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Abstract: 

To be able to create a model that accurately describes a district heating system, it is important to identify the 
thermal losses and how they are distributed. However, general methods targeting the determination of 
losses are scarce in the literature. In the current case the losses for a district heating system in Kiruna, a 
town in northern Sweden, has been estimated in the year 2010 to be 12%, which is in the range for a typical 
Swedish network. Unfortunately, detailed information of the thermal losses is lacking. 
In this paper two methods to determine loss distribution in a district heating system are presented. 
Two databases of pipe lengths and diameters have been compiled for two piping categories, loops and 
feeds. Any missing data regarding pipe diameters in the map has then been determined with the two 
different methods. 
In the first method average pipe diameters for loops and feeds are calculated. All pipes with unknown 
diameter are then assumed to have the average one. The second method considers a percentage based 
distribution of known diameters and assigns the same distribution to the missing pipe diameters. The losses 
were estimated in the whole system according to the data from a pipe producer catalogue, in which losses 
are calculated according to current European standard. The results show that the losses in the system are 
similar to the losses caused by pipes with the lowest insulating capacity. 
By using the two methods two fictitious pipe series reproducing exactly the losses in the system are created 
by scaling the calculated losses of the catalogue pipe series which would give the most similar losses (the 
one with the lowest insulating capacity). This adjustment was +3.1% by using the first method, and +4.9% by 
using the second method. 
The major conclusion of this study is that, both methods can be used for calculating the distribution of 
thermal losses in the district heating system of Kiruna; moreover, this kind of analysis can be an important 
tool for analyzing investments in the district heating network in Kiruna. 
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Nomenclature 
Abbreviation 

DH  District Heating 

DHS  District Heating System 

GIS  Geographic Information System 

TVAB  Tekniska Verken i Kiruna AB 

1. Introduction 
The first commercial DHS was built at Lockport, New York in 1877. Since then DHSs has been 
built in almost every country in Europe. The use of DH has been increasing in Germany, Denmark, 
Holland, Belgium, and especially in Sweden and Russia since the beginning of the 20th century [1], 
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[2] and [3]. DH will have a central role in the future energy system, as heat production is more and 
more centralized and optimized [4]. 

The heat is produced in a heating plant and then it is transported to the connected buildings by a 
primary pipe network. In the connected buildings heat is exchanged in a heat exchanger to 
secondary pipe network where the heat is finally used by the consumers [1]-[5]. In Sweden the 
primary and secondary network is a two-pipe system. The primary network that transports the heat 
from the heating plants to the buildings represents the main source of losses in the network.  

The losses in the primary network are the third largest heat demand in a DH network after the heat 
demand for the building and hot water production. As a rule of thumb the total annual losses in the 
network amount to around one tenth of the annual produced heat [6]. These losses should be kept at 
a minimum to obtain a high efficiency in the network [5]-[7]. 

The four largest parameters that affect the losses in a DH network are [6]: 

• The amount of insulation around the pipes 

• The pipe dimension 

• Supply and return temperature 

• The geographical distribution of the heat demand. 

The amount of insulation and pipe dimension are determined when the network is created. When 
planning for new DHS areas, the following steps are performed: 

• Pilot study for understating the existing system, possibilities for rebuilding and 
incorporating new parts to existing network, heat demand for the new area, etc. 

• Calculations of heat transports capacity, power limits, heat losses, etc. 

• Drawings to the contractor for executing the new piping. 

In the planning step, heat loss data from pipe producer are used. These data are calculated according 
to current standards. 

DH is a well-established technology in Sweden and there are DHS in the most Swedish towns [8]-
[9]. In the town of Kiruna, in the north of Sweden, the DHS contains 190 km of pipes. The DHS in 
Kiruna originates from the 1960th and has constantly been developed and maintained since then. 
Therefore the network contains pipes based on different standards through the decades. 

The losses for a network are calculated as the difference between produced heat at the plant and 
heat consumed by consumers. The losses for the DHS in Kiruna in the year 2010 are given in Table 
1. 

