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Abstract 

 

Hot rolling process is heat input process. The heat energy in hot rolled steel coils can be utilized. 

At SSAB Strip Product Borlänge when the hot rolled steel coils came out of the hot rolling mill 

they are at the temperature range of 500°C to 800°C.  

Heat energy contained by the one hot rolled steel coil is about 1981Kwh  whereas the total heat 

energy for the year 2008 is 230 GWh/year.The potential of heat is too much but the heat 

dissipation rate is too slow. Different factors on which heat dissipation rate depends are 

discussed. 

Three suggestions are proposed to collect the waste heat from hot rolled steel coils.The 2
nd

 

proposal in which water basin is suggested would help not only to collect the waste heat but to 

decrease in the cooling time.
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1 Introduction 

 

AB Borlänge Energi is facilitating the inhabitants of Borlänge in different ways such as 

district heating, tap water, electricity and broadband access etc. AB Borlänge Energi strives to 

protect the environment and its every new project is environment friendly. For district heating 

they are already extracting some of waste heat from SSAB Strip Product division Borlänge. 

Still there is lot of waste heat potential that can be extracted. 

The Group SSAB has three main divisions but SSAB strip products division Borlänge is one 

the largest steel manufacturers in Nordic region. They produce high strength steel strips for 

different applications such as automotive industry, crane manufacturers etc. There main 

products are hot and cold rolled steel sheets, metal coated sheets and painted sheets etc. 
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1.1 Project Background 

 

This project is about the waste heat recovery. Due to increase in oil prices, every country is 

focusing on renewable energy recourses and also on waste heat recovery projects. Releasing 

the energy from industrial processes to the environment is the loss of energy resource.  

            AB Borlänge Energi is already extracting some of the waste heat from SSAB Strip 

Product Borlänge for district heating. But still there is lot of waste heat that can be utilized. 

            SSAB Strip Product division Borlänge manufactures high strength steel strips mainly 

by hot rolling process. In hot rolling process steel slabs are heated and then passed through 

different rollers to get a desired thickness of the steel strip. These steel strips are then rolled 

into coils. When these coils come out of the hot rolling process to an open environment, they 

are at a high temperature ranging from 500°C to 800°C depending on the steel grade and strip 

thickness. Some of them are sold to the customers directly while others are transported for 

further processing. In order to do further processing such as pickling, coating, painting and 

cutting, they have to wait for 3 to 5 days so that these coils can cool down. Rather than 

throwing this energy to an open environment it can be extracted and utilized. 

1.2 The problem 

 

´The steel coils manufactured through hot rolling process are at  high temperature. The 

cooling rate of these coils is very low and to do further processing they have to wait for many 

days. Heat from the coils is released to the environment. This heat can be utilized. The 

purpose of this thesis is to calculate the total heat from these hot rolled steel coils and search 

out ways to recover this waste heat. Heat recovery can also help increase the cooling rate and 

hence reduce the storage area and work in process inventory. 
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1.3 Objectives 

 

Hot rolled steel strips are at high temperature and in rolled form their cooling rate is very 

slow. To do further processing they have to wait a lot.  

 

The objectives of this thesis are, 

 To Calculate the total heat from hot rolled steel coils 

 To make a report that can be used for further economical investigations 

 To find out ways to collect this waste heat 

 

The benefits that will be achieved from this thesis are, 

 Utilization of waste heat for some useful purposes. 

 Increase in the cooling rate of the coils that hence reducing the waiting time. 

 

 

1.4 Delimitation 

 

This thesis is about the calculation of waste heat from hot rolled steel coils. Also different 

means of collecting this waste heat are discussed. No calculation about the amount of 

extracted heat is done. Also no cost comparison between different approaches is done. 
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1.5 Approach 

 

KT Ulrich and SD Eppinger [13] approach is used for this thesis work. There five steps about the 

concept generation are discussed as follows. 

 

1 Problem Clarification 

 

 Understanding the problem  

 Decomposition of the  problem into smaller sub problems  

 More concentration on critical problems  

 

2  Search externally  

 

 Contact leaders in the current field  

 Consult experts  

 Search patent databases and literature  

 

3  Search internally  

 

 Ideas to solutions inside the company  

 

4  Explore systematically  

 

 Combination tables or selection tables 

  

5  Reflect on the results 

  

 Improve the results  

 Concept selection and evaluation  

 

The method described is one of the different approaches to problem solving. These steps are 

not guidelines but are more as recommendations. 
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1.6 Report Outline 

 

In the first chapter, introduction to the company, project background is discussed. It also 

describes the delimitations and the approach that is used for this thesis. 

Second chapter briefly describes the hot rolling process in general and specifically at SSAB 

Strip Product Borlänge. The movement of the coils on the conveyor, their transportation and 

storage is also discussed. 

In the third chapter, the heat calculation approach, overview of previous production, 

classification of steel coils at SSAB, and all heat energy calculations are discussed. 

Fourth chapter describes the natural cooling of hot rolled steel coils, stacking and cooling 

effects, temperature distribution within the coil and directions of natural convection. 

Moreover, in this chapter the cooling of two hot rolled steel coils is graphically represented 

and velocity of the coil on the conveyor is calculated. 

Fifth chapter describes the different approaches that can be utilized to collect the waste heat 

from the hot rolled steel coils. 

