i KAYl Q3
expected to reach 1 billioy
tons in 2030 and 1.3 billio
tons in 2050, growing morsg
than 500 million tons within
the next 30 years

Al a
overall share in global steel production from 40 percent in 2000 to 34 percent
in 2015.

It is expected that the share of EAF will increase over the next 20 gears
to/ KA Y I cséale doptidh $f the EABute, consequent to closure of its
obsolete plants owing to poor quality and environmental considerations.
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Based on the worldteel recycling in figures 2022016 report, the scrap /
crude steel production ratio in 2015 is as given in the followadge4.3:

Table 4.3: Scrap / Crude Steel Production Ratio in 2015

Scrap Consumption in 2015 | Steel Scrap / Crude Steel Production in 2015

Country MT %
Turkey 24.0 76.4
Korea 30.0 42.9
Japan 33.5 31.9
USA 56.5 71.7
China 83.3 10.4
EU27 91.0 54.5
India 33.5 37.5
Rest of the 203.2 735
world

Total 555.0

Global ferrous scrap availability stood at about 750 miltmrsin 2017, out

of which 630 milliontons were recycled by the steel and foundry casting
industries. As per estimates of WSA, global ferrous scrap availability is
expected to reach 1 billiotonsin 2030 and 1.3 billiotonsin 2050, growing
more than 500 mliion tonswithin the next 30 years.

Current global ferrous scrap consumption is ~580 MTPA with EU, China, USA
and Japan driving half of the world scrap consumpt®ecrap consumption
in China has increased to ~19% in 2017.

Scrap consumption is also driven by the price differential between scrap and
the hot metal. Scrap prices tend to correlate closely with the prices of iron
ore and coking coal usefto produce hot metal (pig irof)as scrap is
essentially a substitute forhem. Steelmakers make traddfs based on
G0KSAaS AyLWziaQ NBftIFIABS LINAOSao®
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In USaround 65%f its steel production is through recycled scrapEurope,
more than 90% of used steel products are recycled to produce new. steel
About 40% of crude steel withiEU27 is produced by the scrap + EAF route.
There is a potential to increase gradually this rate up to 50% in the next 20
years due to larger available quantities and better control of scrap qualities.
Scrap usage in Vietnam is also increasingfirst three months of 2018,
Vietnam imported 1.31 milliotons of scrap up 68.7% year on yehasis It
imported a total of 4.74 milliotons of ferrous scrap in 2017, up 21.5% from
3.9 milliontons a year earlier.

4.4 Indian Scenario

Scrap is the main raw material for the MSK&econdariMini) steel sector

in India. The steelproduction through the secondary route is expected to
increase substantially, driven bgrowing demand ofsteel resulting in
increase of per capita steel consption. The Projected demand;supply
gap of steel scrappto 2022is given infable4.4below.

Table 4.4 : Projected Demand Availability Gap of Steel Scrap 2013-14 to 2021-22

(Thousand Tonne

2014- 2015- 2016- 2017- 2018- 2019- 2020- 2021-

Year AU 15 16 17 18 19 20 21 22

(Actual) P) P) (P) (P) (P) (P) (P) (P)
A. Projected Demand
ISPs 3,735| 3,996| 4,276| 4,576| 4,896| 5,239| 5605| 5,998 6,417
EAF Units 856 899 944 991 | 1,040, 1,092| 1,147| 1,204| 1,265
IF Units 13,994 | 15,184 | 16,474 | 17,874| 19,394 | 21,042 | 22,831 | 24,772 | 26,877
Secondary
Rerollers
(Long 1,945| 2,052| 2,165| 2,284| 2,410| 2,543| 2,682, 2,830| 2,986
Products)
Iron & Steel | g 2/1| 8841 9372 9934 10530 11,162 11,832 12,541 13,294
Foundries
SS Industry 2,828 | 2,997| 3,177| 3,368| 3,570| 3,784| 4,011| 4,252| 4,507
Total 31,699 | 33,969 | 36,408 | 39,027 | 41,840 | 44,862 | 48,108 | 51,597 | 55,346

| Demand

B. Projected Availability
Home Scrap | 10,047| 10,733| 11,469| 12,259 12,858| 13,769 | 14,748 | 15,801 | 16,932
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New Scrap 8,759 | 9,423| 10,143 10,924| 11,772| 12,694 | 13,697 | 14,788 | 15,976

Old Scrap 8,054 | 8,577| 9,134| 9,727| 10,359| 11,033| 11,749| 12,513 13,326
Total

o 26,860 | 28,733 | 30,746 | 32,910 | 34,989 | 37,496 | 40,194 | 43,102 | 46,234
Availability
C. Demand
Availability 4,839 5,236 5,662 6,117 6,851 7,366 7,914 8,495 9,112
Gap (A-B)

It may be seenthat the gapbetweensteelscrapdemandand availabilityis
likely to increasefrom about 5 MT presentlyto about 9 MT by 2021-22.
Duringthis period, the total availabilitywill rise from ~27 MT to ~46 MT as
shownin Figure4. It showsthat the projectedtrend of domesticdemandof
steel scraptill 2030 is likely to increaseat the rate of 4-6% whereasthe
availabilitymaygrow at a rate of 6-8%andthusthe import maycontinueto

reduce.

[} v

Domestic Supply Domestic Demand
(MnTPA) MnTEA)
4852
- 15 8 39 & 4852
5 . 25 ) i .
T FY15 FY20 FY25 FY30 FY1§ FY20 FY26 FY30
{Mn TPA) 9 ﬂ m ﬂ Spurce: Tata Stas]

Figure 4: Indian Demand & Supply Evolution for Ferrous Scrap

4.5 Sorting and Preparation of Steel Scrap

Steelscraprecyclingshallbe the maindriver of circulareconomyin the steel
sectorin future aslargequantity of steelscrapis goingto be generateddue
to upgradation/ renovation/ demolition of old structures, buildings etc.
Thereisneedof strategicplanningandevaluatingiisksassociategothat the
recyclingindustry can be establishedin an environmental friendly and
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sustainablenode.Thecycleenvisagedor circulareconomyin steelsectoris
depictedin Figureb.

Steel production

©Q Sustainability
Higher agility and

Raw matoria
extraction

Steel consumers
oClour to customers,
regional footprint

© Existing value chain is
highly unorganised

Steel recyching

Key gap in Indian steel circular
economy

Q) Higher scrap avallabllity due
1o Increasing per capita
steel consumption (doubled
from 2004: ~33kg to “61kg)

Figure 5: Circular Economy for Steel

It showsthe circulareconomiccycleright from raw materiali.e mining, steel
productionand utilization, scrap generation,and finally recyclingof these
finishedproductsbackto steelmanufactuingafter its life cycle.

The steps involved in managing and transporting scrap efficiently before
actual melting are referred to as Scrap Processiimg large number of
sources and forms of steel scrap requires the use of numerous scrap sorting
and preparation processes to remove the contaminants and/or recover
other valuable materials (i.e. neflerrous metals)and sizing/compacting
prior to entering tre steelmaking process.

