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ENERGY EFFICIENCY ENHANCEMENT IN THE HOT  

ROLLING MILL 
 

ERIKA KUN1–TAMÁSNÉ SZEMMELVEISZ2 
 
Hungarian steel producer ISD Dunaferr Ltd. is a pioneer in implementing integrated iron and steel 

processing technology in large-scale domestic industrial production. The product portfolio ranges 
from pig iron through BOF steel manufacturing to hot- and cold-rolled coils and sheets, steel profiles 
and shaped steel sections. The reported gross energy consumption of the Company Group is 30 PJ per 
year, which accounts for nearly 30% of the total annual costs. The bulk of energy expenditures are 
realized as fuel costs to accommodate primary fuel needs (i.e. coke) for the conversion of iron, 
nonetheless, considerable sums are spent on electricity and natural gas supply too. In order to retain 
the company’s favorable market position and economic competitiveness, the careful use of energy 
resources – including the reduction of process-specific energy consumption and improving energy 
efficiency – seems to be a key factor. 

In terms of specific energy consumption, the hot rolling process largely contributes to the total 
energy input required for the smooth operation of the plant. Roll forming mills have the highest 
electricity needs, and considerable heat energy is consumed by continuous slab reheating furnaces. 

With a view to ensure effective operation and enhanced performance, ISD Dunaferr Company 
Group has set forth to increase its production capacity by 20%. The streamlining of energy use and 
the rationalization of energy costs are considered to be crucial milestones on the way forward. 
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Introduction 
 

Integrated steel production, that is the production technology used by ISD Dunaferr 
Company Group and its predecessors, dates back to the 1950s. The iron and steel 
processing units started operating one by one, the Hot Rolling Mill (HRM) was put into 
operation in 1960. Accordingly, today a more than 50-year-old rolling facility is expected 
to compete with other recently established hot rolling systems. In order to remain 
competitive, the company needs to implement continuous improvements in the production 
technology, yielding high quality marketable products at low production costs, with special 
respect to energy costs. Compared to Europe’s other integrated steel production companies, 
the Dunaferr hot rolling mill is one of the biggest energy consumers in the region. Besides 
the tremendous amount of fuel required to operate the reheating furnaces, the electricity 
needs of the metal forming process is also massive. 

This paper gives an overview of our ongoing research concerning the energy reduction 
potentials of the HRM, with respect to the diversity of the production portfolio. 
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1. Hot rolling and ways of reducing energy consumption  
 
1.1. Hot rolling process 

 
With regard to the gross energy requirements of integrated iron and steel technology, 

hot rolling (Fig. 1) can be identified as one of the most energy-intensive steel 
manufacturing processes, with an electrical energy need of about 30% of the total energy 
consumed. 
 

 
 

Figure 1. Electricity consumption of ISD Dunaferr Company Group 
Source: ISD Dunaferr Directorate of Energy 

 
The aim of the hot rolling process is to produce coils or sheets (for further processing) 

that fit the preliminary set size and quality demands. 
Rolling is a specific case of forging done with rotating rolls [1]. 
The term ‘hot rolling’ describes a process when mainly metals are formed at 

temperatures above the recrystallization temperature. When applied to low carbon steel, the  
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forming process begins mainly above 1000 °C and finishes around 800°C. Therefore, the 
steel to be processed is first reheated to a temperature of 1200 °C at the minimum. After 
discharging, the steel is formed with various kinds of forming tools to reach the target size 
and microstructure. During the forming process, the temperature-specific features of the 
steel has to be taken care of as well. 

As regards the HRM of ISD Dunaferr Company Group, two types of reheating furnaces 
are in use to achieve the forming temperature: pusher-type and walking beam furnaces. 
Pusher-type furnaces utilize the secondary fuel generated from the coking technology (i.e. 
coke oven gas), while in walking beam furnaces natural gas is used for the purpose of 
reheating the slabs that come either directly from the continuous casting process or from the 
slab yard. 

When the slab reaches uniform temperature (i.e. the difference between the calculated 
temperatures of the surface and the core is less than 30 °C), it gets discharged and 
forwarded to the first forming tool, the roughing mill. 

Prior to entering the horizontal roughing stand, the workpiece undergoes primary 
scaling (i.e. millscale is removed from the surface of the slab), then the rolls start moving 
reversely to produce 24–34 mm thick raw-coil from the originally 220–230 mm thick slab.  

The strip is then coiled by the coil box. The aim of this process step is to equalize the 
temperature unevenness along the raw sheet, and to prevent excessive secondary scale 
formation. 