Table 1.  Total losses 

Produced 259 GWh 

Consumed 228 GWh 

Losses 31 GWh 

 

This gives a percentage loss of 12%, and according to [1],[6],[10]-[12] that percentage is normal for 
a Swedish DHS. General methods targeting the determination of losses are scarce in the literature. 

The characteristics for the network in Kiruna can be summarized as follows: 

• Origin from 1960th 
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• Continuously developed 

• Continuous maintenance 

• Total losses of 12% 

In overall these characteristics specify a normal Swedish DHS, and the DHS in Kiruna can be 
considered as a typical Swedish DHS. 

The aim of this paper is therefore to: 

• Identify and quantify the heat losses in the Kiruna DHS. 

• Present a method for evaluation and determine the losses in the system. 

• Evaluate the proposed methods. 

2. Method 

2.1. System description 

TVAB, the owner of the DHS in the town of Kiruna, is a company owned in turn by the 
municipality.  

The complete structure of the DHS is shown in Fig. 1. The pipes in the figure are colored after 
category.  

• Red pipes: are feed pipes that go from the backbone network to the consumers.  

• Blue pipes: the backbone network that consists of circuits (loops) in the network. 

 

Fig. 1.  The complete DHS for Kiruna 

The DHS is divided into different blocks, as shown in Fig. 2. It consists of 31 blocks; a block 
represents the pipes between two connection points in the backbone network, as in Fig. 2. The 
dotted cyan colure lines are the border between different blocks (block names are shown in green 
letters). 

Figure 2 
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Fig. 2.  Blocks in the DHS for Kiruna 

2.2. GIS data 

From a geographic information system map, received from TVAB, the available information about 
the piping in the system was obtained, see Fig. 3. By pinpointing a pipe and using the identify 
function in the GIS-program, its length and diameter can be obtained. 

 

 

Fig. 3.  GIS-map for Kiruna 

There was a lack of data in the map regarding length and diameter for a number of pipes. The lack 
of length was solved by exporting the GIS-map to a DWG-file and by using a CAD-system the 
length for a particular pipe can be estimated. 

2.3. Treatment of pipes with unknown diameter 

No established method is presented in the literature to treat the lack of diameter data from the GIS-
map. Two methods have been developed here for dealing with that: the average diameter method 
and the percentage method. These methods are applied and their outcomes are compared and 
evaluated. 

The average diameter method: An average diameter for the known loop and feed pipes was 
calculated by weighting the known diameters according to the length (1). The two calculated 
diameters are then used for all the unknown pipes of the two different categories. 
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This method is an elementary and rough way of treating the lack of data. 

The percentage method: The percentage distribution of pipes with known diameters in each block is 
used to distribute the diameters to the unknown pipes in that block using equation (2). 

���	����ℎ! =
%���

#$$
∗ %���ℎ!&�'�()� + %���ℎ!���    (2). 

This method does not change the percentage diameter distribution in the blocks. Comparing the two 
methods it can be seen that the percentage method gives a more probable distribution of the 
unknown pipes, instead of considering that all unknown pipes have the same diameter. 

2.4. Data from pipe producer 

Loss specifications for pipes have been obtained from one of the largest preinsulated pipe-producer 
in Sweden and Europe, [13]. According to the product catalogue of the company there are four 
different series of pipes. 

After discussion with the pipe company more information regarding the pipe series was obtained. 
The current standard regulates how the losses are calculated and specifies the amount of insulation 
for the different series and diameter. Pipe series 1 has the thinnest insulation and series 4 the 
thickest [14]. 

The insulation consists of polyurethane with cyclopentane and carbon dioxide (CO2) as cell gases. 
Over time the CO2 diffuses out from the insulation and the capability decreases. To increase the 
insulation capability a gas is normally introduced in the insulation material. The blowing agent was 
earlier Freon which had extremely good insulation properties. When Freon was banned 2001 the 
insulation capability decreased with c.a. 20 %. Today the insulation capability for the pipes has 
been restored at the same level of the old Freon insulated pipes [14]. 

