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Abstract
Energy consumption has been in focus in the mining industry for some time and  efforts to optimise 
the  energy consumption  in  individual  process  steps  have  been  made  with  fairly  good  results. 
However, until now process integration techniques has been sparsely utilised. In this paper a project 
aimed to develop and apply process integration techniques for the processing units of a magnetite 
based  iron  ore  upgrading  plant  producing  mainly  iron  ore  pellets  is  described.  The  iron  ore 
upgrading system in focus within this research project is the LKAB facilities in Kiruna in the north 
of Sweden. A brief introduction of the iron ore upgrading system of LKAB in Kiruna is given. The 
background problem is formulated and an overview of MIND/reMIND, the main methods and tools 
to be used in the project are described. Finally, some of the main focus areas of the optimisation are 
discussed. The paper ends with some closing statements regarding the current status of the project 
and the future work. 

1. Introduction
The mining industry is among the energy intensive industrial branches in Sweden. Out of the total 
annual  energy usage  of  228 TWh [1]  in  the  Swedish industry,  the  consumption of  the  mining 
industry was  4,4  TWh in  the  year  2005 [2]  or  around 2 % of  the  total  industrial  energy use. 
Specifically, the iron ore industry and its connected iron ore upgrading processes consumes vast 
amounts of energy.  LKAB, the main iron ore producer in Sweden consumed nearly of 3 TWh or 
about 70 % of the total mining Swedish industry consumption, for the same year. The main part of 
that consumption emanates from the upgrading of iron ore into iron ore pellets. 

In  the  last  decades  effort  has  been  put  into  improving  the  energy efficiency of  the  individual 
processes of the iron ore pellet production and good results has been achieved. The energy used per 
ton of produced pellets in the pelletising plants of LKAB has decreased by around 60 % during the 
last 30 years, as shown in Figure 1. [3]
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Figure 1. Energy consumption per produced ton of iron ore pellets.

The energy efficiency of the individual processes is expected to continue to improve with new 
technologies and new process control methods. The development can not be expected to continue in 
the same pace as during the last decades. This is due to the increased maturity of the processes as 
well  as to the chemical  and physical  limitations  of the processes.  No matter  how effective the 
processes are a certain minimum amount of energy must be utilised in order to fulfil the process 
steps in the iron ore upgrading process chain. As the processes get more efficient and thus closing in 
on that minimum amount of energy, energy savings in the same proportions as in the past tend to get 
harder to achieve. 

In such situations, process integration has proven to be very efficient in other processing industries. 
In Sweden, process integration has grown to be a well renowned collection of tools in order to 
achieve higher efficiency with regards to energy and emissions control in particular in the pulp and 
paper industry [4], the petroleum industry [5] and the steel industry [6]. 

Neither in the Swedish mining industry nor in the international counterpart process integration has 
reached that  level  of  utilisation.  However,  positive  experiences  from other  processing  industry 
branches has made its way into the mining industry and an increased interest from the companies in 
the mining industry has been noted.

As a result of the before mentioned success in other branches of the processing industry LKAB has 
turned it's interest to the methods and tools of process integration. In cooperation with the Swedish 
Energy Agency and Luleå University of Technology LKAB has initiated two projects aiming at 
developing  and  applying  process  integration  methods  and  tools  for  the  specific  processes  and 
production systems of LKAB. One of the projects is targeted at the LKAB facilities in Malmberget 
[7] and the other project, which is the one described in this paper is targeted at the facilities in 
Kiruna. 

In this paper the processing system to be examined in this project will be described. A formulation 
of the problem is posed and a short  description of some of the tools  and methods that will  be 
utilised in the project is included. The application of the methods and tools are described and the 
strategy for the modelling work is stated. Finally the possible sources for energy savings that has 
been identified so far are identified and discussed. 
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2. The iron ore upgrading system in Kiruna
The iron ore upgrading plant in focus of this study is located in Kiruna in the north of Sweden, 
geographically shown in Figure 2. Kiruna, the northernmost city of Sweden is located north of the 
arctic circle at almost 68  ° N latitude. The iron ore upgrading system in Kiruna is the largest in 
Sweden.  The production consists  of  three main products,  blast  furnace pellets,  direct  reduction 
pellets and sinter fines. 

