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PREFACE 
 

1 Status of this document 

 

Unless otherwise stated, references to óthe Directiveô in this document refer to Directive 

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 of the European 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 required in 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 non-governmental 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/C 146/03), OJ C 146, 17.05.2011, p. 3). 

 

Forum members have nominated technical experts 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 of this document 

 

Chapter 1 provides general information on the ferrous metal processing industry (FMP) and on 

the industrial processes and techniques used within this sector. 

 

Chapters 2 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 chapter is structured as follows (X is the chapter number): 

 

¶ Section X.1 provides general information on the FMP sector. 

¶ Section X.2 provides information on applied processes and techniques. 

¶ Section X.3 provides data and information concerning the environmental performance 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.  

¶ Section X.4 describes in more detail the techniques to prevent or, where this is not 

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 consumption levels) which 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. 

 

Chapter 7 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 originate from more than one FMP sector. Other streams from non-FMP 

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 

found in the respective sector-specific Chapters 2 to 6 . 

 

Chapter 8 provides information on the common industrial processes, abatement systems 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 sector that were 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 and the cross-media issues associated with the techniques. 

Sector-specific techniques to consider in the determination of BAT (i.e. those techniques to 

consider that are applied specifically in one sector) are described in Chapters 2 to 6  

 

Chapter 9 presents the BAT conclusions as defined in Article 3(12) of the Directive, both 

general and sector-specific. Chapter 10 is concerned with the concluding 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 has been 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 contributors is gratefully acknowledged. 
 

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

following steps: 
 

¶ identification of the key environmental issues for the feroous metal processing industry 

sectors; 

¶ examination of the techniques most relevant to address these key issues; 

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

data in the European Union and worldwide; 

¶ examination of the conditions under which these environmental performance levels were 

achieved, such as costs, cross-media effects, and the main driving forces involved in the 

implementation of the techniques; 

¶ selection of the best available techniques (BAT), their associated emission levels (and 

other environmental performance levels) and the associated monitoring for this sector 

according to Article 3(10) of, and Annex III 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 information is presented here. 

 

Where available, economic data have been given together with the descriptions of the 

techniques presented in sections of Techniques to consider in the determination of BAT. These 

data give a rough indication of the magnitude of the costs and benefits. However, the actual 

costs and benefits of applying a technique 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, conclusions on the economic viability of techniques are drawn from 

observations on existing installations. 
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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 and techniques 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 

periodically 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 

c/ Inca Garcilaso, 3 

E-41092 Seville, Spain 

Telephone: +34 95 4488 284 

E-mail: JRC-B5-EIPPCB@ec.europa.eu 

Internet: http://eippcb.jrc.ec.europa.eu 

 

 

mailto:JRC-B5-EIPPCB@ec.europa.eu
http://eippcb.jrc.ec.europa.eu/
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SCOPE 
 

The BREF for the Ferrous Metals Processing Industry concerns the following activities 

specified in Annex I 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 protective 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 exceeds 30 m3, 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 covered by these BAT 

conclusions. 

 

This document also covers the following: 

 

¶ Cold rolling and wire drawing if directly associated with hot rolling and/or hot dip 

coating. 

¶ Acid recovery, if directly associated with the activities covered by these BAT 

conclusions. 

¶ The combined treatment of waste water from different origins, provided that the waste 

water treatment is not covered by Directive 91/271/EEC and that the main pollutant 

load originates from the activities covered by these BAT conclusions. 

¶ Combustion processes directly 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 conductive 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. H2) acts as the intermediary heat transfer fluid in the case of 

batch annealing. 

 

This document does not cover the following: 

 

¶ metal coating by thermal spraying; 

¶ electroplating and electroless plating; this may be covered by the BAT conclusions for 

Surface Treatment of Metals and Plastics (STM). 

 

Other reference documents which could be relevant for the activities covered by this 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 Treatment (WT); 

¶ Monitoring of Emissions to Air and Water from IED Installations (ROM); 

¶ Economics and Cross-Media Effects (ECM); 

¶ Emissions from Storage (EFS); 

¶ Energy Efficiency (ENE); 

¶ Industrial Cooling Systems (ICS).  
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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 

semi-finished and finished products with different lines 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 with regard to the shape of the final product: flat - long.  

 

Others (e.g. NACE1) 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 

tubes and óother first processing of steelô (cold drawing, cold rolling of narrow strip, wire 

drawing, etc.).  

 

To put together general information on the sector, statistical data (productivity, number/size of 

plants, distribution, etc.) and economic information is difficult 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, an outline 

in accordance with the manufactured products, as shown in Figure 1.1, was chosen.  

 

 

 

 

 

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

 

                                                      

 
1 General industrial classification of economic activities within the European Community. 
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The ferrous metal processing sector also includes processes that apply coatings of non-ferrous 

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 hot dip coating of sheets and wire galvanising. Ferrous metal products 

or fabricated steel components are also galvanised in batch processes (batch galvanising), 

usually as a sub-contract operation, within the batch galvanising sector. 
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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 rolled flat products are reported: 

 

¶ Wide flats: hot rolled flat products with a width over 150 mm up to and including 

1 250 mm and a thickness generally over 4 mm. They are always supplied in lengths, 

i.e. not coiled. A special requirement is that the edges are square. Wide flats are rolled 

on the four sides (or in box passes). 

¶ Narrow strips: hot rolled 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 of the rolling cycle, i.e. before trimming or rectification. 

¶ Wide strips: hot rolled strip in widths typically above 600 mm. 

¶ 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 

[thousand t] 

HR narrow 

strip  

[thousand t] 

HR wide 

strip  

[thousand t] 

HR plate 

[thousand t]  

Total HR flat 

products 

[thousand t] 

Austria  0 0 4 593.2 678.7 5 271.9 

Belgium 0 11.4 8 540.5 425.2 8 990.8 

Bulgaria 0 0 0 242.1 242.1 

Czech 

Republic 
41.2 0 440.5 397.6 879.4 

Denmark 0 0 0 548.5 548.4 

Finland 0 0 1 649.3 400.3 2 049.6 

France 0 0 9 065.7 677.1 9 759.5 

Germany 81.8 949.6 18 903.0 2 695.2 22 656.2 

Greece 0 0 0 0 0 

Hungary 0 0 1 528.2 0.2 1 528.4 

Italy  167.2 0 8 874.7 1 934.6 11 005.5 

Luxembourg 0 0 0 0 0 

Netherlands 0 0 6 111.8 0 6 129.2 

Poland 0 0 2 590.6 164.8 2 755.5 

Portugal 0 0 0 0 0 

Romania 0 0 1 332.2 660.0 1 992.2 

Slovakia 0 0 3 413.0 0 3 412.9 

Slovenia 0 0 106.9 237.7 344.6 

Spain 0 0 3 887.6 463.5 4 391.0 

Sweden 0 0 2 541.1 583.1 3 124.2 

UK 278.6 27.2 3 183.1 221.6 3 710.5 

Total 568.8 988.2 76 761.4 10 330.6 88 792.5 
NB: Reference year 2019. 

Source: [229, EUROFER 2021] 

 

 

Regarding the total production of HR flat products, Germany is the largest manufacturer with 

more than double the production of the next highest producers (Italy, France, Belgium and the 

Netherlands). The vast majority of HR flat products is wide strip. 
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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: 

 

¶ Rails and accessories: include both heavy 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). 

¶ Bars for the reinforcement of concrete: round cross sections, 6-40 mm in diameter, 

mostly with ribs on their surface. 

¶ Merchant bars: round, square, rectangular, hexagonal, octagonal, L-shaped, [-shaped, 

I-shaped cross sections smaller than 1 600 mm2. 

¶ Heavy sections: whole production of beams and sheet piling sections. 

