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ABSTRACT 

Due to the mining of iron ore by the local mining industry 

(LKAB) a deformation zone is approaching the town of 

Kiruna, which is situated in the north of Sweden. The town 

is going through an urban transformation and parts of the 

town is about to be relocated. The relocating of the town is 

affecting all the infrastructure of the town, one of those is 

the district heating system. The aim of this paper is to apply 

a process integration method to study how the existing 

district heating system is behaving and to create a model 

for the whole district heating system. 

The district heating system in the town has a complex 

design with several loops. When dealing with modeling of a 

district heating system there are two methods that are 

most common, the Danish- and the German methods.  

These methods allow for simplification of the network 

shape, still with good accuracy in system behavior 

compared to real system behavior. A disadvantage with 

these two methods is that they cannot handle a district 

heating system that contains loops without making changes 

compared to the real physical system. 

A method that allows modeling of loops in the district 

heating system has been developed, using the remind-

software. This method makes it possible to analyze how 

loops in the district heating system are behaving, without 

making physical changes when modeling the district 

heating system. The model will be used as a default model 

for redesigning the district heating system when moving 

the town. It will also be used to optimize heat deliveries 

from LKAB district heating system and for analyzing the 

possibility for seasonal storage of waste energy from LKAB 

and municipality energy company TVAB or how new heat 

production plants should optimized. 

In this paper the method is described and applied in 

order to model the whole present district heating system 

for the town. 

 

Keywords: District heating, process integration, method, 

modeling, optimize. 

NOMENCLATURE 

Abbreviation 

DH  District Heating 

DHS  District Heating System 

TVAB  Tekniska Verken i Kiruna AB 

LKAB  Luossavaara Kirunavaara AB 

CHP  Combined Heat and Power plant 

MILP  Mixed Integer Linear Programming 

1. INTRODUCTION 

In the town of Kiruna in the north of Sweden iron ore has 

been mined for over 120 years. The mine, located close to 

the town is currently the largest underground iron ore 

mine. As a result of the vast mining operation a 

deformation zone has developed at ground level. The 

deformation zone is currently approaching the town. The 

town is going through an urban transformation and parts of 

it´s about to be relocated as shown in Figure 1, [1]. The 

colored areas in Figure 1 are new city areas that are going 

to be built or moved, except the dark grey and blue areas. 

The blue areas are lakes and the dark grey area is the 

deformation zone and how it will affect the town. 
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Figure 1 The new town and crack zone, [1] 

The relocation of the town is affecting the entire 

infrastructure. Among the systems being affected is the 

district heating system (DHS). 

DH technology is well established in Sweden and its share 

is for 2005 50% of the total heat demand for housing and 

premises, [2]. The heat supply share from district heating 

(DH) is among the highest in Europe. In Sweden 

municipalities traditionally operates their own DHS, [3]. In 

Kiruna the DHS is operated by TVAB. TVAB also owns the 

DHS, and the attached production plants. 

When modeling DHS two methods are common to use, 

the Danish and the German methods, [4], [5]. Both 

methods have a model for changing a tree structure into a 

line and a model for removing short branches. The two 

methods, however, share a common disadvantage in the 

handling of loops in DHS. The Danish method cannot handle 

loops and the German method requires changes compared 

to the real physical system to be made before loops can be 

analyzed. 

The purpose of DHS modeling projects is often to analyze 

a DHS. A survey of the scientific literature in the fields 

shows that few of the DHS models published have been 

developed for analysis of multi-source network design, [6]. 

Furthermore only a few models are developed in the 

perspective of selecting users to be connected to a DHS [6]. 

The aim of the work in the current project is in a long 

term perspective to:  

• Create a model that describes the whole DHS 

including existing production. 

• Develop a model for a redesigned DHS that 

includes the changes related to the partial relocation 

of the town. 

• Creating a complete model of the DHS for the 

town by connecting the DHS model of the municipal 

DHS (TVAB) to a corresponding model of the 

industrial DHS for LKAB (the local mining industry). 

• Include a new common production plant jointly 

operated by TVAB and LKAB in the complete DHS 

model. 

• Analyze the possibilities for seasonal storage in the 

complete model. 

The aim of this paper is to:  

• Clarify the developed method using process 

integration that is used to handle the model and 

process data. 

• Show the development of the base model for the 

current municipality DHS. 

• Show the treatment of loops in the DHS model 

according to the developed method.  