On its path through the upgrading system, the iron ore undergoes a series of process steps on it's 
way from crude ore to finished pellets. In this chapter the process chain of the upgrading system is 
briefly described. Figure 3 gives an overview of the process chain of LKAB in Kiruna. 

Figure 2. Map of Scandinavia. The town of Kiruna is located in the 
absolute north of Sweden, underlined with red.

2.1 Mining

The iron ore that is being mined in Kiruna is part of the Kirunavaara iron ore body which is mainly 
a magnetite ore body. The ore is currently mined from the main level located at 1045 meters below 
the original peak of the Kirunavaara mountain. After being mined the ore is crushed into smaller 
fractions and finally the ore is hoisted up to ground level by great skippers.

2.2 Sorting plant

After being hoisted up to ground level the ore is sent to the sorting plant. In the sorting plant further 
grinding is performed. After grinding, magnetic separation and sieving of the ore is performed. The 
outgoing finely ground ore is then sent to either of the two concentrating plants.

The sorting plant utilises mainly electricity. The electricity consumption for the sorting plant was 
54,1 GWh in the year 2005, approximately 9% of the total electricity use for the upgrading system 
according to [8].



Figure 3. Schematic image of the main process steps of the iron ore upgrading system of LKAB, 
Kiruna. 

2.3 Concentrating plants

In  the concentrating process  further  separation of  the ore  is  made.  First  the ore  is  ground and 
magnetically separated again. It is then fed together with water and additives into flotation tanks 
where phosphorus is separated by reversed flotation. After the flotation, the ore concentrate which 
now is in the form of a slurry is sent to either of the two the pelletising plants. 

The main energy source for the concentrating plants is electricity. The two concentrating plants of 
the  iron  ore  upgrading  system utilised  275  GWh of  electricity  or  45% of  the  total  electricity 
utilisation in iron ore upgrading during the year 2005 [8].

2.4 Pelletising plants

When entering one of the two pelletising plants the iron ore slurry is mixed with the specified 
additives to meet the specifications for the product that is currently produced. Olivine, quartzite, 
limestone and dolomite are common additives. Water is then partly dried from the slurry with disc 
filters or air pressure filters depending on the pelletising plant KK2 or KK3. After filter drying the 
ore concentrate is mixed with binders, bentonite or organic binder depending on the product being 
produced. When the chemical composition is correct the mixture is fed via a storage to huge rolling 
drums where the pellets, or green balls as they are called at this stage of the process, are formed. 
The pellets size is held at a diameter of around 10 mm. 

Finally, the green balls are ready to undergo heat treatment in the grate-kiln process. The green balls 
are fed to the grate-kiln induration furnace as a bed of around 23 cm height. A very simplified and 
schematic image of the grate-kiln process is shown in Figure 4.



Figure 4. Schematic view of the grate-kiln process. Arrows indicates the 
direction of movement for the raw material.

The grate-kiln induration furnace can, very simplified, be divided into three main zones. The first 
zone that the green balls enters is the travelling grate where the green balls are being dried and pre-
heated. The drying is performed by flushing hot air through the bed. 

The heat utilised in the travelling grate is provided by the cooler located at the end of the kiln. Also 
the  oxidation  of  magnetite  to  haematite  that  starts  in  this  part  of  the  process  produces  large 
quantities of heat. In fact the heat from magnetite oxidation is one of the main sources of energy in 
the pelletising process when producing iron ore pellets from magnetite. The gas temperature of the 
travelling grate starts at about 100 °C at the entrance of the pellets and increases to about 1250 °C at 
the output side. The temperature of the pellets upon leaving the travelling grate ranges from close to 
1000 °C at the bottom of the bed up tot temperatures close to the final gas temperature. 

After drying and preheating, the pellets enters the rotary kiln where further oxidation occurs along 
with sintering of the pellets However, in the kiln the oxidation is rather limited due to the high 
temperature.  Magnetite  oxidation  is  highly  temperature  sensitive  and  the  reaction  rate  drops 
immensely at around 1100 °C [9]. Finally the pellets enter the cooler at a temperature of around 
1300 °C. During the cooling, the rate of magnetite oxidation increases again. 