¶ Wire rods: hot rolled 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 

accessories 

[thousand t] 

Bars for 

reinforcement 

[thousand t] 

Merchant 

bars 

[thousand 

t]  

Heavy 

sections 

[thousand t]  

Wire rod 

products 

[thousand t] 

Total HR 

long products 

[thousand t] 

Austria  536.3 250.0 189.7 11.5 494.5 1 482.1 

Belgium 0 0 0 0 557.2 557.2 

Bulgaria 0 686.0 0 0 0 686.0 

Czech 

Republic 
268.0 154.4 680.0 166.3 1 506.6 2 897.3 

Denmark 0 0 131.4 0 0 131.4 

Finland 0 0 168.3 0 0 168.3 

France 288.3 743.2 958.6 0 1 677.6 3 667.8 

Germany 5.3 1 798.4 2 430.7 1 771.2 5 610.8 11 622.7 

Greece 0 981.6 0 0 309.9 1 291.5 

Hungary 0 332.8 0 0 0 332.8 

Italy  182.7 3 015.5 3 432.7 695.9 5 001.8 12 328.8 

Luxembourg 49.8 0 68.0 1 427.2 0 2 020.6 

Netherlands 0 0 0 0 127.8 127.8 

Poland 318.5 1 815.0 668.2 1 168.8 1 066.1 5 174.0 

Portugal 0 996.1 0 0 785.6 1 781.7 

Romania 0 142.8 61.4 110.3 39.5 354.1 

Slovakia 0 0 0 0 0 0 

Slovenia 0 0 179.6 0 0 179.6 

Spain 272.2 1 510.2 1 401.0 2 661.2 2 937.0 8 781.6 

Sweden 0 0 463.0 0 33.3 496.3 

UK 172.0 342.0 693.7 801.6 775.5 2 785.1 

Other 

national 

producers 

0 0 40.2 5.4 0 45.6 

Total 2 093.1 12 768.3 11 566.5 8 819.4 20 923.7 56 912.3 
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 terms is the production 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. 
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2.1.3 Hot rolling mill capacity in Europe 
 

In 2021, a total of 302 hot rolling mills were in operation in the EU-27 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 given in Table 2.3. 
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Table 2.3: Number and nominal capacity (expressed in t/h) of hot rolling mills operating in the EU-27 and the United Kingdom in 2021 

   Nominal capacity range (t/h) 

Rolling mill type Total 0-19 20-39 40-59 60-79 80-99 100-119 120-149 150-199 200-299 300-399 400-499 >500 

Blooming /slabbing mill  
Combined nominal capacity 

(t/h) 
563 65 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  
Combined nominal capacity 

(t/h) 
723 154 107 199 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 nominal capacity 

(t/h) 
1 027 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 
Combined nominal capacity 

(t/h) 
1 275 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 section / bar mill 
Combined nominal capacity 

(t/h) 
4 725 358 810 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 mill 
Combined nominal capacity 

(t/h) 
2 195 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 nominal capacity 

(t/h) 
11 949 32 0 105 0 0 428 422 702 1 153 2 158 2 348 4 600 

Hot strip mill Number of installations 39 2 0 2 0 0 4 3 4 5 6 5 8 

Plate mill  
Combined nominal capacity 

(t/h) 
2 077 83 137 194 572 349 103 137 502 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] 

 



Chapter 2 

SM/EA/GK/JG/GC/EIPPCB/FMP  FD October 2021 7 

2.1.4 Hot rolled tubes 
 

With a production accounting for 20.9 % of the worldôs total production, the EU is the largest 

manufacturer of steel tubes, followed by Japan and the US. The European steel tube industry 

has a highly concentrated structure. Five countries - Germany, Italy, France, the UK and Spain - 

account for roughly 90 % of the total EU production. In some countries, a single company can 

account for 50 % 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 

medium-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. At the end of 1994, 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. [112, COM 1997] 

 

Statistical information from the European Steel Tube Association - for 1994 and the EU-12 - 

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 process, raw materials, and investment requirements. These categories are 

classified as: 

 

¶ seamless tubes; 

¶ welded steel tubes with a circular cross section of over 406.4 mm in outside diameter; 

¶ welded steel tubes with a circular cross section up to and including 406.4 mm in outside 

diameter together with welded steel tubes with a non-circular cross section of any 

diameter.  

 

It should be noted that sometimes tubes of different categories (e.g. seamless and welded tubes) 

and of different grades (e.g. commercial grade, 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 tubes with a share of 54.7 %. [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 steel 

tubes 

[thousand t] (1) 

Welded steel 

tubes 

[thousand t] (1) 

Total steel 

tubes 

[thousand t] (1) 

Number of 

production 

sites (2) 

Number of 

employees (2) 

Austria  234 255 489 N/A N/A 

Belgium NI 118 118 3 554 

Denmark NI 60 60 4 1 100 

Finland NI 330 330 N/A N/A 

France 566 834 1 400 32 8 785 

Germany 1295 1 991 3 286 65 22 774 

Greece N/A N/A N/A 26 840 

Ireland N/A N/A N/A 1 45 

Italy  711 2 508 3 219 49 9 050 

Luxembourg NI 95 95 N/A N/A 

Netherlands NI 393 393 5 775 



Chapter 2 

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

Portugal NI NI NI 2 380 

Sweden 131 90 221 N/A N/A 

Spain 242 662 904 29 4 200 

UK 73 1 215 1 288 36 6 325 

Total 3 252 8 551 11 803 252 54 828 
(1) Reference year 1996. 

(2) Reference year 1994. 

NB: NI = No information provided. 

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

 

 

As can be seen in Table 2.5, plants producing welded steel tubes are predominantly small and 

medium-sized 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 

(< 100*) 
Medium 

(100ï499*) 

Large Total 

(500ï999*) (> 1 000*)  

Seamless tubes 5 14 6 7 32 

Welded steel tubes: 78 61 14 8 161 

Welded tubes 

OD > 406.6 mm 
6 17 2 2 27 

Welded tubes 

OD Ò 406.4 mm 
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 metallurgical properties of the steel slabs, blooms, billets or 

ingots are changed by repeatedly compressing the hot metal (temperature ranging from 1 050 °C 

to 1 300 °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 processed to plates or 

strips in other rolling mills. The use of cast ingots and slabbing/blooming is decreasing as 

continuous casting has made this step obsolete. At the time of writing this document, more than 

98 % of the crude steel produced in Europe is cast continuously into semi-finished 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 (400ï2 500 mm wide and 40ï500 mm thick) are semi-finished, continuous cast products 

for the rolling of flat products. These include thin slabs (840 mm up to 1 560 mm wide and 

50 mm to 60 mm thick). 

 

Billets (of a square or rectangular shape with cross sections of 2 500 mm2 to 14 400 mm2 

(50 mm x 50 mm to 120 mm x 120 mm)) and blooms (of a square or rectangular shape with 

cross sections of 14 000 mm2 up to approximately 100 000 mm2 (120 mm x 120 mm up to 

250 mm x 400 mm)) are semi-finished continuous cast products used for the rolling of long 

products. 

 

Beam blanks (with dimensions of 170 mm x 240 mm up to 500 m x 1120 mm) are 

continuously cast to near-net-shape. Beam blanks are used for rolling of long products. [87, 

EUROFER 1998] 

 

Hot rolling mills usually comprise the following process steps:  

 

¶ storage and 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). 

 

Products obtained from hot rolling are usually classified in two basic types according to their 

shape: flat and long products. Tubes are also covered by the term ólong productô in this 

document.  

 

Figure 2.1 shows an overview of products manufactured for various purposes and applications. 
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Figure 2.1: Overview of hot rolled products 
 

 

Hot rolling mills are classified by the type of product that 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 mills, is given thereafter. 
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2.2.1.1 Blooming/Slabbing mills 
 

Blooming and slabbing mills are used to roll cast ingots into semi-finished products, like 

blooms and slabs, for further processing in other mills. The raw material is heated in soaking 

pits to around 1 300 °C and subsequently formed on heavy two-high reversing stands in 15ï

 30 rolling 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 rotated 90 ° on its 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 roll flat semi-finished 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 sides. 

 

The rolled semi-finished products are cropped with shears at both ends, and divided into ordered 

lengths. Surface defects of the product may be removed by flame deseaming (scarfing). [139, 

Ullmannôs 1994] 

 

With the growth of continuously cast products, the number and importance of slabbing and 

blooming mills has decreased. In 2019, only 11 blooming/slabbing mills remain in operation 

(see Table 2.3). 

 

 

2.2.1.2 Hot strip mills  
 

For the production of hot strip, the heated slab - after descaling - passes the roughing mill, 

where it is reduced from a thickness of approximately 120ï300 (500) mm to approximately 20ï

50 mm (transfer bar). Roughing can also include a reduction in width. 