2. METHOD 

2.1 System description 

TVAB is the owner of the DHS in the town. The structure 

of the DHS is shown in Figure 2. 

 

 

Figure 2 The complete DHS for Kiruna 

 From the DHS the existing loops are identified. Existing 

loops and production plants connected to the grid are 

showed in figure 3. In the figure, large production plants 

are marked with factory symbols and small production 

plants are marked with boiler symbols. The production 

plants with corresponding power and fuel source are listed 

in Table 1. 

 

 

Figure 3 Loops and production plants in the DHS for Kiruna 

The largest production plant, called TVAB in the figures 3, 

11-13, contains of two biomass boilers, one oil boiler and 

one CHP waste boiler. The electricity from the CHP plant is 

delivered to the grid. Internal need of electricity is bought 

from the grid. Beside the main production plant there are 

four boiler houses that are located out in the DHS as 

backup when needed. 

 

Table 1 Boilers with corresponding fuel source 

Fuel Power 

TVAB [MW] 

Biomass boiler 1 Peat, wood, wood chips 7 

Biomass boiler 2 Peat, wood, wood chips 7 

Flue gas boiler Flue gas 3 

Oil boiler Oil 20 

Waste boiler Waste 30 
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Electric turbine through Waste boiler 7 

LKAB Waste heat 15 

Boiler house 

1 Oil 8 

2 Electricity 10 

3 Oil 13 

4 Oil + electricity 7 + 1,2 

 

In 2010 TVAB produced 14 GWh of waste heat that was 

released to the ambient. The waste heat emanates from 

the incineration of municipal waste that has to be in 

operation all year regardless of the heat demand. During 

summers the heat demand of the system is lower than heat 

produced. In the LKAB network the waste heat surplus 

production (2010) is 160 GWh. The municipal DHS is 

connected to LKAB’s internal DHS so that heat can be 

distributed between the two systems. 

Both TVAB and LKAB have several old oil boilers that are 

in need to be replaced in a near future. To meet this 

challenge TVAB and LKAB have started a prestudy in order 

to investigate the possibility to use a common production 

site containing two biomass boilers. The new production 

plant will deliver heat to both DHS. 

In the urban transformation process, sustainability, 

environmental adaption, new technology and a flexible and 

efficient energy system are defined as key words, [7]. One 

important step in the process to fulfill the meaning behind 

these key words is to have a high level of integration 

between the two DHS and a possibility to include seasonal 

heat storage to increase the waste heat utilization in the 

system. 

 

2.1.1 Process data 

The process data available from the DHS is divided in two 

categories, heat going out from the system as consumer 

data and energy entering the system as fuel data in to the 

boilers. 

 

Consumer data 

TVAB store all the consumer data in a database. The 

highest resolution available from the data base is on a daily 

basis. For the current project all consumer data for year 

2010 was exported from the database into an Excel 

spreadsheet. The time series for the consumption is not 

consistent and data is often missing as seen in Figure 4. 

Lack of process data generates validation problems for 

the DHS model. One common way to handle this problem is 

discussed in ref. [8]. This occurs especially in a case when 

real data from consumers is used in models. The actual 

data for heat consumption is not consistent for all the time 

steps. For the remaining time steps, the time series are 

created artificially or annual average values are used. 

Whoever, information about consumer dynamics at the 

considered time period is lost. 

When consumer data is lacking for one day it´s 

accumulated to the next day and so on. The measuring 

system gives the possibility to split the accumulated 

measured energy in the number of lacking days, as in Figure 

4. 

 

 
Figure 4 Filled data series 

 

Fuel data 

 

TVAB is buying fuels as, wood chips, peat and oil for the 

heat production and electricity is bought both for heat 

production and operation electricity. Fuel data series 

contains, the price that TVAB pays or gets paid and the 

different types of fuels for the same time period as the 

consumer data series. 

 

2.2 The Danish and German method 

When creating models for DHS two methods are 

common to use, the Danish method and the German 

method. The two methods use the same principle to merge 

smaller branches to bigger branches, collecting the heat 

load in the remaining branch. 

An example for how these methods simplify a DHS is 

shown in Figure 5 – 7. In Figure 5 a complete DHS for a 

town in Denmark is shown. In Figure 6 and 7 simplifications 

are made to different amounts of nodes according to 

Danish and German methods respectively. 
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Figure 5 Example of a DHS, [4] 

 

 

Figure 6 Simplification with the Danish method, [4] 

 

 

Figure 7 Simplification with the German method, [4] 

 

As previous stated the Danish method does not handle 

loops while the German method has a system for handling 

loops. 