In the cooler the pellets are cooled down in several steps to a temperature of around 100 °C when 
reaching the output. Each of the steps in the cooler is connected to a previous part of the grate-kiln 
and supplies that connected part with heat in the form of hot air.

The pelletising plants are the main consumers of energy in the iron ore upgrading system 2005 the 
two pelletising plants consumed 176 GWh or about 29% of the total electricity use of the iron ore 
upgrading system[8]. Also 553 GWh worth of coal and 153 GWh of oil were used in the pelletising 
plants of Kiruna in 2005 [8]. Also the magnetite oxidation is contributing with vast amounts of 
energy. In total the magnetite oxidation contributed with 1140 GWh of heat in the pelletising plants 
for the same year [8].

2.5 Other functions of the upgrading system

The previously described processes are the main elements in  the process chain of the iron ore 
upgrading in Kiruna. Surrounding these main elements a number of supporting processes, functions 
and sources of additives,  energy and other media such as process water and pressurised air  are 
situated. Those processes and functions will not be described in detail in this paper. However, they 
will be an important part of the final model since many of them are important supplies, demands 
and means of transport for the energy, material and media streams in the system.

2.5.1 The process water system

The process water system is an extent and highly intertwined system that has been built up, rebuilt 
and expanded for many years. Essentially the process water system of the iron ore upgrading system 



can  be  described  as  two partly  interconnected  systems.  The  largest,  both  in  flow volume and 
absolute volume is the clear water system. The clear water system supplies most of the process units 
with  process  water  used  for  various  tasks  such  as  transport  media  for  material,  e.g.  iron  ore 
concentrate,  flushing water for runners etc.  The other process water  system is  the recirculating 
system. That system mainly provides the concentrating plants with process water.

2.5.2 Boilers and ventilation systems

The two pelletising plants  are  equipped with heat  recovery boilers  which are  providing district 
heating to LKAB:s internal district heating system as well as the municipal district heating system. 
LKAB measurements reveal that in 2007, the waste heat boilers delivered a total amount of 153 
GWh to the district heating systems. LKAB is also maintaining four conventional oil and electricity 
fuelled boilers on the facilities.

The  mines  need  constant  ventilation  in  order  to  keep  the  atmosphere  safe  for  workers  and 
equipment.  Vast  amounts  of  air  is  passing through the 14 mine ventilation  stations  around the 
Kirunavaara mountain. During winter, when the temperature in the surrounding area is low the air 
being ventilated into the mines has to be heated to at least  1 °C and is one of the main district 
heating users in the system. 

2.5.3 Other equipment

Large compressor stations providing compressed air for the upgrading system as well as the mining, 
according to [8], were consuming electricity in the area of 24 GWh for 2005. Other facilities such 
as workshops, buildings and other systems consumed in the area of 8 GWh for the same year [8]. 

2.5.4 The surrounding society

With an average temperature of around -1 °C, the town of Kiruna has a relatively large need for 
district heating. Today LKAB together with the municipally owned company, TVAB, are the main 
providers of heat to the district heating system. 

The connection rate to the district heating system is according to TVAB, the community owned 
district heating company, around 90% for tenement buildings and around 30% for single family 
houses. The heat production is in the vicinity of 300 GWh per year and LKAB:s delivery into the 
system was 28 GWh for 2005 [10].
2.6 Material and energy flow overview
The main processes of the iron ore upgrading  system; sorting, concentrating and pelletising are 
located in different production units on the premises. In this chapter the different production units 
and their interconnection with other production units and are outlined. 

On the premises one sorting plant, KS, is serving two concentrating plants, KA1 and KA2 with raw 
material. The two concentrating plants are serving either one of the two pelletising plants with iron 
ore concentrate, KK2 and KK3. The normal case, however, is that KA1 serves KK2 and KA2 serves 
KK3. The flow of the iron ore and and the main energy source utilisation is depicted in Figure 5. 
Please note that one of the main sources of energy in the system is not depicted explicitly, namely 
the internal chemical energy potential of the magnetite. The oxidation energy of the magnetite can 
be considered as a part of the iron ore flow and is terminated in the pelletising plants KK2 and 
KK3. Also presented in Figure 5 are the main media flows of the iron ore upgrading system. 



