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Abstract: 
The maturity of a district heating system can be estimated from its complexity. In fact, a mature network has 
a meshed structure while a younger network is often in the form of small network islands or has a tree 
structure. When a district heating system is developing and its complexity is increasing the flow distribution in 
the network is no longer obvious. As a consequence, the network owner, often the local energy company, is 
in need of a simulation program to have the possibility of analysing it and enlarge their network 
understanding. In this paper, a simulation tool developed in MATLAB/Simulink is applied in order to analyse 
the flow distribution in the district heating network of the town of Kiruna (Sweden). The Kiruna network has 
been developing since the 60s and is today a mature network with the meshed structure. The method has 
specifically been developed to analyse the flow pattern in such kind of networks without altering their 
physical structure, and it is expected to be a valuable tool for the redesign of the network in the forthcoming 
relocation of some of the urban districts. The results about the current network configuration show that only a 
few pipes in the network are exceeding the recommended level of flow in terms of thermal power. The 
temperature and pressure drop from heat production site to the nodes serving the main consumer areas is 
within 1.6 bar and 10°C in the days of highest demand. 
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1. Introduction 
District heating is a technology used for supplying a town district or a complete town with thermal 
energy generated in large heat production plants. By concentrating and scaling up the heat 
production instead of using single house boilers, a lower specific heat production cost can be 
obtained as well as a higher boiler efficiency and the possibility to co-generate electricity. 
Moreover, waste heat from nearby industries can be exploited as a suitable heat source by simply 
connecting the supplying facilities to the piping network. However, the thermal losses due the long 
range distribution of thermal energy must be taken into account, since 8 to 15% of the produced 
heat is lost in the pipes of a typical district heating network [1], [2]. 
The actual growth of district heating systems dates back to the period after the Second World War, 
when a large part of Europe had to be rebuilt [1]. The existing ones are often large and have an 
essential market share, as the outcome of a strong focus on the delivered quantity of thermal energy. 
More than 5000 district heating systems are in operation today within the European Union. The 
largest market shares, with over 40% of the building stock, are found in Denmark, Sweden, Finland, 
Poland, Estonia, Latvia and Lithuania [2], [3]. 
The history of Swedish district heating started in 1948 in Karlstad, the underlying energy policy 
being the reduction of the primary energy consumption by the concept of combined heat and power 
(CHP) generation [2]. Yet, the actual growth of the Swedish district heating technology occurred 
from the half of the 60s to the half of 70s, when the governmental “Miljonprogrammet” was 
implemented [1]. The objective of the program was to create one million of new homes for families 
by building new city areas, which mostly consisted of apartment blocks [4]. These new areas had a 
significant heat demand density and no need for retrofitting, so it was natural to connect them to a 
district heating system [1], [2]. 
When a study is performed on the historical development of district heating networks, four different 
stages are found, which are shown in Figure 1 according to the evolution sequence: a) network with 



islands, b) coherent network with tree structure, c) network with ring, d) meshed network. In a 
simple network with a tree structure and only one heat production site the path of the hot water 
within the distribution pipes is univocally determined. In mature networks the structure tend to 
become meshed in order to reduce the heat load in the pipes. In a network with rings or meshes the 
hot water has a number of alternative paths from the heat production sites to the consumers, so that 
the impact of a line break can be reduced. In the same way the alternative paths within the network 
can be exploited when some parts of the system are undersized [1], [2]. 

 
Fig. 1.  Evolution of network designs, a) network with island, b) coherent network with tree 
structure, c) network with ring, d) meshed network [2]. 

The simulation and analysis of the hot water flow patterns in meshed district heating networks are 
not easy tasks because of the complexity of network structure. Consumer heat demands are of 
course the most important variables to determine flow patterns, but the energy company providing 
the heat delivery to the consumers has also two main concerns. The first is to guarantee that the 
temperature of the hot water supplied to the users is kept above a certain level. The second is that 
the pressure drop due to the flows in the pipes should be limited in order to keep the pumping 
power at the heat production sites within acceptable levels. 
The literature about flow patterns in meshed networks offers a number of papers regarding 
electronic and computer networks [5], [6], [7], [8]. However, in the specific field of district heating 
few papers can be found. As far as optimization is concerned, the focus is on minimizing the 
pumping power in order to obtain a lower operating cost in the heat production sites [1], [2] or on 
the best mix of fuels [9], [10]. Other papers (e.g., [3], [11], [12]) concentrate on other aspects of 
heat production, even in multi-source networks, without discussing network behaviour. The 
methodology used in this paper is specifically conceived to analyse the flow pattern in meshed 
network, also with multiple heat production sites, and to visualize it together with pressure and 
temperature distributions. 

