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ABSTRACT 

In this study, the potential to use waste energies from the steel production at SSAB Strip 

Products Division is investigated. SSAB Strip Products Division is a leading producer of high 

strength steel. SSAB Strip Products Division in Lulea produces 2.3 million tonnes of crude 

steel every year. The study is based on energy balances in the different production lines. The 

energy balances are then investigated with exergy balances in order to investigate the quality 

of the different energy flows. 

The study concludes that there is a great potential for increasing the use of waste energy at 

SSAB. Today many of these flows are pure losses that are cooled away or burnt.  

The total heat loss for the steel production in one year is approximately 2380 GWh or a total 

power of 272 MW. From exergy calculations it can be shown that the upper theoretical limit 

when converting the energy into high quality energy such as electricity is 950 GWh or 108 

MW. 

The conclusion is that it is possible to recycle an impressive amount of energy. The 

technologies for this are briefly discussed concerning the ORC and Kalina cycle. Other 

solutions are also briefly investigated, for example one solution is to use waste heat in the 

district heating system and by doing so making it possible for the local power company to 

produce more electricity. 

Most data regarding these calculations were extracted from a local processing system and then 

stored in a model describing the plant. The calculations are presented in the result part in the 

form of tables and diagrams.  

This study does not consider if an investment is economical feasible, just that it has a great 

potential. The result may be used in further investigations that will address that problem. 
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NOMENCLATURE 

 

ρ Density [Kg/m
3
] 

𝜓 Exergy [J] 

E Energy [J] 

H Enthalpy [J] 

h Enthalpy per mass unit [J/kg] 

Cp Specific heat under constant pressure [J/kgK] 

Hi Heating value [J/kg] 

m Mass [Kg] 

P Pressure [Pa] 

P0 Reference pressure [Pa] 

Q Heat [J] 

R Ideal gas constant [J/kgK] 

S Entropy [J/kg] 

T Temperature [K] 

T0 Reference temperature [K] 

U Internal Energy [J] 

V Volume [m
3
] 

W Work [J] 

q Heat  transfer [W] 

A Area [m
2
] 

k Conductivity [W/mK] 

h Convection coefficient [W/m
2
K] 

𝜖 Emissivity [Dimensionless] 

𝑇𝑠 Surface temperature [K] 

𝜎 Boltzmann’s constant [W/m
2
K

4
] 

𝑇∞  Surrounding temperature [K] 

𝑔 Gravity constant [m/s
2
] 

∝ Thermal diffusivity [m
2
/s] 

𝜈 Kinematic Viscosity [m
2
/s] 

L Characteristic length [m] 

Re Reynolds number [dimensionless] 

Ra Rayleigh number 
[dimensionless] 
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1  INTRODUCTION 

 

1.1 Background 
SSAB Strip Products Division produces 2.3 million tonnes of crude steel every year, which is 

equal to around 263 tonnes of steel every hour. The process necessary to refine iron ore into 

high strength steel is very energy demanding. 

To make the production possible, a huge amount of energy is used. Worth noticing in the 

issue is that almost every household in Luleå receives their heat by the remaining energies 

that originates from this process. This energy is bounded in three different gases produced 

during the steel production. These gases are delivered to LUKAB, a local power company that 

combusts the gases to produce heat and electricity. 

Today, 35% of the energy used in the production is found in the produced steel and 

approximately 37 % in other energy carriers, the remaining energy is today cooled away. 

There are two main reasons for this, the energy is bound in media that have been either to low 

worthy or to inaccessible for recycling, also the magnitude of the different losses are 

unknown. 

Since there are enormous quantities of energy involved, one have reason to believe that at 

least a small fraction of these losses would be possible to recycle. This may result in a huge 

impact on economical issues as well as environmental ones. 

A mapping of the different energy flows and their respective quantity as well as quality would 

make it possible to decide what is economical advantageous. This has in later years been more 

interesting to investigate not just because of the continuously increasing energy price but also 

because of what is possible in a technical perspective alters with time.  

1.2 Goal 
The goal of this study is to calculate energy- and exergy flows at SSAB Strip Products 

Division in Luleå. Gathering the information in a model and use it to analyze which flows 

might be of interest. Investigate the potential to use the flows for electricity production. The 

study should in a later stage be able to work as a base for economical calculations with the 

purpose of investigating the profitability of a possible recycling.  

1.3 Purpose 

 Perform an investigation of energy- and exergy flows related to the steel production at 

SSAB in Luleå  

 Store the result in a mathematical model that can easily be used with different 

parameters. 

 Analyze the potential for recycling and a possibly electricity production  

 Produce a report that could easily be used for future economical investigations 
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2 PROCESS DESCRIPTION 

The process from iron ore to high strength steel will be explained in the following chapter. 

More detailed information about the processes can be found in [1]-[4]. 

2.1 General process description 
Figure 1 shows the process chain from iron ore to steel slabs. 

 

Figure 1 The steel process 

Coal is delivered by ship from Australia and the USA. Coal is used to produce coke in the 

coking plant by heating the coal for approximately 17 hours. During this time, 25 % of the 

coal transforms into gas and the rest becomes coke. Coke has the necessary properties 

required to produce iron from iron ore pellets. The coke is used for reduction but also as an 

energy carrier. 

Pellets are produced from iron ore by the mining company LKAB in Kiruna and Malmberget.  

Iron ore pellets are charged with coke and limestone from the top of the blast furnace. Hot air 

and pulverized coal are injected into the lower part of the furnace. The iron ore pellets melt 

down into hot metal and is tapped into a vehicle called torpedo car. The torpedo car transports 

the metal to the steel plant, where iron becomes steel. Basically the difference between steel 

and hot metal is the carbon and sulphur content. 

In the first stage in the steel plant, the sulphur is removed, additives react with the sulphur and 

create a sulphur rich slag. The slag is less dense than the iron liquid and floats up to the 

surface where it is removed mechanically. 

The carbon is then removed by injection of pure oxygen in the BOF converter. The oxygen 

reacts with carbon and forms CO and CO2 .  

When sulphur and carbon levels are reduced, the metal is referred to as steel. However, there 

are a wide variety of different steels. The next process will further process the steel into the 

desired composition by adding alloys. In the RH plant the steel is treated under vacuum to 

remove remaining impurities. Extremely low carbon contents and a high degree of purity are 

achieved. Steel that does not require the same degree of purity is processed in the CAS-OB. 
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When the steel has attained the desired properties it is delivered to the continuous casting, 

where it is cast and cut into slabs. The steel is still hot after casting and is therefore put to rest 

in a cooling area. Finally, the slabs are transported by train to the rolling mill at Borlänge.  

