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Preface

PREFACE
1 Status of this document
Unless ® her wi s e stat ed, references t o 6t he Di

2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

This document is a working draft ofghEuropean IPPC Bureau (of the Commission's Joint
Research Centre). It is not an official publication of the European Union and does not
necessarily reflect the position of the European Commission.

2 Participants in the information exchange

As requiredin Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and-g@vernmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions
(2011/C146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated techhiexperts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3 Structure and contents & this document

Chapterl provides general information on the ferrous metal processing industry (FMP) and on
the industrial processes and techniques used within this sector.

Chapters2 to 6 provide the information given below on specific FMP sectors (i.e. hot rolling,
cold rolling, wire drawing, continuous hot dip coating and batch galvanising). For each FMP
sector, the chaptés structured as follows (X is the chapter number):

i Section X.1 provides general information on the FMP sector.
Section X.2 provides information on applied processes and techniques.

1 Section X.3 provides data and information concerning the environmemntatrpance of
installations within the sector, and in operation at the time of writing, in terms of current
emissions, consumption and nature of raw materials, and use of energy.

1 Section X.4 describes in more detail the techniques to prevent or, wheres finig
practicable, to reduce the environmental impact of operating installations in this sector
that were considered in determining the BAT. This information includes, where relevant,
the environmental performance levels (e.g. emission and consumptéds) levhich can
be achieved by using the techniques, the associated monitoring, the costs and the cross
media issues associated with the techniques.

| Section X.5 presents information on emerging techniques as defined in Article 3(14) of
the Directive.

E]

Chapter7 provides information on the emissions for processes common to more than one sector,

i.e. emissions to air from acid recovery and emissions to water from treatment plants processing
waste waters that origitea from more than one FMP sector. Other streams fromFMP

sectors may be treated together, but the main pollutant load originates from the FMP processes.
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Data on emissions to water from plants treating waste waters from only one FMP sector can be
foundin the respective sectapecific hapter2to 6.

Chapter8 provides information on the common industrial processes, abatesystems and
general techniques that are used across more than one sector in the FMP industry. It describes in
more detail the techniques to prevent or, where this is not practicable, to reduce the
environmental impact of installations in this sectort tivare considered in determining the

BAT. This information includes, where relevant, the environmental performance levels (e.g.
emission and consumption levels) which can be achieved by using the techniques, the
associated monitoring and the costs andctibssmedia issues associated with the techniques.
Sectorspecific techniques to consider in the determination of BAT (i.e. those techniques to
consider that are applied specificallydne sector) are described ihapter2 to 6

Chapter9 presents the BAT conclusions as defined in Article 3(12) of the Directive, both
general and sectapecific. Chapter 10 is concerned with ethconcluding remarks and
recommendations for future work. Finally, Chapter 11 provides a number of annexes detailing
the list of installations who participated to the data collection and other information on specific
technical issues.

4 Information sources and the derivation of BAT

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Article 13 of the Directive. The information hasdn collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contriburs is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

1 identification of the key environmental issues for the feroous metal processing industry
sectors;

1 examination of the témiques most relevant to address these key issues;

1 identification of the best environmental performance levels, on the basis of the available

data in the European Union and worldwide;

1 examination of the conditions under which these environmental perfoentewels were
achieved, such as costs, crossdia effects, and the main driving forces involved in the
implementation of the techniques;

1 selection of the best available technigues (BAT), their associated emission levels (and
other environmental performamdevels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex Il to, the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the inforamats presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in sectionsTethniques to consider in the determination of BNiese

data give a rough indication of the magnitude of ¢bets and benefits. However, the actual
costs and benefits of applying a techniqgue may depend strongly on the specific situation of the
installation concerned, which cannot be evaluated fully in this document. In the absence of data
concerning costs, condions on the economic viability of techniques are drawn from
observations on existing installations.

iv October 2021 SM/EA/GK/JG/GC/EIPPCB/FMP FD



Preface

5 Review of BAT reference documents (BREFs)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures andedhniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodicdly reviewed and, if necessary, updated accordingly.

6 Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Joint
Research Centre (JRC) at the following address:

European Commission

JRC Directorate B Growth and Innovation
European IPPC Bureau

Edificio Expo

¢/ Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

E-mail: JRGB5-EIPPCB@ec.europa.eu
Internet:http://eippcb.jrc.ec.europa.eu
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Scope

SCOPE

The BREF for the Ferrous Metalsréeessing Industryconcers the following activities
specified in Annex | to Directive 2010/75/EU:

2.3 Processing of ferrous metals:

(a) operation of hot rolling mills with a capacity exceeding 20 tonnes of crude steel per
hour;

(c) application of proteate fused metal coats with an input exceeding 2 tonnes of crude
steel per hour; this includes hot dip coating and batch galvanising.

2.6 Surface treatment of ferrous metals using electrolytic or chemical processes where the
volume of the treatment vats @exs 30n®, when it is carried out in cold rolling, wire
drawing or batch galvanising.

6.11 Independently operated treatment of waste water not covered by Directive 91/271/EEC,
provided that the main pollutant load originates from the activities covertdteby BAT
conclusions.

This documenéalso coves the folowing:

1 Cold rolling and wire drawing if directly associated with hot rolling and/or hot dip
coating.

1 Acid recovery, if directly associated with the activities covered by these BAT
conclusions.

1 Thecombined treatment of waste water from different origins, provided that the waste
water treatment is not covered by Direct®271/EEC and that the main pollutant
load originates from the activities covered by these BAT conclusions.

T Combustion processedirectly associated with the activities covered by these BAT
conclusions provided that:

1. the gaseous products of combustion are put into direct contact with material (such
as direct feedstock heating or direct feedstock drying), or
2. the radiant and/or condtive heat is transferred through a solid wall (indirect
heating)
- without using an intermediary heat transfer fluid (this includes heating of the
galvanising kettle), or
- when a gas (e.g.Jddacts as the intermediary heat transfer fluid in the case of
batch annealing.

This documenticesnot cover the following:

1 metal coating by thermal spraying;
1 electroplating and electroless plating; this may be covered by the BAT conclusions for
Surface Treatment of Metals and Plastics (STM).

Other reference documenighich could be relevant for the activities coveredthig BREF
include the following:

Iron and Steel Production (IS);

Large Combustion Plants (LCP);

Surface Treatment of Metals and Plastics (STM);

Surface Treatment using Organic Solvents (STS);

Waste Teatment (WT);

Monitoring of Emissions to Air and Water from IED Installations (ROM);
Economics and Croddedia Effects (ECM);

Emissions from Storage (EFS);

Energy Efficiency (ENE);

Industrial Cooling Systems (ICS).

= =4 -8 -_a_-a_-8_98_92_9_-2
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Chapter 1

1 GENERAL INFORMATION ON THE FERROUS METALS
PROCESSING INDUSTRY

The hot and cold forming part of the ferrous metal processing sector comprises different
manufacturing methods, like hot rolling, cold rolling and drawing of steel. A great variety of
semtfinished and finished products with differtdines of production are manufactured.

Literature dealing with the ferrous metals sector uses different ways of splitting and structuring
the sector and for delivering data. Some reports distinguish with regard to the forming process:
hot - cold; or wit regard to the shape of the final product: {flang.

Others (e.g. NACH separate the sector into groups: iron and steel production (including most

of the hot and cold rolled products as well as continuous coated strip), manufacture of steel
tubesad G600t her first processing of steel 6 (co
drawing, etc.).

To put together general information on the sector, statistical data (productivity, number/size of
plants, distribution, etc.) and economic informatisrdifficult as most of the available sources

for data use a different basis and split the sector differently, thus making it impossible to
compare the given data.

To present the general information on the hot and cold forming sector in this BREF, a@ outli
in accordance with the manufactured products, as shofsigume 1.1, was chosen.

Hot and Cold Forming
of Ferrous Metals

Figure 1.1: Hot and cold formed products covered by this BREF

1 General industrial classificatiasf economic activities within the European Community.
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Chapter 1

The ferrous metal processing sector also includes procesdeapiily coatings of neferrous

metals, e.g., zinc, to the ferrous metal products shown in Figure 1.1. These coatings are often
applied on a continuous basis (often associated with the production of the ferrous product) as is
the case for continuous hoipdcoating of sheets and wire galvanising. Ferrous metal products

or fabricated steel components are also galvanised in batch processes (batch galvanising),
usually as a subontract operation, within the batch galvanising sector.
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Chapter 2

2 HOT ROLLING

2.1  General information on hot rolling

2.1.1 Hot rolled flat products
Table 2.1 presents production data for individual flat products and for the total production of
flat products in 2019 in Europe. Data for the following hot tbflat products are reported:

1 Wide flats: hot rolled flat productswith a width over 150 mm up to and including
1250mm anda thickness generally over 4 mm. They are always supplied in lengths,
i.e. not coiled. A special requirement is that the edgesaurare. Wide flats are rolled
on the four sides (or in box passes).

1 Narrow strips: hotrolled strips in widths typically up to 600 mm which, immediately
after the final rolling pass, are wound into coils. Production is measured immediately on
completion dthe rolling cycle, i.e. before trimming or rectification.

1 Wide strips: hotrolled stripin widths typically above 60thm.

1 Heavy plates heavy plates produced in heavy plate mills, e.g. quarto plate.

Table 2.1: Production of flat products in Europe in 2019
HR wide flats HR narrow HR v_vide HR plate Total HR flat
[thousand t] strip strip [thousand ] products
[thousand t] | [thousand t] [thousand t]
Austria 0 0 4593.2 678.7 5271.9
Belgium 0 11.4 8540.5 4252 8990.8
Bulgaria 0 0 0 242.1 242.1
Czech 41.2 0 440.5 397.6 879.4
Republic
Denmark 0 0 0 548.5 548.4
Finland 0 0 1649.3 400.3 2049.6
France 0 0 9 065.7 677.1 9759.5
Germany 81.8 949.6 18903.0 2695.2 22656.2
Greece 0 0 0 0 0
Hungary 0 0 1528.2 0.2 1528.4
Italy 167.2 0 8874.7 1934.6 11005.5
Luxembourg 0 0 0 0 0
Netherlands 0 0 6111.8 0 6129.2
Poland 0 0 2590.6 164.8 2755.5
Portugal 0 0 0 0 0
Romania 0 0 1332.2 660.0 1992.2
Slovakia 0 0 3413.0 0 3412.9
Slovenia 0 0 106.9 237.7 344.6
Spain 0 0 3887.6 463.5 4391.0
Sweden 0 0 2541.1 583.1 3124.2
UK 278.6 27.2 3183.1 221.6 37105
Total 568.8 988.2 76761.4 10330.6 88792.5
NB: Reference year 2019.
Source [229, EUROFER 2021]

Regarding the total production of HRafproducts Germany is the largest manufacturer with
more than double the production of the next highest producers (ltaly, France, Belgium and the
Netherlands). The vast majority of HR flat products is wide strip.
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Chapter 2

2.1.2

Hot rolled long products

Table 2.2 presents production data for individual long products and for the total production of
long products in 2019 in Europe. Data for the following hot rolled long products are reported:

I Rails and accessoriesinclude bothheavy and light railway, tramway rails and

products for other rail systems (e.g. crane rails, bridge rails, grooved rails), as well as
hot rolled accessories (e.g. sleepers, fish plates, base plates)

1 Bars for the reinforcement of concrete round cross séions, 640 mm in diameter,
mostly with ribs on their surface.
1 Merchant bars: round, square, rectangular, hexagonal, octagonrshalped, fshaped,
I-shaped crossections smaller than@D0 mn3.