1.1	  Case	  description	  
Kiruna is a town in the north of Sweden (located 146 km above the Arctic Circle) close to the 
world’s largest underground iron ore mine [13]. Deformation zones due to the mining activity have 
started to affect the town, which must now undergo a deep urban transformation in order to 
maintain the mining production. As shown in Error! Reference source not found. one third of the 



town is going to be affected by the subsidence in the next two decades, and the relocation of this 
part of the town has already been decided 2 km to the east [13], [14]. 

 
Fig. 2.  The front of the subsidence affecting the town of Kiruna [13]. 

The infrastructures for the community must be reviewed and redesigned as a consequence of this 
urban transformation, and among them the district heating network, which provides thermal energy 
to the majority of the town buildings. The district heating network in Kiruna, owned by the local 
municipality company Tekniska Verken i Kiruna AB (TVAB), was started in 1963 and has been 
developed and expanded since then. Error! Reference source not found. shows the present 
structure of the district heating network in Kiruna. It represents a typical Swedish mature network 
structure in the meshed stage according to Error! Reference source not found., with heat 
production sites at different locations (multi-source network). 
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Fig. 3.  The district heating network in the town of Kiruna: piping loops are shown in blue and 
consumer feeding branches in red. 

The urban transformation of the town will require both an extension and some demolition of the 
current network. Before considering the redesign of a complex meshed network it is important to 
have a good knowledge about the behaviour of the current network, in order to be able to analyse 
how the expansions and the demolitions will affect the rest of the network. Optimized heat 
production is also important to obtain both for the current and the redesigned network. 
The aim of this paper is to develop and simulate a model of the meshed district heating network for 
the town of Kiruna in order to: 
▪ Analyse the flow pattern and find non-obvious paths in the network; 
▪ Identify the critical pipes which are close to or exceed the recommended heat load; 
▪ Obtain the temperature and pressure distribution in the network. 
This information will be the basis for considering the possible alternatives in the future redesign of 
the network which is one of the fundamental tasks in planning the urban transformation. The tool 
used for this analysis is particularly suitable thanks to its modular structure that easily allow adding 
and removing network elements. 

2. Method 
This section describes the methodology used in the paper and is divided into two parts. The first 
describes the model developed in MATLAB/Simulink [15] to simulate the behavior of a meshed 
district heating network, which is also included in a broader process integration procedure for 
optimizing the operating cost of heat production in a multi-source network [16], while the second 
part is about the gathering of the required information to setup the model for the Kiruna case. 

2.1	  The	  model	  of	  a	  meshed	  district	  heating	  network	  
The nature of the meshed structure of the network requires a convenient model to simulate the 
distribution of the heat flows in the network piping. This is physically governed by the local 
pressure at piping nodes, which is therefore one of the fundamental variables that have to be 
calculated by the model. The other important aspect of the simulation is the evaluation of the heat 
losses in the network, since the temperature of the hot water reaching the consumers has decreased 
from its original supply value at the heat production sites. The temperature of the hot water at 
piping nodes is then the other fundamental variable that has to be calculated by the model.  
The developed Simulink model reproduces the original structure of the network without any need of 
altering its multiple loop topology. The blocks in the diagram (see a detail of it in Figure 4) 
represent network pipes (red blocks), piping nodes (purple blocks) and the groups of final users 
(blue blocks).  

 



Fig. 4.  Detail of the block diagram of the Simulink model for a meshed district heating network. 