Sixth chapter describes the discussion and the conclusions. 

Seventh chapter is devoted to the future work of the thesis. 
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2. Hot Rolling Process 

2.1 The hot rolling process 

 

Rolling is the process of passing the material into oppositely rotating rolls to get desired 

thickness. If the rolling process is undertaken above the recrystalization temperature, then it is 

known as hot rolling process. Few of the rolled products are billets, slabs, plates and sheet and 

strips etc. 

The basic idea in hot rolling process is that heated material is passed through oppositely 

rotating rolls but at the same peripheral speed. The shape of the rolls depends upon the type of 

the hot rolled product. [11] 

The simple arrangement of the rolling process is shown in Figure 2.1 below. The material in 

the form of slab is passed through the oppositely rotating rollers. These rollers apply force on 

the slab to get the required thickness of the material. These rollers are so spaced that the 

distance between them is less than the height of section entering into them. 

 

 

 

Figure 2.1: General hot rolling process [11] 
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2.2 Hot rolling process at SSAB 

 

SSAB Strip Products Borlänge is expert in steel strip products. Steel in the form of slabs is 

transported from other two facilities of SSAB located at Luleå and Oxelösund to strip product 

division Borlänge, where they are manufacturing different types of steel strips according to 

customer requirements. 

 

 

 

 

Figure 2.2:  Hot rolling process at SSAB Borlänge[12] 

 

 

 

Figure 2.2 shows the hot rolling process at SSAB strip product division Borlänge. In the first 

step, steel slabs are heated in the slab furnace to the required temperature depending on the 

steel grade. In the next step heated slabs are passed through the rolling mill (consisting of 

different rolls) to get the required strip thickness. After that, the strips are coiled on the coilers 

and then moved outside to the conveyor for transportation or storage. 
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2.3 Movement of coils on the conveyor 

 

From the hot rolling mill, the hot rolled steel coils are moved to the conveyor. This conveyor 

is automatically operated and its present length is approximately 80 meters. When a new coil 

is placed on the conveyor belt, the coils that are already on the conveyor belt move one step 

forward towards the exit. At the beginning of the conveyer belt, a robotic arm paints the 

specific number on the coil. These numbers are used to distinguish between the types of the 

coils. Figure 2.3 below shows the arrangement of the coils on the conveyor. 

 

 

 

 

Figure 2.3:  Moving of coils on the conveyor 

  

 



              Calculation of waste heat from hot rolled steel coils and its recovery 

E 3813 M 

Naeem Yousaf  

  Page 12(56) 

2.4 Transportation and storage of coils 

 

After covering 80 meters, the coils reach at the end of conveyor where trucks pick them and 

transport them to their respective designated areas. Figure 2.4 shows the storage of hot rolled 

steel coils. 

 

 

 

 

Figure 2.4:  Storage of hot rolled steel coils in an open environment 
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2.5 Further Processing 

 

Due to their shape and large mass, the heat transfer rate of the steel coils is very low. It is 

because of this reason that the hot rolled steel coils take lot of time to cool down. Half of the 

production is directly sold to the customers and rest of it has to wait for further processing. 

The average production time of coil is two minutes and the cooling time is about three days. 

Long cooling time requires large storage area. 

Other processes after hot rolling are pickling, coating and cutting. Pickling is basically the 

surface cleaning process in which the strip is passed through acid in order to clean it. This 

process is very important before coating. In coating or painting steel strips are covered with 

some protection material. Figure 2.5 shows the hot rolling, pickling, coating and cutting 

processes in detail. 

 

 

Figure 2.5:  Hot rolling, pickling, cutting processes at SSAB Borlänge [12] 
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3 Heat Energy Calculations 

3.1 How the heat energy is measured? 

 

Heat is total kinetic energy (K.E) of all the molecules of the substance and it is transferred to 

another body due to the temperature difference. 

There are various ways that can be used to calculate the heat contained by the body but here 

simple approach is used which is given as  

 

 

𝑸 = 𝒎 ∗ 𝑪(𝐓𝟐  − 𝐓𝟏) 

 

 

 

Where ―Q‖ is the heat dissipated in Joules, ―m‖ is the mass of the body in kilograms, ―C‖ is 

the specific heat capacity of the body which is defined as the amount of heat required to 

change the temperature of  1 kg of body through 1°C and it is measured in J/kg. °C .T2  is the 

temperature of the hot body and T1 is the ambient temperature. This means that heat dissipated 

depends on four factors mass, specific heat capacity, temperature of the coil and ambient 

temperature.  

 

3.1.1 Heat Energy contained  by one Coil 

 

Heat energy dissipated by hot rolled steel coil that comes out from the mill to an open 

environment is calculated by the above approach regardless of the time that it will take to cool 

down. The properties of the coil are given as 

 

                                                             Mass =m= 25100 kg 

                                                             Temperature of the coil = T2  = 580 °C 
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Value of specific heat capacity at temperature 580°C is 510 J/kg. °C 

It is supposed that hot rolled steel coil is cooled down to 50 °C. 