The specified calculated losses for the pipe series are based on the annual average outdoor 
temperature in Sweden (+4.7°C [15]). The average temperature for the town of Kiruna is -1.2°C 
[16] because Kiruna is located in the north of Sweden. Due to this temperature difference the 
specified losses must be adjusted by +9.5 % [14]. In Fig. 5 the losses for each pipe series are shown 
as adjusted and unadjusted. 
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Fig. 5.  Specified losses 

The types of pipes that were used to build the initial networks are different from those that are used 
today. As an example, in the 70s and in the 80s an asbestos cement pipes were commonly used in 
district heating networks. These pipes have much higher losses compared to those that are used 
today. Preinsulated pipes with plastic jacket appeared on the market in the beginning of the 70s and 
became of common use in the 80s. However, some network owner refused to accept the new 
technique and only in the 90s all owners used the new type of pipes [14]. 

The installed preinsulated pipes, which became common in the 80th, were normally insulated 
according to series 2, but energy companies have become more focused on the pipe losses in their 
networks. Today the most common series that energy companies buy is number 3 or number 4. The 
choice of series is determined by the economical aspect such as payoff time as a function of the 
losses. The lifetime for a pipe is up to 100 years and the payoff time is allowed to be long, usual 
around 10 years [14].  

For smaller diameters (20 – 150 mm) double pipe construction, which is available in series 1 - 3, is 
more efficient regarding heat losses compared to single pipes. With double pipe construction the 
heat loss is reduced by 40 – 50% and the payoff time is normally 5 – 8 years [14]. The available 
network data do not specify pipe material, age and whether the pipes are single or double. The most 
common pipe type in the network in Kiruna is single type, so we applied losses for single pipes. 

3. Results 

3.1. Data collection 

A part of the database of the different pipe diameters and length for each block is showed in Table 
2. The row labeled “unknown” shows for each block the total length of pipes for which diameters 
have not been specified in the GIS-map. 

Table 2.  Data collection from GIS 

    Lenght [m]       
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Diameter [mm] 

Block 

A 

Block 

B 

Block 

C 

Block 

D 

Block 

E 

Block 

F 

Block 

G 

Block 

H 

Block 

I 

 

  

Lo
o

p
s 

Unkown 

  

117,6 606,8 

 

135,1 

   

    
100 151,1 

 

92,2 

  

253,1 180,2 

   125 

  

558,0 102,6 

      150 918,3 274,2 376,2 

     

239,3 

 175 

    

441,1 

     200 

  

347,4 

       250 271,2 

         300 

          350 

          400 

          
500               162,0       

           

    

F
e

d
d

s 

Unknown 2777,2 307,6 3496,6 602,0 170,5   18,2     

 

  
20 35,3 

 

47,0 3,0 

    

41,8 

 25 1616,7 48,0 334,1 

 

11,0 

     32 96,9 2,4 34,0 

  

10,0 

  

58,8 

 40 162,7 3,9 296,4 

  

45,8 6,6 

 

26,0 

 50 356,5 28,2 405,0 147,4 48,2 63,2 

  

271,1 

 65 900,3 78,7 181,5 

  

101,8 

    80 1127,7 

 

14,1 134,1 

 

67,4 

    100 399,9 

 

537,5 14,9 103,6 

     125 1609,5 

 

658,1 

 

142,6 

     150 230,4 

         175 

          200 

          
250 78,8                     

                          

 

In Fig. 5 the length percentage is shown versus diameter for all pipes in the network. The amount of 
unknown feed and loop pipes are 14% and 40% in total. 

 

Fig. 5.  Total length according to diameter 

The annual losses for loop and feed pipes with known dimension are calculated from data in Figs 4 
and 6 shows the annual losses for loops and feeds when applying different pipe series. The total 
losses from loops and feeds are added and compared to the real losses in the DHS in the year 2010 
(30´974 MWh). 
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Fig. 6.  Losses according to series 

In Fig. 6 the amounts labelled as “Diff. real losses” represent the amount of losses lacking to match 
the losses in the real system. These differences must then be supplied by the losses from the 
unknown pipes in the system. To calculate the losses for the unknown pipes the average diameter 
method and the percentage method were applied. 