1 Heavy sectionswhole production obeams and sheet pilingdions.
9 Wire rods: hotrolled products with circular cross sections with a diameter of 5 mm to
14 mm.
Table 2.2: Production of long products in Europe in 2019
Rails and Bars for Merchant Heavy Wire rod Total HR
accessories | reinforcement bars sections products long products
[thousand t] [thousand {] [thousand [thousandt] [thousand t] [thousand t]
|

Austria 536.3 250.0 189.7 11.5 494.5 1482.1
Belgium 0 0 0 0 557.2 557.2
Bulgaria 0 686.0 0 0 0 686.0
Czech 268.0 154.4 680.0 166.3 1506.6 2897.3
Republic
Denmark 0 0 131.4 0 0 1314
Finland 0 0 168.3 0 0 168.3
France 288.3 743.2 958.6 0 1677.6 3667.8
Germany 5.3 1798.4 2430.7 1771.2 5610.8 11622.7
Greece 0 981.6 0 0 309.9 12915
Hungary 0 3328 0 0 0 332.8
Italy 182.7 30155 3432.7 695.9 5001.8 12328.8
Luxembourg 49.8 0 68.0 1427.2 0 2020.6
Netherlands 0 0 0 0 127.8 127.8
Poland 318.5 1815.0 668.2 1168.8 1066.1 5174.0
Portugal 0 996.1 0 0 785.6 1781.7
Romania 0 142.8 61.4 1103 39.5 354.1
Slovakia 0 0 0 0 0 0
Slovenia 0 0 179.6 0 0 179.6
Spain 272.2 1510.2 1401.0 2661.2 2937.0 8781.6
Sweden 0 0 463.0 0 33.3 496.3
UK 172.0 342.0 693.7 801.6 775.5 2785.1
Other
national 0 0 40.2 54 0 45.6
producers
Total 2093.1 12768.3 11566.5 8819.4 20923.7 56912.3

NB: Reference year 2019.
Source [229, EUROFER 2021]

The two major manufacturing countries are Italy and Germany, followed by Spain and Poland.

The largest part of the long products sector in tonnage termspsathection of wire rod which
accounts for roughly a third of the total production, followed by bars for reinforcement and
merchant bars with an approximate share of one fifth of the production each.

October 2021
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2.1.3 Hot rolling mill capacity in Europe

In 2021,a totalof 302 hot rolling mills were in operation in the EAJ and the United Kingdom
(including hot rolling mills for flat and long products). The total number and nominal capacity
(expressed in t/h) of these plants are givehahle2.3.
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Table 2.3: Number and nominal capacity (expressed in t/h) of hot rolling mills operatig in the EU-27 and the United Kingdom in 2021
Nominal capacity range (t/h)
Rolling mill type Totd | 0-19 | 20-39 | 4059 | 60-79 | 80-99 | 100119 | 120149 | 150199 | 200299 | 300-399 | 400499 | >500

Blooming /slabbing mill |C°MPined gm)i”a' capacit) gea | g5 | 34 | 87 | 63 0 108 0 0 205 0 0 0
Blooming /slabbing mill Number of installations 11 5 1 2 1 0 1 0 0 1 0 0 0
Billet / heavy bar mill ~ |COmPined ?Uoh”)“”a' capac{ 753 | 154 | 107 | 199 | 80 | 183 0 0 0 0 0 0 0
Billet / heavy bar mill Number of installations 23 13 3 4 1 2 0 0 0 0 0 0 0
Heavy section mill Combined {‘Uohr;"“a' capacl 1657 | 25 | 135 | 188 | 131 | 186 | 225 137 0 0 0 0 0
Heavy section mill Number of installations 17 2 4 4 2 2 2 1 0 0 0 0 0
Medium section mill  |COmPined ?Uoh”)“”a' capact ;575 | 58 | 152 | 217 | 200 | 537 | 112 0 0 0 0 0 0
Medium section mill Number of installations 24 5 5 4 3 6 1 0 0 0 0 0 0
Light sedion / bar mill | C°mpined (”Uohr;“”a' capacl ;705 | 358 | 810 | 1204 | 1082 | 712 | 410 148 0 0 0 0 0
Light section / bar mill Number of installations | 122 47 24 23 15 8 4 1 0 0 0 0 0
Wire rod mil Combined (”Uoh“)““a' capac 5195 | 10 | 134 | 253 | 630 | 354 | 333 137 342 0 0 0 0
\Wire rod mill Number of installations 31 2 5 5 9 4 3 1 2 0 0 0 0
Hot strip mill Combined (”Uohr;“”a' capact 11949 | 32 0 105 | 0 0 428 422 702 1153 | 2158 | 2348 | 4600
Hot strip mill Number of installations 39 2 0 2 0 0 4 3 4 5 6 5 8
Platemil Combined ?Uohr;““a' capacf 5077 | g3 | 137 | 104 | 572 | 349 | 103 137 502 0 0 0 0
Plate mill Number of installations 35 9 5 4 8 4 1 1 3 0 0 0 0
Source [229, EUROFER 2021]
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2.1.4 Hot rolled tubes

With a production account jprodgction,dhe ER2i§ theQlarg&st o f
manufacturer of steel tubes, followed by Japan and the US. The European steel tube industry
has a highly concentrated structure. Five countr@ermany, Italy, France, the UK and Spain
account for roughly 986 of the btal EU production. In some countries, a single company can
account for 5@b or more of the national output. In addition to the major integrated steel tube
manufacturers (mainly producing welded tubes), there are a relatively large number of small and
medum-sized firms that are independent. Some manufacturers, often small in tonnage terms,
operating in high value added markets, concentrate on the manufacture of special dimensions
and grades of tubes according to particular customer specifications. Atdhaf €994, there

were 280 production units in the EU belonging to an estimated 245 enterprises. Of these, 67
were specialised in cold drawing of seamless or welded tubes GOIN,1997]

Statistical information from the European Steel Tube Associatfon 1994 and the EX12 -
refer to 252 production sites belonging to an estimated 193 companies. [9, Centro de Estudios y
Asesoramiento Metalurgico, 1995]

Steel tubes cover three product categories, which differ considerably in terms of the
manufacturing pcess, raw materials, and investment requirements. These categories are
classified as:

i seamless tubes;
welded steel tubes with a circular cross section of over 40614n outside diameter;

1 welded steel tubes with a circular cross section up to anddingl406.4mm in outside
diameter together with welded steel tubes with a-cicoular cross section of any
diameter.

E ]

It should be noted that sometimes tubes of different categories (e.g. seamless and welded tubes)
and of different grades (e.g. commelgeade, high quality) are manufactured in the same mill.

About 26.4% of the tubes produced are seamless tubes, and of the remaining 73.6 % welded
tubes about 18.9 % have a large diameter. The majority of the total steel tube sector is small
diameter tubs with a share of 54%. [9, Centro de Estudios y Asesoramiento Metalurgico,
1995]

Table 2.4 shows the steel tube production and number of sites and number of employees for
individual Member States.

Table 2.4: Steel tube production, number of plants and employees
Seamless stee Welded steel Total steel Number of
tubes tubes tubes production Number of
lthousand 1] ()| [thousand ] (9 | [thousand 1] ()|  sites ) | €TPlovees )
Austria 234 255 489 N/A N/A
Belgium NI 118 118 3 554
Denmark NI 60 60 4 1100
Finland NI 330 330 N/A N/A
France 566 834 1400 32 8785
Germany 1295 1991 3286 65 22774
Greece N/A N/A N/A 26 840
Ireland N/A N/A N/A 1 45
Italy 711 2508 3219 49 9050
Luxembourg NI 95 95 N/A N/A
Netherlands NI 393 393 5 775
SM/EA/GK/JG/GC/EIPPCB/FMP FD October 2021
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Portugal NI NI NI 2 380
Sweden 131 90 221 N/A N/A
Spain 242 662 904 29 4200
UK 73 1215 1288 36 6325
Total 3252 8551 11803 252 54828

(}) Reference year 1996.

(%) Refeence year 1994

NB: NI = No information provided.

Source[9, Centro de Estudios y Asesoramiento Metalurgico, 1995]

As can be seen ihable 2.5, plants producing welded steel tubes are predominantly small and
mediumsized plants, with only 22 out of 161 plants having more than 500 employees. With
plants producing seamless tubes this is less the case, as 13 out of 32 plants can be characterised
as large plants.

Table 2.5: Number and size of tube plants in 1994
Number of companies
Small plants Medium Large Total
(<100) (100 499) (5001 999%) (>1000%)
Seamless tubes 5 14 6 7 32
Welded steel tubes: 78 61 14 8 161
Welded tubes
OD > 406.6mm 6 17 2 2 21
Weldedtubes
OD ®406.4mm 72 44 12 6 134
Total 83 75 20 15 193
* Number of employees
Source[9, Centro de Estudios y Asesoramiento Metalurgico, 1995]
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2.2 Applied processes and techniques in hot rolling

2.2.1 Process overview

In hot rolling, the size, shape and talkurgical properties of the steel slabs, blooms, billets or
ingots are changed by repeatedly compressing the hot metal (temperature ranging5e5@ 1

to 1300°C) between electrically powered rollers. The steel input for hot rolling differs in form
and shape, depending on the process route and on the product to be manufactured.

Cast ingots, predominantly with a square cross section, are used for the manufacture of slabs
and blooms in slabbing/blooming mills. Slabs and blooms are further procesptdet® or

strips in other rolling millsThe use of cast ingots and slabbing/blooming is decreasing as
continuous casting has made this step obsoltthe time of writing this document, aore than

98% of the crude steel produced in Europe is cast comtisly into semfinished products

such as slabs, blooms or billets [218, EUROFER 2020]. Only a minor part is cast into discrete
moulds to produce ingots for some special products (e.g. heavy plates).

Slabs (400 2 500mm wide and 40600mm thick) aresemifinished, continuous cast products
for the rolling of flat products. These inclutlein slabs (840mm up to 1560mm wide and
50 mm to 60 mm thick).

Billets (of a square or rectangular shape with cross sections560 2nnt to 14400mny
(50mm x 50 mm® 120mm x 120 mm)) andblooms (©f a square or rectangular shape with
cross sections of 1@00 mn? up to approximately 10000mn? (120mm x 120 mm up to
250mm x 400 mm)) are seHfinished continuous cast products used for the rolling of long
products.

Beam blanks (with dimensions of 178hm x 240mm up to 50Gn x 1120mm) are
continuously cast to neaetshape. Beam blanks are used for rolling of long products. [87,
EUROFER 1998]

Hot rolling mills usually comprise the following process steps:

storageand handling of input;

surface rectification (scarfing, grinding) and conditioning (cutting to size) of the input;
reheating to rolling temperature;

descaling;

rolling (roughing including width reduction, rolling to final dimension and properties);
cooling;

coiling (in the case of strip material);

finishing (trimming, slitting, cutting).

E R E E ]

Products obtained from hot rolling are usually classified in two basic types according to their
shape: flat and |l ong products. Toudbuecst darien at
document.