 

 

Heat energy can be calculated by using the following relation, 

 

 

  𝑸 = 𝒎 ∗ 𝑪(𝐓𝟐  − 𝐓𝟏) 

  𝑸 = 25100*510*(580-50) 

                                                        𝑸 = 6785 MJ 

                           Since 

                                               1 J = 2.778*10−7 KWh 

 

                                                          𝑸= 1885 KWh 

 

 

The above equation shows that heat dissipated by the one coil is 6785 MJ or 1885 KWh. 
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3.2 Overview of the Production at SSAB 

 

Production overview of the hot rolled steel coil at SSAB strip product Borlänge is shown in 

the following chart. During the year 2005 they have produced 2.2 million tons of hot rolled 

steel coil while during years 2006 to 2008 2.6 million tons each year. 

 

 

 

Figure 2.1 Overview of the previous production at SSAB Borlänge 

 

As it is calculated that heat dissipated by the one coil having mass almost  2.5 tons is 7132 

MJ.From this value it is estimated that how much heat would be dissipated by the 2.6 million 

tons of steel  coils. 
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3.3 Classification of Steel Coils 

 

As it is mentioned before that SSAB strip product Borlänge has produced 2.6 million tons of 

steel during the year 2008.On the basis of temperature classification they have produced 

around 31 types of steel coils. But if we further classify them according to mass, coil diameter 

and width then there are almost 1000 different types. 

Appendix A shows the coiling temperature and their relative number of coils produced during 

the year 2008.The total number of coils that have been produced during the year 2008 are 

113336. 

The below Pi graph shows the percentage of each coil that has been produced during the year 

2008.The coiling temperature 610°C has the maximum production of the total coils  which is 

30% while the 670°C and & 610°C have 10% & 19% production respectively. 

 

Figure 2.2 Classification of hot rolled steel coils on the basis of temperature 
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3.4 Heat energy calculations 

 

 To calculate the total exact heat from hot rolled steel coils is very difficult, however 

approximate heat can be calculated. Appendix A shows the temperature and relative 

percentage of each coil during the year 2008.  

Since total production during the year 2008 is 2.6 million tons and in Appendix A percentage 

of each coil that have been produced are also given. From this percentage the mass against the 

each coiling temperature is measured. 

The total ―Q‖ in Joules can be calculated from the following mathematical model. In this 

mathematical model the difference between the coiling temperature and ambient temperature 

is multiplied by corresponding mass and specific heat capacity. This procedure is repeated for  

 

each type of coil. Finally the heat dissipated by each type of coil is added to get the total heat. 

For all heat calculations it is assumed that hot rolled steel coils are cooled down to 50°C 

 

𝐐 = [𝒎𝟏 ∗ 𝑪𝟏 𝐓𝟐  − 𝐓𝟏 + 𝒎𝟐 ∗ 𝑪𝟐 𝐓𝟐  − 𝐓𝟏 +  … . .𝒎𝒏 ∗ 𝑪𝒏 𝐓𝟐  − 𝐓𝟏 ]                                

 

The total heat energy for the year 2008 is calculated in Appendix B, which is given as, 

                                         Q  = 9.07*1014  Joules 

In order to calculate heat in watts or Joule per second, the total heat is divided by the 

365*24*3600.   

 

  Q =  2.9*107                   Joule/sec or Watts 

                                          Production Hours for the year 2008 =8000 hours 

                                          Q  =  2.9*107*8000          Watt-hour/year 

                                          Q  = 230  Gwh/year 
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4 Cooling Process 

4.1 Cooling of hot rolled steel coils 

 

SSAB strip Borlänge is producing almost one thousand types of hot rolled steel coil having 

temperature range of 500°C to 800°C. Different types have different dimensions such as coil 

diameter, coil height, strip thickness and steel grade etc. 

 

  

 

Figure 4.1 Heat transferring sides of coil 

 

 

The figure 4.1 shows that a hot rolled steel coil has four sides through which the heat is 

transferred to the surrounding. These four sides are inside, outside, bottom and top side. Three 

modes of heat transfer are involved. Conduction within the heat coil, radiation from the 

surface of the steel coil and the natural convection within the air. 
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The cooling of hot rolled steel coil is very complicated [1]. For theoretical calculations, the 

coil is assumed to be a multilayered cylinder. Therefore, two dimensional heat transfer 

equation in a cylindrical coordinate system is considered. Whereas the heat transfer in third 

direction is neglected. Thermal conductivity in axial direction is almost equal to that of steel. 

However radial direction faces the consecutive pile of the steel strips which warrants the 

application of equivalent thermal conductivity [2]. 

Heat transfer equation for two dimensional heat transfers in a cylindrical co ordinate system is 

given as. 

 

 

𝜌𝐶𝑝
𝜕𝑇

𝜕𝑡
= 𝑘𝑟  

𝜕2𝑇

𝜕𝑟2
+

1

𝑟

𝜕𝑇

𝜕𝑟
 + 𝑘𝑧

𝜕2𝑇

𝜕𝑧2
 

 

 

The initial condition is t=0, T(r, Z) =𝑇0 

𝜌 is the density in kg/𝑚3, C is Specific heat capacity in J/Kg.C°,T is temperature in C°,k is 

thermal conductivity in the radial direction 𝑘𝑟  and in axial direction 𝑘𝑧  [1]. 