2.2 Coke oven plant 

The coke oven plant transforms coal to coke. Coke is necessary in the iron production in the 

blast furnace. Figure 2 shows a schematic of the process. The battery ovens are charged with 

coal and heated without oxygen. The heat is delivered from combustion of the coke oven gas 

that is one of the by products from the coke production. The coal is heated for about 17 hours 

and is then pushed out as hot coke. Under the process gas is produced from the volatile parts 

leaving the coal during heating. The gas is cooled and a precipitation of tar is produced.  

The gas is then further processed in the gas cleaning station. Ammonium, sulphur, tar and 

benzene are separated. It is important to clean the gas otherwise one might experience 

problems in the form of corrosion and pipe transportation failure. 

The hot coke is cooled from 1000°C to room temperature in the cooling tower, see Figure 2. 

Water is flushed on the coke for one minute each time and the well known white cloud 

appears. The coke is now ready for delivery to the blast furnace. 

There are two steam boilers continuously producing steam for the processes at the coke plant. 

These steam boilers are fired with coke oven gas.  

 

Figure 2 Schematic of the coke oven plant 
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2.3 Blast furnace 
The facility consists of the following parts: coal injection, air blower, hot stoves, blast furnace 

and the gas cleaning facility.  

The coal injection produces coal powder. The coal is crushed into small particles. The coal 

powder serves as fuel in the furnace and substitutes some of the more expensive coke. It is 

injected into the furnace with the blast air. 

The air blower sucks air and compresses it with a temperature increase to 160°C as result. 

This air is then delivered to the hot stoves. 

The hot stoves preheat the air to approximately 1100°C and the resulting effect is that less 

coke has to be used. Today there are four hot stoves operating. They work as giant heat 

exchangers. First when the stoves are cold, gas is burned inside. The hot stoves consist of 

ceramic material that absorbs the heat. After the hot stoves are heated the air is led through. 

The blast furnace is the core of the entire steel process. This is where the hot metal is 

produced. Coke, iron ore pellets, limestone and other additives are transported on a conveyor 

belt before it is charged into the top of the blast furnace. In the lower part hot air and coal is 

injected. The process involves by products, mainly slag and gas. The time necessary for the 

material to go from the top to the bottom is about 6-8 hours. The furnace also needs to be 

cooled. This is done with cooling water elements on the inside.  

Gas leaves at the top of the furnace and is delivered to the gas cleaning. After the gas has been 

cleaned it is called blast furnace gas. This gas contains energy that is used in the hot stoves 

and also sold to the power plant. It is also flared due to overproduction and insufficient 

quality. 

Figure 3 shows the process described above. 
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Figure 3 Schematic of the blast furnace 

The processes occurring in the blast furnace is very complex and will not be explained in 

detail. More information can be found in [3] 

Finally the hot metal is tapped out and separated from slag. The metal is transported in 

torpedo cars and delivered to the steel plant. 
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2.4 Steel plant 
Figure 4 summarizes the main processes in the steel plant. Hot metal arrives in torpedo cars 

from the blast furnace to the first square. The hot metal is then poured over into a ladle and 

transported further to the desulphurization station. A drawing of the ladle is attached in 

Appendix A. 

 

Figure 4 Schematic of the Steel plant 

Calcium carbide is added in order to react with the sulphur in the hot metal. Pressurized 

nitrogen is added to mix the carbide with the hot metal. The chemicals will react to form slag 

(solid by products) that rests on the surface. 

The next step is the BOF converter where the carbon dissolved in the hot metal is to be 

removed. Figure 5 shows a schematic of systems related to the BOF converter. The carbon is 

removed by means of oxygen injected under high pressure into the iron melt. The oxygen will 

start to react preferably with the Si. After almost all silicon has been removed the oxygen will 

react with the carbon to form CO. At the end of the process other substances such as FeO and 

MnO will start to form. The most important formulas in the process are summarized as 

following: 

𝑆𝑖 + 𝑂2 → 𝑆𝑖𝑂2  (Slag) 

𝐶 +
1

2
𝑂2 → 𝐶𝑂(𝑔) (BOF gas) 

𝑀𝑛 +
1

2
𝑂2 → 𝑀𝑛𝑂 (Slag) 

𝐹𝑒 +
1

2
𝑂2 → 𝐹𝑒𝑂  (Slag) 
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Figure 5 Schematic of the BOF converter 

There are also other additives in this stage. The process in the BOF converter is commonly 

referred to as exothermic. This results in an increase in temperature from around 1350°C to 

approximately 1700°C. Scrap and iron ore pellets are used to limit the temperature. The steel 

is tapped from the converter as soon as the required carbon content and temperature have been 

reached. The gas that forms during this process is called BOF gas and consists of CO, CO2, 

N2 and H2, energy that can be released by combustion. The BOF gas is stored in the gas 

holder. 

Before the gas can be stored it has to pass several steps in order to acquire the desired 

properties. The first step is the boiler where the hot gas is used to produce steam. This is 

because the gas needs to be cooled down before it can be stored, steam is also continuously 

used in the RH process. The steam is delivered to the steam dome, where it is stored. 

However, there is usually a need to cool away some of the steam due to overproduction. This 

is done with the heat exchanger shown in Figure 4. After the BOF gas has passed the boiler it 

is cleaned from undesired particles in the gas cleaning. The gas is cleaned and further cooled 

as it is forced to pass through a water lock. When the BOF gas leaves the gas cleaning station 

it is clean and dry. It is stored in the gas holder and later delivered to a local power plant that 

uses the gas for hot water and electricity production. 

The energy value of the gas differs as the BOF process is taking place. Therefore some gases 

that is produced contains insufficient amount of energy to be used by the local power 

company. It is therefore burned in the flare. The gas is also burned sometimes due to limited 

storage capacity.   

After removing most of the carbon content in the BOF converter the metal is referred to as 

steel. The two reaming steps (RH,CAS-OB) before casting are necessary to refine the steel to 

desired qualities ordered by the customer. Alloys are added due to a predetermined recipe and 

the temperature is adjusted. 
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As a consequence of removing the carbon, the oxygen amount dissolved in the steel has 

reached unsatisfying levels and needs to be removed. This is achieved by a metallic reaction 

with Aluminum. Aluminum has a high affinity to oxygen and reacts according to the 

following equation: 

2𝐴𝑙  𝑠 + 3𝑂 → 𝐴𝑙2𝑂3 

Approximately 10% of the steel is processed in the RH, see Figure 6. The steam is used in the 

condensers to produce vacuum. The vacuum is necessary to mix the steel efficiently. The last 

resisting carbon is removed through a vacuum valve. The burner keeps the oven hot between 

deliveries to avoid cooling of the steel. 