3.2. Method 1: The average dimension method 

By using equation 1 the calculated average diameters were 200 mm for loop pipes and 80 mm for 
feed pipes, which is consistent with [6]-[17]. The losses for pipes with unknown diameter are then 
calculated by multiplying the length of the pipes with the loss for the average diameter of loops and 
feeds. Calculations are performed for each pipe series and added to the losses of the pipes with 
known diameter. The resulting sums are then compared with the real losses in the network. 

 

Fig. 7.  Losses with all pipes average method 

3.2. Method 2: The percentage method 

Equation 2 has been applied to each block, and Table 3 shows the calculations for block C as an 
example. The length of unknown pipes is zero after the re-distribution and all classes of pipe 
diameters have increased their total lengths compared to the original value. The percentage diameter 
distribution of the pipes before and after is the same. 
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A special case occurs if a block has unknown pipes only. In that case the average diameter method 
is used and the unknown pipes get the value of the average diameter of the overall network. 

Table 3.  Distribution of unknown for block C 

Nod C       

Distribution 

of unknown After distribution 

 

Diameter Lenght 

 

Lenght Lenght 

 

 

mm m % m m % 

Lo
o

p
s 

Unknown 117,6 - 

 

  

 100 92,2 6,7 7,9 100,1 6,7 

125 558,0 40,6 47,8 605,8 40,6 

150 376,2 27,4 32,2 408,5 27,4 

175     

 

  

 200 347,4 25,3 29,7 377,2 25,3 

250     

 

  

 300     

 

  

 350     

 

  

 400     

 

  

 500     

 

  

 

  

    

 

  

 

F
e

e
d

s 

Unkown 3496,6 - 

 

  

 20 47,0 1,9 65,5 112,5 1,9 

25 334,1 13,3 465,8 799,9 13,3 

32 34,0 1,4 47,4 81,4 1,4 

40 296,4 11,8 413,3 709,8 11,8 

50 405,0 16,1 564,7 969,7 16,1 

65 181,5 7,2 253,1 434,6 7,2 

80 14,1 0,6 19,7 33,8 0,6 

100 537,5 21,4 749,5 1287,0 21,4 

125 658,1 26,2 917,6 1575,7 26,2 

150     

 

  

 175     

 

  

 200     

 

  

 250           

 

By combining loss data from Fig. 4 and the new distribution given in Table 3, calculated losses 
were obtained for the different series of pipes. The calculated losses for each series are compared to 
the real losses in the network in Fig. 8. 

 

Fig. 8.  Losses with all pipes % method 

3.4. Creating pipe series X 
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To be able to implement a correct description of DHS losses in a model, a fictitious series (series X) 
that exactly fits system losses have to be created. Two series X are created by using the diameter 
distributions obtained from the two methods. 

The loss data for series 1 (the one which gives the most similar network losses according to Figs 8 
and 9) were adjusted to reproduce exactly network losses by the fitting procedure shown in Table 4. 

Table 4.  Finding pipe series X 

      Series 1   Series X average method   Series X %-split method 

 

Diameter Lenght Losses 

 

Length Losses 

 

Length Losses 

 

mm m kWh/m, year MWh/year 

 

m kWh/m, year MWh/year   m kWh/m, år MWh/år 

Lo
o

p
s 

Unknown 2265 448 1015 

 

0 0 0   0 0 0 

100 677 302 204 

 

677 311 211   820 317 260 

125 1410 350 494 

 

1410 361 509   2153 367 791 

150 6217 413 2568 

 

6217 426 2647   6745 433 2923 

175 444 431 191 

 

444 444 197   444 452 200 

200 4584 448 2054 

 

6849 462 3163   5424 470 2550 

250 2056 431 886 

 

2056 444 913   2067 452 935 

300 85 494 42 

 