The German method simplifies loops by transforming 

them into serial pipes, [9]. When making this 

transformation the physical description of the DHS is 

changed and information is lost. The current DHS is 

complex and contains several loops, thus none of those 

methods can be used.  

 

2.3 The German method simplifies loops by 

transforming them into serial egration 

Basically when working with process integration there 

are three main methodologies that are applied: Pinch 

Analysis, Exergy Analysis and Mathematical Programming, 

[10], [11]. In this work the methodology for Mathematical 

Programming is applied. 

When working with process integration much work is 

focused on data handling and implementation of data in to 

the model. A method for dealing with implementation of 

data to the model, solving and analyzing the result has 

been developed by using the reMIND-software, Microsoft 

Excel, Visual Basic for Application and CPLEX, [12].  

 

2.4 Process integration applied at TVAB 

The general goal with process integration for TVAB is to 

optimize the production and minimize the cost for the heat 

production. 

Process integration will therefore be used to  

• Analyze how the existing DHS behaves. 

• Analyze the redesigning of the DHS, how it should 

be carried out and how that will affect the DHS 

when the town is relocated. 

• Optimize the production for the existing and the 

new DHS.  

• Improve the heat integration whit the DHS of 

LKAB. 

2.5 ReMIND-software 

The reMIND-software was created and initially developed 

by the Linköping University (LiU) in the 1990´s, since the 

early 2000´s further development of the reMIND-software 

has been carried out in cooperation between LiU and Luleå 

University of Technology (LTU), [10]. 

reMIND models are based on Mixed Integer Linear 

Programming (MILP) and usually have the objective of 

minimization of total system cost over a reference period, 

[6], [11]. As discussed by Henning [13], by using linear 

representation of an energy system a sufficient level of 

detail can be observed. MILP makes it possible to describe 

and approximate non-linarites, discrete linear relations and 

constraints and thereby improving the representation of 

the system, [11]. The improved representation will enhance 

the precision of the system.  

When modeling the DHS and production plants in the 

reMIND-software a MILP formulation of the system is 

created. 
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An advantage of the reMIND-software is that a good 

representation of the DHS and possibility of modeling loops 

can be achieved by using thermodynamic relations, mass 

and energy balances etc. and without making changes 

compared to the real DHS. 

The first step when modeling a physical system is to 

thoroughly examine the system that is going to be studied. 

A detailed understanding how the system works and how 

it´s structured is essential when developing a good model. 

When building a big model with vast amounts of process 

units or sub processes and complex mass flows, the 

validation of the model can be difficult. One way of dealing 

with this is to start with building small sub models that are 

easy to validate and control. The validation includes both 

the verification of the solution from the model and the 

verification that the created model describes the problem 

adequately, [11]. After validation the sub models are 

brought together to a larger model. An example of this is 

shown in figure 8. 

 

 

Figure 8 Example of building model 

The model work is visually created in the reMIND-

software, [14], as in Figure 9. The visualization in reMIND is 

based on nodes, that often represent a physical unit and 

branches representing different flows, [10]. Nodes can be 

subdivided into sinks, sources and equation nodes. In this 

case, sink nodes represents consumers, source nodes 

represents fuel to the boilers and equation nodes describes 

relation between different branches. The branches that 

visualize flows can be specified to a certain kind of flow, for 

example in this case energy, electricity, fuels etc. 

 

 

Figure 9 A model in the reMIND-software 

3. RESULTS 

3.1 The proposed process integration method 

A schematic view of the process integration method that 

has been developed is showed in figure 10. 

 

 

Figure 10 Schematic view of method 

The schematic view above is explained in each step 

below in same order as in the figure. 

 

1. A model for the DHS and the production plants is 

created in the reMIND-software (figure 9). The 

model is then exported from the reMIND-software 

to an XML-document. 

2. The excel document that describes the model is 

then filled with process data by using VBA macros 

(Visual Basic for Application). The macros 

automatically read the process data and insert it in 

the XML-document that describes the model.  

3. The XML-document is then imported to the 

reMIND-software. The model is now filled with 

process data in every time step. 

4. The model is exported from the reMIND-software 

to CPLEX in the form of a mathematic relations 

system. CPLEX solves the equation system for a 

minimum or maximum solution. 

5. The result from CPLEX is written to a TXT-file that 

is imported to Excel where the solutions can be 

presented and analyzed. 