 

Figure 6 Schematic of the RH process 

The remaining 90 % of the steel is refined in the CAS-OB and is shown in Figure 7. The steel 

is stirred with argon-gas from the bottom of the ladle in order to receive a homogenous liquid 

with the alloys. The top is designed to reduce losses due to radiation. In reality there are two 

BOF-converters and two CAS-OB stations. 
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Figure 7 Illustration of the CAS-OB 

After the steel have been processed into the desired qualities it is delivered to the continuous 

casting. There are two slab casters at SSAB in Luleå, Figure 8 describes the process.  

 

Figure 8 Schematic of the continuous casting 

The steel arrives in ladles and is delivered to the tundish down bellow. The steel is then 

tapped continuously through a submerged nozzle into the water cooled copper mould. The 

steel is cooled and solidifies slightly against the surface of the mould and is pulled down into 

the strand guide system. The steel is further cooled with water along the process and solidifies 

successively. The steel is cut into desired lengths called slabs. 

  



 
10 

 

2.5 Power production at LUKAB 
LUKAB is a local power company in Lulea and 50% owned by SSAB. They produce 

electricity and hot water for district heating. The production is possible because they use 

products from the steel production. They burn a gas mix of blast furnace gas, BOF gas and 

coke oven gas. 

The plant produces steam that is expanded in a turbine with a high and low pressure part. This 

enables them to choose the fractions between electricity and hot water production. During 

winter, they may choose to produce more hot water and less electricity. If they decide to 

produce more electricity they lose some efficiency in the process. The schematic of LUKAB 

or just an ordinary steam power plant is shown in Figure 9.   

 

Figure 9 Schematic of LUKAB 
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3 BASIC CONCEPTS 

3.1 The concept of energy and exergy 
It is commonly known among engineers and scientists how to perform an energy balance. 

This may be done to calculate a specified value on the other side of a process. Consider a 

system that combusts a certain amount of fuel, if there is no work involved and no storage of 

energy, the chemical energy entering the system must be the same as the thermal energy 

leaving the system. 

This is proved by the first law of thermodynamics. It tells us that: energy can neither be 

created nor can it be destroyed. 

This is simply a matter of dealing with quantities, however it says nothing about qualities. For 

example the chemical energy can be used to produce the same amount of thermal energy, but 

not the other way around. 

This is actuality known as the second law of thermodynamics. The second law tells us that the 

quality of a particular amount of energy, the amount of work that it can produce, diminishes 

for each time this energy is used. 

There are a signifant difference between the quality of chemical and thermal energy, still the 

energybalances does not consider this information. That is because energybalances originates 

from the first law of thermodynamics alone.  

The problem might be solved by introducing the concept of exergy. The first law, the second 

law and the environment are used simultaneously. The point is to determine the maximum 

(ideal) amount of work that can be extracted from a particular energy source as it is brought 

into equilibrium with the environment.  

We can conclude that exergy is a measurement of the quality of the energy. The laws of 

physics decide the exergy available in all systems, meanwhile our technology is limiting us 

from reaching up to that level. This means that it is impossible to extract more work from an 

energy flow than there is exergy. 

For more information about this concept see [5]-[8] 
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4 THEORY 

4.1 Energy 
According to the first law of thermodynamics for a closed system in differential form: 

 

𝑑𝑈 = 𝛿𝑄 −  𝛿𝑊     (4. 1. 1) 

𝛿𝑄 is the heat flowing into the system,  𝛿𝑊 is work done by the system and 𝑑𝑈 is internal 

energy. 

If the system consists of a gas that expands with the volume change 𝑑𝑉 at constant pressure, 

the system will perform a work, 𝑃𝑑𝑉: 

𝑑𝑈 = 𝛿𝑄 − 𝛿𝑊 − 𝑃𝑑𝑉     (4. 1. 2) 

It has been found convenient to define a new function, the enthalpy: 

𝐻 = 𝑈 + 𝑃𝑉      (4. 1. 3) 

Differentiation gives: 

𝑑𝐻 = 𝑑𝑈 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃     (4. 1. 4) 

Equation 4.1.2 substituted into equation 4.1.4: 

𝑑𝐻 = 𝛿𝑄 − 𝛿𝑊 − 𝑃𝑑𝑉 + 𝑃𝑑𝑉 + 𝑉𝑑𝑃    (4. 1. 5) 

𝑑𝐻 = 𝛿𝑄 − 𝛿𝑊 + 𝑉𝑑𝑃     (4. 1. 6) 

If we assume that the metallurgical processes occur under constant pressure it means that W 

delivered, is only expansion work, = 𝑉𝑑𝑝 , this results in: 

𝑑𝐻 = 𝛿𝑄      (4. 1. 7) 

If the addition of a quantity of heat results in a temperature increase 𝑑𝑇, the ratio 
𝛿𝑞

𝛿𝑇
 is called 

the heat capacity, 𝐶𝑝  of the substance. 

∆𝐻𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 = 𝐻𝑇2 − 𝐻𝑇1 =  𝐶𝑝𝑑𝑇
𝑇2

𝑇1
   (4. 1. 8) 

The heat capacity is usually expressed arithmetically by expressions like: 

𝐶𝑝 = 𝑎 + 𝑏𝑇 + 𝑐𝑇2 + 𝑑𝑇−1    (4. 1. 9) 

When a substance upon heating goes through a phase transformation, the enthalpy increases 

by an amount given by the enthalpy of transformation, 𝐻𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 . Also, if there is more 

than one substance involved in the process they may interact with each other in chemical 

reactions. When chemical reactions occur from a higher state to a lower one, energy is 

released, this will be referred to as the chemical enthalpy, 𝐻𝐶𝑒𝑚𝑖𝑐𝑎𝑙 . 
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If we consider a system including the relevant enthalpies in most metallurgical processes, it 

becomes: 

𝑑𝐻 = 𝑑𝐻𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 𝑑𝐻𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 + 𝑑𝐻𝐶𝑒𝑚𝑖𝑐𝑎𝑙   (4. 1. 10) 

The total energy may then be calculated with the following expression 

𝑄 = 𝑚 ∗       (4. 1. 11) 

where m is the total mass and h is the specific enthalpy i.e. the total enthalpy per mass unit.  

4.2 Exergy 
According to the discussion in chapter 3 the exergy 𝜓, quantifies the useful work in an energy 

source. According to [4] the exergy can be calculated with the following formulas: 

𝜓 = 𝑑𝐻 − 𝑇0𝑑𝑆     (4. 2. 1) 

where S denotes the entropy.  

For solid and liquid phase under constant pressure: 

𝑑𝑆 = 𝑚𝑐𝑝 𝑙𝑛
𝑇

𝑇0
      (4. 2. 2) 

For an ideal gas:  

𝑑𝑆 = 𝑚(𝑐𝑝𝑙𝑛
𝑇

𝑇0
+ 𝑅𝑙𝑛

𝑃0

𝑃
)     (4. 2. 3) 

If also chemical energy and transformation energy are present, these terms are just added to 

equation (4.2.1). 