Equivalent thermal conductivity in radial direction is different than in axial direction. Actually 

equivalent thermal conductivity is obtained by averaging the thermal conductivities of steel, 

oxide and air layers. The value of thermal conductivities of oxides and air layer in axial 

direction is neglected because they are small. While equivalent thermal conductivity in radial 

direction depends on thickness of air layers and oxides. The thickness of air layer changes due 

to cooling. While calculating the equivalent thermal conductivity in radial direction, this 

factor is also considered. [8] 

The heat transfer due to convection within the coil is neglected because the motion of air is 

very slow with thin air layer. Equivalent radial thermal conductivity can be calculated by the 

following formulas. [9] 
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Where ―𝜀‖ and "𝜎" are the emissivity Stefan-Boltzmann constant, "𝑡𝑠‖ and  "𝑡𝑜" are the 

thickness of steel and oxide layers,𝑘𝑠 𝑘𝑎  𝑘𝑜  are the thermal conductivities of steel, air and 

oxide, ―P‖ and"Ta‖ are the pressure between the layer and temperature of air respectively. 

The natural cooling of the coils takes 3 to 5 days depending on the size, weight, strip thickness 

and cooling conditions etc. Due to this long cooling time, large storage area is needed [3]. 

―The inside laps of the coil cools more slowly than the outside laps by the factor 5-10 owing 

to the irregularity and anisotropy of their thermal conductivity.‖[4]  

According to Khloponin, the rapid cooling of the hot rolled steel coil reduces the hardness 

properties of the coil but it increases the uniformity along the coil. [5] 

 

 

 

 

 

 

 

 

 



              Calculation of waste heat from hot rolled steel coils and its recovery 

E 3813 M 

Naeem Yousaf  

  Page 22(56) 

4.2 Stacking and cooling time of the coil 

 

As described earlier, the cooling of steel coil depends on the strip thickness, coil diameter and 

outside temperature. But another very important factor that affects the cooling rate is stacking 

of the coils. 

 

 

 

 

 

 

A)                                                                  B) 

Figure 4.2 A) vertical stacking B) Horizontal stacking 

 

 

In case of horizontal stacking, the cooling time will be longer as compared to vertical 

stacking. This is because in case of vertical stacking, the bottom surface is insulated and less 

heat is dissipated while in horizontal stacking all the surfaces dissipate the heat and moreover 

some air can also pass through the coil that helps decrease the cooling time. 
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4.3 How the Heat is transferred from steel coil 

 

As it is obvious that everybody (whether it is gas, liquid or solid) above 0K
o
, emits some kind 

of electromagnetic radiations for which no propagation medium is required. Even the human 

body also emits some radiations. 

 

 

 

 

Figure 4.3 Different types of waves and their wavelengths [7] 

 

Figure 4.3 above presents a chart which shows different types of waves and their wavelengths. 

Although hot body can emit all type of electromagnet radiations but mostly thermal emission 

is in the range of 10−7 to 10−4 m which is mostly in the range of infra red region. [7] 

According to Stefan-Boltzmann Law, heat radiated by the body depends on its area (A) and 

absolute temperature (T) can be defined as, 

 

𝐏 = 𝛜 ∗ 𝛔 ∗ 𝐀(𝐓𝟒 − 𝐓𝐂
𝟒
) 

Where ―P‖ is the heat radiated per unit area ―ϵ" is the emissivity, "σ " is Stefan-Boltzmann 

constant having the value equal to 5,67 ∗ 10−7 W/𝑚2 ∗ 𝑘4, ―T‖ is the temperature of the body 

and "Tc" is the temperature of the surrounding. 

 

Heat is always transferred through more than one mode of heat transfer. In case of hot rolled 

steel coil, heat is transferred by radiation to the open environment. Within the coil it is 



              Calculation of waste heat from hot rolled steel coils and its recovery 

E 3813 M 

Naeem Yousaf  

  Page 24(56) 

transferred by natural convection. Since the inner surface of the coil is hotter than outer 

surface, so heat is transferred from inner surface to outer surface through conduction mode of 

heat transfer. 

 

4.4 Temperature distribution within the coil 

 

Heat is transferred within the coil through conduction. There is temperature variation along 

the surface of the coil when it is placed in an open environment. The inner surface of the coil 

is more heated than the outer surface of the coil. [10] 

 

 

Figure 4.4 Temperature gradient within the coil [10] 

 

 

 

The temperature at any thickness of the steel coil can be determined by, 
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𝑇𝑟    = 𝑇𝑎 +
𝑈

2𝑘
[
𝑎2−𝑟2

2
− 𝑟ℎ

2
ln
𝑎

𝑟
 ] 

Where ―u‖ is the heat produced per unit volume and ―k‖ is the thermal conductivity. [10] 

 

4.5 Direction of Natural Convection 

 

The direction of natural convection from horizontally placed heated plate is upward which is 

proved experimentally. [6] 

 

 

 

Figure 4.5 Direction of heat from horizontally placed plate[6] 

 

 

Figure 4.6 Direction of heat from horizontally placed plate[6] 

 

The figure 4.6 shows the direction and the flow of natural convection from horizontally placed 

plate. 

The upper surface of the coil is like the heated bar, therefore the direction of natural 

convection is upwards. This phenomenon helps to collect the waste heat. 
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4.6 Temperature measurement of hot rolled steel coils 

 

The temperature of two steel coils is measured after every 30 minutes for three and a half 

hours. Both the coils have different coil diameter, strip thickness, initial temperature and 

mass. The only common thing is that they are provided with same ambient conditions. 