Home scrap hardly need any preparation except that the larger pieces of the
scrap may have to be cut to make the size suitable for its charging in the
steelmaking furnace. Same is also true for substantial quantity of the new
scrap. However some of the new scrap may need processifige
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methodology to be adopted for collecting and processing in an organized
manner is shown in Figure 6.
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Figure 6: Flowchart of ScrapRecycling Methodology

Large items such as ships, automobiles, apgks, rail@y coaches and
wagons structural steektc. need to be cut to allow them to be charged into
the steelmaking furnace. This can be done using shears,-halddcutting
torches, crushers or shredders. Manual sortisgdone forremoval of
undesiable components from the scrap by hand. It is most suitable when
miscellaneous attachments are to be removed from the scrap (i.e. radiators
from scrapped automobiles, plastand tanks from radiators etc.). The
separation of metallic from nonmetallic is also often accomplished
manually.

Srap processing normally involves following processes¢ Baling
ShearingShreddingand Briquetting.Baling means compacting large volume
of scrap into denser form in the form of bales which becomes easy to handle,
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store and transport. Shearing machines are used to shear or cut metal scrap
which is large or bulky in size, to make the scrap ready for directly feeding
the furnaces or to remove any unwanted fittings or other parts from the
scrap metal not accepted by th&hredder. Shredding mearsaring and
fragmenting huge volume of scrap into smaller portiodBsquetting is used

for scrap metalvhich is in the form of small chips or turnings. A briquetting
machine extracts extra fluid from the scrap and converts thamo
briquettes which can be then easily transported and fed in the melting unit.

Magnetic separatioms used when a large quantity of ferrous scrap is to be
separated from other materialsEddy current separation process used
sometimeto separatenon-ferrous metals. The process generally follows the
primary magnetic separation process, and it exploits the electrical
conductivity of noAmagnetic metals.

Several steel products are being used with coating of other metal on them,
e.g. galvanized shesttin plate etc. Steel scrap generated from such coated
products is stripped of the coating material before it is processed in the
steelmaking furnaces. There are currently a number of processes used in
industry for decoating of the steel scrap vjzdezncing, detinning, de-
copperization(later not verycommon).

Incinerationprocess is sometime used for the removal of the combustible
materials including oil, grease, paints, lubricants and adhesitesre shall

be a need to develop some Integrated Waste management approach to see
that none of the residue after scrap processing is left out and all other wastes
like nonferrous, plastic, oil, electronic etc are being processed per
relevant rules, gulelines and policy issued by the concerned ministries/
department.

4.6 Justification/Rationale for Steel Recycling

India is poised to become the second largest steel producer in 2083 It
has plans to increase its steelmaking capacity to 300MT by 2030 . As India
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moves from developing economy towards developed economy, it will
witness a steady increase in availdbilof obsolete scrap from products
completingtheir end of life cycle in various industries and sectors. Similar to
China, the availability of scrap in India will also see a sharp increase primarily
FTNRY a206a2tS3GS &aONI LXE & [/ 2pfoQreanNNBy (1t & =
country will also see a steady rise in manufacturing and increased availability
of prompt scrap. This will lead to a higher growth trajectory of steel
production through the EAF route as compared to the conventional BOF
route. Further to meethe stringent environmental norms w.r.t energy and
carbon foot print as per Paris Agreement on Climate Chamgepf EAF /IF
may increase over BF/BOF route.

Adopting the philosophy for maximizing scrap processing shall result help in
the following:

C!R2LIIAY3I LINAYOALX S 27 cwQa A®S
Redesign and Remanufacturand thus improving global
competitiveness

C Reduction in the energy intensity / ton of stesims to fulfil
commitment in COP21

C Optimum utilization of Natural resioces

C Focus on recovery of energy (heat, gas)

C Adoption of Energy efficient & Environmental friendly
technologies

C Benchmarking of secondary / MSME and prioritization of
investments

C Moving towards Zero Discharge Zero Waste and Zero Harm
regime

In addition to above, raking steel from scrap conserves iron ore, coal and
limestone. As per the World Steel Association, the integrated steelmaking
route based on the BBOF, uses about 1,400 kg of iron ore, 800 kg of coal,
300 kg of limestone, and 120 kfrecycled steel to produce 1,000 kg of crude
steel. EAF route, on average, uses 880 kg of recycled steel combined with
varying amounts of other sources (DRI/HBI, hot metal), 16 kg of coal and 64
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kg of limestone, to produce 1,000 kg of crude st€al. an a&erage,
production of 1 ton of steel from scrap conserves an estimated 1,030 kg of
iron ore, 580 kg of coal, and 50 kg of limestone. Steel scrap recycling also
saves the energy.

Sustainabity demandsrecycling of steel. Profitability demands we are
resource efficient.Figure 7 shows the benefits of EAF route over BBF-
route in terms of carbon emission, energy consumption and resource
consumption.

Carbon Emissions Met Primary Energy Resource consumption  mm s
ey CO; ey Biled) Mg Bl {Hg Raw Matenal g Mot
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e Wiorkdsiee] anslyals, Giohal benchmans

Figure 7: Comparison of BFBOF Vs EAF routes on sustainability considerations

Steel scrap is atrategic and soughf Steel scrap s a §trategic and sought
after raw material for the stee| after raw material for the steel
industry. Increased consumption ¢ industry. Increased consumption of
scrap shall reduce the need fq scrap shall reduce the need for
additional resource extraction an{ additional resource extraction and
hence the environmental impact hepce the environmental impact.
However scrap recycling need to | However scrap recycling need to be
made more enwonmental friendly.
The recycling of steel enables
preservation of scarce naturakésourcesas it will require less energy to
process than the manufacture of steel using virgin raw materials. Recycling
emits less carbon dioxide and other harmful gases. More importanily, it
economic als@nd allows manufacturing businesses to reduce their
production cost.

made more environmental friendly
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4.7 Current Practice

Home scrap is normally utilized time in-house melting units, though some

of the scrapwhich can be rolled, sold as reollablescrap to Reolling Mills.

New scrap, generated by automobile, auto ancillary industry, white goods,
household appliances, steel fabricators, construction sector, tubeersak
etc., is normally sold by the generating units to actual end users. Old scrap is
handled through small tradersvho in term depend on Kabaddis, who go
door to door for collecting the scrap. Various institutions often auction the
obsolete scrap which is also collected by small traders.

4.8 Need for Change

Regulations are mainly reqed for collection and processing of obsolete
scrap, and making this sector more organized, ensuring quality, safety and
environmental friendly operation of scrap handling shredding units.

4.9 Opportunities for Employment Creation

As steel scrap recycling industry grows, it will reqskéledemployees to
carry out numerous operations of scrap recycling procAsswal potential

of revenue generation in steel scrap industry is of the order of R 200
million tonne of steel srap processed. Recycling will create a good number
of jobs in the country. Currently it is largely an unorganised sector, as most
of the people involved are operating independently. Larger is the industry,
more chances of organized job creation. Consdilaia of the industry
consequently, will generate a demand for wieHlined and qualified
personnel, capable of executing multitask work with high efficiency.
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Steel scrap recyclingvolves a range of activities, such as scrap collecting,
transporting, sating, logistics, etc. Recycling companies will have to employ
workers to deal with every of these activities separatéigure8 shows the
value chain created through use of steel scrap in secondary steel sector.
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Figure8: Current Indian scrap valuehain

4.10 Training for scrap recycling jobs
Most of the jobs in scrap recycling will require hatmhs experience,

therefore steel scrap recycling enterprises have to provide for appropriate
trainings, especially considering the jobs dealing with stdtthe-art
equipment. However, small duration gses can be designed by institutes
like NISST, BPNIST for imparting theoretical knowledge, quality control etc.