Figure 5. The processing units, the iron ore flow in the process and the energy demand.

3. Problem formulation
The  energy  consumption  is  a  big  expense  for  LKAB.  Being  one  of  the  largest  energy  users 
nationally it is crucial for the competitiveness of LKAB to be efficient in terms of energy use. As 
mentioned in  the  introduction,  LKAB alone  is  responsible  for  almost  2% of  the  total  Swedish 
industry's energy consumption. This in combination with the relatively high rate of fossil fuels leads 
to  high  costs  and  an  uncertain  future  with  regards  to  future  prices  and  regulations.  The  CO2 

emissions from the iron ore upgrading system for 2007 was in the area of 280 kton [14]. Figure 6 
shows the development of the energy prices for LKAB's main energy sources during the last ten 
years. 



Figure 6. Development of  Swedish energy prices for LKAB's main energy 
sources, tax included, for the period 1997-2006.

As shown in Figure 6, there has been a significant rise of the energy prices during the last ten years 
and there is little expectation that the steady increase during the last ten years will cease.

Except from the steady increase of energy prices there are  also other important factors putting 
pressure on the energy intensive industries.  The increasing pressure to lower CO2 emissions  is 
leading to new legislation, the carbon emissions trading is one example of that. Taxes connected to 
the emission of CO2 and NOx is another. Also, the authorities are starting to put a greater pressure 
on the companies when issuing concessions and licenses.

4. Methods and tools

4.1 Initial considerations  for this project 

As shown in the previous chapters, the iron ore upgrading facilities of LKAB in Kiruna is a large 
and complex system of  interconnected processing units  and media streams.  In such a complex 
system, model work, verification, validation and the following optimisation has to be performed in 
a thorough, well documented and systematic way. 

Furthermore, extensive amounts of data has to be collected. Fortunately, LKAB has an extensive 
database of process data that is a great source of knowledge. The huge amounts of data that is stored 
in the database implies that significant effort has to be put into single out the important parameters. 
Hence, systematic ways of handling data and other information regarding the system to be modelled 
will have to be utilised. 

The model to be built must be able to handle the various sources of energy and the flow patterns of 
that  energy as  well  as  the  various  other  media  streams such as  process  water,  pressurised  air, 
ventilation air, district heating water, exhaust gases and such. It is also necessary for the model to be 
flexible in the choice of energy sources as the source of energy highly impacts both the economic 
and  the  emissions  aspects  of  the  plants  performance.  Apart  from the  emissions  and  economic 
aspects,  the  choice  of  fuel  in  the  grate-kiln  has  impact  on  the  flame  geometry as  well  as  the 
atmosphere in the kiln, which has strong influence on key quality aspects of the outgoing product..



The final model is also expected to include the interconnections to the surrounding society with 
regards  to  energy.  Those  interconnections  includes  district  heating,  emissions  such  as  CO2-
emissions,  material  handling and handling of waste.  A systematic and standardised approach to 
model work and continuous verification and validation will be needed and developed. 

4.2 The MIND work flow and the reMIND software

Several projects [6],[4],[11] has shown that the MIND method and the related software reMIND is 
suitable when performing optimisation modelling of large scale plants and production systems. The 
MIND method has been described thoroughly in the past by [12] and [13] and interested readers are 
advised to look into those descriptions.

Originally developed at the Linköping University of Technology in Sweden, MIND was designed as 
a method for modelling of the energy systems of different industries. The first step of modelling is a 
thorough examination of the system being modelled. Heuristics, process data and thermodynamics, 
chemical or physical representations of the processes being modelled are put together. Then the 
model  is  created  visually  and  mathematically  with  the  help  of  reMIND,  the  MIND graphical 
interface and equation editor - shown in  Figure 7. In reMIND, the process system is depicted as 
nodes representing various processing units such as the sorting plant or one of the pelletising plants 
in  our example.  These nodes are  then interconnected with coloured arrows representing energy 
flows, material flows or any other relevant resource such as raw material. 

Figure 7. A screenshot of the reMIND software with the models graphical representation in the 
background and the equation editor for one of the nodes in the foreground. 