Figure2.1 shows an overview of products manufactured for various purposes and applications.
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B

Figure 2.1: Overview of hot rolled products

Hot rolling mills are classified by the type of protldbat they produce and by their design
features. The following chapters give an insight into the different mill layouts and
manufacturing sequences. More detailed information on the individual processing steps, which
are often similar in different millss given thereafter.
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2211 Blooming/Slabbing mills

Blooming and slabbing mills are used to roll cast ingots into -fieilshed products, like
blooms and slabs, for further processing in other mills. The raw material is heated in soaking
pits to around B00°C and subsequently formed on kgawo-high reversing stands ib5i
30rolling passes.

The material to be rolled is moved along roller tables, positioned with the aid of manipulators,
and fed into the roll gap. The material is repeatedly rotatéd@dts long axis during the series
of passes.

The main difference between blooming and slabbing stands is the greater height of the stands
used for rolling slabs. This is associated with the product characteristics; as slabbing mills are
mainly used to rolllat semifinished products they require a bigger lift height of the upper rolls.

Another rolling system is the universal slabbing stand. Working pairs of rolls are arranged
horizontally and vertically in succession. The vertical rolls form the narrow.side

The rolled semfinished products are cropped with shears at both ends, and divided into ordered
lengths. Surface defects of the product may be removed by flame deseaming (scaffthg). [
Ull mannds 1994

With the growth of continuously cast productise number and importance of slabbing and
blooming mills has decreased. In 2019, only 11 blooming/slabbing mills remain in operation
(seeTable2.3).

2.2.1.2 Hot strip mills

For the production of hot strip, the heatddb - after descaling passes the roughing mill,
where it is reduced from a thickness of approximatelyi 320 (500) mm to approximately 20
50 mm (transfer bar). Roughing can also include a reduction in width.

This roughing is done either in several ggsthrough an individual rolling stand by repeated
reversing, or in a continuous pass through several roughing stands. The designations of strip
mills (semicontinuous hot strip mill, 3/4 continuous hot strip mill and continuous hot strip mill,
seeFigure 2.2) originate from this plant configuration. Depending on the configuration, the
range of production is from 1Mt/year up to 5.5 Mt/year.
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/
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Furnaces E1 R FO F1 F2 F3 F4 F5 F6

.

Typical -configuration-of semi-continuous-hot strip-mill

a - /4
E2 E3 E4
Fumaces E1 R1 R2 R3

Typical-configuration-of-3/4-continuous-hotstrip-millq

2
Fumaces E1 R1 R2 R3 R4 FO F1 F2 F3 F4 F5 F6

Typical -configuration-of-fully-continuous-hot-strip-mill

NB: E = Edger; R = Roughing stand; F = Finishing stand.
Source[87, EUROFER 1998]

Figure 2.2: Typical designs for hot strip mills

The material reduced to a transfer bar is directed to the finishing train via an intermediate roller
table, which in some cases is combined with &aled coil box. Before entering a train of
rolling stands for thickness reduction to the final size (betweemfi2and approximately
20mm), the transfer bar is cropped. Temperatmetrolled rolling in the finishing train,
involving controlled strip cooling installed at the delivery roller tabkevigles the requested
technological parameters (strength, toughness, etc.) of the hot strip. At the end of the rolling
mill, the finished product is wound up in a coil.

Hot strip, which is not foreseen for further processing in the cold mills, is gaitywith rolled

strip edges, but depending on the planned external use the strip has to be conditioned. This caoll
finishing includes side trimming, cutting to small bands on slitting lines and cutting into sheets.
[87, EUROFER 1998]
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Coupled thin slab caster and hot strip mill

Over the past 20 years, new types of hot strip mills have been implemented. The conventional
slab as input material with a thickness range of-2B0mm is replaced by a thin slab with a
thickness range of 460 mm. In this case, thin-slab continuous reheating furnace is usually
located after the thin slab continuous caster, followed by a conventional hot finishing mill. Such
schemes provide increased throughput and reduced energy consumption in the reheating
furnaces.

There areseveral configurations of coupled thin slab caatet hot strip mill (see FiguFégure
2.3to Figure2.5). Depending on the configuration, the range of production is frdtylear up
to 3Mt/year. [153, EUROFER 2019]

Source [153, EUROFER 2019]

Figure 2.3: Hot strip production with two thin slab casters, two reheating furnaces and one
finishing mill; capacity 2 Mt/yr

LAMINAR COOLING
i 2,
| *\
Source [153, EUROFER 2019]
Figure 2.4 Hot strip production with two thin slab casters, two reheating furnaces, one

continuous roughing mill, bar heater and finishing mill; capacity 3Mt/yr
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o )

Source [153, EUROFER 2019]

e

Figure 2.5: Hot strip production with one thin slab caster directly coupled with one continuous
roughing mill, inductive bar heater and endless or seraéndless finishing mill; capacity 2Mt/yr

Steckel mill

A special method of hot strip production is rolling in-cadled Steckel mills. Here the raw
material is usually processed into strip by reversing through a roughing stand and a finishing
stand, in some cases even by reversing through one stand only.

¥

> % 14 o.g.o P, _
v s P
(9)

Furnaces 3 R F1

NB: E = Edger; R = Roughing stand; F = Finishing stand.
Source [87, EUROFER 1998]

Figure 2.6: Typical Steckel mill configuration

To keep the heat losses during the rather long forming process within reasonable limits and to
handle the relatively long strip more easily, heated coiling devices referred to as Steckel coilers
are attached on both sides oktiolling stand (finishing stand), where the rolled stock is
temporarily stored.
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Figure 2.7: Steckel mill with coiling furnaces

2.2.1.3 Plate mills

Production of heavy plates (thickness betweemBrDand 38Gmm, width up to 5.2n) is dore

by reversing operation at one or two mill stands or in tandem operation. The interest of having

two horizontal stands is to increase the production capacity (by arou¥dcsbnpared to a
single stand) and to improve the capability of themechanical rling schedules [153,
EUROFER 2019] [218, EUROFER 2020].

After rolling, the plates are placed on a cooling bed (cross transfer) and cooled to room

temperature and/or temperatures down to maximum°60@or further processing. [87,
EUROFER 1998]

ﬁﬁ' -
_qE <> turning
— 3
%O turning
% " subsequent
Hot \% treatment
o .
Furnaces Ede=r plate s Coolin .
eveller
Mill bed \
Stand Shearing line
Side trimming &
outting to lenght Storage yard
Source [87, EUROFER 1998]

Figure 2.8: Typical plate mill configuration with one 4-high horizontal rolling stand
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In special cases, the rolled product is Hesdited by water cooling systems (e.g. water curtains)
immediately after hot rolling. Hot and/or cold levellen® arranged before or after the cooling
bed to straighten the plates.

After the cooling process on the cooling bed, secondary treatment of the sheets is performed in
the finishing shops (shearing, side trimming cutting to length). A part of the produsti
subjected to a subsequent heat treatment prior to shipment. Such treatments include annealing,
spherodise annealing, stress relieving, normalising, quenching and tempering.

Clads

Special products such as mdéyer plates (clads) require a sepanateparation and rolling
technique (mainly a twheat rolling operation). In such products, a corrosasistant surface
material is permanently bonded to loveaist, possibly stronger, carbon steel.

The first step invol veb whhiec hf acban sciastti omf of | adtseasn dc
and the backing materials with thickness in the exact proportion to produce the required plate

size with the percentage of metals ordered. The assembly is then rolled to the desired gauge,

width and length, with & two materials becoming permanently bonded because of the high

rolling pressure.

In the rolling operation, drafts are usually limited and the finishing temperatures are carefully
controlled. In some cases the sandwiches are rolled in a first stagdéalmsp @it to required

sizes and, in a second heat, final rolled either in hot strip mills or in the plate mill. Sometimes
heat treatments are required to produce the desired corrosion resistance and physical properties,
the resultant scale being removedsayd or shotblasting. [87, EUROFER 1998]

2214 Bar and rod mills

Bars and rods (wire rods) constitute hot rolled products of relatively small cross sections
produced in coiled or straight form. For the rolling operation, profiled rolls are in use tdgive t
steel its desired final shape.

Wire rods

Wire rods generally have circular cross sections with a diametemwh %o 14mm. Larger

cross sections and different section shapes such as oval, square, hexagonal, octagonal, etc. can
also be rolled in wirgod mills with adequately shaped rollers. Hot rolled wire rod is mainly

used for further processing by cold drawing or cold rolling.

Coilers

u — DDGJ

el e o AR HEEEEE ®
10 o i OO i i B o
—=HHH—H- Col collectors
Furnace Roughing mill Intermediate mill
6 + 3 stands 6 A stands é & Finishing blocks oo ling tine Coil conveyor /

10 stands Retarded cooling

NB: Example of a &trand, 36stand wire rod mill with Stelmor controlled cooling.
Source [87, EUROFER 1998]

Figure 2.9: Typical layout of a wire rod mill

The billets fed into rod mills are heated to hot rolling temperature in pusher or walking beam
furnaces. A descaling system is installed between the furnace exit and the first rolling stand.
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Rod mills are continuous mills i roughing, intermediate and finishing sections. The rolling
stands are two high and their number is generally in excess of 25, depending on the cross
section of the billets feeding the mill (B65mm). Roughing and intermediate sections may be
multi-strand (up to four strands), while finishing sections are always sstgiaded.

Crop shears are installed between the different sections of the mill and are used to provide a
clean cut for improved introduction into the following roll stand. Crop shearslao used to
cut the bar engaged in the rolling process in case of an incident downstream in the mill.

In-line heat treatment of the wire rod is performed with water cooling ramps located between
the final rolling stands and the coilers, followed by aoling of the coils laid on conveyor
belts. Controlled airflow gives the wire rod the desired microstructure for further processing
(StelmoP cooling). [87, EUROFER 1998]

Bars

Hot rolled bars include basically two types of steel produnexchant steels or engineering

steels with round, square, rectangular, hexagonal, octagossflaged, -shaped,| -shaped

cross sections smaller thats@0 mm? andconcrete reinforcing bars(re-bars) with round cross
sections, 640 mm in diameter, mostly with ribs gheir surface.

Bar rolling mills are similar to the first sections of wire rod rolling mills. They generally have
singlestrand twehigh mills with roughing, intermediate and finishing groups followed by
shears that cut the hot rolled product to longspahich are then conveyed to a cooling bed.
High-capacity mills are all continuous with alternating horizontal and vertical stands, while

| ower capacity mills are of the 6éopend type.

After cooling, the bars are cut to commercial lengths and may bglgeaed by a cold
straightening machine.

Rebars are often he#teated inline by intensive watecooling to obtain a high tensile
strength. A different way for increasing the tensile strength-bfre is a mechanical treatment
after cooling: The barare deformed by torsion beyond their yield strength until the desired
tensile strength is obtained. [87, EUROFER 1998]

Cold drawing of steel bars

Cold drawing concerns the manufacture of steel bars or sections by cold drawing, grinding or
peelingofhotr ol | ed st eel bars into 6bright steel b
by the users. Cold finishing during cold drawing operations hardens and increases the tensile
strength of the steel, while at the same time reducing the ductility, whighrequire an
annealing treatment of the product after drawing. Bright steel bars mainly have a circular,
square, rectangular or hexagonal cresstion, but all kinds of crossections can be produced
according to demand. Products are -atloy steel bes, alloy steel bars of different grades
including highspeed steel and other tool steel and shapes and sections of different steel grades.
[112,COM 1997]

Bright steel bars are used by industries such as the manufacture of motor vehicles, machinery,
eledrical goods and other industries, where kigiality basic material is compulsory.