4.11 Independent metal scrap collectors
Alongside with scrap collecting and recycling companies, independent scrap

collectors can emerge alfentrepreneur, who collect scrap by themselves
and then sell it to recyclers. Government may consider issuing license for
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their business. They may be useful in collecting steel scrap from local
Kabadies, cities, towns, rural areas etc. and providirfgggrocessors.

4.12 Scrap Industry and Investment Opportunity

Seel Ministry is targeting an increase in the usage of steel scrap. A new scrap
policyneed to formulated to address all the issues from local scrap collectors
to processing centersncluding role of OEM, Government and other
department / ministries A policy toscrap vehicles which araore than 15

20 yearoldis also need to be framedAuto-shredding and vehiclescycling
plants are being established. ScHagsed steel productioncapacity is
expected to be increasedAround 3040 million tonnes more steel is
expected to be produced from scrap by 2030. Obsolete scrap from old
vehicles will comprise a major chunk of the additional scrap, in view of the
fact that roughly 2025 MT ofscrap will be generated

MSTC and Indian conglomerate Mahingikaelcare establishing. Y RA I Q& F A N.
vehicle shredderwith a capacity of 100,00800,000 tpy of vehicles. It will

generate the shreddegrade scrap which India currently has to import from

Europe and the United States.I 0 | { (i Sphahnidd tosktap alsdrad 2
processingunits in Gurgaon to tap the high consumption of automobiles and

white goods in the National Capital Region. These initiafivevide a good

opportunity for investment in India's quest to become salfficient in
ferrousscrap.
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5.0 Recycling of Steel Slag

5.1 Slag Classification

On producing steel, other wanted and unwanted materials are produced.
The main challenge is to to make the unwanteedbgducts into wanted and
economic value added productBhe unwanted materials/ elements present
in the rawmaterialsi.e Iron ore , Coke & Fluxes etc in the form of Silica,
Qulphur, Phosphorous, Alumina, etc. need to be removed duringielting
and refining stageMajority of the unwanted elements are taken out in the
F2NY  G{flF3¢& FNRY f I CdzN1/ L OS Y
Oxygen Furnace (BOF) converter, Eled Blast Furnace & Steel Sl3
Arc Furnaces or Induction Furnaces. Th are - valuable by-products
and thus must be used ag
steel plant slag is a solid industrial was| gypstitute  of natura
generated from steel industries il resources within the sam
production of steel. Blast Furnace & Steq

v
2 11

legal framework as bot
Slag are valuable jyroducts and thus must
be used as a substitute of natural resourg
within the same legal framework as bot
can serve the @ne purpose. Substituting
natural resources with bproducts made
out of such waste materials shallvoid

can serve the same purpof
Substituting natura
resources with byproducts
avoids  duplication  of
energy use in the productid
phase and conbute in
developing green economy

duplication of energy use in the production
phase andhus shallcontribute in developinghe green economy
Physiechemical and mineralogical characteristics of steel slags are different
depending upon the type of procesised i.eBFslag LDSlag, EAF Slag or IF
slag Even though the chemical composition of steel slag imitates that of
cement, the type of mineral phases and their quantities in steel slag are very
different. The lack of verification property in steel stagtricts its usage in
cement makingMajority of the Blast Furnace slag produced is suitable for
cement industry due to high percentage of lime and other constituents
beneficial for cement industry and thus are being used extensively in the
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cement industy. The slags produced through different routes can be
classified as follows:

Blast Furnace Slag

BF slag is generated during the process of iron making in a blast furnace. When it
Is removed from the blast furnace, the slag is molten and is at a temperature of
approximately 1,5003 . BF slag can be cooled in different ways to form any of
several types of BF slag products, as follows:

Air cooled BF slag (ACBFS): Molten BFS is allowed to flow from the blast
furnace into open air pits located besitlee furnaces where the material is
guenched with water applied by sprays to facilitate cooling. Alternatively,
molten slag is dumped in the open yard where it is allowed to cool naturally.
Once sufficiently cooled, it results in a crystalline, rhlo& ar-cooled slag

and is referred to as rock slag. ACBFS is dug and transported to a nearby
crushing and screening (aggregate) plant, where it is processed into
aggregates. However open air cooling requires large areas of land. On the
other hand, land availakliy is getting scarce day by day and pollution control
board also has been impressing upon to avoid dumping of slag in open land

Granulated Blast Furnace Slag (GBS or GBFS): In modern blast furnaces,
molten slag is directly converted into fine granuiegshe BF shop complex

itself and dumping in open yard is avoided. Granulated BFS (GBFS) can be
used for manufacture of slag cement, ground granulated blast furnace slag
(GGBFS) or fine aggregates for concrete making along with cement (OPC).
The granulaed blast furnace is dried and finely ground to produce Ground
granulated Blast furnace slag (GGBFS).

Physical properties of air cooled blast furnace slag (ACBFS) by and large
matches with other natural rock materials used as coarse & fine aggregate
and hence, it can be and is used as substitute to natural aggregates in all
types of roads. Granulated ground BF slag is also used as substitute to natural
sand for use in civil construction. In addition, BF Slag is also used in
embankment, land fill etc
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LD or Steel Slag:

Basic oxygen steelmaki@®OF), also known &z, Donawitz Steel making

slag is cooled in a cooling yard by air cooling and moderate water sprinkling.
However, this method requires a considerable amount of time to cool the
hot slag down taa workable temperature and demands the allocation of a
spacious land / yard which is also discouraged by authorities like MOEF&CC/
CPCB etc. For operational safety, a number of more efficient cooling
processes have been put into practical use. They irclud

U Air granulation process, whereby a high pressure air is blown onto the
molten slag to solidify and granulate the slag while it is being cooled.

U ISC(Instantaneous slag chill ) process, whereby the hot slag is first
poured into a steel box for acceleedt cooling/solidification and then
subjected to water sprinkling and immersion cooling;

U Water granulation, whereby the molten slag is poured into a special
drum and cooled rapidly by sprinkling water over the slag.

5.2 Slag Generation

The Steel industryn India is producing about 24 million tonnes of blast
furnace slag and 12 million tonnes of steel slag annuidliy.expected that

the BF slag generation may reach arouneb@million tons and & BOF slag
around 1520 million tons per year by 2030. This can meet large requirement
of cement industry as well road and agricultural need. Besides, EAF and IF
slag, genaation also will increase to more than 10 million tons per year from
the present level of around 5 million TPY by 2030. In the past, utilization of
steel slag was very low except some mixing in the sintering which has
resulted in accumulation of large quaings of steel slags in every plant. It is
estimated that more than 3@0 million Tons of steel slag may be lying in
various steel plants. The typical slag generation and its utilization across the
globe is shown in figur@
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Figure 9: Typical Slag generation and utilization

In addition to theslag dust and sludgés also generated imariousprocess,
guantity ofthe varies from place to placdepending upon the technology
adopted. The averaggenerationof slag, sludge and dust from various
process rate onglobal basis are shown in figut® below:

By-products by steelmaking route
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Figl10: Steel Slag Generatigblobal Scenario

Source: World Steel association
However, in India the slaglust and sludgegeneration in BF & BOF route is

much higher as shown kgure 11 below:
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Figll: Steel Slag Generation in India
Most of the steel producers are taking steps to control the generation of

slagand hasachieved significant improvement in the past but majority of
the units are yet to achieve benchmark performance.