Then each node is filled with all the equations, other data and boundary conditions needed in order 
to describe the behaviour of the node in the scope that the model is being made. These equations 
and other data are entered by use of an equation editor included in the reMIND software. 



The equations and other data entered defines the nodes response and is the crucial part of the model 
build up. When all the nodes are filled the equation system representing the model can be exported 
and solved with an external solver for MILP problems such as GLPSOL or ILOG CPLEX

The solution produced by the external solver is then analysed, preferably in a spreadsheet program 
like OpenOffice Calc or Microsoft Excel. The validation and verification is the most important  part 
of the analysis. If the solution is valid and the optimisation run is finished. If not another lap in the 
loop is made. Figure 8 shows this work flow. 

Figure 8. The general work flow of the MIND method [12]. 

The data and equations necessary in order to fill the model can be obtained in many ways. They can 
be the result of thermodynamic analysis of the processes such as exergy analysis or pinch analysis, 
measurements or process data or heuristics. The choice of boundaries is elementary for the results 
of the produced model since they are setting the level of freedom for the model. 

A MIND model  and  it's  corresponding equation  system and solution  space  is  characterised  by 
flexible time steps where each time step can have its own characteristics in terms for example in the 
terms of production quality, raw material characteristic, fuel prices or any other criteria. Also it is 
possible and in many cases preferred to have different levels of detail in the various nodes of a 
system. This is relevant in our present case where the energy consumption is one of the key aspects. 
In such cases it would be preferred to model the energy intensive nodes in great detail. At the same 
time it would be a waste of effort to depict the less energy intensive nodes with the same high level 
of detail.  It is crucial to make good decisions regarding the level of detail for each node in the 
model. 

4.3 Application of MIND and reMIND utilisation in this project

In the application of the MIND method in this study, considering some of the challenges presented 
earlier, strategies and ways of work has to be defined early in the project. Without a structured way 
of work the chances of developing a functional model within reasonable time would be negatively 
affected. One way of of meeting these challenges is to work with an incremental approach to the 
modelling work.

Incremental planning, in this context, means that the model will be built in several well defined sub 
projects.  For  each  increment  the  requirement  is  that  a  validated  and  verified  model  must  be 
achieved before moving on to the next increment. 

By incremental planning the modelling work can start early with just one or a few key processing 
units per increment . When the model of the first increment is finished, it can be validated and 
verified. If the model passes validation and verification, the next increment is planned. With each 
increment, the system boundary is expanded, including one of a few more processing units.  



By expanding the  model  incrementally one  processing  unit  or  a  few processing  units  for  each 
increment, the work can be performed with focus on a minimum set of problems at any given time. 
Less problematic verification and validation is also expected by this strategy. Since the amount of 
new information in every step will be relatively small.

It is a good idea to keep Figure 6, presented earlier, in mind when reading the following chapters. 

4.3.1 Gathering the data

As already implied, data collection and handling of data will be a key factor in order to secure a 
usable model. A huge database of process data that LKAB has made available to the project will be 
the main source of information. New measurements of flow rates, temperatures and other important 
parameters will be another source of information and data. Blue prints, design specifications and 
measurements  performed in  the past  will  be a third.  Theory and heuristics will  be gathered.  A 
database of model data will be created in order to keep a good structure of the data.

The data collected can mainly be divided into two main categories, data that varies with time and 
data  that  is  invariant  with  time  or  at  least  varies  seldom or  in  a  ordered  and  definable  way. 
Examples of data that varies with time is for instance process data such as temperatures of exhaust 
gases,   production rate,  emissions measurements and so forth.  The time invariant data includes 
design specifications of equipment to be modelled, base energy demands that tends to be constant in 
time, and such. 

In order to keep the time variant category of data consistent, the time period for collection of data 
will be chosen by careful investigation of the process behaviour over time in order to find a time 
period that is representative for the system. 

4.3.2 Modelling

The modelling phase is started by setting up mass and energy balances for the processing unit(s) to 
be modelled in the current phase. Spreadsheet calculations and Matlab are important tools in this 
process. When the mass and energy flows are balanced, the data, equations, boundary conditions 
and so forth are entered into the reMIND software. Great effort will be put into keeping record of 
decisions, equations and other important information. In doing that, transparency and traceability is 
increased and time consuming debugging of the model can be decreased. The reMIND software 
allows comments embedded in the different nodes of the model being built. 