 

This roughing is done either in several passes through an individual rolling stand by repeated 

reversing, or in a continuous pass through several roughing stands. The designations of strip 

mills (semi-continuous hot strip mill, 3/4 continuous hot strip mill and continuous hot strip mill, 

see Figure 2.2) originate from this plant configuration. Depending on the configuration, the 

range of production is from 1.5 Mt/year up to 5.5 Mt/year. 
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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 a so-called coil box. Before entering a train of 

rolling stands for thickness reduction to the final size (between 1.2 mm and approximately 

20 mm), the transfer bar is cropped. Temperature-controlled rolling in the finishing train, 

involving controlled strip cooling installed at the delivery roller table, provides 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 partly sold with rolled 

strip edges, but depending on the planned external use the strip has to be conditioned. This coil 

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 200-250 mm is replaced by a thin slab with a 

thickness range of 45-70 mm. In this case, a 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 are several configurations of coupled thin slab caster and hot strip mill (see FigureFigure 

2.3 to Figure 2.5). Depending on the configuration, the range of production is from 1 Mt/year up 

to 3 Mt/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  

 

 

 
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 3 Mt/yr  
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Source: [153, EUROFER 2019] 

Figure 2.5: Hot strip production with one thin  slab caster directly coupled with one continuous 

roughing mill, inductive bar heater and endless or semi-endless finishing mill; capacity 2 Mt/yr  

 

 

Steckel mill 

A special method of hot strip production is rolling in so-called 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. 

 

 

 
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 of the rolling stand (finishing stand), where the rolled stock is 

temporarily stored. 
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Source: [87, EUROFER 1998] 

Figure 2.7: Steckel mill with coiling furnaces 

 

 

2.2.1.3 Plate mills 
 

Production of heavy plates (thickness between 5.0 mm and 380 mm, width up to 5.2 m) is done 

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 around 50 % compared to a 

single stand) and to improve the capability of thermo-mechanical rolling 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 500 °C for further processing. [87, 

EUROFER 1998]  

 

 

 
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 heat-treated by water cooling systems (e.g. water curtains) 

immediately after hot rolling. Hot and/or cold levellers are 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 production is 

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 multi-layer plates (clads) require a separate preparation and rolling 

technique (mainly a two-heat rolling operation). In such products, a corrosion-resistant surface 

material is permanently bonded to lower-cost, possibly stronger, carbon steel. 

 

The first step involves the fabrication of ósandwichesô which consist of plates of the cladding 

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 the 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 stage into slabs, cut 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 removed by sand- or shot-blasting. [87, EUROFER 1998] 

 

 

2.2.1.4 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 to give the 

steel its desired final shape. 

 

 

Wire rods  
Wire rods generally have circular cross sections with a diameter of 5 mm to 14 mm. Larger 

cross sections and different section shapes such as oval, square, hexagonal, octagonal, etc. can 

also be rolled in wire rod mills with adequately shaped rollers. Hot rolled wire rod is mainly 

used for further processing by cold drawing or cold rolling. 

 

 

 
NB: Example of a 2-strand, 30-stand 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 with 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 (80ï155 mm). Roughing and intermediate sections may be 

multi-strand (up to four strands), while finishing sections are always single-stranded.  

 

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 shears are also 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 air cooling of the coils laid on conveyor 

belts. Controlled airflow gives the wire rod the desired microstructure for further processing 

(Stelmor® cooling). [87, EUROFER 1998] 

 

Bars 

Hot rolled bars include basically two types of steel products, merchant steels or engineering 

steels with round, square, rectangular, hexagonal, octagonal, L-shaped, [ -shaped, I -shaped 

cross sections smaller than 1 600 mm2 and concrete reinforcing bars (re-bars) with round cross 

sections, 6ï40 mm in diameter, mostly with ribs on their surface.  

 

Bar rolling mills are similar to the first sections of wire rod rolling mills. They generally have 

single-strand two-high mills with roughing, intermediate and finishing groups followed by 

shears that cut the hot rolled product to long bars, which are then conveyed to a cooling bed. 

High-capacity mills are all continuous with alternating horizontal and vertical stands, while 

lower capacity mills are of the óopenô type.  

 

After cooling, the bars are cut to commercial lengths and may be straightened by a cold 

straightening machine. 

 

Re-bars are often heat-treated in-line by intensive water-cooling to obtain a high tensile 

strength. A different way for increasing the tensile strength of re-bars is a mechanical treatment 

after cooling: The bars are 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 

peeling of hot rolled steel bars into óbright steel barsô, with the form and characteristics required 

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, which may require an 

annealing treatment of the product after drawing. Bright steel bars mainly have a circular, 

square, rectangular or hexagonal cross-section, but all kinds of cross-sections can be produced 

according to demand. Products are non-alloy steel bars, alloy steel bars of different grades 

including high-speed 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, 

electrical goods and other industries, where high-quality basic material is compulsory. 

 

 

2.2.1.5 Structural/Section mills 
 

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

finishing stands, preceded by a descaling machine installed between the reheating furnace and 

the roughing mill. 
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Roughing stands are generally reversing, two-high stands. The rolls have several sets of profiles, 

which are used in sequence. The upper roll can be moved vertically in order to progressively 

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 clean-cut bar end to facilitate the introduction into the following 

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 cut to length by saws as required. [87, EUROFER 1998] 

 

To yield the different profile shapes required for sections/structures, either duo-stands with two 

grooved rolls or óuniversalô stands with two horizontal and two vertical rolls are used as shown 

in Figure 2.10 and Figure 2.11. 

 

 

 
Source: [87, EUROFER 1998] 

Figure 2.10: Profiled rolls for sheet piling sections 

 

 

 
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 and radioactive sources are commonly used. 
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The designs of section mills vary greatly according to the manufacturing programme. Figure 

2.12 shows the layout of a heavy section mill with universal stands, specialised in parallel 

flange H and I beams. It includes in-line heat treatment (QST - quenching and self-tempering) to 

obtain an optimal microstructure for high-strength and high-ductility applications.  

 

 

 
Source: [87, EUROFER 1998] 

Figure 2.12: Plant layout of a heavy section mill  

 

 

Figure 2.13 shows the layout of a heavy/medium section mill specialised in the rolling of sheet 

piling sections. The intermediate stands are of the óopenô type with one common drive. The two-

high finishing stand can be replaced by a universal stand for the production of parallel flanged 

products. 

 

 

 
Source: [87, EUROFER 1998] 

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

 

 

Section mills increasingly use near-net-shape, continuously cast semis called beam blanks 

(see Figure 2.14) to increase productivity and decrease energy input. 

 

 



Chapter 2 

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

 

Source: [87, EUROFER 1998] 

Figure 2.14: Examples of beam blanksô cross sections 

 

 

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

cast semis - from the casting machine run-out area to the reheating furnace of the rolling mill - 

is applied more and more. Considerable savings in energy consumption may be achieved, but 

this depends on the proximity of the rolling mill to the continuous casting plant.  

 

 

 
Source: [153, EUROFER 2019] 

Figure 2.15: Medium section mill fed by cast beam blanks 

 

 

2.2.1.6 Tube mills 
 

Seamless tube 
 

Seamless tube production basically consists of the following manufacturing steps: 

 

¶ heating of the input; 

¶ piercing (press-piercing or oblique rolling); 

¶ elongation/stretching; 

¶ final rolling; 

¶ heat treatment. 

 

The most important types of plants used today are mandrel mills, plug mills, push bench mills 

and pilger mills. Figure 2.16 and Figure 2.17 show some typical tube mill designs.  
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Raw material for the production of unalloyed and medium-alloy steel tubes are continuously 

cast round billets or blooms, although sometimes billets with square cross sections are used. The 

raw material for high-chrome steel tubes are mainly round bars, rolled from cast billets. The 

input is heated to rolling temperature in rotary hearth furnaces fired with natural gas or oil. Then 

a hollow billet (ingot) is produced by piercing. The most important hole-piercing process uses 

inclined rollers. The hole is produced by two inclined rolls rotating in the same direction, so that 

the ingot is 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. 

 

 

 
1 Rotary hearth furnace 5 Reheating furnace 

2 Cross-rolling piercer 6 Stretch-reducing mill (offset 60 °) 

3 Mandrel mill (offset 45 °) 7 To cooling bed and finishing lines 

4 Stripper 

Source: [132, Deutscher verlag für Grundstoffindustrie- Leipzig, 1990] 

Figure 2.16: Mandrel mill  
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1 Rotary hearth furnace 5 Reeler 

2 Cross-rolling piercer 6 Sizing mill 

3 Cross-rolling elongator 7 Cooling bed 

4 Plug mill 8 To finishing shop 

Source: [132, Deutscher verlag für Grundstoffindustrie- Leipzig, 1990] 

Figure 2.17: Plug mill  

 

 

Longitudinal rolling, transverse rolling, or presses are used for the elongating stage. The most 

important one is the continuous tube rolling process, as it is one of the most efficient and 

productive processes.  