5.3 Slag Properties and Utilization

The typical chemical analysis B, BOEnd EAFRIag is as follows:

Slag Unit Cao Si0O2 MgO MnO Fe Al>O3 P.0s
Blast Furnace % 4045 3035 5-7 <1 <1 12-15 <1
Steel SlagLD) % 4548 1316 5-10 <5 1517 13 1-3
EAF Slag % 2535 1517 35 <1 2025 46 <0.5

The composition of steel slag varies with the furnace type, steel grades and
pre-treatment method.However, the main constituent remair&Q, CaO,
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FeOs, FeO, ADs;, MgO, MnO and #x . In steel slag the most impa@mt
mineral phases are dicalcium silicateSy; tricalcium silicate ¢8), RO phase
(CaQ; FeOg MnO- MgO solid solution), tetr&alcium aluminoferrite (C4AF),
olivine (fayalite (F£5iQ), few have kirschsteinite (CaFe§i€ompositions),
merwinite and fee lime .

Granulated blast furnace slag is extensively used in the manufacture of slag
cement (up to 70 % addition is permitted as pedf5). Ground granulated
BFS, is used as a substitute of cement in ready mix concrete

Different type of slags hawdifferent applications depending upon chemical
analysis Granulated blast furnace slag is a latent hydraulic material and is
glassy in character. Its glass content varies from 90 to 95 péradtitough,
majority of the Blast Furnace Slag is fully utilized in the Cement Industry but
the use oBOF steel slagnd EAF slag is still a major isslige other uses of
steel slags are in Road Construction, Sand, Insulation wool, and Agriculture.
The amant of LDBoFslaggeneratedis about 170-200kg/t of hot metal
produced in Indian integrated steel plants. Out of this only 25% is being
reused in India compatceto 70100% in other countries and that too also
internally for road project andfor sintering and ironmaking through
recycling

Steelmaking slag contains metallic irorR1@d% by weight), which is derived
from the refining process. Therefore, the slag is adjusted to the customer
specified grain size through a process of crushing and magnetsifidation.
The metallic are recycled in the process of steel making.

BOF slag also contains free lime which expand in contact with moisture/
water. This restricts its use in various applicatioflsus , the steelmaking

slag is subjected to the ageing treatment process, namely, normal ageing
treatment, (whereby the hydration reaction is allowed to take place by
natural rainfall on the yard), and accelerated ageing treatment / steam
ageing treatment, (wherby the hydration reaction imduced to complete in

8 (http://www.cpcb.nic.in)
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a shorter period of time). It is imperative that the free lime content in steel
slag from BOF and EAF is brought down to acceptable levels for use of steel
slag as aggregate in civil construction. Cutlsenntegrated steel plants in
India are planning installation of such facility for weathering.

Steel slag is also traditionally used in road construction, in Rail Ballast, as Soil
stabilizer (Silica and phosphorous supplement), as performance impiover i
cement making, Raw material in clinker manufacture replacing lime stones.

In BOF slags major phases present are dicalcium ferrite, calcium aluminate,
wustite, dicalcium silicate, tricalcium silicate, free CaO and MigO EAF
slag, due to lower lime content, is stable and can be used in ashphalt.
Secondary steel refining slag -@idegrates into a powder due to instability

of its constituents, causing dust emissidimere is an additional use of steel
slag which is &ng explored widely across the globe, mainly for
supplementing soil nutrients as well as soil remediation of acidic soil.
Miscellaneous uses of steel slags and limitation are as follows:

Utilization as aggregates

Highway construction in India has posedgeeat demand of natural
aggregate for road construction. Natural resources, traditionally utilized in
road construction, are depleting fast and causing serious environmental
threat, Steel slag has a great potential as a replacement for natural
aggregatesn road construction.

Steel slag is similar to stone aggregates in strength, but its volumetric
instability in contact with water hinders its application in construction as
aggregates.As mentioned earlier, teel slag mostly is dumped after
recovering meallic and is exposed to rain and sun for natural ageing and
stabilization, which is slow process and time consuming and restricts its
usage.
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The reason for volumetric expansion and structural instability of steel slag in
construction is the presence &ke lime (CaO) and magnesium oxide (MgO)
in its mineralogy, which form low density hydroxides in the presence of
water. The hydroxidesreact with atmospheric CQand form carbonates
with increase in volume. The swelling nature of steel slag is undesiabl
civil engineering application.

Some of the steel plants have already installed facilities for artificial ageing
so that free lime can be bound quickliProcess has been developed
accelerating the steel slag ageing process using steam. Steam pescolat
through the minute pores in the slag lumps and hydrates the expansive free
lime and MgO phases, makitigem stable.

Steel slag aggregate meets all important physical characteristics of
aggregates laid down in MoRTH specification for Road and Bridde2001

for preparation of bituminous concrete mixes. The high bearing capacity of
steel slag aggregates can be used advantageously on week subgrades and in
heavy traffic applicationsHowever, in absence of inclusion of steel
aggregates in IRC manual, theceptability is low but in rural roads the
usages are on the rise.

Transportation is another issues which restricts the utilization of Steel
aggregates over long distanc&seld trials were conducted for assessing the
suitability of processed weathedeBOF slag for use as rail track ballast along
a stretch of 55 m near the Ispat Nagar Railway Yard at Bokasoexpected
that in future the acceptability of steel aggregates shall improve.

Utilization in agriculture

In India, about more than 35 mdh Ha of land is affected by acidity. Low
cost additives are needed which can improve soil health and reduce cost of
farming Steel slag for reclamation of acidic mine land is an excellent use for
this material. Application rates to neutralize total pote acidity of mine
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land are high and reapplication of lime may not be technically or
economically feasible. It has been studied that, steel slags were as effective
as limestone in neutralizing. Germination was successful in all treatments
with limestoneand slag.

Steel slag can be used for amending acid soils for soil neutralization and as
source of growing agents. It can improve soil structure and reduce frungal
infection. Silicates in slag minerals are useful for plant nutrition and soll
quality. Silicates prov&beneficial effect on plant health and soil structure,
increase the phosphorus mobility in the soil and the efficiency of phosphate
fertilization.

Steel LD slag can also be used in fertilizers for agricultural applications. The

efforts have been made imata steel _
that LD slag after grinding to 30

mesh, can be used as a s
conditioner in paddy field, teg By undertaking planned
gardens etc. Nippon KokanK research in agricultural on

Corporation (NKK) in Japan h{ US€ of slag based fertilizers
developed a process to produce ec and by products,
dependency on imported

friendly slow  release — potassiun - ¢o iiers like NPK or Potast
silicate fertilizer fronthe slag whichis 5, Phosphate can be

generated during the desiliconisatio
process of hot metal at steel mill.

Some studies shows thateording to
soil type and agricultural use b
adding a concentration of LD sl
between 1.5 and 5.0t/ha, it is possibl
to achieve increse in soil pH anc
improve the soil quality and alst
productivity. The experimental work

were carried out using pulverized L

minimized by using slag as i
is or after mixing with sugar
industry waste (press nalior
spent wash), cow dunk or
animal waste generated
from Gobar Dhan Yojna or by
mixing with some of the
minerals like Glauconite,
recently discovered in Uttar
Pradesh

slag for growing different vegetables and crops like tomato, potato, onion,
spinach and wheat in acidic soil. Steel slag contkartdizer components
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CaO, Sig)and MgO. In addition to these three components, it also contains
components such as FeO, MnO, an@®Pso it has been used for a broad
range of agricultural purposes

Studies were carried outy some of the Indian Agricultal Universitiedike

Orissa University of Agriculture and Technology, Bhubaneshwar, in the
laboratory as well as in the field for assessing use of BOF slag as acid soill
ameliorant. On site trials showed higher yield of crops and dseren acidity

of sol. However,impact of heavy metalslike chromiumcould not be
established.