When having completed the transfer into reMIND, verification of the transfer can be performed by 
comparing  the  mass  and  energy  balances  with  the  already  created  spreadsheets  and  Matlab 
programs.  By  calculating  the  mass  and  energy  balances  twice,  in  spreadsheets/Matlab  and  in 
reMIND,  the  risk  of  an  error  or  miscalculation  transferred  into  the  next  phase  is  decreased. 
Spreadsheet  calculations  and  Matlab  programs  tend  to  have  a  higher  degree  of  transparency 
compared to reMIND models.  Having done that it is time for the next phase.

4.3.3 Optimisation, output processing and analysis

Optimisation  in  this  project  will  be  performed by exporting the model  from reMIND in a  file 
conforming  to  the  standardised  MPS-format.  The  MPS-formatted  file  containing  the  models 
representation will then be solved by a commercial solver.  The result is then post processed by 
means  of  spreadsheet  calculations  used  to  determine  the  sanity  of  the  optimisation  run.  Then 
analysis, verification and validation begins. 

If the analysis reveals any problems with the solution or model, a new round of modelling and 



optimisation is done. If the analysis seems sane, the result is stored and if any increments remains 
another increment in the model build up is started. 

5. Potential optimisation targets of the studied system
A complete optimisation model of the iron ore upgrading facilities in Kiruna is expected to assist in 
identifying potential ways to reduce energy use and emissions. Some potential sources have been 
identified  as  optimisation  targets  of  special  interest  and  following  is  a  run  through  of  those 
optimisation targets.

5.1 Pelletising plants KK2 & KK3 

The  two  current  pelletising  plants  of  Kiruna  are  the  main  energy  consumers  of  the  iron  ore 
upgrading system. In total the two consumed in the area of 875 GWh for 2005 [8]. Compared to the 
total energy consumption of the other major plants of the iron ore upgrading system, KS, KA1 and 
KA2 with a total energy consumption of 329 GWh during the same year, the pelletising plants are 
the key processing units for the optimisation model. 

A thorough pinch analysis of at least one of the pelletising plants is planned within the scope of this 
project. The main objective with that analysis is to increase the understanding of the processes but 
also as a means to investigate the effectiveness of the design and operation of the plants. Another 
important aspect of the pinch analysis  is  to further investigate the possibility of combining the 
MIND/reMIND  work  flow  with  other  process  integration  methods  and  to  study  interactions 
between them. In the past Bengtsson and Karlsson [15] has been investigating the possibilities of 
combining MIND and pinch analysis in order to assess investment alternatives in a paper board 
mill. 

5.2 Excess heat

Vast amounts of heat is produced in the system, large amounts emanates from the pelletising plants 
but heat is also produced in smaller quantities and at lower temperatures in the sorting plants and 
concentrating plants. Measures to utilise waste heat have since long been taken with installed waste 
heat boilers in both pelletising plants. The installed effects of the current waste heat boilers are15 
MW and 23 MW, respectively [10] but other sources are presently not utilised. These other sources 
of excess heat will be quantified and introduced into the model. For example an internal review [8] 
suggests that heat radiation losses for KK2 and KK3 are in the order of 32 GWh and 42 GWh per 
year respectively. 

There are a number of oil fuelled boilers installed on the facilities, during 2005 those boilers were 
utilising  889 m3 of  oil  (Eo1)  [14],  accounting for  almost  9  GWh.  Coordination  of  the district 
heating network, the different heat boilers and the other possible sources of energy are expected to 
give good directions of how to utilise these sources in an optimal way. Specifically, the use of oil 
fuelled boilers could be possible to decrease. Also, a larger export to the Kiruna district heating 
system could be possible.

5.3 Process water utilisation

The process water system of the facilities is an essential part of the infrastructure of the iron ore 
upgrading facilities.  It  is  also a rather  large consumer of energy.  The energy consumed by the 
process water system consists mainly of electricity to power the pumping stations and heat to keep 
the temperature of the process water used in the flotation tanks of the concentrating plants at a 
stable temperature. 