The Properties of the first coil is shown in Table 4.1 below. 

 

Table 4.1   Coil Properties 

 

Coil No. Coil Temperature 

(°C) 

Width 

(mm) 

Thickness 

(mm) 

Weight 

(Kg) 

796303 580 1534 6.53 25100 

 

 

The temperature of the first coil is measured after each 30 minutes with the help of infra red 

thermometer. Table 4.1.1 shows the measured values of the temperature after each 30 

minutes. 
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Table 4.1.1  Outer surfaceTemperature readings 

 

Sr. 

No 

Time (minutes) Temperature (°C) 

1 0 327 

2 30 311 

3 60 297 

4 90 282 

5 120 270 

6 150 254 

7 180 246 

8 210 230 

 

 

To determine the cooling behavior of the coil and approximate total cooling time of the coil, a 

plot is drawn between the time and temperature of the coil in MATLAB. The plot is shown in 

Figure 4.7. 
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Figure 4.7: Graph between outer surface temperature and time 

 

The initial temperature of the coil is 327°C. A point was marked on the outer surface of the 

coil and after every 30 minutes the temperature at that point was measured with the help of an 

infrared temperature device. The temperature of the coil after three and half hours dropped 

down from 327°C to 230°C which is about 100°C. 

In the same way the inner surface temperature of the same coil is measured after every 30 

minutes and a graph is drawn to see the inner surface cooling behavior. In table 4.3 the values 

that are measured for the inner surface temperature of the coil are presented. 
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Table 4.1.2 Inner surface temperature readings  

 

Sr. 

No 

Time (minutes) Temperature (°C) 

1 0 338 

2 30 325 

3 60 318 

4 90 308 

5 120 302 

6 150 295 

7 180 288 

8 210 275 

 

 

The plot of outer surface temperature of the coil is shown in figure 4.8.The graph shows that 

during four hours, the inner surface temperature drop is approximately 70°C which is quite 

less as compared to the outer surface temperature. 

 

Figure 4.8: Graph between inner surface temperature and time 
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The properties of the second coil are presented in Table 4.2. 

 

 

Table 4.2 Coil Properties 

 

Coil No. Coil Temperature 

(°C) 

Width 

(mm) 

Thickness 

(mm) 

Weight 

(Kg) 

796304 600 1534 6.53 25200 

 

The plot of temperature behavior for the second coil is shown in Figure 4.9 below. The initial 

temperature of the coil is 305°C while same ambient conditions to this coil are provided as 

that of above coil. 

Outer surface temperature readings for the coil 2 are presented in table 4.2.1 

 

 

Table 4.2.1 Outer surfaceTemperature readings 

 

Sr. 

No 

Time (minutes) Temperature (°C) 

1 0 305 

2 30 293 

3 60 277 

4 90 263 

5 120 248 

6 150 238 

7 180 226 

8 210 210 
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The graph of outer surface temperature and time for coil 2 is presented in figure 4.7.The graph 

shows that for three and half hours of cooling the temperature drop are around 95°C.  

 

 

 

Figure 4.9: Graph between outer surface temperature and time 

 

 

The inner surface temperature of the coil is also measured after every 30 minutes and the 

graph is drawn to see the inner surface cooling behavior. The cooling behavior of the inner 

surface of the second coil is shown in Figure 4.10.  
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The measured values of the inner surface of the second coil are presented in Table 4.2.2. 

 

 

Table 4.2.2 Inner surfaceTemperature readings 

 

Sr. 

No 

Time (minutes) Temperature (°C) 

1 0 320 

2 30 312 

3 60 302 

4 90 297 

5 120 290 

6 150 282 

7 180 275 

8 210 262 

‘Figure 4.10 shows plot of inner surface temperature and time of the second coil. 

 

 

Figure 4.10: Graph between inner surface temperature and time 
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From graphs of outer and inner surfaces of both the coils with the time it is concluded that 

there is more temperature drop on the outer surface as compared to the inner surface which 

means that outer surface cools quickly than inner surface. 

Saboonchi and S.Hassnpour [1] have used finite element difference method to predict 

the temperature of the hot rolled steel coils.They have also drawn the graph between 

temperature and time to compare the measured and predicted values. The results are 

reproduced in Figure 4.11. 

 

 

 

 

 

Figure 4.11: Comparison between the measured and predicted values [1] 

 

The above graph shows that the natural cooling take around 60 hours to get its temperature 

below 100 °C. 
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4.7 Moving of the coil on conveyor 

 

The current length of the conveyer belt is about 80 meters and it is straight. Since natural 

cooling of hot rolled steel coils takes about 72 hours to cool down, therefore to collect the 

waste heat we have to increase the length of the conveyor. 

A coil is randomly selected on the conveyor and its temperature is measured after each ten 

minutes and the graph is drawn between temperature and time in MATLAB. 

 

 

 

 

Figure 4.12Measurement of temperature on the conveyor 

 

 

The figure 4.12 shows that during movement of the coil on the conveyor, the temperature drop 

is about 110°C. When a new coil reaches the start of the conveyor, the coils already on the 

conveyor move one step forward. From the above graph it is clear that a hot rolled steel coil 

took 80 minutes to reach the exit point. 
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The velocity of the coil can be calculated with the help of following simple formula. 