Steelslag is having economic as well as ecological advantages and is a vital
resource.Indiaproduction of cement in 20134 was270 MTand the same

Is expected tdeincreased tad00 MThy 2020. Wiile for making one tonne

of cement about 1.5 T lime stone is required and with about 10%
replacement of limestone with BF slag creates a market for 60 MT BF slag
lyear, thus providing an additional possibility for 100% reosBF slag and

also a drastic reduction of CO2 emissions will be a bonus with reduced
limestone mining alsé

Similarly, acid soils occur in the high rainfall areas cassund 25 million
hectares of land with a pH below 5.5 and 23 million hectardaraf with a

pH between 5.6 and 6.6ut of 142 million ha of arable land in Ingia
spreading over 24 states of the countBoductivity of such soils are mainly
constrained dueo low base saturation and other aciditgduced soil plant
nutritional and fetility problems.The utilization of steel slag can address the
above issues to a large extent without utilizing costly fertilizers / soill
additives.

7 (https://www.ieindia.org).
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6.0 Strategy for Recycling

As the availability of obsolete scrap continues to grow, the recycling industry
will need to expand to handle the larger volumes and become more efficient
to improve profitability. How India can benefit from the rising volume of
obsolete scrap that will l@me available will largely depend on the evolving
economics of the recycling industry.

Small collectors gather discarded items containing steel from neighborhoods
and local industry. Distributors sort, dismantle, and bale this scrap using
simple processing equipment. Professional scrap companies then sort and
process the scrap into standardized products for sale to steel mills. For some
specialized obsolete goods, such as cars and ships, only experienced scrap
companies can conduct collection apibcessing.

The supply of obsolete scrap is determined by both availability Faowd
much it can be profitably colleced and processd. While the formeris a
function ofthe amount of steel historically used in the economy, the latter
largely depends on #heconomics of collecting, processing, and transporting
scrap.The main costs involved in recycling obsolete scrap araitedod the
energy used in processing, and expensdhe transport of scrap frorsteel
consumers to collection and processing site®l then to steel millsThe
economics of the scrap recycling businesisdetermine how much obsolete
scrap will actually bavailable for steel production.

As the government is increasingly concerned about the environmental
impact of industrial econom there is a need to put more incentives in place
for scrapintensive EAF/IF, which has a potentially lower environmental
footprint. Figurel2 shows the major limitations the secondary steel sector
is facing today, in terms of scrap usage due to vari@csofs such as,
unorganized scrap collection, lack of incentives to the scrap collectors,
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prevailing import duties, absence of regulatory frameworks, need for skilled
manpower, land acquisition and state of art facilities.

Li i
T 3 lm
Steel Scrap Scrap EAF
{R/M) Processing (Steel Making)
+ No formal system for scrap + Not assigned industry status - No - Difficulty in acquiring land
collection regulatory framework ) .
) . . . * High power consumption
+ No social security/social + Value loss due to sub-optimal , , ,
status for scrap collectors processing » Voluminous material = High
) ) cost of transportation
* Highly fragmented market * No organized players ,
_ ) L * Inconsistent supply of
« Limited statutory + Low concern for quality = Limited quality steel scrap
compliances investment in equipment & )
. . capability building * High dependence on
« Limited traceability & imports for quality,
accountability of scrap * Limited adherence to policies on processed scrap
L safe dismantling of obsolete goods
* Limited adherence to . . « The IFs produce low quality
policies on waste * No infrastructure for safe disposal steel & are polluting in
management of waste materials nature

Fgure 12: Limitations ofsteel production using scrap in India

With good iron ore availabilitin Indig manufacturers may favor hot metal
based technologies for eating new capacity over scrap based technology
if desired scrap quality, quantity, and easy availability is nstiesl

With properguidelinesand regulation, the scrap recycling industry has huge
potential to benefit the economy. Unlike coking coal, which is largely
imported, scrap recycling would feed domestic economic activity. Higher
scrap usage will help built a cleaner economy. Future policies may be
more stringent for polluting coke making plants, sinter plants, and blast
furnaces, and provide further incentives for choosing EAF over BOF.
However, most of the electricity that powers EAF plants currentiyjeo
from coal burning, which is also harmful to the environment. Perhaps the
biggest challenge for the scrap industry lies in our ability and willingness to
make the EAF technologasy to adopt and operatd&=nhancing proportion
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of EAF will require slowetapacity enhancement of BOF and enhanced
investments in EAF capacity. EAF mills have higher production flexibility and
have typically lower maintenance capaxoweverBOFbased plantxould

apply new technologies to increase the amount scrap used in theecter

by injecting additional thermal or chemical energy into the furnace. As more
investment shifts to either EAF or an increase of scrap use in BOF, the scrap
industry will benefit from the increase in demand.

The recycling industry itself will ne¢al be more efficient. Most of the scrap

will continue to be concentrated around big cities, providing large volumes
of material within a short radius. Scrap companies will need to plan higher
operational efficiency through more sophisticated technologghkr labor
productivity, and more streamlined logistidsigure13 shows the current

and the proposed road map starting from scrap collection to steel
production. The interventions required at different stages namely, scrap
collection, aggregation, logisticand creationof scrap processing centers
and finally steel prodction through EAF route is outlinefls operating costs
come down and revenues grow, the threshold price for economical scrap
collection shall drop, putting the scrap industry in a better position to
compete with iron ore and coking coal based plants.

Scrap Peddlers & Scrap Scrap Secondary Steel
Collectors Aggregators Processing Centre Making
=
2 i‘;- LS LI
Informal & Limi{od statutory Unsafe & Minimal lnduction_ Furnace
u A compliance & dated = Low quality & less
norganised Infrastructire Pilferage prone processing efficiont
| y Sk A
i = o SR
o =t s | i
E =
— ram g
Authorized a-ﬂ - e
= Collector
o
NGOs / Self Authorized scrap Containerized & Mechanized E;:clrk::rrc ::::; ;e
Help Groups collectionyard RO-RO bin truck processing of scrap potioN

highly efficient

Hgure 13: Current and proposed road map for scrap collection, processing and steel
production
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6.1 Need for Recycling Policy

National Steel Policy 2017 projects 300 MT crude steel capacity by31030
Therehas been gradual emergence of scrdpR| based electric steel making
in Indig and in 2016, IBnd EAF routes together accounted for around 57%
of crude steel production in the country. Scrap is an important feed material
for EAF/IF based steelmaking. However, daewide-scale adoption of
continuous casting technology in steel plants andouganized recycling of
scrap in the country, the domestic availability of good quality scrap is limited
and the country has to resort to importgmport of scrap is also assoed

with risks of volatility irglobal prices as well as forex rates.

As such, a proper recycling strategy would need to be in [itagaonitoring

and regulating the metals recycling sector in India across the value chain
throughformal collection, processing and recycling of sare@n organized,
safe and environmentally efficient manner. This would result in natural
resourceand energy conservation, reduction in GHG emission as well as
enhancement of domestic availability of gbguality processed scrap for
production of quality steel and thereby reducidgpendency on imports.