 

Several rolling stands are used simultaneously, usually 6ï8 two-high stands per group, at an 

angle of 90 ° to each other. The reduction of the wall thickness takes place between the 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 have 2ï10 stands, and can have two or three rolls per stand. As the 

circumference is reduced, the wall thickness is increased. In stretch-reducing 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 tempering.  

 

 

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 defects of semi-finished products can also be removed by the following processes. 
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Scarfing 

Scarfing removes surface defects of carbon steel grades by an oxy-fuel flame. The flame is used 

to rapidly melt and oxidise the steel surface while a separate supply of high-pressure 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 surface by high-pressure 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 collected and 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 possible. Therefore 

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 units. Grinding 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 an enclosure, 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. Wedge-type slabs, which result 

from adjustment 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 input has to be heated to appropriate rolling temperature between 

1 050 °C and 1 300 °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 such as pit furnaces, pusher-type 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 gas emissions 

will occur (mainly SO2 and NOx). 

 

 

2.2.3.1 Batch furnaces 
 

Batch-type furnaces are often used for speciality steels and forgings. A typical example of the 

batch-type furnace is the soaking pit, used to reheat ingots, slabs and other feedstock. It consists 

of refractory-lined 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 typical soaking pit capacity 

is 50ï170 tonnes with a thermal input of 9.5 MW (Th) and a heating rate of 10.7 t/h. 

 

Soaking pits are no longer in widespread use as steel is increasingly continuously cast, a 

process, which often bypasses the soaking pits. An example of the soaking pit furnace is shown 

in Figure 2.18. [87, EUROFER 1998] 
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Source: [76, ETSU - c 1993] 

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 bogie. 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 beams (walking beam 

furnace), a walking hearth or on/between rollers. 
 

Examples of the larger size (> 20 MWth) furnaces - the pusher and walking beam furnaces - are 

shown in Figure 2.19 and Figure 2.20 respectively. The largest currently in operation are 

walking beam furnaces at Voestalpine Linz of 180 MWth and 420 t/h and pusher furnaces of 

200 MWth [87, EUROFER 1998] 

 

 

 
Source: [50, Rentz et al. 1998] 

Figure 2.19: Pusher-type furnace 
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Source: [74, ETSU - b 1993] 

Figure 2.20: Walking beam furnace 

 

 

In a rotary hearth furnace (see Figure 2.21), 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. 

 

 

 
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 rolls (so-called órolled in 

matterô).  

 

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 breaking and spraying off the scale by 

means of high-pressure water. Power water with pressures of 120ï250 bar (exceptionally 

600 bar) is applied via flat jet nozzles onto the material surface. For the cleaning effect, the 

impact pressure (i.e. the pressure determined 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: 

 

¶ Primary descaling in so-called high-pressure descalers installed before the entry into the 

roughing train and equipped with one or two pairs of, sometimes adjustable, descaling 

headers. 

¶ Mill stand descaling by means of descaling headers arranged above and below the plate 

passage on both sides of the reversing stand and on the entry side in the case of continuous 

stands.  

¶ 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. 

¶ Pairs of mill stand 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 horizontal headers, 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 are supplied 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 reduction is performed on so-called edgers (vertical rolling stands) - recently even in 

slab presses - which are installed before the roughing unit. The accuracy of the width reduction 

and optimum adherence to the rectangular shape affect the amount of scrap arising from 

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, the roughing 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 stand. [87, 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 is done in one pass of the transfer bar. The number 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 cut the ends of 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 sprays) as described 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 lengths of up to 2 km and more are wound up on so-called down (sometimes up) 

coilers at the end of the rolling mill at speeds of up to 20 m/s and more. The hot band is guided 

around an expandable mandrel by specially arranged wrapper rollers. After roughly three to four 

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, EUROFER 1998] 
 

 

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 shown in Figure 2.22. 

Rolling speeds of 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 wear-resistant material. The typical calibration used for wire 

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

 

 
Source: [87, EUROFER 1998] 

Figure 2.22: Roller arrangement of wire rod finishing section 

 

 

2.2.9 Plate rolling 
 

Plate rolling by reversing operation is similar to roughing in strip production. The slabs are 

formed into plates in the so-called multi-stage rolling operations, where the slabs are stretched, 

turned 90 ° 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 1 200 C in electrical or LPG-fired furnaces, the blanks are pierced in a press before 

the material is rolled in rolling mills. The rings produced are normally heat-treated after rolling 

and some rings are processed in blasting machines to remove mill scale [207, SE TWG 2019]. 

 

 

 
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 

 

 

 
Source: [207, SE TWG 2019] 

Figure 2.24: Blanks pierced, pressed and rolled in a radial rolling mill and in an axial 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 hollow and/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 additional equipment, 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 Ltd. - are then inserted as 

intermediate storage devices. [87, 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 mechano-technological parameters. The steel is 

rapidly cooled using either water sprays, water walls or laminar flows (see Figure 2.25). 
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Source: [132, Deutscher verlag für Grundstoffindustrie- Leipzig, 1990] 

Figure 2.25: Different types of water cooling 

 

 

Laminar flow cooling on run-out tables is mostly used 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 that the desired cooling temperature may be realised. Cooling lines 

and the individual sprays are computer-controlled, whereas the spray headers are switched on 

and off in accordance with complex mathematical-empirical models, supported by peripheral 

temperature 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. Cutting to size for special blanks 

is done by computerised numerical control (CNC)-cutting equipment (torch-, plasma- or laser-

beam-cutting units). The internal quality of plates may be determined by ultrasonic techniques. 

Automatic devices may be installed on the shearing line run-out table. 

 

Finishing operations are computer-controlled in most installations. Consideration is also being 

given to the in-line quenching and heat treatment of plates following the last rolling pass as a 

means of conserving energy. [87, EUROFER 1998] 

 

 

2.2.14 Plate heat treatment 
 

Finished plates are partly subjected to heat treatment. In annealing, steel is heated to a 

subcritical temperature to relieve stresses. For normalising, steel is heated above its critical 

temperature and air-cooled. The purpose is to refine grain sizes and to obtain a carbide 

distribution, which will dissolve more readily, austenite. Quenching, tempering and other 

methods may also be applied.  

 

Several different types of furnaces are used for these purposes, such as walking-beam-type, 

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 furnaces. [87, 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 

undesirable. Therefore, hot rolled steel is pickled to remove scale and oiled to reduce corrosion. 

These processes are 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 back-up rolls for both finishing and roughing mills are conditioned 

according to well-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 includes the 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 dismantling.)  

¶ 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.) 

¶ Typical machine shop equipment including 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 1998]. 

 

 

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 indirectly. The steel, rolls, saws, 

cropped ends, coilers and hot run-out 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 rolling equipment it will be contaminated with scale and oil. 

 

The simplest water feeding system applied is an open system (once-through system) as shown 

in Figure 2.26. The water is taken from natural resources (river, lake or groundwater), flows 

through the various consumers of the hot mill and is released again to the watercourse.  

 

 

 
Source: [87, EUROFER 1998] 

Figure 2.26: Example of a once-through water system 
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The polluted cooling and process waters are collected and treated 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, etc.) and, in the 

case of integrated steel plants, returned to the production process via the hot metal route. The oil 

pollutants floating on the surface are removed by means of suitable skimming devices and are 

discharged to the respective collecting basins. 

 

The precleaned 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 through gravel beds. 

 

The pollutants in the gravel filters must be removed by back-washing 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 rivers.  

 

The sludge-bearing waters (mostly containing iron oxide) from the filter batteries are separated 

in a thickener. The overflow is recirculated to the cleaning circuit system. The high-quality feed 

material contained in the sludge is further dewatered and 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, semi-closed and 

closed circuits are implemented.  

 

In semi-closed circuits, as shown in Figure 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 directly 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 geographical location. 

 

 

 
Source: [87, EUROFER 1998] 

Figure 2.27: Example of a semi-closed water circuit 

 

 

In closed water circuits (see Figure 2.28), 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 restricted to the additional water 

(approximately 3ï5 %) 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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Source: [87, EUROFER 1998] 

Figure 2.28: Example of a closed water circuit  

 

 

Water feeding and treatment systems in hot rolling mills are usually very complex, with several 

partly interconnected water loops and multiple-stage use of water. In some cases, the hot rolling 

mill water circuit is coupled with the water feeding systems 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. 