If the heat flow is already known the preceding formulas may be used to formulate a new 

formula that may be used to calculate the exergy: 

𝜓 = 𝑄(1 −
𝑇0

𝑇−𝑇0
𝑙𝑛

𝑇

𝑇0
)     (4. 2. 4) 

Figure 10 shows a TS-diagram trying to further shed light upon the exergy concept. The 

diagram illustrates the usefull energy available considering the surrounding temperature and 

entropy. The usefull energy is the area between 𝑇0 and 𝑇1. 

 

Figure 10 TS-diagram 
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4.3 Combustion 
The simplest case of combustion is a stoichiometric combustion. That is when the air added to 

the reaction is exactly what is theoretically required to perform a complete combustion. In 

reality the reaction will need more air to prevent incomplete combustion. Combustion of a 

certain fuel can be calculated with the following formula where λC is the air factor and as is the 

air required for stoichiometric combustion. 

𝐶𝛼𝐻𝛽𝑂𝛾𝑁𝛿 + 𝜆𝑐𝑎𝑠 𝑂2 +  3,76𝑁2 
          
       (4. 3. 1) 

𝑛1𝐶𝑂2 + 𝑛2𝐻2𝑂 + 𝑛3𝑁2 + 𝑛4𝐶𝑂 + 𝑛5𝐻2 + 𝑛6𝑂2   

The total mass before the reaction has to be the same as after. 

4.4 Ideal gases 
By considering a gas as ideal, the ideal gas law can be applied: 

𝑃𝑉 = 𝑛𝑅 𝑇      (4. 4. 1) 

Equation (4.4.1) describes the relation between the pressure (P), volume (V), and absolute 

temperature (T).      

where n is the number of kmol of gas, or 

𝑛 =
𝑚

𝑀
       (4. 4. 2) 

𝑅  is the universal gas constant, the value of which is, for any gas: 

𝑅 = 8.3145 
𝑘𝐽

𝑘𝑚𝑜𝑙 𝐾
 

Substituting and rearranging we find that the ideal gas law may be written: 

𝑃𝑉 = 𝑚𝑅𝑇      (4. 4. 3) 

where 

𝑅 =
𝑅 

𝑀
      (4. 4. 4) 

R is commonly referred to as the individual gas constant and depends on which gas that is to 

be considered. Data for the individual gas constant may be found in ordinary thermodynamic 

tables. 

4.5 Heat and mass transfer 
The following information is a short resume from [9] providing the reader with basic 

understanding of the relevant heat transfer mechanisms. 
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4.5.1 Conduction 

Heat transfer is the physical mechanism that works between or through a media when there is 

a temperature gradient. Heat exchange may occur under three different circumstances: 

conduction, convection and/or radiation. These may occur alone or they may arise together 

depending on the environment. 

Conduction is the heat transferred through the object. The formula for one dimensional heat 

transfer by conduction during steady state is: 

𝑞 = 𝑘𝐴(𝑇1 − 𝑇2)     (4. 5. 1) 

k is the material conductivity.  

4.5.2 Convection 

Convection is the heat transferred from the surface of a medium when there is fluid present 

floating by. The formula for heat transfer by convection is: 

𝑞 = 𝐴(𝑇𝑠 − 𝑇∞)     (4. 5. 2) 

where h is the convection coefficient between the surface and the surroundings.  

The problem often arises to calculate the convection coefficient, h for different environments 

and circumstances. If the convection is occurring without any external forces interacting, it is 

said to be free convection. To save time only free convection will be considered (This is true 

for most cases within this work). Free convection originates in the fluid between an object and 

the surrounding environment due to density gradients. 

To decide the boundary layer conditions use the Rayleigh number:  

𝑅𝑎𝐿 =
𝑔𝛽 (𝑇𝑠−𝑇∞ )𝐿3

𝜈𝛼
     (4. 5. 3) 

For an ideal gas 𝛽 =
1

𝑇
 and L is the characteristic length of the object. All other properties are 

elevated at the film temperature.  

For vertical plates the critical Rayleigh number is 10
9 
 

For the entire range of Rayleigh number:  

𝑁𝑢    
𝐿 = [0,825 +

0,387𝑅𝑎𝐿

1
6

 1+ 
0,492

𝑃𝑟
 

9
16 

8
27

]2    (4. 5. 4) 

If the boundary layer is laminar it is more accurate to use: 

𝑁𝑢    
𝐿 = 0,68 +

0,670𝑅𝑎𝐿
1/4

[1+ 
0,492

0,71
 

9
16 ]4/9

    (4. 5. 5) 
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For horizontal plates:  

Upper surface of hot plate or lower surface of cold plate: 

𝑁𝑢    
𝐿 = 0,54𝑅𝑎𝐿

1/4
    (104 ≤ 𝑅𝑎𝐿 ≤ 107)   (4. 5. 6) 

𝑁𝑢    
𝐿 = 0,15𝑅𝑎𝐿

1/3
    (107 ≤ 𝑅𝑎𝐿 ≤ 1011)   (4. 5. 7) 

Lower surface of hot plate or upper surface of cold plate 

𝑁𝑢    
𝐿 = 0,27𝑅𝑎𝐿

1/4
    (105 ≤ 𝑅𝑎𝐿 ≤ 1010)   (4. 5. 8) 

where 

𝑁𝑢    
𝐿 =

𝐿

𝑘
      (4. 5. 9) 

4.5.3 Radiation 

Radiation transports heat without presence of a medium, and is the only mechanism in which 

heat may be transported in vacuum. 

𝑞𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝐸𝐴     (4. 5. 10) 

Where E is the total emissive power and A the area of the radiating surface. 

If the object may be approximated as a black body it follows that the absorptivity of the 

surface is unity, there is no reflection and the radiosity is composed solely of the emitted 

energy. 

For a blackbody: 

𝐸𝑏𝑙𝑎𝑐𝑘  𝑏𝑜𝑑𝑦 = 𝜎𝑇𝑠
4     (4. 5. 11) 

A surface radiative property known as the emissivity 𝜖  may be used as a ratio the radiation 

emitted by the surface to the radiation emitted by a blackbody at the same temperature. The 

total, hemispherical emissivity, which represents an average over all possible directions and 

wavelengths, is defined as: 

𝜖 =
𝐸𝑟𝑒𝑎𝑙

𝐸𝑏𝑙𝑎𝑐𝑘  𝑏𝑜𝑑𝑦
     (4. 5. 12) 

The emissivity for different materials and surfaces may be found in appropriate tables. 

When dealing with radiation it is common that several radiating surfaces exchange heat with 

each other. 