2215 Structural/Section mills

Like most other types of mills, section rolling mills are divided into roughing, intermediate and

finishing stands, preceded by a descaling rmecinstalled between the reheating furnace and
the roughing mill.
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Roughing stands are generally reversing-high stands. The rolls have several sets of profiles,
which are used in sequence. The upper roll can be moved vertically in order to pretyessiv
reduce the gap between the rolls and thus reduce the passing section.

Cropping shears or hot saws are generally installed between the different sections of the mills
and are used to provide a cleaut bar end to facilitate the introduction into tfalowing
rolling stand.

On leaving the finishing stand or train, the bars are cut to cooling bed length or to commercial
length by saws. After cooling on the cooling bed, the bars are straightened on mechanical or
hydraulic straightening machines and tutength by saws as required. [87, EUROFER 1998]

To yield the different profile shapes required for sections/structures, eithatahds with two

grooved rolls or 6éduniversalé stands with two hori
in Figure2.10 andFigure2.11.

~T—EE

Intermediae rolling steps Finished section
Source [87, EUROFER 1998]

Figure 2.10: Profiled rolls for sheet piling sections

Vertical roll

Horizontal roll

Arrangement of working rolls in a
"Universal” rolling stand

Source [87, EUROFER 1998]

Figure 2.11: Universal stands for parallel flanged product

Geometry control is of the utmost importance in section rolling as relatively tight tolerances are
common for hot rolled sections. Measuring devices applying sophisticated techniques including
laser beam technology anadioactive sources are commonly used.
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The designs of section mills vary greatly according to the manufacturing progrdfiguee
2.12 shows the layout of a heavy section mill with universal stands, specialigeatdhel
flange H and | beams. It includesline heat treatment (QSTquenching and setempering) to
obtain an optimal microstructure for higlrength and higlductility applications.

Walking beam
furnace

Hot saws

Heavy section rolling mill (Gray mill) with one 2-high reversing roughing stand, two
reversing universal intermediate stands and one universal finishing stand.

Source [87, EUROFER 1998]

Figure 2.12 Plant layout of a heavy setion mill

Figure2.13 shows the layout of a heavy/medium section mill specialised in the rolling of sheet
piling sections. The intermedi ate stands are
high finishing stand can be replaced by a universal stand for the production of parallel flanged
products.

Roughihg stand (o boming mill)

a FINISHING SHOP
. ImMemmeadiate stands

Straigntening machine

Fhishing stand

F ot crouBT saws

Heavy/mediom sction mill with one r2wersing 2-high roughing stand, three raversing
2-high intermediate stands with 2 common drive and ons r2versing finishing stand

Source [87, EUROFER 1998]

Figure 2.13 Plant layout of a heavy/medium section mill for sheet piling

Section mills increasingly use amenetshape, continuously cast semis called beam blanks
(seeFigure2.14) to increase productivity and decrease energy input.
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Beam blanks for different beam s ections

=1 ===

Source [87, EUROFER 1998]

Figure2.14 Exampl es of beam blanksd cross sections

If the production rhythm and the manufacturing programme allow, hot charging of continuously

cast semis from the casting machine rtout area to the reheating furnace of the rolling mill
is applied more and more. Considerable savings in energy consumpiiooenaghieved, but
this depends on the proximity of the rolling mill to the continuous casting plant.

beamblank Breakdown

\\ U1 Tandem Group

E1l Finishing
U2 Stand

Source [153, EUROFER 2019]

Figure 2.15: Medium section mill fed by cast beam blanks

2216 Tube mills
Seamless tube
Seamless tube productibisically consists of the following manufacturing steps:

heating of the input;

piercing (prespiercing or oblique rolling);
elongation/stretching;

final rolling;

heat treatment.

= =4 =8 =4 A

The most important types of plants used today are mandrel mills, plug pusls,bench mills
and pilger millsFigure2.16 andFigure2.17 show some typical tube mill designs.
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Raw material for the production of unalloyed and medalloy steel tubes areontinuously

cast round billets or blooms, although sometimes billets with square cross sections are used. The
raw material for higkchrome steel tubes are mainly round bars, rolled from cast billets. The
input is heated to rolling temperature in rotargite furnaces fired with natural gas or oil. Then

a hollow billet (ingot) is produced by piercing. The most important-p@ecing process uses
inclined rollers. The hole is produced by two inclined rolls rotating in the same direction, so that
the ingotis rolled with a screw motion over a piercer plug to form a hollow bloom. The piercer
plug is fixed to a freely rotating rod supported by a thrust bearing on the exit side.

F—B-—
33833850 ———

; ﬁ'ig‘,%%%gggf

1 Rotary hearth furnace 5 Reheating furnace

2 Crossrolling piercer 6 Stretchreducing mill (offset 60)
3 Mandrel mill (offset 45) 7 To cooling bed andrishing lines
4 Stripper

Source [132, Deutscher verlag fir Grundstoffindustiieipzig, 1990]

Figure 2.16: Mandrel mill
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1 Rotary hearth furnace 5 Reeler
2 Crossrolling piercer 6 Sizing mill
3 Crossrolling elongator 7 Cooling bed
4 Plug mill 8 To finishing shop

Source [132, Deutsher verlag fir Grundstoffindustri¢eipzig, 1990]

Figure 2.17: Plug mill

Longitudinal rolling, transverse rolling, or presses are used for the elongating stage. The most
important one is the continuousbti rolling process, as it is one of the most efficient and
productive processes.

Several rolling stands are used simultaneously, usuaByt@wo-high stands per group, at an
angle of 9C° to each other. The reduction of the wall thickness takes placedrethe rolls and
a cylindrical lubricated mandrel.

Rolling to the finished size is carried out without an inner mandrel in sizing mills or stretch
reducing mills. Sizing mills havei 20 stands, and can have two or three rolls per stand. As the
circumfaence is reduced, the wall thickness is increased. In stredciting mills, which
normally have three rolls per stand, and up to 30 stands, an increase of wall thickness is
avoided, as tensile forces are applied between the stands during the process.

Tubes for undemanding applications can be shipped immediately after rolling. For more
exacting quality requirements, especially good toughness properties, separate heat treatment is
usually carried out after rolling. This can include normalising and tengeri

2.2.2 Surface rectification and conditioning of input
Slabs, blooms and billets can have surface defects, like cracks, folds or seams. Surface

preparation of rolling stock may be necessary to ensure the rolled product has flawless surfaces.
Surface defds of semifinished products can also be removed by the following processes.
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Scarfing

Scarfing removes surface defects of carbon steel grades by dnebfhame. The flame is used

to rapidly melt and oxidise the steel surface while a separate sugmlyhepressure oxygen to

the cutter propels the slag product from the surface. Scarfing is either done by hand (for small
lot sizes, usually for certain steel qualities) or by machine.

The scale from machine scarfing is washed from the steel surfacigtbgressure water and
led to a water pit where the scale is removed by crane. The water is treated and recirculated.
From manual scarfing operation, scrap collection is carried out by means of magnets.

Dust emissions from scarfing operation are cofldcand usually abated by electrostatic
precipitators (wet or dry).

Grinding

Grinding is another way to remove surface defects of slabs, especially for stainless steels and
special steel grades, where thermal removal of the surface defects is not pdssiddéore
defects have to be eliminated by grinding. The grinding process is either carried out manually or
by machines. Manual grinding is performed by use of handheld power tools, in some cases in
booths equipped with fume extraction to bag filter sif@rinding machines are equipped with a
roller table on which the workpiece is supported and on which it can be moved. The grinding
wheel is mounted on a carriage that permits it to be moved back and forth over the workpiece.
The unit is positioned in aanclosure, which collects the dust generated during grinding and
ducts it to a bag filter before discharge to atmosphere.

Cutting slabs to size

In some cases, the slabs have to be cut to the appropriate size -iWedgkabs, which result

from adjustmet of the width in the continuous casting plant (mould adjustment) and from
change of the lot size, have to be conditioned by torch cutting to obtain the desired geometrical
shape.

2.2.3 Reheating and heat treatment furnaces

For hot rolling, the steel inputal to be heated to appropriate rolling temperature between
1050°C and 1300°C and a uniform temperature distribution has to be ensured.

Depending on the charge material and the hot rolling process, reheating is done in different
types of furnaces sucas pit furnaces, pushémpe furnaces, walking beam furnaces, rotary
hearth furnaces or others. These furnaces are fired directly, usually by oil, natural gas or plant
gases such as COG and BFG. Depending on the heating media, different waste gassemission
will occur (mainly SQ and NQ).

2.2.3.1 Batch furnaces

Batchtype furnaces are often used for speciality steels and forgings. A typical example of the
batchtype furnace is theoaking pit, used to reheat ingots, slabs and other feedstock. It consists
of refractorylined chambers in which the input is placed vertically (ingots) or horizontally
(slabs). A moveable cover allows the input to be charged and removed for rolling. Cast ingots
can be charged immediately after stripping to conserve energy. The sqéidahg pit capacity

is 50' 170tonnes with a thermal input of 9NBW (Th) and a heating rate of 1G/%.

Soaking pits are no longer in widespread use as steel is increasingly continuously cast, a
process, which often bypasses the soaking pits. An eranfiphe soaking pit furnace is shown
in Figure2.18. [87, EUROFER 1998]
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Figure 2.18 Pit furnace

Another type of batch furnace is the bogie hearth furnace. The stock is carried into the furnace
chamber on a lgse. The furnace chamber is closed by means of a door and the stock is heated.
When the target temperature is reached, the door is opened, the bogie with the stock is removed
and the slab or casting is taken away for further use. [87, EUROFER 1998]

2.2.3.2 Continuous furnaces

Larger furnaces are usually fed continuously. The stock is pushed through the furnace by the
following stock pusher-type furnace) or is moved through by walking beamsalking beam
furnace), a walking hearth or on/between rollers.

Examples of the larger size (> 2@Wth) furnaces the pusher and walking beam furnacese
shown in Figure 2.19 and Figure 2.20 respectively. The largest currently in operatiare
walking beam furnaces at Voestalpine Linz of M/th and 42Q/h and pusher furnaces of
200MWith [87, EUROFER 1998]

Recuperator

Heating zone _ Soaking zone

Exit door

= . 2 K a&ﬂﬁ‘ﬁhfﬁ?%%%
End burner ‘Workpiece

(Slabs)

Entry
furnace
door

skid ralls

Source [50, Rentzetal. 1998]

Figure 2.19: Pushertype furnace
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Figure 2.20: Walking beam furnace

In arotary hearth furnace (seeFigure2.21), the charge material is placed onto a rotary hearth.

During the furnace campaign (hearth is rotating), the material is heated and, after completion of
a rotation, discharged.

Hearth rotstion

Discharging

Source [87, EUROFER 1998]

Figure 2.21: Typical design of a rotary hearth furnace
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2.2.4 Descaling

Prior to rolling, adherent scale, which forms during reheating, must be removed, in order to
avoid contamination of the stock surface by scale impressed by the retlsa(dol ed o6r ol | ed
matter 6) .