Interventions are required to accord Industtynfrastructure satus to the
hitherto unorganized scrap recycling sector so as to ensure statutory
complance with respect to safety, health and environmental norms in
collection and processing of scrap. Conferring industry stahfsastructure

to metal recycling sectahall help inncreasinginancingoptions. This shall
result in encouraginginnovative projects on waste avoidance, waste
minimization, collection and processing of recyclable material to authorized
recyclers willing to setup facilities across the natisra part of Swach Bharat
Abhiyan
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Scrap processing units would need to be locateatstyically to optimize
transportation cost of input and output material and achieve cost
competitiveness with respect to global prices which also exhibit fluctuating
trend.

6.2 Challenges in Recycling

Following challenges, whichdversely impact the areas of scrap metal
supply, industry growth, pollution, quality, safety, revenue and transparency
in different steps of steel scrap recycling, necessitate having a
comprehensive recycling policy:

1. Generation

I Lack of definitgyuidelines for scrap classificatioim (ine with
ISRbr equivalentclassification)
i No definite criteria2 T RSTAYAY 3 AG9YR2BIFG[ ATFS
9YyR 2F tAFS +SKAOf S¢
iii. Rationalizationof tax and duty structure
V. Quality of domestic scrap

2. Collection/Processing

. Logistic issues asgh transport cost may actas a deterrent
for scrap movement within the country
. Lack of regulations to handle contaminated waste and other
hazardous itemarising out of scrapping and shredding
ii. E-Procurement of scrapnd standardization of procurement
policy for various government related departments /

institutions.

V. Absence of safety gears during dismantling and sorting of
scrap

V. Lack of uniform standard and specifications for usage across
industries

Vi. Lack of storage guidelines for hazardevesste, nonferrous
and nonrmetallic waste

Vii. Lack of organized recycling zones and associated
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4.

infrastructure

Usage

Chargingpf polluted and undesirable scrap in furnace
Lack of enforcement to manage poisus fumes during

melting
Lack of implementation of safety standards in melting
process
Promotional scheme#or firms for R &D on recycling process
to develop better technologies / equipment

Disposal

Scrap residue sold to agent without verifyiagithorization
certificate

Lack of authorized disposal sites (landfills) in all the major cities
of country

Water and other waste generated during melting

6.3 Benefits of Developing the Steel Scrap Processing

Sector

. Domestic recovery of scrap walhsure reduction in scrap and metal

imports, thereby reducing trade deficits.

. Metal scrap recycling will lead to natural resource conservation and

energy savings.

. Processing metal scrap in an organized, safe and environmentally

efficient manner.

. Promotionof a formal collection and shredding mechanism for end

of life products that are sources of metal scrap.

. Generation of new sources of revenue and employment for the

government.

. Contribution and promotion of the Swachh Bharat Abhiyan by

developing recyclingones.
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/. Establishing mechanism such asauetions, defined payment
systems for monitoring and regulating the metals recycling sector
in India across the value chain.

6.4 Regulatory Needs

Regulations are essential for steel scrap recycling industry to ensure that the
steel scrap is free fromazardousnaterial, inflammable or explosive, dirt or
pollutants which may contain or emit dangerous substances, chemicals
waste classified as hazardguadioactive material, carcinogenic substances,
sulphur etc. Steel scrap should also be free from-natallic materials like

dirt, glass, concreteand insulation combustible normetallic material such

as wood, grease, oil, other lubricants, plastigblver, fabric and organic
substances. Restriction is also required for contents of-fieorous metals

like copper, brass, aluminum, lead, chromium, nickel, cobalt etc. There has
to be guidelines about maximum weight of scrap pieces for suitability in
handing and charging.

Steel scrap processing will involve a number of activities like sorting,
loading/unloading etc. Use of appropriate safety appliances need to be made
compulsory for all the personnel engaged, large number of wiiltkely to

be contract workers.

All scrap that come for processing should be subjected to required quality
checks. After processing, indicative chemical analysis should be known, and
existence of contaminants or hazardous elements must be determioied
quality, safety and regulatory compliance.

Employees in facilities that recycle metal scrap are exposed to a range of
safety hazards associated with material handling methods, hazards
associated with the metals themselves (as dust or fumes), and twéh
hazardous substances used to process or recover these metals.
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6.5 Standards and BIS

Ferrous scrap is sorted and processed into various grades for recycling. Broad
grading of scrap as per B2549:1994 (Code for Classification of Processed
Ferrous Scrap) is &sllows:

Shredded scrap

Heavy Melting Scrap (HMS) No. 1
Heavy Melting Scrap (HMS) No. 2
Light Melting Scrap Bundles
Rerollablescrap

Turnings and borings

Iron Scrap

Stainless steel Scrap

=2 =2 =4 -4 -84 -4

Specifications exists for steel scrap specifying type (heavy melting scrap,
shredded, steel turnings), composition restriction etc. in other countries also
(e.g. ELR7 Steel Scrap Specificatiorfome companies have their own
specification for procuremenof steel scrap (e.g., Scrap Specification,
Slovakia Steel Mills a.s., ArcelorMittal Dofasco Hamilton Scrap Specification
etc.)

6.6 Capacity Building

The performance of Primary as well &condarySeel Sector need to be
benchmarked to remain globally competitive. Presently, the steel sector is
facing lot of challenges, both technological as well as financial. Immediate
technological intervention is necessary so that productivity, energy
consumption, raw material consuniph etc. are at par with global peers to
remain competitive. In view of its potential of energy savingatural
resource conservationand environmental benefits capacity building is
required by involving institutes of reputes like 1ITs, NITs, NISSTS BRN
Integrated steel plants can produce steel grades which require low residuals
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and which should be free from trace and tramp elements, while other grades
can be produce in secondary sector utilizing mainly steel scrap, the
availability of which shhtontinue to increase in the country.

There is need for skill development for scrap recycliegergy audits
efficiency,quality control, and other associated areas in the secondary steel
industry. Biju Patnaik National Institute of Steel (BPNi&as earlier
envisaged for undertaking special courses related with Iron & Steel Industry
but the same is yet to start such courses. Althautdrge numbers of
Initiatives were taken by NIS8ilthe past and encouraged secondary sectors
to adopt energy efficiebh and environmental friendly technologies with
support from UNDP bumore focus may have to be accorded on skill
developmentand specialized training that may be required for this emerging
sector. In addition, somenew Centre of Excellence have been created in
various lITs for steel technology and these centresatam promote higher
level of research as well as to meet afyture specializedequirement of
human resource. Similarly, some centre of excellencevémte managemen

in steel industry may be helpful in addressing the issudsdfnology gap
requiredfor this newbut important sectorso that zero waste concept can
be adopted

This may require wider consultation with existing institutes as well as long
term need plaming so that such institutes may undertake long term
researcheslso to meet future requirement of the sectdfhe courses may
cover degree/diplomacoursesand training modules for theoretical and
practical knowledgeespecially considering the jobs degliwith stateof-
the-art equipment <hort term specializedrefresher courses, utilizing
expertise availablen-house,industryandacademic institutes

6.7 Regional Distribution
As steel scrap is generated all over the country (though volume may vary
from state to state), there is a need to create designated zones and areas for

recycling of steel in the major industrial areas or on the outskirts of major
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cities where large gener@min of steel scrap is expected. Setting of steel
shredding facility neesito be encouraged.