Piping node blocks represent the physical location of the junction between/among two or more 
different pipes of different diameter, and also the locations at which some thermal energy is 
extracted from the network loops by a consumer feeding branch. The pressure and temperature at 
each piping node are calculated using differential equations that express the mass and enthalpy 
balances in the block including all the incoming and outgoing flows (which are calculated in the 
pipe blocks). The mass and enthalpy unbalances are used to update the values of pressure and 
temperature at the node during the transient leading to the steady state behavior of the network 
In the pipe blocks the mass flow rates and the associated enthalpy flows, which are affected by the 
thermal losses, are calculated. The mass flow rate (𝑚) is first determined as a function of the 
pressure drop (Δp) through the pipe using Eq. 1. This requires the knowledge of the Darcy friction 
factor (f) that can be found as a standard equation in the literature, that is determined by the length 
(L) and the diameter (D) of the pipe. 
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The associated enthalpy flow extracted from the upstream node (𝑄!") is evaluated as: 

)( refupup TTcmQ −= !!          (2) 

where c is the specific heat of water, Tup is the hot water temperature at the upstream node and Tref 
is a reference temperature for the calculation of the enthalpy flows. The enthalpy flow that reaches 
the downstream node (𝑄!"#$) will be lower because of the heat losses in pipe (𝑄!"##),  

lossupdown QQQ !!! −=          (3) 

These losses are considered to be proportional to the heat losses evaluated for the pipe in reference 
conditions (𝑄!"##,!"#, for which a difference of 65°C between the average temperature of the water 
in the supply and return pipes (𝑇!" and 𝑇!"#$!%, respectively) and the ambient temperature (𝑇!"#) is 
considered) according to the following equation:  
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Since the quantities calculated in one type of blocks are needed by the other type of blocks and vice 
versa, a critical exchange of information must occur between pipe and node blocks (pipe mass and 
enthalpy flows vs. node pressure and temperature). It is therefore apparent that the fundamental 
structure of the model relies on the strict alternation of pipe and node blocks along the 
representation of the meshed network topology. 
The conditions at the boundaries of the district heating network model are of two types. At the 
sources, i.e. the heat production sites, the pumping pressure and the supply temperature must be 
specified. At the sinks, i.e. the final users, the thermal demand of the group of consumers (𝑄!"#$%!) 
must be specified, but also the thermal losses in the area served by the corresponding feeding 
branch have to be taken into account (𝑄!"##,!"#!). The mass flow rate 𝑚!"#$ extracted from the node 
(at temperature 𝑇!"#$) from which the feeding branch departs is calculated as 

𝑚!"#$ =
!!"#$%!!!!"##,!"#!
!(!!"#$!!!"#$!%)

        (5) 

where the thermal losses in the area are obtained by using Eq. 4 and reference loss for the area. In 
this way the mass flow rates extracted from the network by the users depend not only on the 
demand of the groups of consumers, but also on the temperature of the hot water at the node in 
which the extraction takes place (which is in turn a function of the thermal losses along the network 
and the distribution pattern of the thermal energy). 



2.2	  Model	  setup	  for	  the	  Kiruna	  case	  
The data required to build a model that is specific for the Kiruna case have been mainly provided by 
local municipality company (TVAB) through a geographical information system (GIS) map. This is 
a virtual map of the network in which information can be stored [16]. The data extracted from the 
GIS are related to: 
▪ The location, the length and the diameter for each pipe in the network. Pipe diameters are then 

used to determine the friction coefficient and the reference thermal losses of the pipes from 
manufacturer data. Some lack of data about pipe diameters has been fixed with a statistical 
strategy described in details in [17]. 

▪ The classification of pipes into those belonging to the loops of network topology and those 
belonging to the consumer feeding branches (see Figure 3). 

▪ Consumer heat consumption on a daily basis. Consumers are grouped into user areas according 
to the main feeding branches departing from the network loops. 

▪ The supply temperatures at the heat production sites on a daily basis (in this paper only one heat 
production site is considered, the main TVAB facility, and a reference pressure of 0 bar is 
assigned to it as pressure boundary condition). 

3. Analysis of the results 
The model of the meshed district heating network in Kiruna has been simulated on a daily basis in 
the months of January and February 2010. These are usually the coldest winter months and during 
this period the heat demand from the network users is the highest, so the highest thermal energy 
flows are expected to occur in network piping. In order to study and analyze the network behavior a 
graphical interface was created in MATLAB, which reads the result generated from the simulation 
and allows to visualize them in the ways that are presented in the following. 