Mechanical descaling, where the adherent scale is mechanically broken in a light pass (mostly
in two-high stands) and then sprayed off or mechanically removed (brushing), is rarely applied
any more. Today, a common method of descaling is brgakmd spraying off the scale by
means of higlpressure water. Power water with pressures ofi 220 bar (exceptionally
600bar) is applied via flat jet nozzles onto the material surface. For the cleaning effect, the
impact pressure (i.e. the pressure daieed by the distance of the descaling nozzles to the
rolling stock) is more important than the system pressure. The following techniques are applied
throughout the whole rolling process:

9 Primary descaling in scalled highpressure descalers installedfdre the entry into the
roughing train and equipped with one or two pairs of, sometimes adjustable, descaling
headers.

1 Mill stand descaling by means of descaling headers arranged above and below the plate
passage on both sides of the reversing stand attteagntry side in the case of continuous
stands.

9 Descaling at the entry of the finishing train for removing secondary scale, i.e. the scale
formed on the rough strip at the conveying roller table of the roughing train and finishing
train.

1 Pairs of mill $and descaling sprays at the entry of the first stand of the finishing train.
[87, EUROFER 1998].

In the case of production lines for long products, the descaling headers are either designed as
spray rings or as a combination of vertical and horizontatiées, sometimes adjustable to the
material cross section, for proper descaling of all material surfaces. [87, EUROFER 1998]

2.2.5 Edging

Edging is usually applied in the manufacture of strip and plate. The slabs produced in the
continuous casting plant areipplied in certain defined stepped dimensions of widths. The
width has to be reduced to the specified dimension of the rolled strip, with a trimming
allowance as narrow as possible (scrap minimisation and yield improvement). In most cases,
this width redution is performed on soalled edgers (vertical rolling standsjecently even in

slab presseswhich are installed before the roughing unit. The accuracy of the width reduction
and optimum adherence to the rectangular shape affect the amount of ssirap faom
cropping (head and tail end) in the rolling mill and in the finishing shops (trimming).

2.2.6 Roughing

Roughing depicts the first bulk reduction done on the incoming hot rolling stock for the
production of strip, rod and sections. Generally, thieghing train consists of one or more
horizontal stands for thickness reduction, including edgers (vertical stands) situated before the
stand for width adjustment. Reversing roughing mills are sometimes equipped with edgers on
both ends of the mill stanfB7, EUROFER 1998]
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2.2.7 Strip rolling / Finishing train

In general, the finishing mill consists of a number of rolling stands positioned after one another.
The stands have staggered roll gaps so that the thickness reduction to the requested final
thickness $ done in one pass of the transfer bar. The humber of stands depends on the grade and
material thickness of the input (slabs) as well as on the thickness range of the finished strip.

Crop shears arranged in front of the finishing stands serve to cundleoé the rough strip,
which may have the form of a tongue or fishtail. This ensures safe entry into the finishing train
and avoids damage to the rolls as well as generation of scrap.

In most cases, an additional descaling device (descaling sprays3aiibed above is installed
between the crop shears and finishing train. Sometimes there is also an additional vertical stand,
which is mainly used for strip guidance, but occasionally for minor width adjustments as well.

Coilers

Hot strips with lengthsf up to 2km and more are wound um secalled down (sometimes yup
coilers at the end of the rolling mill at speeds of up ton29and more. The hot band is guided
around an expandable mandrel by specially arranged wrapper rollers. After roughlg forge t
windings, the wrapper rollers are lifted and the band is coiled onto the expanded mandrel. After
the coiling operation is finished, the mandrel is collapsed and the hot coil is transported to a
strapping station by means of a coil car. [87, EUROEES3]

2.2.8 Rod rolling / Finishing train

The finishing train of rod mills usually consists of rolling blocks with up to 10 sets of
alternating horizontal and vertical roller pairs as showfigure2.22.

Rolling speed®f more than 100 m/s are achieved at the final stages. The material used for the
roughing and intermediate rolls is generally hardened steel or cast iron while the finishing rolls
are made of carbide, a particularly weasistant material. The typical dafation used for wire

rod mills is a sequence of alternating round and oval calibres.

fstand fimshine block with 3 vertical and 3 honzontal

par of mlls

Source [87, EUROFER 1998]

Figure 2.22. Roller arrangement of wire rod finishing section

2.2.9 Plate rolling

Plate rolling by reversing operatiaa similar to roughing in strip production. The slabs are
formed into plates in the smlled multistage rolling operations, where the slabs are stretched,
turned 9C¢° by means of conical rollers on a special roller table, spread, turned again and rolled
to the requested thickness.
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2.2.10 Ring rolling

To produce rings by ring rolling, the first two process steps are the heating and cutting of the
billets/ingots into blanks. Heavy ring blanks are cut cold using sawing machines. After heating
at around R200C in electrical or LPGired furnaces, the blanks are pierced in a press before
the material is rolled in rolling mills. The rings produced are normally-tneated after rolling

and some rings are processed in blasting machines to remove mill scale [20VESEDTI].

Source [207, SE TWG 2019]

Figure 2.23. Material cut into blanks after heating in an induction furnace and blanks heated in a
batch furnace after cutting cold

3ds

Source [207, SE TWG 2019]

Figure 2.24: Blanks pierced, pressed and rolled in a radial rolling mill and in araxial rolling mill

2.2.11 Transport of rolling stock between rolling stands

Usually, roller tables arranged along the entire strip rolling train are used as a means of transport
for the rolling stock. These roller tables consist of individual metallic hadlod/or solid rollers
with single drive or group drive by means of an electromotor and gear, if necessary.

In special cases, for example later modernisation of a rolling mill including increase of the
weight of single products or installation of additibremuipment, the distance between the
roughing stand and finishing stand is no longer sufficient to decouple the two processes. So
called coil boxes developed by STELCO, Steel Company of Canada-ldade then inserted as
intermediate storage devices7[EUROFER 1998]

2.2.12 Cooling lines
In connection with an appropriate temperature control within the finishing trains, the cooling

line provides the material with the desired mechimuhinological parameters. The steel is
rapidly cooled using either wategprays, water walls or laminar flows (sEigure2.25).
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Figure 2.25: Different types of water cooling

Laminar flow cooling on ruout tables is mostlyaed at the time of writing this document.
Usually, the spray headers (arranged on the top and bottom of the passline) are grouped into
sections, sometimes of different water flow volumes. Each section and/or each header is
individually controllable so thahe desired cooling temperature may be realised. Cooling lines
and the individual sprays are computentrolled, whereas the spray headers are switched on
and off in accordance with complex mathemateralbpirical models, supported by peripheral
temperatte measurements. [87, EUROFER 1998]

2.2.13 Sheet and plate production

For sheet production, the hot produced coils are decoiled by means of uncoiling reels and
supplied to a shearing line which is equipped with levellers to straighten the strip. The rolled
sheets with the desired length are piled and stored in the storage yard. [87, EUROFER 1998]

Plate production is carried out on shearing lines following the rolling process. The plates are
trimmed on both sides, cropped and cut to the desired length. Quatthime for special blanks

is done bycomputerised numerical contr@CNC)-cutting equipment (torch plasma or laser
beamcutting units). The internal quality of plates may be determined by ultrasonic techniques.
Automatic devices may be installed on #iearing line rwout table.

Finishing operations are computantrolled in most installations. Consideration is also being
given to the idine quenching and heat treatment of plates following the last rolling pass as a
means of conserving energy. [EAJROFER 1998]

2.2.14 Plate heat treatment

Finished plates are partly subjected to heat treatmenanfrealing, steel is heated to a
subcritical temperature to relieve stresses. mamalising, steel is heated above its critical
temperature and agooled. The purpose is to refine grain sizes and to obtain a carbide
distribution, which will dissolve more readily, austeni@uenching, tempering and other
methods may also be applied.

Several different types of furnaces are used for these purposes, suclkiag-beamtype,

roller hearth batch or car bottom furnaces. The heating and combustion system of such furnaces
are comparable with the systems related to stock reheating. All usually available heating media
may be used for firing the treatment furnac83, EUROFER 1998]
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2.2.15 Pickling and oiling of hot rolled steel

In many manufacturing applications and processes using hot rolled steel, scale is
undesirableTherefore, hot rolled steel is pickled to remove scale and oiled to reduce corrosion.
These processese carried out in the hot rolling mill to create a product for end users, called
hot rolled pickled and oiled steel (HRPO steel).

2.2.16 Roll shop

The workrolls as well as the baal rolls for both finishing and roughing mills are conditioned
according tovell-defined specifications, depending on the product to be rolled. Conditioning of
the rolls is performed at the roll shop where typical machine shop techniques are applied, such
as machining and grinding. [87, EUROFER 1998]

A roll shop generally includethe following:

Cooling area where work rolls are cooled either in the open air or by water sprinkling.
Preparation area where the rolls are dismantled and set up. (In some cases, the roll shop
machines allow reconditioning of rolls without prior disneugf.)

1 Cleaning area where the rolls to be reconditioned are cleaned of deposits and lubricants.
(The cleaning techniques include steam cleaning, application of alkali degreasing solutions,
application of organic solvents.)

1 Typical machine shop equipmeimicluding lathes and grinding machines which have an

individual cooling system where the cooling liquid is continuously processed in order to

separate turnings and grinding sludge [87, EUROFER 1993].

1
1

2.2.17 Water circuits / Water management in hot rolling mills

Throughout the hot rolling process and linked process steps, water is used for cooling and for
technological reasons. Electric motors, reheating furnaces, control rooms and power systems,
instruments and process control systems are usually cooled ilydifHwe steel, rolls, saws,
cropped ends, coilers and hot foumt tables are cooled directly. Water is also used for scale
breaking, flushing scale and for scale transport. Wherever the water is in contact with the rolled
material (process water) and md equipment it will be contaminated with scale and oil.

The simplest water feeding system applied i®pen systemoncethrough system) as shown
in Figure 2.26. The water is taken from natural resources (rivée lar groundwater), flows
through the various consumers of the hot mill and is released again to the watercourse.

"
E \Z

1
Various consumers
throughout hot

roling mil E Dy steel pro-

Source [87, EUROFER 1998]

Figure 2.26: Example of a oncethrough water system
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The polluted cooling and process waters are collectedraatkd prior to discharge. The first
treatment stage is a sedimentation basin in which solids, mainly iron oxides, are allowed to
settle at the bottom of the basin.

The sedimented solids are discharged via appropriate devices (scraper, screw, dtcthand,

case of integrated steel plants, returned to the production process via the hot metal route. The oll
pollutants floating on the surface are removed by means of suitable skimming devices and are
discharged to the respective collecting basins.

The pecleaned overflow is supplied via pipes to the filter batteries whose number, size and
capacity are designed in conformity with the water volume. In most cases, these filters are
gravel filters, i.e. the overflowing water is cleaned by passing througkldrass.

The pollutants in the gravel filters must be removed by fedhing in order to maintain the
function and separation efficiency of the filters. The purified waste water from the filters is
discharged into the sewage system and/or lakes and.river

The sludgebearing waters (mostly containing iron oxide) from the filter batteries are separated
in a thickener. The overflow is recirculated to the cleaning circuit system. Thejindjty feed
material contained in the sludge is further dewateretl disposed of or returned to the steel
production process, provided the appropriate technical equipment is available.

In order to reduce or avoid waste water discharge from hot rolling operations;lesed and
closed circuits are implemented.