 

S = V ∗ t 

Where ― S‖ is the distance travelled in meters,―V‖ is velocity  in meter per second and ―t‖ is 

the time taken to cover that distance. 

 

 

V = S/𝑡 

 

Since distance travelled by the coil is equal to length of the conveyor which is 80 meters and 

time required to cover this distance can be seen from the above graph which is 80 minutes. 

So, 

Velocity=V=   80/80 = 1 m/mint 

 

Hence the velocity of the coil on the conveyor is one meter per minute. This is not the exact 

velocity but gives average velocity of the coil. This is because there is a huge product variety 

and the velocity of the coil on the conveyor depends upon the cycle time (which is the time 

required to produce one coil). 
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5 Collection of waste heat 

 

Hot rolled steel coils have a lot of heat energy when they come out of the hot rolling mill as 

described in earlier chapters. But that heat is released at a slow rate. The coil takes a lot of 

time to cool down in an open environment. Different studies show that hot rolled steel coil 

may take 3 to 5 days to cool down. Due to long cooling time large storage space is needed. In 

the following sections different proposals have been discussed to collect the waste heat. 

5.1 Suggestion No.1(Natural Cooling) 

 

As described earlier that hot rolled steel coils have lot of potential of heat but it is difficult to 

utilize that heat due to the slow heat transfer rate. Increasing the length of the conveyer is one 

solution. The present length of the conveyor belt on which the hot rolled steel coils move 

towards the exit point is 80 meters.  

 

Figure 5.1 Hot rolled coils moving on the conveyor 
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This conveyor belt is covered from the top for about 60 meters of its length and the rest of its 

length is uncovered. The sides of the conveyer are not covered or separated from the 

environment. 

The figure 5.1 shows the movement of the coils on the conveyor and the present 

condition of the conveyor. In first suggestion we need to have some kind of piping above and 

on the sides of the conveyor having some fluid that have low vaporization temperature to 

collect the waste heat. For this purpose, the length of the conveyor belt must be covered with 

some insulating material so that heat is not dissipated to the ambience. 

 

5.1.1 Optimal length of the conveyor 

 

Since the average cooling time of hot rolled steel coil is 60 to 72 hours in an open 

environment. In order to collect the maximum waste heat from hot rolled steel coils, the 

length of the conveyer must be increased. 

From the graph section 4.11 it has been shown that most of the temperature drop 

occurs during the first 8 hours. The cooling rate is faster in the beginning but with the passage 

of time the cooling rate is decreases. The piping over and on the sides of the conveyer belt 

area will help to collect most of the waste heat. The average velocity of the coil on the 

conveyor is calculated in section 4.7 which is 1m/minutes and from figure 4.11 it is evident 

that most of the temperature drop is during the first 8 hours.Therefore coil should remain on 

the conveyor for about 8 hours to collect more heat.For this new length of the conveyor is 

calculated by the following appraoch 

 

Velocity of the coil =1 m/minute 

Time of coil on the conveyor=8 hours=8*60=480m 

𝐒 = 𝐕 ∗ 𝐭 

   𝐒 = 𝟒𝟖𝟎 𝐦 
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So the suggested length of the coil is 480 meters. This means that in order to extract 

maximum waste heat, the length of the conveyor should be five times more than its present 

length. 

5.1.2 Layout of the conveyor 

 

The present conveyor is a straight belt having a length of 80 meters. Since the optimal length 

of the conveyor, calculated in Section 5.1.1, is 480 meters, the length of the conveyer belt 

must be increased. A straight belt would require a large area which would not be feasible. So 

to accommodate a length of 480 meters in a relatively lesser area, a layout is suggested. The 

below figure shows the new suggested layout of the conveyor having five lines 80 meters 

each. 

 

 
 

 

Figure 5.2 Suggested layout of the conveyor 
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5.1.2 Piping along the conveyor 

 

As described earlier, heat is transferred from hot rolled steel coils to an open environment 

through convection and radiation. From section 4.5, the direction of convection is known to be 

upward. This means there must be more pipes above the conveyor and less on its sides. 
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The figure 5.3 shows the piping around the hot rolled steel coil. We can use water or other 

organic fluid that can absorb this waste heat. With the passage of time the temperature of the 

coil is decreased as it moves along the conveyor. The average cycle time of a coil is 2 

minutes. So in order to extract maximum heat, more piping must be done in the beginning of 

the conveyer belt as compared to the later part of the belt. 

 

5.2 Suggestion 2 (Forced Cooling) 

 

As the cooling rate of hot rolled steel coil in natural air is very slow, forced cooling can be 

used to increase the cooling rate. Although forced cooling can be done in different ways e.g. 

cold air, water immersion and water spraying etc., but here we will consider water immersion. 

In water immersion, hot rolled steel coils are immersed into a water basin. By doing so, the 

cooling time of hot rolled steel coils can be decreased considerably. When a hot rolled steel 

coil is immersed in the water basin, heat is transferred from hot rolled steel coil to the water in 

the basin. Instead of using cooling tower to throw this valuable heat to an open environment, a 

heat exchanger can be used to utilize it. 

In order to take advantage from the complete water immersion an important factor is 

defined called the shape factor. This shape factor is the ratio of coil width to the external 

diameter square. Mathematically it can be written as, 

 

S.F   =    
𝐋

𝐑𝟐
 

Where L is the width of the coil and R is the external diameter. The coil with a lower value of 

shape factor has more effect on the saving of cooling time [1]. 