 
Fig. 5.  Flow pattern for a typical winter day in the district heating network of Kiruna. 



3.1. Flow pattern of a meshed network 
The visualization of the pattern of the thermal energy flows in the network is shown in Figure 5 for 
a typical day in the simulated period. The different colors are used to represent the value of the ratio 
between actual amount of the thermal energy flow in the pipe and the recommended pipe capacity 
as specified by the manufacturer [18]. Black arrows are used to show the direction of the flow in the 
pipes: the pattern of flow directions does not change at all in the simulated days except for the two 
pipes pointed by the red arrows (in these pipes the flow direction is the opposite in just one of the 
days). The nodes that do not have any outgoing flow (except of course the one to the served user 
area) are marked with red circles. 

3.1.1. “Non-obvious” paths 
The typical flow pattern in the network shows that there are two different sections in which the 
thermal energy delivered to a user area is actually transported through a longer route than needed. 
These “non-obvious” paths (marked with blue rectangles in Figure 5) are shown in Figure 6. In fact, 
in each section two alternative paths are used according to the flow direction arrows in order to 
reach the node marked in red from the node marked in blue. If only the shortest alternative were 
used, the route for the delivery of the heat could be reduced by 466 and 908 meters respectively. It 
is likely that the temperature drop along the longer path will be higher because of higher heat losses 
and the lower (split) mass flow rate associated with the thermal energy flow, so that the temperature 
in the red node will be lower once the hot water from the longer and the shorter paths is mixed. 
 

 
Fig. 6. Detail of the non-obvious paths in the network from Figure 5. 

3.1.2. Critical pipes 
The visualization in Figure 5 allows one to identify the critical pipes that are close to or exceed the 
capacity recommended by the manufacturer. In the 59 simulated days only two pipes exceeds the 
recommended thermal flow and are those already shown in red in Figure 5. The first is the main 
pipe that starts from the TVAB heat production site and convoys a large share of the generated hot 
water to the north (the current location of the city center). The second one is a generic pipe in one of 
the network loops that apparently must have been undersized. 
The ratios between the actual thermal energy flow and the recommended one during the simulated 
period are shown in Figure 7 for all the pipes that exceed a ratio of 70% (yellow color in Figures 5 
and 7) for at least one day.  
In addition to the two mentioned red pipes, there are two pipes that reach a ratio of 90% (orange 
color in Figures 5 and 7) in the days characterized by the highest loads. As shown in Figure 5, these 
are again located along the “backbone” of the network that convoys the hot water from the TVAB 
heat production site to the northern districts of the town. 
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Fig. 7.  Daily thermal energy flow in the simulated period for the pipes exceeding 70% of 
recommended capacity for at least one day. 

3.2. Temperature and pressure distributions 
The temperature and pressure distributions can be seen in Figure 8 and 9, respectively, for the day 
in which the heat load in the network was the highest. 
Figure 8 shows both the temperature distribution in the meshed part of the network (the colors in 
the nodes and in the piping loops) and the average temperatures of the hot water supplied to the user 
areas (the colors in the areas enclosing the main feeding branches). Of course the highest 
temperature is the supply temperature at the TVAB heat production site (94.8°C). The maximum 
temperature drop within the meshed part of the network is lower than 10°C. The average 
temperature of some of the user areas is however lower (even if they are closer to the TVAB 
facility). The reasons for a marked reduction of the hot water temperature are the high heat losses 
accumulated along the route towards a far node/area or mass/enthalpy flows that are too low with 
respect to the heat losses in the pipe or in the user area, or both. 
Figure 9 shows the pressure distribution in the meshed part of the network (the colors in the nodes 
and in the piping loops) starting from the TVAB heat production site that has been assigned a 
reference pressure of 0 bar. It is apparent that the maximum pressure drop in the network (about 1.6 
bar in the day of the highest thermal demand) is registered in the farthest nodes in the northern 
districts of the town. 