In semiclosed circuits as shown inFigure 2.27, the water is treated and partly reused
depending on the temperature. The water treatment devices are the same as for open systems,
but the filtered waste water is not ditly disposed of. Instead, it is conveyed into a filter water

basin and mixed with cold fresh water, if necessary. Depending on the temperature of the mixed
water, the filtered water is returned to the different consumers in the hot rolling mill and only
the overflow is discharged. Accordingly, the volume of the circulating water depends on the
season and the geographilcalation

atér iniét N grave
] \Z N fte

Various consumers I\(f’u_l aste storage
throughout hot E or recycling
_b - - -

rolling mill
1 sugdge

Source [87, EUROFER 1998]

Figure 2.27: Example of a semiclosed water circuit

In closed water circuits(seeFigure2.28), the purified water is not discharged, but recooled in
cooling towers or heat exchangers to the required temperature and reused in the rolling process.
For plants using cooling towers, water consumption is restrictechéoatlditional water
(approximately B5 %) needed to make up for evaporation and for blowdown losses. When heat
exchangers are used, large recirculating volumes of recooling water are required.
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Figure 2.28 Example of a closedvater circuit

Water feeding and treatment systems in hot rolling mills are usually very complex, with several
partly interconnected water loops and multiplage use of water. In some cases, the hot rolling
mill water circuit is coupled with the water feediagstems of other iron and steel production
units, like for example continuous casting. The reasons for this connection are the similarity of
the waste water contents and the proximity of the installations.

Loop 1

1 [—
T ) 5 50 oo |l6es 1S
essure water
s Finishing "’m F-a Electrical | | Cold water
8030 T 3) Delivery roller table lequipment
| Storage L,—J
=0 Separator tank
Additional m %
water )
\’ @ 3] m
R6 e
Others
[ J

NB: 1) Figures given represent water flow i/im 2) Mill capacity: 27@®00 t per month.
Source[122, Zur et al., 1976]

Figure 2.29: Water loops for hot strip rolling mill

Figure 2.29 shows the water circuit of a hot wide strip mill where three water loops are
established. Loop 1, with 80m?%h, comprises the cogging stand, finishing train and reheating
furnace; loop 2 (®00m?h) the delivery roller table and loop 3 Z20m*h) mainly the
electrical equipment. The loops are connected in a way that theimatéfor loops 2 and 3 is
supplied by the clean water side of loop 1. The process water of loops 2 and 3 is sent to the
treatment facilities of loop 1 and blowdown water can also be discharged to loop 1.
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Figure2.30 shows another example of a water management system for a hot wide strip mill. The
loops established in this case are for furnace and engine cooling, for roller stands and for
laminar strip and roller table cooling.

High Roughing

Roller table Cooling _.I

pressure . mill stand strip [ Other

N cooling . rolls ; consumers
descalin cooling cooling
[
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Source [50, Rentzetal. 1998]

Figure 2.30: Use of water loops in a hot rolling mill

The prevention of effluents by using water in loops or in multiple stages is &mvegh and
widespread practice within the steel industry. Hot rolling mills offer a high potential for
reduction in wate consumption and waste water discharge, because of the large quantities of
water needed.

2.2.18 Waste and by-product management in hot rolling mills

Apart from waste water, hot rolling operations generate different kinds of solid and liguid by
products and aste:

metallic waste and bgroducts;
scarfing scale/swarf;

dusts from scarfing and rolling;

mill scale (oilree and oily);

water treatment and mill scale sludge;
grinding sludge (roll shop);

oil and greases.

E R I E )

SM/EA/GK/JG/GC/EIPPCB/FMP FD October 2021 33



Chapter 2

Metallic by-products/waste like scrap, dowgrades, crop ends, etc. arising from hot rolling, is
usually relatively clean and is easily recycled into metallurgical processes (e.g. BOF).

Oil-free scale and lowoil-content (<1 %) scale is fed directly back into the metallurgical
process, usually @ithe sinter plant. Oily, ferrous sludges with up t&86eQ content, like
oily mill scale and grinding sludges obtained from water treatment plants have to be
conditioned before internal recycling.

Scale is also sold for external use (e.g. to cemmamufacturers) or it is supplied to an external
company for treatment (usually thermal treatment to burn the oil content). Thermal treatment
plants can yield a product with an iron content of aboi7600. If the thermal treatment plant

is fed with oily mill scale of about 4.50, no additional energy supply is required.

Oxide dustsfrom air cleaning devices, for example from bag filters for oxide removal at the
mill stands, are recyclable to the steel production (e.g. sinter plant) without risks.

Oil and grease separated and collected at various stages, are energy sources and can be utilised
as secondary fuels, for example by injection into the blast furnace or in thanedkey
process. Dewatering might be a precondition. Alternatively, these matesialbe used at the

coke ovens to increase coal bulk density prior to carbonisation. [87, EUROFER 1998]
[37, Hot Rolling ShadowGroup2000]

Spent emulsionfrom the roll shop or other consumers can be split into components: oil and
water. The separated loican be thermally utilised or recycled externally.
[37, Hot Rolling ShadowGroup2000]
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2.3  Current consumption and emission levels for hot rolling
mills

The following sections present the consumption and emission data reported by the HR plants
across thdzU that took part in the 2018 FMP data collection (in total 125 plafts.relevant

plants are listed in Sectidil.1in which theList of installations/plants that participatedthe

2018 data collection for hFMP BREF reviewnay be found.

Handling of Confidential Business Information (CBI)

Energy, material and water consumption data were considered CBI by the plant opkrators.
order to maintain data confidentiglipplant names are not directly mentioned in the graphs but

are replaced by anonymised and randomly attributed CBI cddesddition, no contextual
information (e.g. process parameters or technigues applied) is included as this could reveal the
identity d the plants Only the steel category and the steel products is indicated in the figures
provided that more than 5 distinct consumption values were reported in the data collection. If
less than 5 distinct consumption values were reported, the data are shder a category
designated as O0othero6 without any indicatio
figure to maintain confidentiality. All the consumption figuaae presented in ascending order

of the maximum specific energy consumptiotues.

231 Mass stream overview

Figure 2.31 provides an overview of the various inputs (e.g. types of steel products, energy,
water, oil) and outputs (e.g. hot rolled product, air and water emissigroduds and waste)
in a typical hot rolling mill.
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Figure 2.31 Input/output overview for hot rolling mills

2.3.2 Energy consumption

Energy consumption

Integrated steel plants try to valorise as much as possible the gases arising witlurkghfom

internal use. Hence blast furnace gas, coke oven gas, BOF gas, natural gas and many different
combinations of these gases-adled mixed gases) are used in continuous furnaces.

The energy consumption of the furnaces depends on several passsoeteas:

the furnace design (pushimpe, walking beam, etc.);
throughput and shift patterns (operating ting), UK 1999;

the designed length of the recuperation zone in the furnace;
the burner design;

=a =4 =4 =4
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the use of recuperators or of a regeneratystesn;

the production capacity of the furnace;

the heating zone arrangement;

the charging temperature of the stock;

the heating and discharging temperature;

the accuracy of the thermal regulation;

the degree of insulation of the furnace [87, EUROFER 1998];
the operation point in relation to the design point;

the Q content in the atmosphere. [153, EUROFER 2019]

=4 =4 -4 _-8_8_9_9_-°2_-2

During the data collection, data on the specific energy consumption of plants (i.e. MJ of energy
consumed per tonne of process throughput) wererted forthe following processes:

i feedstock reheating, intermediate heating and-ipeating;
1 hot rolling for rolling processes, including roughing and finishing.

Figure 2.32, Figure 2.33 and Figure 2.34, show the data reported on specific energy
consumption for feedstock reheating, intermediate heating andhgaishg, respectivelyrigure

2.35 shows reported data on the specific energy consumption in hot rolling for rolling processes,
including roughing and finishing hese figures present the yearly specific energy consumption
values for each line of the plants. For the figures relatespémific energy consumption for
feedstock heating, the values reported correspond to the average specific energy consumption
values for all the furnaces for each line.

Feedstock reheating

Table 2.6 summarises theanges observed for the specific energy consumption of feedstock
reheating,depending orthe steel category, steel product and steel grade. In total, 97 plants
provided data on specific energy consumption. The large majority of specifigyener
consumptiordata ranges frorB90MJ/t to approximately 200MJ/t. Only two plants reported
extremely high specific energy consumption values which can be considered as outlier values
(SeeFigure2.32).

Table 2.6: Specific energy consumption ranges for feedstock reheating
Specific energy consumption
Steel category
Steel products Steel grade MJ/t
(Yearly average)
Flat
. . Carbon steel 1100'1800
Hot rolled coils (Strips) High dlloy steel 1900 2750
Heavy plates Carbon steel 1190/ 2300
yp High alloy steel 2000 2870
Long
Bars. rods Carbon steel 5902 300
' High alloy steel 11005400
Beams, billets, rails, tubes Carbon steel 13502 650
Others Carbon steel 1500/ 6 000
Source:[150, FMP TWG 2018]

Feedstock intermediate reheating

Only 8 plants submitted data on the specific energy consumption from intermediate feedstock
heating. All the data reported were related to the production of long products and were within
the mnge 76MJ/t to 870 MJ/t.
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Feedstock postheating

Table 2.7 summarises the ranges observed for the specific energy consumption of feedstock
postheating depending on the steel category, steel product and stelFgnafeedstock post
heating, in total, 29 plants provided data with specifiergy consumptions ranging from
290MJ/t to 7500 MJ/t.

Table 2.7: Specific energy consumption ranges for feedstock pekeating
Specific energy consumption
Steel catsetgez:yp roducts Steel grade MJ/t
(Yearly average)
Flat
Heavy plates Carbon steel 100G 2 000
High alloy steel 15004 400
Long
Bars. rods Carbon steel 9007 5 300
' High alloy steel 1150/ 3 600
Others Cabon steel 2901 7 500

Source[150, FMP TWG 2018]

Hot rolling including roughing and finishing

The energy demand for the motiniven rolls in hot rolling depends on the degree of
deformation, temperature of the workpiece and material hardness. Esauggd in form of
electricity. In total, 78 plants provided data for specific energy consumption of rolling
processes, with specific energy consumptions ranging ffonMJ/t to 1300 MJ/t. Table

2.8 summarises theanges for theeportedspecific energy consumptioraluesin hot rolling
depending on the average thickness and cross section reduction, the steel category, steel product
and steel grade.

Table 2.8: Specific energy consumption ranges for hot rolling including roughing and
finishing
Steel categor _Average Specific energy
Sgtegl roductd Steel grade thl_ckness/Cr_osso consumption MJ/t
p 9 section reduction % (Yearly average)
Flat
Hot rolled Carbon steel 90-99 701 300
coils (Strips), . 9598 .
Heavyplates High alloy steel 70i 400
Long
Bars. rods Carbon steel 60-99 110/ 540
' High alloy steel 99-100 75011 060
Beams, billets Carbon steel 70-99 .
rails, tubes 801 1300
Source:[150, FMP TWG 2018]

38 October 2021  SM/EA/GK/JG/GC/EIPPCB/FMP FD



Chapter 2

Specific energy consumption (MJ/t)
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Figure 2.32

Specific energy consumption (M/t of process throughput) for feedstock reheating
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Specific energy consumption (MJ/t)
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Figure 2.33:

Specific energy consumption (M/t of process throughput) for feedstock intermeiate heating
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Figure 2.34: Specific energy consumption (M/t of process throughput) for feedstock posheating
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Specific energy consumption (MJ/t)

2,400
’ ‘ FLAT PRODUCTS ‘ H LONG PRODUCTS I
2,200 ‘ STRIPS AND PLATES |1| BARS AND RODS | ‘ BEAMS, BILLETS, RAILS AND TUBES ‘ | OTHERS [*) |
I I |
= 2,000 - | I !
=
‘E“ | | |
£ 1,800 ' | |
£ I I |
= I | [
o 1,600
£ ! I |
E |
2 | I |
5 1,400 - i | I
= | | |
E 1,200 | | |
o | | |
& 1,000 ! | |
3 \ | |
o | | I
“ 800 ‘ | |
| | |
600 I I I
| | |
400 | I I
| | |
200 - | | |
I | |
0 - | | |
O M U N ONONODROES OO0 OO NN MO MONNOO o OO~V MS OO O WO~ e OO OoOnNMe A~
Plant code =1 — — - - m — — - - ~Nm NN NN NN NN ~N = ~ — ~ o

Others (*): include other type of products that are not specified.