 

 

 
NB: 1) Figures given represent water flow in m3/h.  2) Mill capacity: 270 000 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 8 030 m3/h, comprises the cogging stand, finishing train and reheating 

furnace; loop 2 (8 000 m3/h) the delivery roller table and loop 3 (2 200 m3/h) mainly the 

electrical equipment. The loops are connected in a way that the water input for 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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Figure 2.30 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. 

 

 

 
Source: [50, Rentz et al. 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 a well-known and 

widespread practice within the steel industry. Hot rolling mills offer a high potential for 

reduction in water 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 liquid by-

products and waste: 

 

¶ metallic waste and by-products; 

¶ scarfing scale/swarf; 

¶ dusts from scarfing and rolling; 

¶ mill scale (oil-free and oily); 

¶ water treatment and mill scale sludge; 

¶ grinding sludge (roll shop); 

¶ oil and greases. 
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Metallic by-products/waste, like scrap, downgrades, 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 low-oil-content (< 1 %) scale is fed directly back into the metallurgical 

process, usually via the sinter plant. Oily, ferrous sludges with up to 80 % FeOn 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 cement manufacturers) 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 about 60ï70 %. If the thermal treatment plant 

is fed with oily mill scale of about 4.5 %, no additional energy supply is required.  

 

Oxide dusts from 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 the coke-making 

process. Dewatering might be a precondition. Alternatively, these materials can be used at the 

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

[37, Hot Rolling Shadow Group 2000] 

 

Spent emulsion from the roll shop or other consumers can be split into components: oil and 

water. The separated oil can be thermally utilised or recycled externally. 

[37, Hot Rolling Shadow Group 2000] 
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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 the EU that took part in the 2018 FMP data collection (in total 125 plants). The relevant 

plants are listed in Section 11.1 in which the List of installations/plants that participated in the 

2018 data collection for the FMP BREF review may be found. 

 

Handling of Confidential Business Information (CBI) 

Energy, material and water consumption data were considered CBI by the plant operators. In 

order to maintain data confidentiality, plant names are not directly mentioned in the graphs but 

are replaced by anonymised and randomly attributed CBI codes. In addition, no contextual 

information (e.g. process parameters or techniques applied) is included as this could reveal the 

identity of 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 shown under a category 

designated as óotherô without any indication of the steel category or the steel product in the 

figure to maintain confidentiality. All the consumption figures are presented in ascending order 

of the maximum specific energy consumption values.  

 

2.3.1 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 emission, by-products and waste) 

in a typical hot rolling mill. 
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Source: [87, EUROFER 1998] 

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 within the works for 

internal use. Hence blast furnace gas, coke oven gas, BOF gas, natural gas and many different 

combinations of these gases (so-called mixed gases) are used in continuous furnaces.  

 

The energy consumption of the furnaces depends on several parameters such as:  

 

¶ the furnace design (pusher-type, walking beam, etc.); 

¶ throughput and shift patterns (operating time) [41, UK 1999]; 

¶ the designed length of the recuperation zone in the furnace; 

¶ the burner design; 
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¶ the use of recuperators or of a regenerating system; 

¶ 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 O2 content in the atmosphere. [153, EUROFER 2019] 

 

During the data collection, data on the specific energy consumption of plants  (i.e. MJ of energy 

consumed per tonne of process throughput) were reported for the following processes:  

 

¶ feedstock reheating, intermediate heating and post-heating; 

¶ 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 and post-heating, respectively. Figure 

2.35 shows reported data on the specific energy consumption in hot rolling for rolling processes, 

including roughing and finishing. These figures present the yearly specific energy consumption 

values for each line of the plants. For the figures related to specific 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 the ranges observed for the specific energy consumption of feedstock 

reheating, depending on the steel category, steel product and steel grade. In total, 97 plants 

provided data on specific energy consumption. The large majority of specific energy 

consumption data ranges from 390 MJ/t to approximately 5 400 MJ/t. Only two plants reported 

extremely high specific energy consumption values which can be considered as outlier values 

(See Figure 2.32). 

 

 
Table 2.6: Specific energy consumption ranges for feedstock reheating  

Steel category  

Steel products 
Steel grade 

Specific energy consumption 

MJ/t  

(Yearly average) 

Flat  

Hot rolled coils (Strips) 
Carbon steel 1 100ï1 800 

High alloy steel 1 900ï 2 750 

Heavy plates 
Carbon steel 1 190ï2 300 

High alloy steel 2 000ï2 870 

Long 

Bars, rods 
Carbon steel 590ï2 300 

High alloy steel 1 100ï5 400 

Beams, billets, rails, tubes Carbon steel 1 350ï2 650 

Others  Carbon steel 1 500ï6 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 range 76 MJ/t to 870  MJ/t.  
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Feedstock post-heating 

Table 2.7 summarises the ranges observed for the specific energy consumption of feedstock 

post-heating depending on the steel category, steel product and steel grade. For feedstock post-

heating, in total, 29 plants provided data with specific energy consumptions ranging from 

290 MJ/t to 7 500 MJ/t. 

 

 

Table 2.7: Specific energy consumption ranges for feedstock post-heating 

Steel category  

Steel products 
Steel grade 

Specific energy consumption 

MJ/t  

(Yearly average) 

Flat  

Heavy plates 
Carbon steel 1 000ï2 000 

High alloy steel 1 500ï4 400 

Long 

Bars, rods 
Carbon steel 900 ï5 300 

High alloy steel 1 150ï3 600 

Others Carbon steel 290ï7 500 

Source: [150, FMP TWG 2018] 

 

 

Hot rolling including roughing and finishing  

The energy demand for the motor-driven rolls in hot rolling depends on the degree of 

deformation, temperature of the workpiece and material hardness. Energy is used in form of 

electricity. In total, 78 plants provided data for specific energy consumption of rolling 

processes, with specific energy consumptions ranging from 70 MJ/t to 1 300 MJ/t. Table 

2.8 summarises the ranges for the reported specific energy consumption values in 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 category  

Steel products 
Steel grade 

Average 

thickness/Cross 

section reduction % 

Specific energy 

consumption MJ/t 

(Yearly average) 

Flat  

Hot rolled 

coils (Strips), 

Heavy plates 

Carbon steel 90-99 70ï300 

High alloy steel 
95-98 

70ï400 

Long 

Bars, rods 
Carbon steel 60-99 110ï540 

High alloy steel 99-100 750ï1 060 

Beams, billets, 

rails, tubes 

Carbon steel 70-99 
80ï1 300 

Source: [150, FMP TWG 2018] 
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Others (*): include other type of products that are not specified. 

Source: [150, FMP TWG 2018] 

Figure 2.32: Specific energy consumption (MJ/t of process throughput) for feedstock reheating 



Chapter 2 

40 October 2021 SM/EA/GK/JG/EIPPCB/FMP FD 

 
Source: [150, FMP TWG 2018] 

Figure 2.33: Specific energy consumption (MJ/t of process throughput) for feedstock intermediate heating 
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Others (*): include other type of products that are not specified. 

Source: [150, FMP TWG 2018] 

Figure 2.34: Specific energy consumption (MJ/t of process throughput) for feedstock post-heating 
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Others (*): include other type of products that are not specified. 

Source: [150, FMP TWG 2018] 

Figure 2.35: Specific energy consumption (MJ/t of process throughput) for rolling processes 
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2.3.3 Material consumption  

 

2.3.3.1 Consumption of oils 

 

Values of oil consumption include all types of oils used in the plant (e.g. rolling oil, hydraulic 

systems oil, lubrication oil, anti-corrosive oil, fat and grease). Table 2.9 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 in Table 2.9. 