4. Discussion 
The district heating network in Kiruna has the structure that is typical of mature network in the last 
stage of their evolution (meshed networks) and the analysis of the flow pattern confirms the benefit 
stated in the introduction about distributing the thermal energy through several pipes instead of one. 
A couple of sections with non-obvious paths are also found, which are an inherent drawback of 
these type of network topologies. 
 
 

40	  

50	  

60	  

70	  

80	  

90	  

100	  

110	  

09-‐12-‐31	   10-‐01-‐10	   10-‐01-‐20	   10-‐01-‐30	   10-‐02-‐09	   10-‐02-‐19	   10-‐03-‐01	  

Re
co
m
m
en

de
d	  
pi
pe

	  p
ow

er
	  [%

]	  

Day	  

Ra3o	  between	  actual	  and	  recommended	  thermal	  power	  
in	  the	  pipes	  



 
Fig. 8.  Temperature distribution for the meshed part of the district heating network and the user 
areas. 

 
Fig. 9.  Pressure distribution for the meshed part of the district heating network (TVAB heat 
production site is assigned a 0 bar reference pressure). 



The ratios between the actual thermal energy flows in the pipes and the recommended ones show 
that the current network is generally oversized. The few pipes that are close to or above the 
recommended capacity in the days of the highest demand are the pipes departing from the TVAB 
heat production site along the “backbone” delivering heat to the northern districts of the town, that 
is those that will be relocated due to the urban transformation. Only one isolated pipe in a secondary 
network loop seems to be a minor undersized bottleneck. The size of the current network therefore 
allows for margins of expansion, in particular towards the areas east of the town where the new 
district will be built. 
The pattern of flow directions was found to be almost completely insensitive to the variation of 
thermal loads in the meshed part of the network. This is probably due to the time resolution of the 
simulations, which were performed using a daily basis. A finer (e.g., hourly) resolution may reveal 
that inversions of flow direction occur in higher number of pipes and/or more frequently. 
The local values of pressures and temperature obtained with the model show a fairly good 
agreement with real ranges of pressure and temperature drops along the meshed part of the network. 
However, a detailed comparison between the real and the simulated values is not possible at this 
stage of model development because a constant temperature has been considered for the return 
pipes all through the network. 
The developed model has proved to be suitable for the analysis of the flow pattern in district heating 
network with a complex meshed structure. Thanks to the modularity in the configuration of the 
block diagram, it will be useful for investigating how the network is affected by the addition of 
other heat production sites (multi-source network). It will also be appropriate to use it in the 
redesign of the network due to the urban transformation in Kiruna, when new loops will be added to 
the meshed piping structure and part of the current network will be abandoned. 

5. Conclusions 
The tool developed in MATLAB/Simulink is a valuable instrument to simulate and analyse the 
behaviour of meshed district heating networks. Flow distribution as well as pressure and 
temperature drops along network pipes can be reproduced and visualised for identifying critical 
sections. The strategy of using a small number of predefined blocks make the models fully modular, 
so that the tool can be applied to different levels of network complexity. Another fundamental 
strength is that the way in which the predefined block are connected and the operation they perform 
prevents the necessity of introducing artificial modification to the original structure. 
The district heating network in Kiruna is a mature network featuring several loops and will have to 
be redesigned in the near future to comply with a major urban transformation. This work was 
conceived as basic study on the behaviour of the current Kiruna district heating network and as a 
preliminary step towards the multidisciplinary investigation involved in its redesign. 
The simulation of the current network behaviour shows that: 
▪ Few pipes have a peak load that is close to or exceeds the recommended heating capacity. All 

except one belong to the backbone of the network, the load which will be heavily reduced when 
the northern districts of the town will be relocated; 

▪ The directions of the water flow inside the pipes are stable in a daily basis analysis; 
▪ In a couple of loops the heat is transported through a path that is longer than necessary, but this 

is an inherent drawback of meshed networks; 
▪ The temperature and pressure drops in the meshed part of the network are within acceptable 

ranges (less than 1.6 bar and 10°C during the days of maximum load); 
▪ While the meshed part of the network has a smooth temperature distribution, large temperature 

drops occurs in the feeding pipes to the users, so that consumer areas may be supplied with water 
having an average temperature which is quite lower than that at the nodes supplying them. 
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