The formula for heat transfer exchange by radiation from a blackbody is: 

𝑞𝑖 =  𝐴𝑖𝐹𝑖𝑗 𝜎(𝑇𝑖
4 − 𝑇𝑗

4)𝑁
𝑗=1     (4. 5. 13) 
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Where is 𝜎 is Boltzmans constant and F is the view factor between the two surfaces is defined 

by: 

𝐹𝑖𝑗 =
1

𝐴𝑖
  

𝑐𝑜𝑠  𝜃𝑖𝑐𝑜𝑠  𝜃𝑗

𝜋𝑅2 𝑑𝐴𝑖𝑑𝐴𝑗𝐴𝑗𝐴𝑖
    (4. 5. 14) 

Figure 11 visualizes two surfaces exchanging radiation with the denoted notations. 

 

Figure 11 View factor associated with radiation exchange between elemental surfaces. 

If however the radiation can not be approximated as blackbody radiation exchange, 

consideration must be made considering absorptivity, reflectivity and transmissivity. For more 

information see [9]. 
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5 TECHNOLOGIES 

This part will consider the method of electricity production from waste energies. Most 

information was attained from [10]. However, this is a task big enough to cover a thesis on its 

own and therefore, due to limited time only a few possibilities will be dealt with. 

5.1 Electricity production from waste energies   
The two most common technologies for electricity production are the Organic Rankine Cycle 

(ORC) and the Kalina Cycle. This is basically ordinary Rankine cycles that can be divided 

into two groups depending on the working media, see Figure 12. While the ORC only uses 

one fluid the Kalina cycle is based on mixtures of different fluids for example ammonia and 

water. 

 

Figure 12 Technologies for electricity production [11] 
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5.1.1 Organic Rankine cycle 

This technique is based on a traditional Rankine cycle with an organic fluid as working 

media. A flow sheet describes the process in Figure 13.  

 

Figure 13 Schematic of the Organic Rankine cycle 

The working media is pressurized with a pump and then passes through the regenerator, 

where it is preheated. The media is then delivered to the boiler, where it is vaporized and 

eventually also superheated. The vapor is then expanded in the turbine that is connected with 

the generator that produces electricity. The expanding vapor is then cooled in the regenerator 

and is then finally brought to liquid phase again in the condenser with cooling water. 

The working media is chosen depending on the temperature of the waste energy. This is due 

to the different properties connected to the boiling point of different fluids. This is shown with 

a TS diagram in Figure 14. 
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Figure 14 

There are several different working medias that can be used due to the temperature of the 

heating source. In Figure 14 it can be seen that the choice of working media covers a 

temperature interval from 97 °C to 345°C. For more information about the choice of media 

see [12] 

5.1.2 Kalina cycle 

The Kalina cycle is based on the same principles as the ORC but instead the working media is 

an inorganic media that consists of a mix of water and ammonia. Figure 15 describes the 

process for a typical Kalina cycle. 

 

Figure 15 Schematic of the Kalina cycle 

The working media is pressurized with a pump and then passes through the regenerator where 

it is preheated. The media is then further heated in the Brine heat exchanger and delivered to 
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the boiler where it is vaporized. The mixture contents of both water and ammonia when it 

reaches the separator that separates the liquid part that mainly consists of ammonia. The vapor 

is then expanded in the turbine that is connected with the generator that produces electricity. 

The expanding vapor is then mixed with the liquid from the separator and is then cooled in the 

regenerator. Finally the mixture is brought to liquid phase again in the condenser that is 

cooled with a closed circuit of cooling water. The mixture passes the pump again and the 

cycle is completed. 

The obvious advantage of the Kalina cycle is that the fraction of water/ammonia can be 

adjusted depending on the temperature of the heating source. By doing this, the working 

pressure may be optimized. 

5.1.3 Organic Rankine cycle versus Kalina cycle 

 

 Kalina is better for liquid water at low temperatures 

 ORC is better at moderate temperatures and partial steam 

 Turbine cost for ORC is higher 

 Pressure class for Kalina is higher 

 Piping material is similar 

 Pipe dimensions for ORC are larger 

 Fluid safety measures are similar 

 Heat exchanger; ORC larger, Kalina smaller 

 

For more information see [13]. 

  



 
22 

 

6 ELECTRICITY PRODUCTION 

To calculate the possible amount of electricity to be used it was decided to use the same 

approach as an investigation performed at SSAB Borlänge[10]. The assumed efficiencies are: 

 ORC 8,1 % electric efficiency 

 Kalina 12,8 % electric efficiency 

The fraction of waste energy possible to transfer to the working media in the power cycle is 

depending on: 

 The temperature of the waste energy 

 The phase of the waste energy 

 The heat of vaporization for the working media. 

In analogy with the previous study we assume the temperature difference in the vaporizer 

between the outgoing waste energy and the incoming working media to 𝑇𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ,𝐺𝑎𝑠 = 

50°C for an energy source in gas phase. If the energy source is in liquid phase the 

corresponding temperature difference is set to 𝑇𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ,𝐿𝑖𝑞𝑢𝑖𝑑 = 20°C. The vaporization 

temperature is decided from the temperature of the heating source, because of the relatively 

low temperatures from the heating source the vaporization temperature of the working media 

should also be low. The critical temperature for heat of vaporization is assumed to be 

𝑇𝑣𝑎𝑝 ,𝐾𝑎𝑙𝑖𝑛𝑎 = 60°C and 𝑇𝑣𝑎𝑝 ,𝑂𝑅𝐶 = 30°C for the Kalina and ORC cycle respectively. 

The amount of electricity that can be produced is then calculated with the following formula: 

𝑄𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝑄𝐻𝑒𝑎𝑡 ∙ 𝜂 ∙  
𝑇𝑠𝑜𝑢𝑟𝑐𝑒 − (𝑇𝑣𝑎𝑝 + 𝑇𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 )

𝑇𝑠𝑜𝑢𝑟𝑐𝑒 − 𝑇𝑣𝑎𝑝
  

The expression in the parenthesis corresponds to a quote of energy that can be transferred to 

the power cycle from the waste energy source. Once we have that, we multiply with the 

efficiency for the whole cycle to get a total efficiency for the whole system, from the heat 

source to electricity. The calculation requires constant Cp value for the heating source. 
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7 RESULT 

The first part will consider the results obtained for the coke oven plant, blast furnace and steel 

plant. Results from energy and exergy calculations will be shown in tables and diagrams for 

the main processes. The final part will summarize the energy losses from the whole area.  