Source 150, FMP TWG 2018]

Figure 2.35: Specific energy consum

ption (M/t of process throughput) for rolling processes
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2.3.3 Material consumption
2.33.1 Consumption of oils

Values of oil consumption include all types of oils used in the plant (e.g. rolling oil, hydraulic
sygems oil, lubrication oil, arttorrosive oil, fat and greasdjable2.9 shows the reported data

of specific oil consumption for three years (2014 to 2016), and the yearly average obtained, for
hot rolling plants A summary of the oil consumption ranges observed for each product type is
summarised iffable2.9.

Table 2.9: Specific oil consumption ranges for hot rolling
Steel caego Specific oil consumption kg/t
S%e?ll products Steel grade P (Yearly average) ’
Flat
Hot rolled coils Carbon steel 0.04/ 0.7
(Strips) High alloy steel 0.41 600
Heavy plates Qarbon steel 03| 180
High alloy steel 0.37160
Long
Bars. rods _Carbon stele 0.0Q'O.G
' High alloy steel 0.21 635
Beams, rails, tubes Carbon steel 0.221.7
Others Carbon steel 0.6/ 89
Source:[150, FMP TWG 2018]
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m Specific oil consumption 2016 (kg/t)
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Figure 2.36: Specific oil consumption (kg/t of production)in hot rolling plants
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2.3.3.2 Consumption of acids

Figure2.37 to Figure2.39 show data on the spéc acid consumption for three operating years,
and the yearly average obtained, for hot rolling plants from the FMP data collection, at line
level, producing HRPO steel. Each figure corresponds to a different type of acid, namely
hydrochloric, sulphuricnitric and hydrofluoric acid. Specific acid consumption is expressed in
kg of acid per rhof treated (pickled) surface. The concentrations of acids considered were
33%-wt, 96%-wt, 49%-wt and 70%-wt., for HCI, HSQ:, HNOs; and HF, respectively. In

total, 6 production lines reported information for HCl andSEs, and 5 production lines
reported information for mixed acids (HF and H{lOTable 2.10 summarises the acid
consumption ranges reported by these HRPO plants

Table 2.10: Specific acid consumption ranges for HRPO plants

Average specific surface of Specific acid consumption
Type of acid 9¢ sp 5 (kg/m? of treated surface)

input (m4/t)
(Yearly average)

HCI 4-95 0.0020.9
H2SOy 1595 0.030.4
Mixed acids (HFHNOs) 1595 0.20.3
Source:[150, FMP TWG 2018]
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Figure 2.37:

Specific HCI consumption (kg/n? of treated surface)in HRPO plants
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Figure 2.38: Specific HLSOs consumption (kg/n¥t of treated surface)in HRPO plants
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Figure 2.39: Specific HF/HNOs consumption (kg/n¥ of treated surface)in HRPO plants
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2.3.4 Water consumption

Figure 2.40 shows the data reported for specific water consumptiahealant level, for three
operating years in hot rolling plantsh@ specific water consumption ranges from 0.G to

30 n/t, based on data reported by 70 plants in tdtalre specifically, according to the data
collection, among the 24 HR plantsat reported to be part of a much larger installation (i.e.
integrated iron and steel works), a majority of the plants reported a specific consumption below
2 m?/t, except one plant which reported a very high consumption off80which is considered

to be an outlierThe figure shows the specific water consumption for HR plants (flat and long
products) and HRPO plantEhe definition of the specific water consumption can be found in
Section9.4.4.2
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Figure 2.40: Specific water consumption (n¥'t of production) in hot rolling plants
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2.3.5 Emissions to air
2.35.1 Emissions to air from mechanical processing, scarfing and welding

Dust emissions
During scarfing, wetand corrosive fumes with high proportions of smiicron particles (size
range from 0.5 to 250 microns) are generated. [98, Davy Consultants 1993]

The dust generated by scarfing contains mainly iron oxides with some trace alloying elements
present in steel. [15, CITEPA, 1994]

The reported data on dumhissions to air froomechanical processing, scarfing and welding
shown inFigure 2.47 andFigure 2.48. In total, dust emissions from 152 emission points have
been repodd. The dust emission concentrations were within the range 1.5 migiNm
350mg/Nn? and the emission loads range from 1.8 g/h $0@ g/h.

Lead emissions

The reported data on lead emissions to air fneechanical processing, scarfing and welding
shown in Figure 2.49. Lead emissions were reported for 23 emission points. Concentrations
range from 0.0001 mg/Nfito 0.2 mg/Nm and the emission loads range from 0.002 g/h to
17g/h.

Nickel emissions

The reported datan nickel emissions to air fromechanical processing, scarfing and welding
are shown irFigure 2.50. The emissions of nickel were reported for 34 emission points. The
concentrations range from 0.09 mg/Nto 1.0 ng/Nm® and the emission loads range from
0.005 g/h to 15 g/h.

2.35.2 Emissions to air from heating

The emissions levels presented in this section refers to emissions to air from feedstock heating
(i.e. reheating, intermediate heating and {esting). The figtes have been prepared taking

into account the actual fuel composition for the reported maximum concentration (100% natural
gas or other types of fuel than 100% natural gas). In addition, to evaluate the potential influence
of the product type (e.g. flatrepducts) and aipreheating temperatures on the observed
concentration of NQemissions to air, additional figures have been prepared.

2.3.5.2.1 Dust emissions

The reported data on dust emissions to air from feedstock heating (reheating, intermediate
heating angostheating) for fuel 1006 natural gas and fuel other than P@thatural gas are
shown inFigure2.51 andFigure2.52, respectively.

Dust emissions from feedstock rehegtimere reported for 71 emission points in total, for plants
using 100% natural gas as fuel. The dust emission concentrations range frang/MNB? to

64 mg/Nn? and the emission loads range fromg/B to 1500g/h. In reheating furnaces using
100% naturalgas, very little dust emissions are expected. In such case, the source of dust is
more related to the fentrainment of dust present on the feedstock surfaces and refractory
materials of the furnace.

In total, 35 emission points reported dust emissioncentrations from feedstock reheating
associated when using fuels other than ®atural gas. In this case, the dust emission
concentrations range from 0i&y/Nn? to 71 mg/Nn? and the emission loads range fromgll

to 3600g/h.
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Dust emissions from &istock intermediate heating were reported for 5 emission points using
100% natural gas. The concentrations range froom@/Nn? to 26 mg/Nn? and the emission
loads range from g/h to 100g/h.

Dust emissions from feedstock pésating were reporteaif 23 emission points using 100
natural gas. The concentrations range fromn@gENn? to 23mg/Nn? and the emission loads
range from 0.%/h to 95g/h.

2.3.5.2.2 SO, emissions

The reported data on S@missions to air from feedstock heating (reheating, inteiate
heating and posdteating) for fuel used 10 natural gas and fuel used other than 100% natural
gas or unknown fuel are shownkigure2.53 andFigure2.54 respectivey.

The SQ emission level depends on the sulphur content of the fuel. ReportednB&lionsas a
function ofthe fuel type show a difference in the Sgission levels between natural gas, iron
and steel process gases, in particular COG, and fuel oW, BUROFER 1998],
[56, Roedereetal. 1996]

For feedstock reheating using 1%0natural gas, S&emission concentrations were reported for
45 emission points in total. The concentrations range fromrgdiin? to 95mg/Nn? and the
emission loads rangedim 0.2g/h to 3127g/h.

For feedstock reheating when using fuels other thar®d @@tural gas, emission levels were
reported for 44 emission points in total. The concentrations range fromgiNf® to
926 mg/Nn? and the emission loads range from 2@84to 52000g/h.

SO, emissions from feedstock intermediate heating were reported for 2 emission points when
using natural gas as fuel. The reported concentration values range frong/Mi2® to
13.3mg/Nn?. Only one emission load of 3gh was reported owif the two emission points.

SO, emissions from feedstock pestating using 1006 natural gas were reported for 12
emission points in total. The concentrations range from @R to 56mg/Nn? and the
emission loads range fromgzh to 208g/h.

Whenthe reported maximum concentration from feedstock-peating was associated with
fuels other than 10% natural gas, 5 emission points reported emission levels with
concentrations ranging from 92g/Nm?® to 470mg/Nn? and emission loads ranging from
536g/h to 1900g/h.

2.3.5.2.3 NOx emissions

The NG emissiondrom combustion processes may be impacted by several factors, such as the
fuel type, the air preheating temperature, the share of hot charging, the furnace design or the
burners type. Some burner typesy. ceiling burners may emit less N@an front or lateral

burners. The use of recuperators or regenerative systems to preheat the combustion air increases
the thermal efficiency of the furnace, but can also lead to highgreR@ssions.

Impact of air preheating temperature

In Figure 2.41, an example of the fluctuation of NGmissions (expressed in mg/Rnin
relation to the air preheating temperature (expressed in °C) is shown for a continucusapost
treatment furnace at SSAB Oxeldsund (Furnace 6, corresponding to plant/emission point
243HR-3 in the data collection). The graph shows that the two curves run almost in parallel
suggesting that NOemissions and air pieeating temperatures are linked. Accordingthe

plant description for 24BIR, the furnace is normally operated at 30) however, the figure
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below shows air preheating temperatures fluctuating betweefC30f to about 48€C. In the

data collection, three emission concentrations were repéotethis emission point in 2016
(490, 605 and 70Mg/Nm) corresponding to periodic measurement (average values over the
sampling period, with sampling duration ranging from 11 to 24 hours). For the years 2014 and
2015, the NQ emission concentrations reped ranged from 406g/Nn? to 630 mg/Nm.

[150, FMP TWG 2018]
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Figure 2.41 NOx emissions and air preheating temperature for a posheating treatment
furnace at SSAB Oxel6sund, Sweden

Information on the influence of air preheating temperature ox &flission concentrations was
provided for an ltalian plant from the data collection (Feralpi Siderurgi®dant 203 HR)
which provided figures gsenting the continuous monitoring of air preheating temperature and
NOx emission concentrations for two different rolling lines [210, IFO52019, 2019]. The
results are shown iRigure2.42. For these measurenisnthe NQ emissions concentrations are
not corrected to the standard @ference level of 36, the average £rxoncentration measured

at the stack was in the range %o 15%.
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Figure 2.42 NOx emissions and air preheating temparture

Additional information on the impact of air preheating onxN\énissions may be found in
Section8.8.2.9

Impact of flame temperature

Another important factor which can influence the generatidd@% in combustion processes is
an increase of the flame temperature whigty result in increased N@mission (generation of
thermalNOx). Theflame temperaturdepends on the composition and the type of fuels that are
used in the furnacdsigure 2.43 below clearly shows different flame temperatures for natural
gas and other iron and steel process gages highest flame temperature (ca. 1 900at 3%

0O,) is obtained with 1006 COG whereas the lowest flame temperature (ca. 2G@0H 3% O,)

is observed with 10& blast furnace gas.
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Figure 2.43; Effect of fuel type on flame temperature

Impact of fuel type

The nitrogen content in the fuel can impact the generation ofNOgl The IS BREF
[194,COM 2013] reports nitrogen content as iN COG betweerl.5 vol-% and6.0 vol%.

