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Short Description of the Abstract  
The abstract presents an innovative anti-freezing solution intended to lower the installation 
costs of water, sewer and district heating pipes in the city of Kiruna. The ability of the system 
to prevent the water from freezing without overheating the pipes is investigated on a real case 
study.  
 
Abstract 
As in most of the regions affected by a severe cold climate, the installation of sanitation and 
water supply networks in the city of Kiruna is an expensive and laborious process. The water 
and sewer pipes are traditionally buried below the ground frost depth to prevent them from 
freezing in the winter. Depending on the snow cover, air temperature and soil conditions, the 
frost depth can reach more than 2 meters in the region of Kiruna. Furthermore, trenches are 
often made by using blasting techniques since the area is characterized by a shallow bedrock 
covered with thin layers of rocky soil. These climatic and geologic conditions lead to very high 
installation costs when the traditional strategy to bury the pipes below the ground frost line is 
chosen. Major construction projects of water and sewer networks are expected in the coming 
decades since a substantial part of the city will be relocated due to mining activities. The mu-
nicipality is therefore considering other anti-freezing strategies to allow a more superficial in-
stallation of these networks and decrease their construction costs. Several options are reported 
in the literature to prevent water and sewer pipes from freezing in case of an installation above 
the frost penetration depth. A first possibility is to place an insulation layer, typically in poly-
styrene, above [1] or around the pipes. This strategy can lead to reasonable insulation dimen-
sions and significantly reduce the depth of the trench if heat gains from the water pipes are 
considered in the design (consumption of water or release of wastewater). However, the city of 
Kiruna has a number of low density residential areas where long residence times of the water 
can be expected in single house connection pipes. A second possibility is to ensure a constant 
circulation of water in the system whether by installing bleeding valves in every house or by 
building a re-circulation system of the drinking water including pumps and expansion tanks 
[2]. Bleeding of drinking water is not a sustainable practice in term of water use and re-
circulation systems represent an important extra cost, both for their installation and mainte-
nance. Another option is the heat tracing of the facilities. Heat tracing refers to the continuous 
supply of heat along water pipes to keep their temperature above 0 ˚C [2]. The heat tracing 
systems available on the market provide the heat via an electrical wire placed inside or around 
the water pipes. As in most Swedish cities, a district heating network is installed in the city of 



 

Kiruna. In the present project, the possibility to use this centralized heat source to heat-trace 
water and sewer pipes is investigated. Placing the sewer, water supply and district heating 
pipes in the same shallow trench might greatly reduce the installation costs of these three 
networks. This would consequently increase the economic attractiveness of district heating in 
comparison to decentralized heating solutions. One risk associated with heat tracing is the 
possible overheating of the pipes. Too high temperatures of the drinking water stimulate the 
growth of pathogenic microorganisms and represent a risk for public health. Microbial growth is 
however very limited below 15 ˚C [3]. The proposed solution was implemented in 2013 as a 
pilot project in Tuolluvaara, a neighbourhood of Kiruna. 3 houses are now connected to the 
system and 5 more are expected in the coming years. The drinking water and sewer pipes (re-
spectively on the left and right of figure 1) were installed in an extruded polystyrene (EPS) 
utilidor together with a heat tracing pipe of warm water (middle on figure 1). The water circu-
lating in this pipe is a part of the return water of the district heating (30-35 ˚C). Its circulation 
is ensured by a single electrical pump of 7 watts for the whole system. The flow in this warm-
ing pipe is regulated according to its temperature at every house connection by using thermo-
static valves. The EPS utilidor is buried at a depth of approximately 110 centimetres. Note that 
only the inferior part of the utilidor is present on figure 1. The aim of this research is to deter-
mine if the solution can transport and deliver water in a healthy and satisfying temperature 
range for the customer while preventing the pipes from freezing. To this end, a temperature 
monitoring system has been installed on the experimental site. The temperatures of the differ-
ent pipes are measured at 6 locations of the system. In table 1, the minimum, maximum and 
average temperatures of sewer and drinking water pipes are presented during the month of 
January 2015. The temperatures are measured 6 meters before the connection to a house 
which was not occupied during this period (drinking water stagnating and no flow of 
wastewater). The results demonstrate the capacity of the system to prevent both sewer and 
water pipes from freezing. However, the observed temperatures of the drinking water are 
above 15 degrees and bacteria growth may occur in these conditions. Other regulation strate-
gies will be investigated during January-mars 2016 to try to reduce this temperature and the 
associated energy consumption; the corresponding results will be presented at the ARTEK con-
ference in April 2016.  
 

        
Figure 1. Picture of the EPS utilidor in its 
trench during the construction. 
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Temperatures in the utilidor in January 2015 

 Water supply Sewer 

Tmin  (˚C) 11 5 

Tmax  (˚C) 23 12 

Tavrg  (˚C) 19.5 9.7 

Table 1. Temperature in the system in January 
2015. Average outside temperature of -10 ˚C. 