The result obtained in this section is partly from calculations in this thesis and also obtained 

from an older thesis made in 2006. Values for the coke oven plant and the blast furnace 

originate from measurements in the time period 2005.02.01-2005.02.28 stored in the database 

or achieved from 2005. For more information see [4]. The results shown concerning the steel 

plant is based on information collected during the period: 2008.09.01-2008.09.30 

7.1 Coke oven plant 
Detailed information about system boundaries can be found in [4]. The results summarize the 

energy and exergy flows occurring in the steel plant during February 2005. Once we acquired 

the right data the calculations is pretty straightforward. In order to clarify, the calculations 

will be described in this first case.   

7.1.1 Battery 

To calculate the energy going in, use equation 4.1.11 with their corresponding enthalpies, that 

is, hchemical for the coal and coke oven gas, htemperature for the combustion air and the process 

water. 

IN 

 Coal: 72 662 tonnes  

 Coke oven gas: 52°C, 11 613 144 Nm
3
  

 Combustion air: 35°C, 74 987 644 Nm
3
  

 Process water: 77°C, 31 987 m
3
  

 

Use the same approach on the outgoing energies and also apply equation 4.3.1 to calculate the 

amount of flue gas. 

OUT 

 Coke: 1000°C, 56 677 tonnes 

 Flue gas: 275°C, 86 600 788 Nm
3
 

 Raw gas(without tar): 83°C, 12 685 450 kg 

 Process water: 83°C, 31 987 m
3
 

 Tar: 2 117 tonnes 
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Figure 16 Battery 

 

Figure 17 Battery 

Energy losses TJ 

Flue gas 34,00 

Process water 10,82 

Heat losses 29,87 
Table 1 

To calculate the exergy, apply equation 4.2.1 on the different flows. 

Exergy losses TJ 

Flue gas 10,46 

Process water 1,37 

Heat losses 5,70 
Table 2 
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7.1.2 Gas cleaning  

IN 

 Tar: 2 117 tonnes 

 Raw gas(without tar): 83°C, 12 685 tonnes 

 Water: 940 800m
3
 

 

OUT 

 Coke oven gas: 62°C, 28 304 789 Nm
3
  

 Tar: 2 117 tonnes 

 Sulphur: 105 tonnes 

 Benzene: 671 tonnes 

 Water: dT= 5, 940 800m
3
 

 

 

Figure 18 Gas cleaning 
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Figure 19 Gas cleaning 

 

Energy losses TJ 

Water 20,00 
Table 3 

Exergy losses TJ 

Water 0,19 
Table 4 

  

0,0

100,0

200,0

300,0

400,0

500,0

600,0

700,0

TJ

Energy out

Losses

Benzene

Sulphur

Tar

Cokeoven gas



 
27 

 

7.1.3 Coke cooling 

IN 

 Hot coke: 1000°C, 56 677 tonnes 

 Cooling water: 80°C, 31 575m
3
 

 

OUT 

 Coke: 80°C, 56 677 tonnes 

 Steam: 30 533 tonnes 
 

 

Figure 20 Coke cooling 

 

Figure 21 Coke cooling 
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Energy losses TJ 

Cooled coke 3,83 

Steam 93,87 
Table 5 

Exergy losses TJ 

Cooled coke 3,83 

Steam 25,09 
Table 6 

 

7.1.4 Steam boilers  

IN 

 Coke oven gas: 45°C, 2 415 736 Nm
3
 

 Combustion air: 300°C, 11 339 136 Nm
3
 

 Feeding water:140°C, 17 042 tonnes 

 

OUT 

 Flue gas: 158°C, 10 899 309 Nm
3
 

 Steam: 198°C, 16 508 tonnes 

 

 

 

Figure 22 Steam boilers 
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Figure 23 Steam boilers 

Energy losses TJ 

Flue gas 38,76 
Table 7 

Exergy losses TJ 

Flue gas 0,49 
Table 8 
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7.2 Blast furnace 
Detailed information about system boundaries can be found in [4]. The results summarize the 

energy and exergy flows occurring in the blast furnace during February 2005. 

7.2.1 Air intake 

IN 

 Blower: 14.6MW, 672 hours 

 

OUT 

 Cooling water:  dT=6, 26 873 m
3
 

 Compressed air: 156°C, 156 950 640 Nm
3
 

 

 

Figure 24 Air intake 

 

Figure 25 Air intake 
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Energy losses TJ 

Cooling water 0,70 
Table 9 

Exergy losses TJ 

Cooling water 0 
Table 10 

7.2.2 Hot stoves 

IN 

 Combustion air: 37°C, 70 737 Nm
3
 

 Gas: 71 583 Nm
3
  

 Compressed air: 155°C, 148 739 084 Nm
3
 

 Cooling water: 4°C, 374 372 m
3
 

 

OUT 

 Cooling water: 8°C, 374 372 m
3
 

 Flue gas: 535°C, 124 745 kNm
3
 

 Blast air: 1108°C, 162 178 600 Nm
3
 

 

 

Figure 26 Hot stoves 
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Figure 27 Hot stoves 

Energy losses TJ 

Cooling water 6,29 

Flue gas 45,73 
Table 11 

Exergy losses TJ 

Cooling water 0,14 

Flue gas 13,66 
Table 12 
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7.2.3 The furnace 

IN 

 Blast air: 1108°C, 162 178 600 Nm
3
 

 Oxygen: 6456 kNm
3
 

 Cooling water: 1 435 643 m
3
 

 Fuel: 48 867 tonnes 

 Iron ore pellets: 238 879 tonnes 

 Additives: 14 400 tonnes 

 

OUT 

 Hot metal: 1483°C, 173 725 tonnes 

 Cooling water: dT=13, 1 435 643 m
3
 

 Slag:1706°C, 26 406 tonnes 

 Soot: 2744 tonnes 

 Coke oven gas: 36°C, 249 642 825 Nm
3
 

 

 

Figure 28 The furnace 
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Figure 29 The furnace 

Energy losses TJ 

Cooling water 71,83 

Slag 40,97 

Soot 21,25 

Radiation 21,77 

Process water 12,76 
Table 13 

Exergy losses TJ 

Cooling water 1,80 

Slag 26,66 

Soot 21,25 

Radiation 5,44 

Process water 9,01 
Table 14 
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7.3 Steel plant 
The results summarize the energy and exergy flows occurring in the steel plant during 

September 2009. 

7.3.1 Desulphurization 

System boundaries: The hot metal arrives in torpedo cars and is delivered to the BOF 

converter.  