After de-coiling, the raw plate is conveyed to the finishing mill to attain its final size 
(features). After passing through a laminar cooling device the sheet metal is down-coiled, 
then moved to a storage facility or forwarded to the cold rolling mill for further  
processing [2]. 
 
1.2. Possibilities to reduce the energy consumption of the hot rolling process 
 

General methods for reducing the energy needs of the hot rolling process according to 
the available literature are shown in Table 1. 
 

Table 1  
Reducing the energy consumption of hot rolling [3] 

 

Reheating Forming 
– increasing hot charging ratio; 
– primary and secondary utilization of 

the sensible heat in flue gas; 
– use of more efficient burners (such 

as regenerative burners); 
– better process control; 
– better isolation of the water-cooled 

parts of the furnace; 
– better organization of work to avoid 

high “no-load” losses; 
– optimization of discharging 

temperature  

– using better efficiency drives 
and/or motors 

– optimization of pass-on 
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Along with a decrease in the target discharging temperature of slabs, the necessary 

amount of heat – thus, the quantity of the combusted fuel used for reheating – will decrease 
as well. On the other hand, higher deformation resistance due to lower slab temperatures 
causes greater deformation torque resulting in higher electricity consumption. The two 
trends are controversial, which means that in principle an optimal forming temperature 
should be found, where the sum of the energy needs of reheating and forming can be 
minimized [4]. 

The aim of this research is to examine whether such an optimization could be realized in 
the HRM of ISD Dunaferr Company Group, and what the boundary conditions of 
feasibility are. 

This task is rather challenging given that a number of variables and unknown, 
sometimes unpredictable values has to be taken into consideration as risk factors in the 
future optimization attempts. In this case, simplification is a must. The next chapter 
introduces a way to simplify the operation of the HRM and to transform the operational 
scheme into a simple Energy Management Model. 

Chapter 3 reveals a calculation-based approach, Chapter 4 introduces a “Data Mining 
approach” for calculating the energy consumption of the process.  

 
1.3. Energy Management Model 
 

System (management) modelling was made to carry out examinations regarding the 
possibilities of energy consumption reduction and to define the technical parameters for 
optimal operation and for the reduction of unit energy needs. The ultimate aim was to 
achieve decreased energy costs (being fully aware of the fact that energy management is 
not separable from energy costs). 

An energy management system should be defined for the smallest individual settlement 
unit. Herein, the great energy consuming processes in the HRM are treated as one single 
individual settlement unit [5]. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Energy management model of the hot rolling mill 

Modelling starts with the definition of the limits of the system. The research focuses on 
the great energy consuming processes of the HRM, where the limits are: the fuel supply and 
combustion systems of the furnaces (walking beam and pusher type), the horizontal and 
vertical stands of the rougher, the drives and motors, the coil box, the 6-stand continuous  
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finishing line with drives and motors, the laminar cooling device and the down-coiler with 
its motor.  

Table 2 reveals the input and interim parameters of the model. 
The model’s target function (i.e. the linear combination of each consumption unit) can 

be displayed in the following form: 
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a1, a2…an: weighting factors, 
E1, E2… En: energy consumption (per unit). 
 

Table 2 
Variables of the energy management model of the hot rolling mill 

 

Variables, short description  
p: fixed data: the values from the 
main task of the process, criteria of 
the target function 

– forming temperature of the target quality 
– heating characteristics/velocity assigned 

to a given quality 
– minimum discharging temperature 
– acceptable maximum forces at the 

rolling equipment 
– electrical limit values on motors 
– maximum torque values at rolling drives 

y: environmental values: data de-
scribeing the effect on the environ-
ment 

– heating values of coke oven gas and 
natural gas (average value for a given 
period of time) 

– average electricity and natural gas prices 
x: optional value variable: variables 
with at least 2 different values that 
the task could be performed with, 
considering the limiting criteria 

– discharging temperature 
– way of reheating 

ω: technical values determining the 
operation of the economic sub-
model 

– unit energy consumption for each 
energy resource 

M: sensitivity matrix – how the ’y’ environmental variables 
influence the target function 

z and g parameters – interim values of model calculation 
 

In this case we presume that the operation of the technical sub-model determines the 
result of the economic sub-model. (Given this particular technology, “energy cost-driven 
production” would be hard to imagine.) Our further aim is to specify cases, if there is any, 
when the economic sub-model would define the operation of the technical sub-model, thus 
the direction of relationship would be altered. 
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2. Study on energy consumption: calculating energy needs 
 
2.1. Reheating 
 

To describe the efficiency of the reheating process in terms of energy consumption, the 
heat balance of the furnace can be used. The simplified heat balance can be described with 
the following equation: 

Qin = Qe+Qfg+ Qs+Qw+Qr 

 

where:   Qin: heat of combustion (of the fuel); 
Qe: enthalpy of the steel, 
Qfg:  sensible heat (loss) in the flue gas, 
Qs:  heat loss in the cooling water (skid loss); 
Qw: wall (heat) loss; 
Qr: heat loss due to openings and other unaccounted heat loss. 