6.8 Vehicle Scrapping Policy

There is a need of Vehicle Scrapping Policy. Although a strategy paper on
need of such policy and guidelines have already been issued by the MoEF &
CC but till date no formal policy has been issued. if@ementation of
policy, as and when issuedill result in setting up of more and more
shredding facility and also increased availability of shredded scrapSME
(secondary sector. The scrap so generated may require guidelines for
classification of scraps so that high alloy and special scrap aatilibed for
producing speciahaterialsin cost effective manner

6.9 Environmental Threats and Suggested Measures

Minimum environmental standards are required to be introduced for scrap
metal facilities across the industrjhe environmental concerns are greatest
where endof-life vehicles and/or white goods are to be processed. Some
important issues herare:

w Practices for storage and handling of oils, grease, fuel, solvent,
batteries and degreasers, particularly at shaato dismantlers.

w Presence of hydrocarbons, metals, heavy metals and polychlorinated
biphenyls (PCBs) could result in soil and groundwater contamination,
as well as water pollution

w Inadequate draining of fuel, oil and other liquids from esfdife
vehicles

w Improper hard base, covered areas and inappropriate storm water
infrastructure to prevent fuel, oil and grease and other potentially
contaminating materials from coming into contact with soil and
waters

w  Storage of waste tyres, which arefiae risk and are the perfect
environment for mosquitoes to breed
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w Noise and air pollution, particularly at larger facilities where hammer
mills / shredders are being used. Hand held tools are used for
dismantling enebf-life vehicles at smaller scaleq@pment, such as
oxy cutters and balers, are utilized at larger scale adding to noise and
air pollution, and an increased risk of fire.

w Poor practices for the management of liquids, such as fuel, oils and
grease (including draining fluid from efwdHife vehicles at small auto
dismantlers), and a lack of appropriate covered areas, hardstands,
stormwater and drainage controls are generally the major
environmental risks on site. This can lead to the contamination of soil
and water both on and off site.n@mical and oil storage on site and
hot works (the use of equipment, such as oxy cutters) can also increase
the risk of fires starting at these facilities.

These environmental concerns chave possible human health impacts on
site workers and residentsin neighboring communities. Minimum
environmental standards need to be created to ensure that any
environmental and human health risks are mirzed.

For merchant scrap, there is a need of wedtablished market with scrap
metals being bought and sold sccordance with agreed rules regarding
environment friendly processing and quality.
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7.0 Implementation Frame-work

7.1 Integrated Steel Recycling & Slag Utilization approach

Presently, steel scrap recycling business is an unorganized business and thus
effective coordinationwill be required among scrap generatorsollectors,
traders, processors Original equipment manufactureend end users for
ensuring efficient and economic recycling, providing the processed scrap of
required quality (size, chemistry) in time to user industriie facility shall
require to be equipped with depollution system, preferably with zero
discharge syem, and dismantling by making use of best available
technology for processing the end of life goods and other scraps. The centers
shallhave tocomplywith relevant health and safety legislation/regulation
and environmental norms as laid down by MoEF CBF SPCB for such
operations All these aspects need to be covered in the Steel Scrap policy
which relevant department may consider to issue in future.

Similarly, d@lization of steel slag in various applications shall require close
coordination betweerresearch bodies, manufacturer and other consumer
where slag can act as an alternate raw mateiddq fertilizer industry may
require to be associated in developing alternate fertilizers using steel slag as
the main material.

7.2 State Government’s Role

As both the new opportunities i.e steel recycling and slag utilization may
require some local rules and monitoring mechanism, role of skege
governments shable very crucial. In the case of slag utilization in agriculture,
state government and researdiodies may have to work with farmers also
so that myths, if any can beemoved and suitable recommendation
depending upon the soil requirement can be made available to the farmers.
Tomonitor adherence to safety and environment related measures in steel
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scrapand steel slagollection and processingnay require new guidelines
For making tkse sectois more organized, concerned operators have to
follow applicableguidelines)Jawsand rules framed by the central as well as
the State Government

Further, bgistics may be one of the main challenge for safe and cost effective
system for inbound unprocessed products/scrap and outbound processed
scraps to the melting shops. Thus, scrapping centres (Collection cum
dismantling centre and recycling centre) needoe supported by adequate
logistic facilityand hence the State Government intervention / role will be
important in identifying areas for setting up such centers as per respective
industrial policy of the state. The implementation of effective logistic
framework shall prevent pilferage and facilitate containerized transport in
an environment friendly mannetaking into consideration of the local
societal issues

The setting up of these centres near highways, industrial corridors, railway
sidings and in He close proximity to Sagarmala project shall help in
development of multmodal logistics parks. As the industry evolves over
time, setting up of ECO parks/recycling zones having the scrapping/ recycling
centres along with the user secondary steel sectwlustry shall help in
boosting the economic activities around these centres besides generating
large employment opportunities the state

7.3 Implementation Agency & Its Role

It is recommended thatsome centralized authorized agencies may be
constitutedwhichcan dealwith all types of waste (ferrous and narierrous
scrap and slag, electronic waste, plastics, rubber, etc.) ircthmtry. This
agency shall be responsible fdormulating policies and guidelings
implementing, monitoring all aspects related to collection, handling,
processing and recycling of all types of wastes in the country to achieve
Resource Hficiency targets based on the best practices used across the
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globe It will have regular interactio with the allthe stake holders for
overcoming difficultiesncluding with the states It will also facilitate in
adoption of latest technology and equipment for efficientecycling
operationsand encouragng R&D work in the relevant aredy engaging
institutes of repute in the country as well as abroad. The suggested action
plans are given in action agenda below.
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Action Agenda- Central agency

non — ferrous
scrap and slag
electronic
waste, plastics
rubber, etc.) in
the country It
will  formulat,
implement and
monitor al
aspects relate
to collection,
handling,
processing an
recycling of all
types of waste
in the country|
to achieve
Resource
Efficiency
targets. It will
have regula
interaction with
the all stake
holders for
overcoming
difficulties.

Category Recommendation | Action Agenda | Implementing | Timelines
Agency
Institutional Constitution of To be| NITI Aayog/ | Jan. 2019
Centralized constituted to | Ministry of —Dec.
authorized agency deal with alll Commerce & | 2019
types of wastg Industries
(ferrous  and
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Action Agenda : Steel Scrap Recycling

Category

Recommendation

Action Agenda

Implementing
Agency

Timelines

Institutional

Dedicated
“Resourc
Efficien
in Steel
Companies

Dedicated
department in
steel industries
to look into all
aspects relate
to Resource
Efficiency,

including new
technology, new
market, new
products etc.

Ministry of
Stee)
Steel
Industies

Oct. 2018
- Dec.
2018

Institutional

Fixing Resource
Efficiency
improvement
target and
monitoring

Production
Efficiency to be
included in the
MoU being
signed by PSU
with
Government.
Raw materials
consumption/
recycling can be
MoU parametel
and adequat
marks can be
assigned for this
purpose.
Accordingly
MoU guidelines
can be amendec

SRTMI / ISA,
Min. of Stee)
PSUk.