 

3.2 Model development 

In Figure 11 a schematic view of the model that is created 

in reMIND is shown. The system has undergone some 

simplifications and has a more linear shape appearance, 
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compared to figure 3, to fit in the model better. When 

creating the model no technical changes such as pipe 

length, pipe connection etc., is done to the system. This 

makes it easy to identify physical positions and to work 

with the model. This is the big advantage compared to the 

German method for creating DHS models where method 

for converting loops into serial pips requires physical 

changes to the system, see section 2.2. 

In Figure 11 the pipe connections for the different loops 

in the DHS are symbolized with circles. 

 

 

Figure 11 Connection nodes in loops and production 

plants 

The consumers in the DHS are then as a first step divided 

into blocks according to: 

• Consumers between two pipe connections, circles, 

in the DHS belong to the same block. 

• Consumers between two production plants in the 

DHS belong to the same block. 

• Consumers between a production plant and a pipe 

connection in the DHS belong to the same block. 

In this case a consumer block can obtain from 0 – 400 

consumers, however the energy demand in the actual point 

is equal to the real DHS e.g. the energy balance is fulfilled. 

This gives a model as shown in Figure 12, where the 

house symbol represents a consumer block. If the 

resolution of the model has to be increased the consumer 

block can be divided into smaller blocks. 

 

 

Figure 12 Connection nodes, loops, production plants and 

consumer blocks 

 

The schematic model showed in figure 12 is then 

modeled in reMIND. Part of the reMIND model is showed in 

Figure 13. The figure also shows how to handle loops in the 

reMIND-software. 

 

 

Figure 13 Part of the DHS converted to reMIND model 

In figure 13, the arrows represent (branches) the energy 

flows between nodes. In the nodes the energy losses and 

maximum power capacity is specified for each branch, due 

to recommended pressure losses. The different nodes are 

explained below: 

TVAB: Is an energy source node and represent the model 

for the production plant. 

LOOP NODE: Contains the equations for mass and power 

balances going in and out from the node. 

BUILD. NODE: Specifies the energy flow that is going to 

the BUILD. SINK node. 

BUILD. SINK: Is a destination for the energy flow. 

The model is then subject to application of the method, 

described in section 3.1. The method is used for filling 

consumer data (house symbols) and fuel data (factory-, 

boiler symbols), converted to mathematical relations, 

solved in CPLEX and analyzed in Excel. By analyzing the 

results it’s possible to study: 

• The behavior in the DHS. 

• Optimized fuel mix, with cost as the objective 

function. 

The behavior in the DHS and the optimized production 

cost will be valid for the period specified in the input data, 

i.e. the consumers and fuel data. In this case it will be for 

the year 2010. 
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4. DISCUSSION 

In general a physical model of a DHS often represents the 

whole structure of the system involved. When the whole 

system is modeled it´s easy to change or add new 

consumers, branches and loops. These physical models 

require a full description of the DH system and they tend to 

be much more computationally intensive than statistical 

models, [5]. 

It will be an advantage to use a physical model for 

describing the DHS for Kiruna as it’s easy to change and add 

new components when relocating and redesigning the DHS. 

In order to analyze a large energy system, a structured 

method is needed, [11]. With a validated model and a 

structured method it will be convenient to analyze and 

optimize the existing DHS. The redesign of the DHS will be 

done by using the same method. The redesign of the model 

will include new consumers and new piping. Some existing 

consumer and piping will be deleted from the existing 

model. Analysis of the redesigned DHS will be done in the 

same way as for the existing DHS. This analysis will show 

how the redesign will affects the DHS in terms of energy 

flows, flow directions and the resulting energy production 

in terms of power supply and when boiler units will be in 

operation or not. 

Among the first steps in modeling the DHS for the town, 

was to find and locate the loops in the DHS. For locating 

these loops a digital map was at first used. A drawback with 

the digital map was that it only showed the DHS up to the 

buildings. In collaboration with engineers working with the 

DHS, two loops were detected that wasn’t shown on the 

map because those were going through buildings. The 

conclusion of the study for the DHS for the town is that it’s 

very complex because it contains of several loops and 

production units and a thorough documentation needed to 

secure that the system description is correct. 

The new method for modeling DHS described in this 

paper makes it possible to use it as a tool for analyzing and 

modeling loops in a DHS without making physically changes 

to the system. This had not been possible before compared 

to common methods. 
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