85 509 43   85 518 44 

350 557 480 267 

 

557 495 276   557 504 281 

400 1276 509 650 

 

1276 525 670   1276 534 682 

500 162 720 117 

 

162 742 120   162 755 122 

  

  

 

  

 

    

 

      

 

F
e

e
d

s 

Unknown 30998 289 8958 

 

0 0 0   0 0 0 

20 335 179 60 

 

335 185 62   720 188 135 

25 5547 182 1010 

 

5547 188 1041   10917 191 2085 

32 1613 186 300 

 

1613 192 309   2407 195 470 

40 1974 214 422 

 

1974 221 435   3100 225 696 

50 5148 239 1230 

 

5148 246 1268   8962 251 2247 

65 8482 281 2383 

 

8482 290 2457   16032 295 4726 

80 3992 289 1154 

 

34990 298 10423   5814 303 1763 

100 6091 302 1839 

 

6091 311 1896   10319 317 3270 

125 6374 350 2231 

 

6374 361 2300   9352 367 3434 

150 4483 413 1852 

 

4483 426 1909   6836 433 2962 

175 0 431 0 

 

0 444 0   0 452 0 

200 197 448 88 

 

197 462 91   744 470 350 

250 79 431 34 

 

79 444 35   112 452 51 

    

30049 

   

30974 

   

30974 

   

Real losses 30974 

  

Real losses 30974 

  

Real losses 30974 

   

Diff 925 

  

Diff 0 

  

Diff 0 

       

Adjust value 1,03076 

  

Adjust value 1,04915 

              Adjust % 3,076     Adjust % 4,915 

 

By using the average diameter method for pipe distribution an adjustment of 3.08% is obtained and 
by using the percentage method an adjustment is 4.92% is obtained. The calculated adjustment is 
the factor that should correct the calculated losses of pipe series 1 to obtain a pipe series X that 
correctly matches the losses in the real network. Fig. 9 shows that both series X are between series 1 
adjusted and series 1, which is the series with the highest losses. 
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Fig. 9.  Both series X and adjacent series 

Series X and their corresponding diameter distributions can be used for determine the losses in each 
block in the DHS. As an example, Table 5 shows for each block the losses in loops and feeds using 
the series X obtained with the percentage method. 

Table 5.  Losses for each block 

  Losses     Losses 

 

Loops Feeds 

  

Loops Feeds 

Block MWh/m, year MWh/m, year 

 

Block MWh/m, year MWh/m, year 

A 568,40 2727,10 

 

Q 324,82 366,30 

B 118,82 118,59 

 

R 402,00 1915,37 

C 608,44 1717,00 

 

S 632,76 868,54 

D 260,50 249,60 

 

T 260,82 294,14 

E 199,24 154,85 

 

U 323,62 73,51 

F 122,98 78,54 

 

V 416,20 676,77 

G 57,10 5,57 

 

W 13,88 0,00 

H 122,37 0,00 

 

X 93,90 194,84 

I 103,69 93,15 

 

Y 612,27 821,71 

J 33,72 0,00 

 

Z1 707,63 253,00 

K 103,75 42,40 

 

Z2 453,07 3286,75 

L 163,42 0,00 

 

Z3 0,00 879,93 

M 214,50 407,50 

 

Z4 944,27 4697,54 

N 102,99 69,41 

 

AA 356,62 1829,71 

O 49,50 190,97 

 

AB 217,19 110,82 

P 197,99 63,92         

 

4. Analysis 

According to Figs 7 and 8 none of the series specified by the pipe company fits the losses in the 
network, regardless if series losses are adjusted as the producer recommended or not. Both specified 
methods to determine the unknown pipe diameters shows that series 1 and series 1 adjusted are the 
series that are closest to represent the losses in the system. This shows that a normal Swedish DHS 
is a worst case scenario. 