The discharging temperature is set with respect to the deformation capability and the 
required structure of the material. As regards the HRM of ISD Dunaferr Company Group, 
the minimum target discharging temperature of the slabs is 1200 °C. 

 
3.2. Electricity need of the forming process 
 
The following formula can be used to characterize the electricity needs of the forming 
process: 

Wel=Ww/ηL/ηMa/ηM*kA  

 

where  Ww = V*kwm*φh, unit work of deformation,  
φh  magnitude of deformation in the direction of the biggest deformation, 

 kwm  medium deformation stress, 
ηL  coefficient of friction in bearings, 
ηMa,  efficiency of the drives, 
ηM  efficiency of the motors. 

The electricity consumption of hot rolling depends on the following factors: 
 quantity of material (to be processed), 
 forming temperature, 
 forming velocity, 
 geometry of the workpiece, 
 geometry of the forming zone, 
 method of widening, 
 friction conditions between the workpiece and the forming tools. 
 

3. Study on energy consumption – “data mining” 
 

Data mining: the extraction of hidden predictive information from large databases. ISD 
Dunaferr Company Group does not have an integrated energy management system. Ø 
Energy-related data are measured and collected in different databases. 

In view of the energy features of the hot rolling technology, the following databases are 
available: 
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Table 3 

Availability of energy-related data (by ISD Dunaferr) 
 

Combustion fuel measurements 
Coke oven gas Metered at the point of delivery Minute resolution time series 
Natural gas Metered at the point of delivery Minute resolution time series 
Electricity data 
Measurements at the point 
of delivery of HRM 

Load and consumption Quarter of an hour resolution 
average load time series 

Metering of the forming 
tools 

Data Acquisition 
System of the HRM 

Discreet measurement series, 
collectable to each slab rolled 

 
The hot rolling mill has its own data acquisition system to collect all the information 

necessary for quality management purposes. This database is a thorough collection of the 
technical parameters of rolling, with data e.g. on the applied torque(s), the maximum width 
and height of the strip, the temperature distribution along the strip, maximum applicable 
linear reduction; the temperature of coiling, the length and weight of the strip and the coil, 
cropping etc. Among the above listed data we find a few energy-related ones, like the 
power supply for roughing (horizontal and vertical drives) or the electricity need of the 
continuous finishing line. 

The “excavation”/extraction/deduction of hidden correlations from the large database 
and the analysis of the data influencing the energy needs was done with the tool called 
RapidMiner. With data mining, the following issues have been/can be examined: 
 

1. Data related to the forming process and deformations 
a) the chemical composition of the workpieces, the production portfolio, 
b) temperature characteristics of the workpieces during processing, target 

temperature after rolling and before down-coiling, 
c) the torque of the forming tools, 
d) the power consumption of the forming tools. 

2. Power consumption associated with different deformation strengths; 
3. Power consumption assigned to different target qualities; 
4. Ø Combustion variables assigned to average and extreme power consumption 

values. 
 

Following the data mining process, the research process presented above shall be 
accomplished by setting correlations between electricity consumption and the technical 
parameters of the process (quality, size, temperature), which will determine the steps of our 
further investigations. 

 
Acknowledgement 
 

This research was carried out in the framework of the Centre of Excellence of Sustainable 
Resource Management at the University of Miskolc. 
 
 
 



50 
 

Erika Kun–Tamásné Szemmelveisz 
 

 

 
References 
 
[1]  VOITH, M.: A képlékenyalakítás elmélete, Miskolci Egyetemi Kiadó, Miskolc, 1998, pp. 65. 
[2]  KUN, E.: Energy efficiency enhancement of the hot rolling mill, MicroCad 2014. 
[3]  SPITTEL, T.–HENSEL, A.: Rationeller Energieeinsatz bei Umformprozessen. Leipzig, 1983. 
[4] BRAUN, G.: Az acél szélesszalag meleghengerlési technológia tervezésének újszerű 

alapelvei. PhD-értekezés; Kerpely Antal Anyagtudományok és technológiák Doktori Iskola, 
Miskolc, 2003. 

[5]  BALIKÓ, S.: Az energiagazdálkodási model. Energiagazdálkodás, 52. évf. 3. sz. (211) pp. 3–
5. 