The main pumping stations in the process water system utilised 69,8 GWh of electricity in the year 



2005. Apart from these main pumping stations, numerous smaller pumps are installed. Some of the 
electricity consumption of the pumping stations is inevitable, since it emanates from the hoisting of 
ground water from the mines. No matter how efficient the process water usage becomes, water has 
to be hoisted up from the mines or they would be flooded. However, the system is rather complex 
and a thorough review of the pumping network and modelling of the same is expected to give 
possibilities for energy savings. 

5.4 Mine ventilation, district heating and other heat demands

The mine in Kiruna is ventilated by the use of 14 different fan stations. The climate conditions in 
the area, with an average temperature is around -1 ºC results in that the mine ventilation air has to 
be pre heated before being led down to the mines for a large portion of the year. The heat demand 
for the pre heating of this air is 40 GWh per year but naturally the heat utilisation is varying with 
season with high peaks during cold winter days. 

The municipal district heating system of the surrounding society, Kiruna, has a heat demand of 
around 300 GWh yearly [10].  The main heat source in this system is a boiler of 20 MW, mainly 
fuelled by waste material, but oil and electricity is also utilised in the district heating system.

By including these two relatively large heat demands in the process the balance between supply and 
demand can be studied.  Also other, today non existing, heat demands will probably be taken into 
account. This could be electricity generating equipment, such as steam turbines or ORC-processes 
or other heat demanding processes or industries that might be interesting to include in the model in 
case that large amounts of excess heat is found. 

5.5 Assessment of fuels

Since the optimisation model is expected to be able to describe the iron ore upgrading facilities 
from an energy and emissions perspective, the choice of fuel in the kiln part of the pelletising plants 
is a very important factor. Today the burners in the kilns are using coal and oil as fuel. By replacing 
these oil and coal with alternative fuels, decreased CO2 emissions could be reached. 

Analysis and modelling of the pelletising plants can result in a model that can be used to evaluate 
the  effect  of  fuel  consumption,  CO2 and  possibly  also  NOx  with  different  fuels.  However, 
significant effort has to be put into to designing a model that can asses the effect that the change of 
fuel has to the quality of the outgoing pellets. The choice of fuel affects the flame geometry, kiln 
atmosphere and other factors which highly impacts the heat treatment of the pellets as they pass 
through the process.

6. Discussion and future work
In the previous chapter some of the main optimisation targets of the iron ore upgrading system was 
discussed. However, the model to be built would not be a process integration model unless the 
individual optimisation targets were to be incorporated together and analysed from a system point 
of view. It is in the complete model the true benefits of process integration can be reached. Avoiding 
sub optimisation and finding synergies without a systematic approach is hard and sometimes not 
even possible in large and complex industrial systems. A model including the complete system will 
also be a great source for knowledge with regard to the less obvious connections and relations 
between the processing units in the system. 

Specifically the effects of an increased waste energy utilisation in the pelletising plants and the 
possible effects on the energy utilisation in the mine ventilation system and the connections with the 
municipal district heating system is an interesting aspect to analyse. Also, an analysis of the system 



impact of an introduction of alternative fuels in the pelletising plants is an interesting task. Such an 
analysis can reveal results that are hard or impossible to obtain without a complete model of the 
system. The system effects of the introduction of new equipment is also a very interesting aspect of 
the model analysis.

The first  steps towards such a complete process integration model has already been taken. The 
modelling work of the first increment has been started with the KK2 pelletising plant. The choice of 
KK2 as  the first  modelling target  relies mainly on the heavy energy utilisation in  that  process 
combined with the fact that relatively intense measurements of the performance of the KK2 plant is 
currently available. Data mining, mass and energy balance calculations and early modelling work 
on KK2 is ongoing. In the coming months, the results of those calculations and modelling work will 
be  utilised  in  the  creation  of  an  optimisation  model  of  the  KK2 plant  and  a  few surrounding 
processing units. 

In the first step, the surrounding processing elements will be very simple and rudimentary. A finer 
modelling of those processing elements will have to wait until later increments. The incremental 
approach will give good opportunities for studying the changes in optimisation suggestions of the 
model as the system boundaries are expanded. Solutions proposed by the model in early increments 
might  be disapproved by a  later  version of the model  with a wider  system boundary and new 
optimisation suggestions will arise. 
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