 

 
Table 2.9: Specific oil consumption ranges for hot rolling 

Steel category  

Steel products 
Steel grade 

Specific oil consumption kg/t 

(Yearly average) 

Flat  

Hot rolled coils 

(Strips) 

Carbon steel 0.04ï0.7 

High alloy steel 0.4ï600 

Heavy plates 
Carbon steel 0.3ï180 

High alloy steel 0.3ï160 

Long 

Bars, rods 
Carbon steel 0.06ï0.6 

High alloy steel 0.2ï635 

Beams, rails, tubes Carbon steel 0.2-1.7 

Others  Carbon steel 0.6ï89 

Source: [150, FMP TWG 2018] 
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Others (*): include other type of products that are not specified. 
Values too high or too low for the scale of the figure:  

Sorting number Specific oil consumption 2016 (kg/t) Specific oil consumption 2015 (kg/t) Specific oil consumption 2014 (kg/t) 

12 223.5 159.5 171.1 

31 13.3 8.2 0.2 

77 643.6 665.4 575.7 

115 1 981.5 2 204.1 1 717.3 

106 716.0 820.0 370.0 

48 86.2 91.2 88.6 

Source: [150, FMP TWG 2018] 

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 
 

Figure 2.37 to Figure 2.39 show data on the specific 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, sulphuric, nitric and hydrofluoric acid. Specific acid consumption is expressed in 

kg of acid per m2 of treated (pickled) surface. The concentrations of acids considered were 

33 %-wt, 96 %-wt, 49 %-wt and 70 %-wt., for HCl, H2SO4, HNO3 and HF, respectively. In 

total, 6 production lines reported information for HCl and H2SO4, and 5 production lines 

reported information for mixed acids (HF and HNO3). Table 2.10 summarises the acid 

consumption ranges reported by these HRPO plants.  

 

 
Table 2.10: Specific acid consumption ranges for HRPO plants  

Type of acid 
Average specific surface of 

input (m2/t) 

Specific acid consumption 

(kg/m2 of treated surface) 

(Yearly average) 

HCl  4-95 0.002-0.9 

H2SO4 15-95 0.03-0.4 

Mixed acids (HF-HNO3)  15-95 0.2-0.3 

Source: [150, FMP TWG 2018] 
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Source: [150, FMP TWG 2018] 

Figure 2.37: Specific HCl  consumption (kg/m2 of treated surface) in HRPO plants  
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Source: [150, FMP TWG 2018] 

Figure 2.38: Specific H2SO4 consumption (kg/m2 of treated surface) in HRPO plants 
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Source: [150, FMP TWG 2018] 

Figure 2.39: Specific HF/HNO3 consumption (kg/m2 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 consumption, at the plant level, for three 

operating years in hot rolling plants. The specific water consumption ranges from 0.01 m3/t to 

30 m3/t, based on data reported by 70 plants in total. More specifically, according to the data 

collection, among the 24 HR plants that 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 m3/t, except one plant which reported a very high consumption of 30 m3/t, which is considered 

to be an outlier. The figure shows the specific water consumption for HR plants (flat and long 

products) and HRPO plants. The definition of the specific water consumption can be found in 

Section 9.4.4.2. 
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Source: [150, FMP TWG 2018] 

Figure 2.40: Specific water consumption (m3/t of production) in hot rolling plants 
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2.3.5 Emissions to air 
 

2.3.5.1 Emissions to air from mechanical processing, scarfing and welding 
 

Dust emissions 

During scarfing, wet and corrosive fumes with high proportions of sub-micron 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 dust emissions to air from mechanical processing, scarfing and welding are 

shown in Figure 2.47 and Figure 2.48. In total, dust emissions from 152 emission points have 

been reported. The dust emission concentrations were within the range 1.5 mg/Nm3 to 

350 mg/Nm3 and the emission loads range from 1.8 g/h to 8 900 g/h. 

 

Lead emissions 

The reported data on lead emissions to air from mechanical processing, scarfing and welding are 

shown in Figure 2.49. Lead emissions were reported for 23 emission points. Concentrations 

range from 0.0001 mg/Nm3 to 0.2 mg/Nm3 and the emission loads range from 0.002 g/h to 

17 g/h. 

 

Nickel emissions 

The reported data on nickel emissions to air from mechanical processing, scarfing and welding 

are shown in Figure 2.50. The emissions of nickel were reported for 34 emission points. The 

concentrations range from 0.09 mg/Nm3 to 1.0 mg/Nm3 and the emission loads range from 

0.005 g/h to 15 g/h. 

 

 

2.3.5.2 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 post-heating). The figures 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. flat products) and air-preheating temperatures on the observed 

concentration of NOx emissions 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 and post-heating) for fuel 100 % natural gas and fuel other than 100 % natural gas are 

shown in Figure 2.51 and Figure 2.52, respectively. 

 

Dust emissions from feedstock reheating were reported for 71 emission points in total, for plants 

using 100 % natural gas as fuel. The dust emission concentrations range from 0.5 mg/Nm3 to 

64 mg/Nm3 and the emission loads range from 5 g/h to 1 500 g/h. In reheating furnaces using 

100 % natural gas, very little dust emissions are expected. In such case, the source of dust is 

more related to the re-entrainment of dust present on the feedstock surfaces and refractory 

materials of the furnace. 

 

In total, 35 emission points reported dust emission concentrations from feedstock reheating 

associated when using fuels other than 100 % natural gas. In this case, the dust emission 

concentrations range from 0.2 mg/Nm3 to 71 mg/Nm3 and the emission loads range from 14 g/h 

to 3 600 g/h. 
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Dust emissions from feedstock intermediate heating were reported for 5 emission points using 

100 % natural gas. The concentrations range from 0.7 mg/Nm3 to 26 mg/Nm3 and the emission 

loads range from 4 g/h to 100 g/h.  

 

Dust emissions from feedstock post-heating were reported for 23 emission points using 100 % 

natural gas. The concentrations range from 0.9 mg/Nm3 to 23 mg/Nm3 and the emission loads 

range from 0.5 g/h to 95 g/h.  

 

 
2.3.5.2.2 SO2 emissions 

 

The reported data on SO2 emissions to air from feedstock heating (reheating, intermediate 

heating and post-heating) for fuel used 100 % natural gas and fuel used other than 100% natural 

gas or unknown fuel are shown in Figure 2.53 and Figure 2.54 respectively. 

 

The SO2 emission level depends on the sulphur content of the fuel. Reported SO2 emissions as a 

function of the fuel type show a difference in the SO2 emission levels between natural gas, iron 

and steel process gases, in particular COG, and fuel oil. [87, EUROFER 1998], 

[56, Roederer et al. 1996] 

 

For feedstock reheating using 100 % natural gas, SO2 emission concentrations were reported for 

45 emission points in total. The concentrations range from 0.01 mg/Nm3 to 95 mg/Nm3 and the 

emission loads range from 0.2 g/h to 3 127 g/h. 

 

For feedstock reheating when using fuels other than 100 % natural gas, emission levels were 

reported for 44 emission points in total. The concentrations range from 1.7 mg/Nm3 to 

926 mg/Nm3 and the emission loads range from 284 g/h to 52 000 g/h. 

 

SO2 emissions from feedstock intermediate heating were reported for 2 emission points when 

using natural gas as fuel. The reported concentration values range from 4.2 mg/Nm3 to 

13.3 mg/Nm3. Only one emission load of 35 g/h was reported out of the two emission points. 

  

SO2 emissions from feedstock post-heating using 100 % natural gas were reported for 12 

emission points in total. The concentrations range from 0.07 mg/Nm3 to 56 mg/Nm3 and the 

emission loads range from 2 g/h to 208 g/h. 

 

When the reported maximum concentration from feedstock post-heating was associated with 

fuels other than 100 % natural gas, 5 emission points reported emission levels with 

concentrations ranging from 92 mg/Nm3 to 470 mg/Nm3 and emission loads ranging from 

536 g/h to 1 900 g/h. 

 

 
2.3.5.2.3 NOX emissions 

 

The NOX emissions from 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 types, e.g. ceiling burners may emit less NOX than 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 higher NOX emissions.  

 

Impact of air preheating temperature 

In Figure 2.41, an example of the fluctuation of NOX emissions (expressed in mg/Nm3) in 

relation to the air preheating temperature (expressed in °C) is shown for a continuous post-heat 

treatment furnace at SSAB Oxelösund (Furnace 6, corresponding to plant/emission point 

243 HR-3 in the data collection). The graph shows that the two curves run almost in parallel 

suggesting that NOX emissions and air pre-heating temperatures are linked. According to the 

plant description for 243 HR, the furnace is normally operated at 300 °C; however, the figure 



Chapter 2 

SM/EA/GK/JG /GC/EIPPCB/FMP FD October 2021 53 

below shows air preheating temperatures fluctuating between 300 °C up to about 480 °C. In the 

data collection, three emission concentrations were reported for this emission point in 2016 

(490, 605 and 700 mg/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 NOX emission concentrations reported ranged from 400 mg/Nm3 to 630 mg/Nm3. 