IN 

 Hot metal: 1434°C, 195 534 tonnes 

 Slag formers: 1471 tonnes 

 Nitrogen: 18 545 Nm
3
 

OUT 

 Hot metal: 1350°C, 190 449 tonnes 

 Slag:1350°C, 6556 tonnes 

 Flue gas: 1392°C, 18 545 Nm
3
 

 

 

Figure 30 desulphurization 
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Figure 31 desulphurization 

 

Energy Losses TJ 

Radiation & Convection 1,40 

Slag 10,99 

Flue gas 18,52 

Tapping of hot metal 27,80 
Table 15 

Exergy Losses TJ 

Radiation & Convection 0,25 

Slag 7,03 

Flue gas 11,95 

Tapping of hot metal 18,00 
Table 16 
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7.3.2  BOF converter 

IN 

 Hot metal: 1350°C, 190 449 tonnes 

 Scrap: 31 488 tonnes 

 Iron ore pellets: 3 950 tonnes 

 Alloys:2 477 tonnes 

 Additives: 12 768 tonnes 

OUT 

 Hot steel: 1690°C, 211 085 tonnes 

 Slag:1690°C, 15 000 tonnes 

 BOF gas: 1520°C, 21 413 kNm
3
 

 

Figure 32 BOF converter 
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Figure 33 BOF converter 

Energy Losses TJ 

Slag, thermal 30,67 

radiation & convection 1,97 
Table 17 

Exergy Losses TJ 

Slag, thermal 20,90 

radiation & convection 0,35 
Table 18 

7.3.3  Steam boiler 

 

IN 

 BOF Gas: 1520°C, 21 413 kNm
3
  

OUT 

 BOF gas: 51°C, 21 413 kNm
3
 

 Steam: 194°C, 14 697 tonnes 
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Figure 34 Steam boiler 

 

Figure 35 Steam boiler 

Energy Losses TJ 

Steam cooled 5,23 

Flare 70,59 
Table 19 

Exergy Losses TJ 

Steam cooled 1,28 

Flare 70,59 
Table 20 
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7.3.4  RH 

 

IN 

 Hot steel: 1587°C, 14 603 tonnes 

 Steam: 195°C, 529 tonnes 

 Scrap: 75 tonnes 

 Alloys: 241 tonnes 

OUT 

 Hot steel: 1590°C, 14 919 tonnes 

 

 

Figure 36 RH 
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Figure 37 RH 

 

Energy Losses TJ 

Coal reduction 0,18 

Radiation & Convection 0,09 

Thermal energy, gas 0,02 
Table 21 

Exergy Losses TJ 

Coal reduction 0,18 

Radiation & Convection 0,03 

Thermal energy, gas 0,01 
Table 22 

7.3.5  CAS/OB 

System boundaries: All systems involved from the point, where the steel arrives in ladles until 

it is treated and delivered. 

IN 

 Hot steel: 1587°C, 196 483 tonnes 

 Alloys: 399 tonnes 

 Scrap: 267 tonnes 

 Argon: 531 kNm
3
 

 Oxygen: 1 294 kNm
3
 

OUT 

 Hot steel: 1579°C, 197 149 tonnes 

 Flue gas: 1500°C, 1825 kNm
3
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Figure 38 CAS/OB 

 

Figure 39 CAS/OB 

Energy Losses TJ 

Thermal energy, gas 1,97 

Radiation & Convection 0,04 
Table 23 

Exergy Losses TJ 

Thermal energy, gas 1,30 

Radiation & Convection 0,02 
Table 24 
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7.3.6  Continuous Casting 

 

IN 

 Hot steel: 1588°C, 212 068 tonnes 

 Mould, cooling water: 35°C, 13 905 l/min 

 Strand guide cooling water: 26°C, 23 815 l/min 

 Engine cooling water: 35°C, 13 719 l/min 

OUT 

 Hot steel: 1000°C, tonnes, 212 068 

 Mould, cooling water: 42°C, 13 905 l/min 

 Strand guide cooling water: 32°C, 23 815 l/min 

 Engine cooling water: 39°C, 13 719 l/min 

 Water vapour: 74°C, 240 Nm
3
/hour 

 

 

Figure 40 Continuous casting 
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Figure 41 Continuous casting 

Because of problem with equipment it was not possible to measure the temperature at this 

point. According to the workers in the steel plant, the temperature after cutting is 

approximately 1000°C. 

Energy Losses [TJ] 

Cooling water 52,58 

Radiation slabs 73,13 

Radiation & Convection ladle 7,87 

Convection slabs 2,06 

Moist air 0,15 

Radiation & Convection steel tundish 0,13 
Table 25 

Exergy Losses [TJ] 

Cooling water 3,23 

Radiation slabs 49,31 

Radiation & Convection ladle 3,02 

Convection slabs 1,30 

Moist air 0,02 

Radiation & Convection tundish 0,02 
Table 26 
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7.4  SSAB Strip Products Division 
Table 27-29 summarizes the previous result considering the energy and exergy flows in the 

Coke oven plant, Blast furnace and Steel plant. Table 30 summarizes these three tables into a  

single table containing the total losses for the SSAB Strip Products Division. 

Energy source Energy losses [TJ] Exergy losses [TJ] Energy Power [MW] Exergy Power [MW] 

Cooling water 20 0 8 0,00 
Surface losses 30 6 12 2 

Steam 93 23 38 10 
Flue gas 36 11 15 5 

Flare 3 3 1 1 
Total 182 43 75 18 

Table 27 Coke oven plant 

Energy source Energy losses [TJ] Exergy losses [TJ] Energy Power [MW] Exergy Power [MW] 

Cooling water 95 2 39 0,8 
Surface losses 14 3 6 1 

Flue gas 46 14 19 6 
Flare 27 27 11 11 
slag 41 27 17 11 

Total 223 73 92 30 
Table 28 Blast furnace 

Energy source Energy losses [TJ] Exergy losses [TJ] Energy Power [MW] Exergy Power [MW] 

Cooling water 58 5 22 2 
Surface losses 87 54 33 21 

Flue gas 19 12 7 5 
Flare 71 71 27 27 
slag 42 28 16 11 

Other 28 18 11 7 

Total 304 188 117 72 
Table 29 Steel plant 

Energy source Energy losses [TJ] Exergy losses [TJ] Energy Power [MW] Exergy Power [MW] 

Cooling water 173 7 70 3 

Surface losses 131 63 52 25 

Steam 93 23 38 10 

Flare 66 66 27 27 

Flue gas 101 37 41 15 

Slag 83 55 33 22 

Other 28 18 11 7 

Total 674 269 272 108 
Table 30 Total losses for SSAB Strip Products Division 
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The value for the flare was changed for the steel plant due to unrealistic circumstances at the 

time of the measurement. The new value of the flare was calculated to 36 TJ and is based on 

an average month in 2008. 

7.5 The model  

This part is a short description of the computer model designed for the Steel plant, see Figure 

4 . The model was made in Excel. The file stores all data that has been used in the 

calculations. Figure 42 shows the start page. The model is divided into tabs containing 

information and calculations for the different systems. 