Oct.
2018
March
2019

Institutional

Encouraging R&D
for Resource
Efficiency in Steel
Sector

Data
R&D
Expenditure,
Ongoing R&D
Efforts on
Resource
Efficiency,

R&D Programs
and Funds

regarding

required

SRTMI,

R&D Dept. of
Steel
Companies

Oct.
2018
March
2019
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for further work
on Resource

Efficiency,

Identification of

R&D/academic

institutes for

undertaking

R&D on

Resource

Efficiency

Institutional Policy formulation| Faster granting Min. of Stee] | April

for* Eas e ofof required| Min. of 2019
busi ness|clearances fol Commerce & | Dec. 2019
to scrap recycling | setting up| Industries

industrial units| Min. of

for scrap| Finance

collection and Min. of Env.

processing, an

availability of

low cost capital

Institutional Skill development| NISST,BPNIS, | Min. of Stee] | Oct. 2018

in steel processing INSDAG, and| SRTMI — Sept.
technology initiating 2019

Programs or

Resource

Efficiency in
Steel Sector
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Action Agenda : Recycling of Steel Slag

Category Recommendation | Action Agenda | Implementing | Timelines
Agency
Institutional Preparing Preparing g Ministry of Oct. 2018
guidelines for bes comprehensive| Stee) - Dec.
available document SRTMI, 2018
techniques for providing BIS,
processing an( detailed Steel Industry
utilizing steel| guidelines  for
making slags efficient
handling,
treating and
processing  Of
steel slag and it
utilization  for
various
applicatiors.
Institutional Determination of Collection  of| NML, RDCIS, | Jan 2019
physicachemical | representative | Steel Industry | - Dec.
charactestics of | steel slag| Ministry of 2019
Indian steel samples  fron Agriculture
making slags fol various
assessment of the processes an
applicability  for| different plants,
various physicoe
applications. chemical
characterization
for various
possible
applicdions.
Institutional Expertise To set up Steel industry,| Oct. 2018
development in th¢ specialized SRTMI, - Dec.
area of steel slaj group in stee| Min. of Stee] | 2018
processing ang plants and R&D Ministry of
utilization units, dedicate¢ Agriculture
to overlooking
matters relateg
to steel slag
handling,
collection,
processing an(
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efficient

utilization
Institutional Evolving Exploring Steel industry,| Oct. 2018
utilization strategy avenues ol CRRI,IRC - Dec.
for over 5MT of | utilization  of | State 2018
naturally available Governments,
weathered  BOF weathered BOHR Min. of Steel,
slag available inslag in steel MOEF&CC.
steel plants in th¢ plants in the
country country for
beneficial use in
road
construction
and agriculture
in  near by
places
Institutional Efficient Setting up| Steel Industry,
processing of steg modern FSNL,
slag facilities for| MECON,
collection, Min. of Steel
crushing,
screening,

procesing of
steel slag nea
the dump site
inside the plan
boundary
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8.0 Research & Development

8.1 Need for R&D in Steel Scrap Recycling

As Steel Scrap Recycling through mechanized and organized structure and
utilization of steel slags in various applications will be a new emerging sector,
there may be need oR&D programsto address issues generated during
subsequent stages. Followirsge the likely areas that may require R&D
support:

w To streamlineeco-cycle for steel with lower energy age,reduced
carbon dioxide emissions and the conservatignand efficient
utilisation¢ of natural resources.

For emoval of trace and tramp elementsof obsolete scrap
Environmental friendly technology for scrap processing

Development of efficient technology for sorting, quality assessment.
To generate new knowledge about how we can increase the yield of
iron and alloying elements.

1 To enhance resourcefficient steel production and recycling

= =4 =4 =4

8.2 R&D in Steel Slag Utilization

R&D work need to be undertaken towards understanding and eliminating
adverse side effects, if any, of use of steel slags in agriculture in order to
achieve an effective and sustainable recycling. Steel slag can supply
nutrients, but should not have any native side effects on the environment

and on the human, animals and plants.

Also, R&D efforts need to be made to develop alternate uses of EAF, IF and
LD slag like aggregates, sand etc besides developing technologies for
recovery of heat of slag.
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8.3 Role of Academic Institution

Academic institution undertake research programsdeveloping process
technology to preferentially remove undesirable elements from steel melt
while melting steel for a particular grade in EAF/IF. Some element may be
useful to enhance specific attribute in steel grade being produced, while it
may be harmfil and undesirable in some other grad@me fundamental
research may be required to address the issues of different types of scraps
generated from various sources.
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9.0 Conclusions & Recommendations

9.1 Steel Scrap Recycling

India need to venture into systematic and efficient scrap processing as it
prepares for an era when proportion &~BOFbased steel making using
coking coal and iron ore diminishesd scrap based EAF/IF processes
becomes preferred choicéteel scrap praessing so far has been largely an
unorganked sector, with no control over quality. Modern scrap processing
facility need to be planned which will source, separate, shred and process
scrap that can be used as preferred input for quality steel produchore
scrap processing unitto be set up so that import volumes may be
minimized.

In the short term import of ferrous scrap will continue as it will take some

time for India to bring on the steel scrap processing plants. For steel output

to grow accordingi 2 0 KS LI FySX LYRAIFQ& 9! C 2dzi LJd
16.85 million tpy, which can actually be achieved by full utilization of the

existing EAF and induction furnace capacifidge utilization rate in 2016

was 74%. If existing mills raise theapacities, they will need more scrap and

therefore will have to turn to more imports.

Scrap requirement by IndigBAFs can be reducedlifect reduced iron (DRI)
is available and can be economically utilized. Many Indian induction furnaces

have used 780% DRI in the steelmaking charge.

In future, more scrap should be used as DRI technology, though more
environment friendly than BF, does create pollution.
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Indian steel makers iIMSME $econdarysectors shall require greater supply

of good quality scrap. Generally it will be economic and less polluting to
consume scrap nearer to places where it is generated. Therefore Scrap
Processing Units need to be set up near the centers/clusters of scrap
consumers (i.e. EAF/IF Plants).

Comprehensive Steel Scrap Recycling Policy need to be formulated which can
addresdollowing:

1. Efficient collection, segregation and processing of steel scrap with
adequate quality control.

2. Strict adherence to necessary safetyeasures, use of radiation
detection equipment (particularly if scrap has been sourced from
laboratories/hospitals

3. Formation of Zonakcrap Gollection andProcessing&ectors in the
country, so that processing is done nearer to generation @snor
near the end users.

4, Revisiting the existing BIS specifications pertaining to steel scrap.

9.2 Steel Slag Utilization

With increasing steel production, significant efforts have been made to
develop the slag processing technologies to enabletilization.

1.  While BF slag is mainly used for cement production, steelmaking slags
can be used for road construction, hydraulic engineering, as fertilizer
etc.

2. In integrated steel plants, there is significant generation of LD (or BOF)

slag. India has aut 55 million t capacity of steel production through
BOF route, where slag generation is about-138 kg/t of steel.
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BOF slag contains Ca, S, Fe, Si, P, Mg etc. which may be useful for plant

growth. It is useful for acidic soils as it gives pH around 8 when mixed
with water. Calcium helps in formation of fertile soil and improves
disease resistance. It also helps in apsion of other nutrients by
roots. Sulphur is required for amino acids, proteins etc. Iron is essential

F2NJ LX FydaQ aINRBgOUKDP {AfAOF KSf LA

defense mechanism of plants. Phosphorus is a vital component in the
processof col® NI Ay 3 &addzyQa SySNH& Ayldz
has demonstrated the use of BOF slag as soil conditioner.

Steel slag aggregates exhibit a number of favorable mechanical
properties, including very high stability and good soundness. If
properly séected, processed, aged and tested, can be used as granular
base for roads. Volume stability is the key aspect for using steel slag as
a construction material.
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