[150, FMP TWG 2018]  

 

 

 
Source: Plant 243  in the data collection [150, FMP TWG 2018] 

Figure 2.41: NOX emissions and air preheating temperature for a post-heating treatment 

furnace at SSAB Oxelösund, Sweden 

 

 

Information on the influence of air preheating temperature on NOX emission concentrations was 

provided for an Italian plant from the data collection (Feralpi Siderurgica ï Plant 203 HR) 

which provided figures presenting the continuous monitoring of air preheating temperature and 

NOX emission concentrations for two different rolling lines [210, IT 30-05-2019, 2019]. The 

results are shown in Figure 2.42. For these measurements, the NOX emissions concentrations are 

not corrected to the standard O2 reference level of 3 %, the average O2 concentration measured 

at the stack was in the range 10 % to 15 %.  
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NB: NOX emission concentrations as measured (not corrected to the standard O2 reference level of 3%) 

Source: Plant 203 HR-3 in [150, FMP TWG 2018] 

Figure 2.42: NOX emissions and air preheating temparture 

 

 

Additional information on the impact of air preheating on NOX emissions may be found in 

Section 8.8.2.9. 

 

Impact of flame temperature 

Another important factor which can influence the generation of NOX in combustion processes is 

an increase of the flame temperature which may result in increased NOX emission (generation of 

thermal NOX). The flame temperature depends on the composition and the type of fuels that are 

used in the furnace. Figure 2.43 below clearly shows different flame temperatures for natural 

gas and other iron and steel process gases. The highest flame temperature (ca. 1 900 °C at 3 % 

O2) is obtained with 100 % COG whereas the lowest flame temperature (ca. 1 300 °C at 3 % O2) 

is observed with 100 % blast furnace gas. 
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Source: [193, EUROFER, 2019] 

Figure 2.43: Effect of fuel type on flame temperature  

 

 

Impact of fuel type 

The nitrogen content in the fuel can impact the generation of fuel-NOX. The IS BREF 

[194, COM 2013] reports nitrogen content as N2 in COG between 1.5 vol-% and 6.0 vol-%. 

Data presented in the LCP BREF [195, COM 2017] indicates NH3 contents of 0-48 mg/Nm3 in 

COG. Information submitted by EUROFER describes COG as a 'fuel with low nitrogen 

content', containing traces of NH3. [EUROFER 26-11-2019] 
 

In Figure 2.44, the variation of NOX emission concentrations are depicted for two pusher-type 

reheating furnaces at SSAB (corresponding to plant/emission point 243 HR-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 fuel oil (HFO ï represented in light grey) are used. Generally, both 

furnaces use COG as a primary fuel, supplemented by small amounts of HFO. Although for 

short period of times, a high share of HFO was used. According to the data collection, both 

furnaces apply air preheating (Furnace 1: 318 °C; Furnace 2: 245 °C). The data presented in 

these figures is not accompanied by information about the averaging period for the NOX 

emission concentrations or concerning the actual variation of air preheating temperature (which 

could have varied over the year 2016). 
 

 

 
Source: Plant 243 in [150, FMP TWG 2018] 

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 vary over time, 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 of NOX emissions over time. 

 

Figure 2.45 presents the variation of NOX emissions over a year for pusher-type furnaces 

(furnaces 21 and 22, Tata Steel IJmuiden (corresponding to plant/emission point 110 HR2-1 in 

the data collection ï combined stack for the two furnaces). No information on the averaging 

period was provided for the graph; however, NOX emissions reported for this emission point for 

the years 2014, 2015 and 2016 were in the range 180 mg/Nm3 to 290 mg/Nm3, as monthly 

average. The share of COG for the reporting year ranged from 44 % to 54 %, as yearly average. 

The plant reported using 20 % share of hot charging at 160 °C, and an air preheating 

temperature of 350 °C for the pusher-type furnaces. 

 

 

 
Source: [EUROFER comments and SE comments in [208, TWG 2019] 

Figure 2.45: Continuously measured NOX emission concentrations for pusher-type furnaces at 

Tata Steel IJmuiden (Plant 110 HR2-1) showing NOX fluctuations over a year  
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Tata Steel IJmuiden provided further examples, shown in Figure 2.46, of the fluctuation of NOX 

emissions for its two walking beam furnaces number 23 and 24 (corresponding to 

plant/emission point 110 HR2-2 in the data collection ï combined stack for the two furnaces). 

No information on the averaging period was provided for the graph; however, NOX emissions 

reported for this emission point for the years 2014, 2015 and 2016 were in the range 

144 mg/Nm3 to 303 mg/Nm3, as monthly average. The share of COG for the reporting year 

ranged from 62 % to 72 %, as yearly average. The plant reported using 20 % share of hot 

charging at 160 °C and an air preheating temperature of 450 °C at the walking beam furnaces. 
 

 

 
Source: [EUROFER comments and SE comments in [208, TWG 2019] 

Figure 2.46: Continuously measured NOX emission concentrations at two walking beam 

furnaces from Tata Steel IJmuiden (Plant 110 HR2-2) showing NOX fluctuation over a year  

 

 

Summary of the NOX emission concentrations in the FMP data collection 

All the data reported in the FMP data collection on NOX emissions to air from feedstock heating 

(reheating, intermediate heating and post-heating) with 100 % natural gas are shown in Figure 

2.55, Figure 2.56 and Figure 2.57. In total, data from feedstock reheating were reported for 121 

emission points, with emission concentrations ranging from 10 mg/Nm3 to 1 370 mg/Nm3 and 
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emission loads ranging from 22 g/h to 83 000 g/h. Data from feedstock intermediate heating 

were reported for 13 emission points, with emission concentrations ranging from 30 mg/Nm3 to 

429 mg/Nm3 and emission loads ranging from 80 g/h to 7 600 g/h. Data from feedstock post-

heating were reported for 53 emission points, with emission concentrations ranging from 

11 mg/Nm3 to 433 mg/Nm3 and emission loads ranging from 16 g/h to 19 000 g/h. 

 

The reported data on NOX emissions to air from feedstock heating (reheating, intermediate 

heating and post-heating) for fuels other than 100 % natural gas are shown in Figure 2.58.  
 

For feedstock reheating, data were reported for 71 emission points, with emission 

concentrations ranging from 91 mg/Nm3 to 1 314 mg/Nm3 and emission loads ranging from 

1 917 g/h to 106 000 g/h. Two emission points reported NOX emission concentrations from 

feedstock intermediate heating when using 100 % LPG. In this case, the reported emission 

concentrations were 780 mg/Nm3 and 990 mg/Nm3, and the emission loads ranged from 435 g/h 

and 850 g/h, respectively.  
 

Emission levels from feedstock post-heating were reported for 10 emission points, with 

emission concentrations ranging from 104 mg/Nm3 to 2 222 mg/Nm3 and emission loads 

rangingfrom 324 g/h to 5 700 g/h. 
 

Table 2.11 summarises the reported ranges for concentration and load levels of NOx 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 NOX emissions to air from feedstock heating for flat products, with and 

without air preheating 

 

Reheating Intermediate Post-heating 

Natural gas 

mg/Nm3 g/h mg/Nm3 g/h mg/Nm3 g/h 

Flat products 78-1 360 230-38 500 10-30 58-80 80-390 230-4 720 

Without air preheating 140 1 232 10-30 58-80 NI NI 

With air preheating 

(T<450ºC) 
135-1 360 230-38 500 NI NI 80-390 230-4 720 

With air preheating 

(450ºC < T < 600ºC) 
78-330 431-12 500 NI NI NI NI 

With air preheating 

(T>600ºC) 
130-185 1 150-3 900 NI NI NI NI 

 Fuels other than 100 % natural gas 

Flat products 61-1 066 282-106 000 NI NI 103-1 400 940-5 700 

Without air preheating 61-413 282-324 NI NI NI NI 

With air preheating 

(T<450ºC) 
160-860 1 918-106 000 NI NI 103-700 940-5 700 

With air preheating T 

(450ºC < T < 600ºC) 
91-1 066 7 100-36 000 NI NI NI NI 

With air preheating 

(T>600ºC) 
NI NI NI NI 417-1 400 1 790-2 800 

NI: No information provided 

Source: [150, FMP TWG 2018] 

 

 

Additional figures showing the reported data on NOX emissions to air from feedstock reheating 

(reheating, intermediate heating and post-heating) when considering the type of fuel used, the 

air preheating and the target temperature of the feedstock exiting the furnace are summarised in 

Section 2.3.5.4 and include: 
 

¶ Figure 2.59 and Figure 2.60: NOX emissions to air from feedstock reheating of flat 

products for fuel 100 % natural gas and fuel other than 100 % natural gas, respectively. 