Saboonchi and S.Hassnpour [1] have used a 24 ton and 4 mm strip thickness of hot rolled 

steel coil to compare the natural air cooling and complete water immersion. The figure 5.4 

shows the comparison of natural air cooling to the water immersion of hot rolled steel. As 

observed from the plot, it takes around 85 hours for the cooling through natural air cooling 

while the complete water immersion takes about 15 hours to get to the same temperature.  
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This means that there is 85% saving in time when we compare the natural air cooling with 

complete water immersion. 

 

 

Figure 5.4: Comparison between the natural air cooling and complete water immersion [1] 

 

5.2.1 Size of Water Basin 

 

Size of the water basin is very important because large water basin will cost more. From the 

graph of Figure 5.4, it is evident that a heat transfer by complete water immersion of hot 

rolled steel coil from 650°C to 50°C takes 15 hours. As described in earlier chapters, the 

average cycle time of a hot rolled steel coil is 2 minutes which means that 15 hours of 

continuous production will produce 450 coils. This means that a 15 hours immersion for 450 

coils requires a larger water basin which is not cost effective. 
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5.2.2 Sporadic immersion 

 

Since the water immersion for the longer time needs a larger water basin which is not cost 

effective, therefore sporadic immersion could be more effective. As the heat transfer rate is 

fast in the beginning and with the passage of time it is decreased, most of the heat is extracted 

from the coils. 

Saboonchi and S.Hassnpour [1] have concluded that 1 hour of water immersion saves 

around 55% cooling time and after that for every additional hour, the saving would increase 

by 3%.Therefore we can say that long water immersion is not effective. 

 

 

Figure 5.5: Sporadic immersion of hot rolled steel coils at various instances [1] 
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This means that sporadic immersion for 1 or 2 hours is enough. And after that, natural cooling 

should be done. It is evident from the figure 5.5 that while putting the hot rolled steel coil 

directily from hot rolling mill into water basin there is more temperature drop as compared to 

other instances.This would help to decrease the cooling time of hot rolled steel coils.  

The other advantage of putting the hot rolled steel coils after coming out from the coil 

is that we  require less handling otherwise if we put the coil during any other period of cycle 

then more handling is required which is not cost effective.’ 

 

5.2.3   Heat Recovery 

In order to have least effect on the quality of steel, proper temperature is required to maintain 

in the water basin.So instead of using the cooling tower adjacent to water basin that would 

throw the heat to an open environment, the shell and tube heat exchanger can be used to 

utilize this heat. 

 

5.2.4 Effect on Mechanical Properties 

 

No doubt, rapid cooling can decrease the cooling time of hot rolled steel coil. This gives us 

double advantage one is the decrease in the work in process inventory and second one is the 

collection of waste heat.  

Rapid cooling of hot rolled steel coils by putting it into water basin is called 

quenching. In order to have less effect on the properties of the steel coil, uniform rapid 

cooling is required which would help to have uniform martensite structure.Non uniform 

cooling would decompose the austenite into ferrite, pearlite and bainite. [14] 

The rapid cooling can lead to distortion and cracking of the steel.These are due to two 

types of stresses called as thermal stresses and transformation stresses. The thermal stresses 

are due to the non uniform cooling of the outer and inner surface where as the transformation 

stresses are due to the change in the volume. [14] 
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5.3 Suggestion 3 

 

Since the hot rolled steel coil has slow cooling rate and due to this reason, hot rolled steel 

coils have to wait for 3 to 5 days for further processing. This means that work in process 

(WIP) inventory increases that ultimately increases the cost. 

Forced air cooling could be another suggestion to decrease the cooling time of hot rolled steel 

coils. When cold air is used for cooling, the cold air becomes hot and that hot air can be used 

for heating purposes. 

In order to cool down the hot rolled steel coils with the help of forced air, we have to 

insulate the conveyor so that heat cannot be dissipated to an open environment. Air 

arrangements at the bottom of the conveyor can help the coils cool down more quickly. 

5.3.1 Heat recovery 

 

When the steel coils are cooled with forced air, the temperature of air will increase and that air 

can be used in an exchanger where the heat from hot rolled steel coil is transferred to water. 

Since at SSAB Strip Product Borlänge, a large variety of hot rolled steel coils exist and 

their production is random, therefore proper calculations about the air flow rate are 

required.Forced air cooling effect the properties of the steel, therefore proper strength 

calculations are also needed. 
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6 Discussion and conclusions 
 

If we classify the steel coil types produced at SSAB Strip Product Borlänge on the basis of 

coiling temperature, then a total of 33 types exist. The number of types will increase even 

more up to 1000 if we classify them on the basis of the mass, strip thickness or dimension of 

the of the coil. The cooling rate of hot rolled steel coil also varies if the mass, strip thickness, 

coil diameter or coil height is changed. Although the total heat contained by the hot rolled 

steel coil depends upon the mass and temperature of the coil, the dissipation rate is different 

for different coils. 

The calculations shows that heat contained by the 2.5 ton coil is 6785 MJ and it take 

almost 72 hours to cool down in natural environment. The amount of heat energy for the coil 

is too much but it is difficult to collect this waste heat because of slow dissipation rate. 