Table 5 shows that 11.5 % of the piping for loops and 41.2 % for the feeds are unknown. When 
calculating the average pipe diameter for the loops and feeds the unknown pipes are excluded. The 
amount of unknown pipes affects the certainty in calculating the average pipe diameter for the loops 
and feeds. However, the small difference between the two series X indicates that the unknown pipes 
must be evenly distributed in the system.  
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When creating the model for the DHS in Kiruna the percentage method distribution will be used. 
Because of that the unknown pipes are more likely to be accurately distributed than the case in 
which all unknown pipes are assigned the same diameter. For each block equation 2 will be used to 
redistribute the length of the unknown pipes to diameter classes. The losses for each block 
regarding loops and feeds (see Table 5) will be implemented in the model. 

When replacing or rebuilding areas in a DHS, series X can be used for making calculation regarding 
payoff time due to change in pipe losses. 

5. Discussion 

Representatives from the pipe company informed that when planning for new piping in Kiruna they 
recommend to use series 3 or 4. This paper shows that a normal DHS in Sweden can roughly be 
represented by series 1. Losses for series 1 are much higher than the losses in the recommended 
series 3. The mismatch is partially explained because the standard about the insulation capacity for 
the different pipe series has changed during time.  

Series X specifies average losses for different pipe diameters. The creation of series X does not take 
into account when the pipe was made and which standard was current during that period. As a 
consequence, an older pipe with a given diameter has higher losses than a new pipe with the same 
diameter. This can result in an error when calculating the losses for the blocks in the network. A 
block with many old pipes will have too small predicted losses compared to its actual losses, 
because series X specifies just one loss factor for each diameter.  

On the other hand, when calculating losses for the piping a lot variables should be taken into 
account, such as filling height, distance between pipes, thermal conductivity in the ground and 
insulation, supply and return temperature, surrounding temperature, [6]. If these are considered, it is 
easy to find uncertainty sources. The filling height can differ if extra soil is added on top of the 
pipes or if it wasn’t possible to make the trench deep enough. The thermal conductivity of the 
ground can differ depending on ground kind. The surrounding temperature can differ according to 
where the piping is placed. Piping below streets has higher losses than piping beside the street. In 
the winter the piping beside the street is covered with snow that acts as insulation, whereas the 
ground frost goes deeper below the street. How this kind of uncertainties affects the losses is hard to 
say and calculate. 

District heating pipes are made of steel and buried in the ground. Moist and water in the ground can 
make the pipes rust if there is a leakage in the pipe jacket. This will cause holes in the piping walls, 
which will result in leakages and heat losses. In this paper, the losses for the network are calculated 
as the difference between produced and consumed energy, so the loss due to leakages are included 
in the calculated  loss. 

In a district heating network both single and double pipes are normally present. In this article a 
method for specifying a loss series for single pipes are presented. By using same method a loss 
series for the double pipes can be created and used in the same way as the loss series for single 
pipes. 

When a consumer is disconnected from the network a short circuit is made at the end of the pipe to 
maintain a small flow in the pipe, so that the water in the pipes does not freeze during the winter. 
This short circuit is just a small pipe connected between supply and return pipes. The short circuit is 
not regulated in any way and the flow is constant all over the year. Pipe ends that are left in the 
ground for further development of the network are also equipped with a small short circuit to 
prevent the pipe from freezing. The short circuits in the network of Kiruna are not taken into 
account. These short circuits are losses in the system and are included in the calculated losses, in the 
same way as the leakage. 
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Usual heat and flow meters that are used for measuring small energy quantities have poor accuracy 
and the resulting error is that the actual consumption is underestimated. As a consequence, poor 
measurement makes the calculated system losses too high compared to the real ones [14]. 
Documentation about this error has not been found and thus a compensation for this has not been 
considered in this article. 

6. Conclusions 

The conclusions of this paper are 

• Both methods can be used for calculating the thermal losses in every district heating system 
in Sweden. 

• Losses in a normal Swedish district heating system are a worst case scenario compared to 
European standard. 

• This kind of analyses is important to be performed in every district heating system to 
calculate the payoff time when rebuilding the network 

• The methods can be used to determine losses for DHS modeling. 
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