¶ Figure 2.61, and Figure 2.62: NOX emissions to air from feedstock reheating without air 

preheating for fuel 100 % natural gas and fuel other than 100 % natural gas, 

respectively.  
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¶ Figure 2.63, Figure 2.64 and Figure 2.65: NOX emissions to air from feedstock 

reheating for fuel 100 % natural gas including the air preheating temperature and the 

target temperature of the feedstock exiting the furnace. 

¶ Figure 2.66: NOX emissions to air from feedstock reheating and post-heating for fuel 

other than 100 % natural including the air preheating temperature and the target 

temperature of the feedstock exiting the furnace. 
 

 

2.3.5.2.4 CO emissions 
 

The reported data on CO emissions to air from feedstock heating (reheating, intermediate 

heating and post-heating) for fuel 100% natural gas are shown in Figure 2.67 and Figure 2.68.  
 

For feedstock reheating, data were reported for 74 emission points in total, with CO emission 

concentrations ranging from 0.5 mg/Nm3 to 1 416 mg/Nm3 and emission loads ranging from 

6 g/h to 14 160 g/h. For feedstock intermediate heating, data were reported for 9 emission points 

in total, with CO emission concentrations varying from 9 mg/Nm3 to 1 394 mg/Nm3 and 

emission loads ranging from 53 g/h to 6 400 g/h. For feedstock post-heating, data were reported 

for 25 emission points in total, with emission concentrations ranging from 3 mg/Nm3 to 

2 450 mg/Nm3 and emission loads ranging from 2 g/h to 2 450 g/h. 

 

The reported data on CO emissions to air from feedstock heating (reheating, intermediate 

heating and post-heating) for fuel other than 100% natural gas are shown in Figure 2.69. Data 

were reported for 37 emission points in total, with emission concentrations ranging from 

1 mg/Nm3 to 741 mg/Nm3 and emission loads ranging from 38 g/h to 24 680 g/h. No data were 

reported from feedstock intermediate heating. For feedstock post-heating, data were available 

for 8 emission points in total, showing emission concentrations within the range 10 mg/Nm3 to 

15 000 mg/Nm3 and emission loads between 26 g/h and 69 000 g/h. 
 

 

2.3.5.3 Emissions to air from pickling 
 

The data reported in the FMP data collection on emissions to air from pickling for the 

production of hot rolled pickled and oiled steel (HRPO) can be found in the respective section 

for cold rolling (see Section 3.3.5.3).  
 

 

2.3.5.4 Figures with air emission levels 
 

The figures related to emissions to air which are presented here are 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. For combustion 

processes, the plotted concentration values always refer to a oxygen reference level of 3 %. 

Measurements reported without giving information about the oxygen level measured or the fuel 

composition used are not taken into account. Below the x-axis, 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 information may 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 level reported for the maximum concentration obtained at 3 % O2 is 

systematically reported. For combustion processes, information on the type of fuel used is also 

included. Typically, a figure is available for cases where 100 % natural gas is used, and a 

separate figure is provided for fuels other than 100 % natural gas indicating clearly the type of 

fuel mix used (expressed as percentages of energy input). In the case of figures related to NOX 

emissions, an additional graph showing the corresponding emissions of CO is provided in the 

lower part of of the figure. In all cases, the figures are sorted in ascending order of the 

maximum concentration values for the 3 operating years. The explanations for the abbreviations 

used in the graphs in hot rolling can be found in the Glossary. 
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Values too high for the scale of the figure:  

Plant code - Emission 

Point 

Average concentration 

over 3 years (mg/Nm3) 

Max. concentration Year 

1/2016 (mg/Nm3) 

Max. concentration Year 

2/2015 (mg/Nm3) 

Max. concentration Year 

3/2014 (mg/Nm3) 

Dust flow for max. 

concentrations (g/h) 

Average mass flow 

over 3 years (g/h) 

94 HR1-1   50.7 41.6 7 446.2 3 930.2 

213 HR-1  61.1 70.9 92.3   

157 HR2-1 66.8 76.0  57.6 8 987.6 7 692.4 

 

Source: [150, FMP TWG 2018] 

Figure 2.47: Dust emissions from mechanical processing, scarfing and welding (in mg/Nm3) - Part 1 of 2 
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Values too high for the scale of the figure:  

Plant code - Emission 

Point 

Average concentration 

over 3 years (mg/Nm3) 

Max. concentration Year 

1/2016 (mg/Nm3) 

Max. concentration Year 

2/2015 (mg/Nm3) 

Max. concentration Year 

3/2014 (mg/Nm3) 

Dust flow for max. 

concentrations (g/h) 

Average mass flow 

over 3 years (g/h) 

177 HR-3 156.7 118.3 335.5  2 683.7 1 216.5 

 

Source: [150, FMP TWG 2018] 

Figure 2.48: Dust emissions from mechanical processing, scarfing and welding (in mg/Nm3) - Part 2 of 2 
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Source: [150, FMP TWG 2018] 

Figure 2.49: Lead emissions from mechanical processing, scarfing and welding (in mg/Nm3) 
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Values too high for the scale of the figure:  

Plant code - Emission Point 
Average concentration over 3 years 

(mg/Nm3) 

Max. concentration Year 1/2016 

(mg/Nm3) 

Max. concentration Year 2/2015 

(mg/Nm3) 

Max. concentration Year 3/2014 

(mg/Nm3) 

177 HR-1   1.0  

 

Source: [150, FMP TWG 2018] 

Figure 2.50: Nickel emissions from mechanical processing, scarfing and welding (in mg/Nm3) 
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Values too high for the scale of the figure:  

Plant code - 

Emission Point 

Average concentration 

over 3 years (mg/Nm3) 

Max. concentration 

Year 1/2016 (mg/Nm3) 

Max. concentration 

Year 2/2015 (mg/Nm3) 

Max. concentration 

Year 3/2014 (mg/Nm3) 

Dust flow for max. 

concentrations (g/h) 

Average mass flow over 3 years 

(g/h) 

268 HR-1     2 758.0 (1) 

(1) The mass flow corresponds to a 

measurement of 64 mg/Nm3  

(O2 level is unknown). 

99 HR2-2   31.2  907.0  

200 HR-1 33.4  33.4  762.0  

90 HR-1   33.5    

231 HR-1  60.0     

269 HR-1  58.9  63.0   

92 HR-2 64.5 64.5     

Source: [150, FMP TWG 2018] 

Figure 2.51: Dust emissions from feedstock heating (in mg/Nm3 at 3 % oxygen) for fuel 100% natural gas 
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Values too high for the scale of the figure:  

Plant code - Emission 

Point 

Average concentration 

over 3 years (mg/Nm3) 

Max. concentration Year 

1/2016 (mg/Nm3) 

Max. concentration Year 

2/2015 (mg/Nm3) 

Max. concentration Year 

3/2014 (mg/Nm3) 

Dust flow for max. 

concentrations (g/h) 

Average mass flow 

over 3 years (g/h) 

193 HR-1     2 103.0  

158 HR-1     2 156.0  

193 HR3     2 012.0  

37 HR-3     2 300.0  

265 HR-2 51.7  68.0 59.0  8 315.0 

265 HR-1 60.5  71.8 49.1 3 615.0 3 633.0 

Source: [150, FMP TWG 2018] 

Figure 2.52: Dust emissions from feedstock heating (in mg/Nm3 at 3 % oxygen) for fuel other than 100 % natural gas or unknown fuel  



Chapter 2 

66 October 2021 SM/EA/GK/JG/EIPPCB/FMP FD 

 
Source: [150, FMP TWG 2018] 

Figure 2.53: SO2 emissions from feedstock heating (in mg/Nm3 at 3 % oxygen) for fuel 100 % natural gas 
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Source: [150, FMP TWG 2018] 

Figure 2.54: SO2 emissions from feedstock heating (in mg/Nm3 at 3 % oxygen) for fuel other than 100 % natural gas 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