Different suggestions are discussed to collect the waste heat from hot rolled steel coils. 

In the first suggestion, piping is proposed over and along the sides of the conveyor. To collect 

maximum waste heat we have to increase the length of the conveyor. So instead of having an 

80 meters long conveyor, a 480 meters conveyor with zigzag layout is proposed. By 

implementing this, only the purpose of collection of waste heat is achieved. But it would 

hardly decrease the cooling time. 

In second suggestion, a water basin is suggested in which the hot rolled steel coils are 

immersed after coming out from the hot rolling mill. So rather than using a cooling tower for 

the water basin, the hot water of the basin can be used in an exchanger for district heating 

purposes. Water immersion for longer time requires larger water basin which is not cost 

effective. Therefore sporadic immersion is more cost effective. So in this way we cannot only 

extract the waste heat but can also decrease the cooling time. So if the cooling time is 

decreased then the work in process inventory will also decease that would ultimately help 

decrease the cost. 

    In third suggestion, forced air cooling is proposed. The temperature of the air would 

increase and that air can then be used for different purposes. Forced air cooling at the outer 

surface is not more effective. Therefore forced air from the bottom of the conveyor will be 

more effective. 

Since in natural cooling we have to increase the length of the conveyor to recover more 

heat.This means that more force would be required to run the conveyor.Since heat recovery by 
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the natural cooling is not too much, therefore, increasing the length of the conveyor seems to 

be costly. Whereas forced cooling by using water basin helps to recover more heat and to 

decrease in cooling time and hence the work in process inventory.But the problem with this 

method is that few types of steel coils cannot be suddenly cooled down because of change in 

their structure which ultimately effect the quality of the steel. 
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7 Future works 
 

In order to collect more heat forced cooling methods are more suitable. Since forced cooling 

has a great impact on the properties of steel. Therefore for each type of steel coil structure 

analysis should be done before implementing any of the forced cooling methods. 
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Appendix A 

Production of Hot rolled steel coils during year 2008 

 

 

Coil 
Temperature Number Percentage of each coil 

 500 3 0.00% 
 510 3 0.00% 
 520 12 0.01% 
 530 27 0.02% 
 540 184 0.16% 
 550 1397 1.23% 
 560 2779 2.45% 
 570 818 0.72% 
 580 508 0.45% 
 590 1981 1.75% 
 600 20987 18.51% 
 610 34223 30.19% 
 620 9362 8.26% 
 630 1895 1.67% 
 640 1051 0.93% 
 650 2504 2.21% 
 660 7361 6.49% 
 670 11224 9.90% 
 680 3411 3.01% 
 690 2225 1.96% 
 700 871 0.77% 
 710 922 0.81% 
 720 559 0.49% 
 730 1894 1.67% 
 740 5061 4.46% 
 750 1765 1.56% 
 760 164 0.14% 
 770 41 0.04% 
 780 26 0.02% 
 790 18 0.02% 
 800 90 0.08% 
 Summa 113366 100.00% 
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Appendix B 

Heat energy calculations 

      Coil 
Temperature  Number Percentage Mass/kg 

Specific Heat 
Capacity 

Heat 
Dissipated(J) 

500 3 0,00% 6,88E+04 580 1,80E+10 

510 3 0,00% 6,88E+04 582 1,84E+10 

520 12 0,01% 2,75E+05 584 7,55E+10 

530 27 0,02% 6,19E+05 585 1,74E+11 

540 184 0,16% 4,22E+06 587 1,21E+12 

550 1397 1,23% 3,20E+07 588 9,42E+12 

560 2779 2,45% 6,37E+07 590 1,92E+13 

570 818 0,72% 1,88E+07 591 5,77E+12 

580 508 0,45% 1,17E+07 591 3,65E+12 

590 1981 1,75% 4,54E+07 592 1,45E+13 

600 20987 18,51% 4,81E+08 593 1,57E+14 

610 34223 30,19% 7,85E+08 594 2,61E+14 

620 9362 8,26% 2,15E+08 596 7,29E+13 

630 1895 1,67% 4,35E+07 598 1,51E+13 

640 1051 0,93% 2,41E+07 600 8,53E+12 

650 2504 2,21% 5,74E+07 603 2,08E+13 

660 7361 6,49% 1,69E+08 604 6,22E+13 

670 11224 9,90% 2,57E+08 604 9,64E+13 

680 3411 3,01% 7,82E+07 605 2,98E+13 

690 2225 1,96% 5,10E+07 606 1,98E+13 

700 871 0,77% 2,00E+07 607 7,88E+12 

710 922 0,81% 2,11E+07 608 8,49E+12 

720 559 0,49% 1,28E+07 609 5,23E+12 

730 1894 1,67% 4,34E+07 610 1,80E+13 

740 5061 4,46% 1,16E+08 611 4,89E+13 

750 1765 1,56% 4,05E+07 613 1,74E+13 

760 164 0,14% 3,76E+06 614 1,64E+12 

770 41 0,04% 9,40E+05 615 4,16E+11 

780 26 0,02% 5,96E+05 616 2,68E+11 

790 18 0,02% 4,13E+05 618 1,89E+11 

800 90 0,08% 2,06E+06 620 9,60E+11 

Total  113366 100,00% 2,60E+09 Total Heat 9,07E+14 
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