Data presented in the LCP BREF [195, COM 2017] indicates dghtents of 048 mg/Nni in

COG. Information submitted by EUROFER describes COG as a 'fuel with low nitrogen
content', containing traces of NHEUROFER 2611-2019]

In Figure 2.44, the variation of N@Q emission conagrations are depicted for two pustigpe
reheating furnaces at SSARofresponding to plant/emission point 24R-1 in the data
collection)as a function of the type of fuel used. In this plant, mixtures of COG (represented in
dark grey) and heavy fueliloHFO i represented in light grey) are used. Generally, both
furnaces use COG as a primary fuel, supplemented by small amounts ofAHrdugh for

short period of times, a high share of HFO was used. According to the data collection, both
furnaces applhair preheating (Furnace B18 °C; Furnace 2: 245 °C). The data presented in
these figures is not accompanied by information about the averaging period for the NO
emission concentrations or concerning the actual variation of air preheating temperhicie (w
could have varied ovéheyear 2016).
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Figure 2.44: NOx emission concentrations as a function of the type of fuels used in the reheating
furnace (COG and HFO)
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NOx emission concentrations in FMP plants may varyrotme, e.g. depending on the
variability of the fuel composition and/or the mixture of fuels used, especially where IS gases
are used. The following figures show examples of the fluctuations @fedissions over time.

Figure 2.45 presents the variation of NOemissions over a year for pushgpe furnaces
(furnaces 21 and 22, Tata Steel IJmuiden (corresponding to plant/emission pditR210n
the data collectiori combined stack for the two furnaces). No imf@ation on the averaging
period wagrovided for the grapthowever, NQ emissions reported for this emission point for
the years 2014, 2015 and 2016 were in the rangemt@ln?® to 290 mg/Nm, as monthly
average. The share of COG for the reporting yeagedrirom 44% to 54 %, as yearly average.
The plant reported using 20 share of hot charging at 160, and an air preheating
temperature of 350 °C for the pustigpe furnaces.
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Figure 2.45: Continuously measured NG emission concentrations for pushetype furnaces at

Tata Steel IImuiden (Plant 110 HR21) showing N fluctuations over a year
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Tata Steel IJmuiden provided further examples, shoviigare2.46, of the fluctuation of N@
emissions for its two walking beam furnaces number 23 and 24 (corresponding to
plant/emission point 110 HR2 in the data collection combined stack for the two furnaces).

No information on the averaging ni@d was provided fothe graphhowever, NQ emissions
reported for this emission point for the years 2014, 2015 and 2016 were in the range
144mg/Nn? to 303 mg/Nn¥, as monthly average. The share of COG for the reporting year
ranged from 626 to 72 %, as yearly averag&€he pant reported using 2% share of hot
charging at 160 °C and an air preheating temperature of 450 °C at the walking beam furnaces.
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Figure 2.46. Continuously measured NQ emission concentrations at twowalking beam
furnaces from Tata Steel IJmuiden (Plantl10 HR22) showing NOx fluctuation over a year

Summary of the NQ emission concentrations in the FMP data collection

All the data reported in the FMP data collectionNsDx emissions to air from fastock heating
(reheating, intermediate heating and gussating) with 1006 natural gas are shown kigure
255, Figure2.56 andFigure2.57. In total, data from feedstock reheating were reported for 121
emission points, with emission concentrations ranging froom@Mnm® to 1370mg/Nn? and
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emission loads ranging from 22h to 83000g/h. Data from feedstock intermediate heating
were reported for 13 emission points, with emission concentrations ranging frorg/Bor to
429mg/Nn¥ and emission loads ranging from @b to 7600g/h. Data from feedstock pest
heating were reported for 53 emission points, with emission concentratiogsgafrom
11 mg/Nn? to 433mg/Nn? and emission loads ranging from g to 19000g/h.

The reported data oNOx emissions to air from feedstock heating (reheating, intermediate
heating and podieating) for fuels other than 100 natural gas are showmkigure2.58.

For feedstock reheating, data were reported for 71 emission points, with emission
concentrations ranging from 9g/Nn? to 1314mg/Nn? and emission loads ranging from
1917g/h to 106000g/h. Two emission points reporteNOx emission concentrations from
feedstock intermediate heating when using #QPG. In this case, the reported emission
concentrations were 788g/Nm? and 990mg/Nn?, and the emission loads ranged from 485

and 850g/h, respetively.

Emission levels from feedstock pdstating were reported for 10 emission points, with
emission concentrations ranging from I0g/Nn?¥ to 2222 mg/Nni and emission loads
rangingfrom 324y/h to 5700g/h.

Table2.11 summarises the reported ranges for concentration and load leW@; emissions
to air from feedstock reheating of flat products as well as from feedstock heating without air
preheating and with air preheating.

Table 2.11: Ranges of NQ emissions to air from feedstock heating for flat products, with and
without air preheating
Reheating | Intermediate | Postheating
Natural gas

mg/Nm? g/h mg/Nm? g/h mg/Nm? g/h
Flat products 78-1 360 23038500 10-30 58-80 80-390 2304720
Without air preheating 140 1232 10-30 58-80 NI NI
\With air preheating
(T<450°0 1351360 23038500 NI NI 80-390 2304720
\With air preheating )
(450°C< T < 600°0) 78330 431-12500 NI NI NI NI
\With air preheating
(T>600°0 130185 11503900 NI NI NI NI

Fuels other than 100 % natural gas

Flat products 61-1 066 282106000 NI NI 1031400 | 9405700
\Without air preheating] 61-413 282324 NI NI NI NI
\With air preheating
(T<450°C) 160-860 1918106000 NI NI 103700 | 9405700
\With air preheating T )
(450°C < T < 6060) 91-1 066 7 100-36 000 NI NI NI NI
\With air preheating
(T>600°C) NI NI NI NI 4171400 | 17902 800
NI: No information provided
Source 150, FMP TWG 2018]

Additional figures showing the reported data onxNgnissions to air from feedstock reheating
(reheating, intermediate heating and pgosaiting) when considering the type of fuel used, the

air preheating and the target temperature of the feedstock exiting the furnace are summarised in
Section2.3.5.4and include:

9 Figure 2.59 and Figure 2.60: NOx emissions to air from feedstock reheating of flat
products for fuel 1006 natural gasrad fuel other than 10% natural gas, respectively.

1 Figure2.61, andFigure2.62: NOx emissions to air from feedstock reheating without air
preheating for fuel 10@ natural gas and fuel other than 100 natural gas,
respectively.
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1 Figure 2.63, Figure 2.64 and Figure 2.65. NOx emissions to air from feedsto
reheating for fuel 1080 natural gas including the air preheating temperature and the
target temperature of the feedstock exiting the furnace.

1 Figure 2.66. NOx emissions to air from feedstock reheating and-peating for fuel
other than 1006 natural including the air preheating temperature and the target
temperature of the feedstock exiting the furnace.

2.35.24 CO emissions

The reported data o€O emissions to air from feedstock heating (reheating, intermediate
heaing and posheating) for fuel 100% natural gas are showRigure2.67 andFigure2.68.

For feedstock reheating, data were reported for 74 emission points in totaG @vigmission
concentrations ranging from Omg/Nn? to 1416mg/Nn? and emission loads ranging from

6 g/h to 141609/h. For feedstock intermediate heating, data were reported for 9 emission points
in total, with CO emission concentrations varying froom@Nm? to 1394mg/Nm® and
emission loads ranging from 53 g/h td®)g/h. For feedstock pos$ieating, data were reported

for 25 emission points in total, with emission concentrations ranging frong/Rm® to

2 450mg/Nn¥ and emission loads ranging frong/h to 2450g/h.

The reported data o0 emissions to air from feedstock heating (reheating, intermediate
heating and podteating) for fuel other than 100% natural gas are shoviaigure 2.69. Data
were reportedfor 37 emission points in total, with emission concentrations ranging from
1 mg/Nn? to 741mg/Nn? and emission loads ranging from @® to 24680g/h. No data were
reported from feedstock intermediate heating. For feedstockhpating, data were availab

for 8 emission points in total, showing emission concentrations within the rangg/Mior to
15000mg/Nm? and emission loads between@é and 6900g/h.

2.35.3 Emissions to air from pickling

The data reported in the FMP data collection on emissionairtdrom pickling for the
production of hot rolled pickled and oiled steel (HRPO) can be found in the respective section
for cold rolling (see Sectio®.3.5.3.

2.3.54 Figures with air emission levels

The figures rlated to emissions to air which are presented laeee composed of several
sections. The upper part of the figure always shows the maximum concentration for each of the
three reporting years and the average value obtained over the reporting period. bistioom
processes,he plotted concentration values always refer to a oxygen reference levéb.of 3
Measurements reported without giving information about the oxygen level measured or the fuel
composition used are not taken into accouBelow the xaxis, additional contextual
information is included such as the emission point code, the type of steel products and the steel
category, the number of measurements done each year and the BAT candidates used. In the
lower part of the figure, additional informationay be also given such as the mass flow values,
both for the maximum concentration obtained over the reporting period and the average mass
flow over the three reporting years. For figures related to feedstock reheating, the measured
reference oxygen leVereported for the maximum concentration obtained &b 2, is
systematically reported. For combustion processes, information on the type of fuel used is also
included. Typically, a figure is available for cases where %0fatual gas is used, and a
sepaatefigure is provided for fuels other than 19®natural gas indicating clearly the type of

fuel mix used(expressed as percentages of energy inputhe case of figures related to NO
emissions, an additional graph showing the corresponding emisgi@® is provided in the

lower part of of the figure. In all cases, the figures are sorted in ascending obrtles
maximum concentration values for tR@perating yearslhe explanations for the abbreviations

used in the graphs in hot rolling can berfdun the Glossary.
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Figure 2.47:

Dust emissions from mechanical processingcarfing and welding (in mg/Nnd) - Part 1 of 2
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Figure 2.48:

Dust emissions from mechanical processing, scarfing and welding (in mg/Njm Part 2 of 2
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Figure 2.49; Lead emissions from mechanical processing, scarfing and welding (in mg/Rm
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Figure 2.50:

Nickel emissions from mechanical processing, scarfing and welding (in mg/Nm
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Figure 2.51:

Dust emissions from feedstock heating (in mg/N#at 3 % oxygen) for fuel 100% natural gas
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Figure 2.52

Dust emissions from feedstock heating (in mg/N#at 3 % oxygen) for fuel other than 100% natural gas or unknown fuel
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Figure 2.53 SO: emissions from feedstock heating (in mg/Nfat 3 % oxygen) for fuel 100% natural gas
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Source[150, FMP TWG 2018]

Figure 2.54: SO, emissions from feedstock heating (in mg/Nfat 3 % oxygen) for fuel other than 100% natural gas
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