 

Figure 42 Print screen 

Figure 43 is a print screen from the tab “data as received” and contains the original data that 

was extracted from the SSAB databases. The tab contains a lot of data both used in 

calculations and data that may come handy in future work. The work associated with 

collection of data was very time-consuming and too much data have been stored to be 

presented in this report.  
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Figure 43 Print screen 

Figure 44 and Figure 45 shows the desulphurization part. It is a summary of the energy and 

exergy flows calculated in this part and some calculations concerning the Enthalpies and 

chemical energy of the different elements in the hot metal. 

 

Figure 44 Print screen 
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Figure 45 Print screen 

Figure 46 shows the continuous casting part where the radiation and convection are calculated 

for the hot steel just before it is divided into slabs.  

 
Figure 46 Print screen 
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8 ANALYSIS 

 

8.1 Reflections and thoughts about the overall result 
By comparing the calculated energy flows with their corresponding exergy flow it is possible 

to examine which energy sources might be of interest in a thermodynamic perspective. 

Table 30 shows the total energy and exergy flows. We see that for an ideal process we could 

produce 108 MW of electricity, however this is not the whole truth. As earlier explained the 

exergy concept allows us to examine what is physically possible from a thermodynamic point 

of view. However, the technology may or may not be available.  

For example the slag is a promising energy source if one looks at the fraction of exergy 

compared to energy. The problem arises when one has to decide what technology to apply. 

This is due to the fact that the slag is in a solid state and hence more difficult to recycle than 

gas or liquid. On top of that it is harder to transport and also produced in time intervals and in 

different locations in the area. 

Figure 47 shows the total losses for SSAB Strip Products Division. 

 

Figure 47 

After studying the total losses, it becomes obvious that big energy losses do not always mean 

big exergy losses. The cooling water for example is a source of huge waste energies. 

However, the exergy flows indicate that it is hard to make use of it. The total waste energy 

associated with cooling water is 172.8 TJ while the exergy flow is only 6.5 TJ. The second 

highest source of waste is the surface losses. 

The surface losses calculated in this case are 130.7 TJ or 51.6 MW, see Table 30. This is also 

to some extent hard to make use of. This is due to the fact that the losses occur in different 

locations and it would also be hard to make use of the energy without interrupting the system 

from the production. The surface losses here does not account for the cooling of the slabs in 
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the cooling area, that is 144.30 TJ, see Figure 41. Investigations have been made concerning a 

cooling tunnel for the slabs. However, the economical analysis at that time indicated that it 

would be a slightly too long payback time to motivate such an investment. For more 

information about this investigation, see [14]  

Concerning interruptions in the production line the slag is a relatively easy waste product to 

make use of because it has no function after it has been separated from the hot metal. The slag 

contributes with a heat loss of 33 MW where 21.9 MW, is exergy. With a technology that 

extracts the heat from the slag we may have found a promising energy source.  

The steam is created when water is used to cool down the hot coke. The method being used 

today makes it hard to make use of. An idea would be to change to another method of cooling 

that would more easily allow recycling. 

The flue gas is a promising energy source to make use of. It accounts for a total loss of 41.3 

MW and an ideal process would be able to produce 15.1 MW of electricity. One problem that 

usually has to be accounted for is that when the gas is cooled down it may result in corrosion 

problems. The material in this case should be chosen considering that. 

The flare is a source of good energy although the gas that is burnt is usually of less quality 

than the gas that is sent to LUKAB. However, it can still contribute in another technical 

solution. The problem today is that LUKAB needs a certain quality of the gas, otherwise 

efficiency and availability will be compromised due to additional maintenance. In this case, 

we were a bit unfortunate when the measurements took place. Parts of the time considered, 

maintenance work was in progress at LUKAB. This resulted in a higher fraction of flared gas 

than normal. 
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8.2 Conclusion 
This thesis shows that there are good opportunities for recycling of waste energies at SSAB 

Strip Products Division in Luleå. The total amount of waste energies is approximately 674 TJ. 

The real potential of the different energy sources differs from one energy system to another. 

This mainly has to do with the temperature of the energy source. The higher the temperature 

is from the beginning the more likely it is that the energy is possible to recycle. If based on 

exergy calculations this amount of energy would be enough to produce a total electricity 

power output of incomprehensible 108 MW.  

Of course, this is not possible in reality but it gives us a good hint of what is theoretically 

possible. First of all we will never be able to construct an ideal process that this calculation is 

based on, there will always be losses. Also there are many less impressive flows in these 

calculations that, if not impossible, at least will be very hard to use in reality. We have to take 

into consideration that the production should be able to continue as usual. 

The final conclusion regarding the situation at SSAB is that there are good opportunities of 

making use of a lot of energy that otherwise would be lost. The problem left to deal with is 

now of technical and economical nature and is not possible to solve within the time limit of 

this thesis. It must also be said that there are other gains than economical aspects involved in 

this. The environmental benefits are also to be considered. An environmental policy from 

SSAB may also be a good argument for the customers to choose steel products from SSAB 

not to mention the benefits of good publications in financial unstable times like this. 
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8.3 Recommendations 
A promising solution to the problem is to use the waste energy for district heating. As 

described in section 2.4, LUKAB uses a combined high/low pressure turbine to produce 

electricity and hot water. If they were to receive hot water from SSAB and could distribute 

that in the district heating system, they could instead use more energy from the gas they burn 

to produce electricity. Also this approach should be preferable because of the relatively small 

investment costs. The problem with waste energies in the form of heat is usually that there is 

no application. In this case there is, in the form of rearranging the flows and by doing so 

produce more electricity. 

The more obvious recommendation is to calculate the investment cost and the electricity that 

would be produced in each case. Making calculations based on this to find out the payback 

time. 

8.4 Future work 
The physical analysis is complete. The next step in this work should be to more deeply 

investigate technologies that can make use of the energy. A more focused analysis of certain 

energy flows is also required. The following technologies need to be investigated and 

compared to the situation at hand: 

 Energy production from slag 

 Cooling system for the slabs 

 Flue gas condensation technologies 

After the technologies have been studied and compared an economical investigation must be 

made to decide whether an investment is the next logical step or not. 
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10 Appendix 

Appendix A 

 

Appendix A Schematic of the steel ladle 
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Appendix B 

 

Appendix B Schematic of the continuous casting 
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Appendix C 

 

Appendix C Schematic of the tundish 
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Appendix D 

 
Appendix D Energy balance, SSAB Strip Products Division 

Appendix D shows the ingoing energies compared with outgoing energies at SSAB Strip 

Products Division. All input values except the losses were adapted from SSAB Strip Products 

Division environmental report in 2007 and from a similar calculation performed earlier by the 

SSAB group. The table shows that 4.1 percent of the total energies where not found and that 

26.2 percent of the ingoing energies leaves as losses. 

 


