
TVE 16 038 juni

Examensarbete 15 hp
Juni 2016

Winter football
A study of the heating of artificial turf 

pitches in Uppsala 

Andreas Ericson
Simon Hassan
Toussaint Ishimwe
Julia Stålenheim



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

Winter football - A study of the heating of artificial
turf pitches in Uppsala

Andreas Ericson, Simon Hassan, Toussaint Ishimwe and Julia Stålenheim

Sportfastigheter, a municipal company that manages and develops Uppsala’s sports
facilities is expanding their operation with heated artificial turf pitches in the
municipality. This will be done with focus on climate friendly solutions that could cut
down the energy costs. At the moment, one artificial turf pitch in Uppsala is heated
with district heating during the winter. This causes high-energy costs. Last year,
Sportfastigheter had expenses of 800 000 SEK for heating the one pitch at Löten
sports field. The purpose with this project is to provide a basis with efficient
alternative ways of heating artificial turf pitches in Uppsala in order for
Sportfastigheter to make decisions on their ongoing expansion of heated artificial turf
pitches. By studying their overall heating system at Löten sports field in conjunction
with the existing solutions on the market, we have come to a solution that uses
multiple heat sources to cut down their costs as well as the energy consumption. In
this case, we have studied the option of using district-heating together with air-water
heat pumps. By using the heat pump’s energy efficient mechanism that moves heat
from one place to another instead of generating the heat, we managed, in our model,
to save 176723 SEK per winter season by replacing a small amount of their power
demand from district heating to power from heat pumps. In order to further improve
the heating system at Löten and enable other heating solutions, the control system
for the heating needs to be improved. The system is currently inefficient and it uses
up more heat than it needs to
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Introduction  

Football is the largest sport in the world. It is also a sport that is played all year round. An 

occurring problem, however, is to maintain a high quality natural pitch throughout the year. This 

becomes noticeable especially in countries with colder climates where pitches suffer from snow, 

ice and cold temperatures during winters. Solutions to this are artificial turf pitches, both 

outdoors and indoors, to improve the opportunities to play football all year round. Most artificial 

turf pitches are built outdoors. This comes with a challenge; even when the grass itself is not 

being damaged from the cold weather, the pitch still needs to be kept free of snow and ice. This 

could be both costly and energy demanding but there are several solutions available.  

 

Maintenance costs for artificial turf pitches are high and even more so when the pitches require 

heating.
1
 With more and more pitches being built with artificial turf and heating, new and 

improved ways of building and maintaining are in demand to cut costs and energy usage. 

Depending on the heating system in use, costs as well as environmental impact could vary. Using 

electricity for direct heating of facilities, or equipment of sorts, requires extra steps of energy 

conversion and wastes the electricity’s potential as an energy carrier. Because of this there is an 

advantage in more direct forms of heating that do not require the use of electric heating. 

 

The possibility to use multiple heat sources for heating a pitch could cut costs and energy usage 

even further. By using renewable heat sources as alternatives, together with energy usage 

optimization, one can reduce the amount of non-renewable sources required to heat a football 

pitch. Should the renewable heat be self-produced, the possibility of cutting energy costs 

increases too. 

 

At the request of Sportfastigher, a municipally owned company, we will in this project 

investigate alternative ways to heat Uppsala’s artificial turf pitches. The goal is to cut energy 

costs in order to make room for more sports activities. 

 

                                                
1
 Åkerlund, Jan (2016-04-12).  
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1.1 Purpose 

The main purpose of this report is to provide a basis for Sportfastigheter to make decisions on 

their ongoing expansion of heated artificial turf pitches. In order to do that, the following 

questions will be answered: 

1) What options for heating systems exist as of today?  

2) Which system(s) is optimal in terms of energy consumption and costs? 

3) What further development possibilities regarding heating systems are available to 

Sportfastigheter? 

1.2 Limitations 

In this project we are focusing on Sportfastigheter and their development possibilities for 

artificial turf football pitches. Since they are based and operating in Uppsala we have limited our 

project to the area of Uppsala municipality and its local conditions. Since Uppsala is a water 

protection area it is according to our client difficult to get permission to bore into the bedrock. 

Therefore solutions such as geothermal heating and energy storage in the bedrock can be 

excluded in this case
2
.  

 

When calculating energy consumption in an artificial turf pitch, factors such as materials and the 

different layers forming the football pitch could be taken into consideration. The model in this 

report, however, does not consider altering the structure of the football pitch. The focus is solely 

on the heating system itself. Furthermore, we are also looking for sustainable solutions. Because 

of this, we will only look into renewable energy sources.  

1.3 Report outline 

The report begins with Section 2 where the project background is presented. Sportfastigheter’s 

situation in this project is explained as well as an overview of the existing heating system and 

other possible heating solutions. Section 3 contains the methodology as well as the model used to 

simulate and calculate. This section also presents and explains the data used in the model. The 

results and the sensitivity analysis are presented in Section 4. The results are discussed in Section 

5 and conclusions are presented in Section 6. 

 

                                                
2
 Uppsala vatten. Vattenskyddsområden (2016-05-11). 
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The following background section includes a presentation of our client and the ongoing project. 

An overview of the studied system is presented for the reader to grasp the contents of the project. 

An overview of existing heating solutions and the structure behind artificial turf pitches is 

included. Technologies behind solar collector and heat pump are explained as well as their 

potential. 

2. Background 

2.1 Sportfastigheter and their football facilities  

Our client in this project is the municipal company Sportfastigheter (SpF) that manages and 

develops Uppsala’s arenas for sports, leisure, recreation and events. Their main task is to offer 

the city’s inhabitants and visitors an opportunity for sport and recreation. The organization aims 

to be innovative and climate-friendly. This should be done in a way that increases accessibility 

and supports the application of new energy technologies in their facilities.
3
  

 

SpF has several football facilities in Uppsala but the pitch studied in this project is Löten’s sport 

facility that already has a heating system installed. The pitch has an 105 x 65 meter area and the 

pipelines laying underneath are connected to the district heating grid. A fluid consisting of water 

and ethylene glycol flows through the pipelines and transfers heat from the district-heating grid to 

the pitch.
4
  

 

Figure 1 displays how the pitch in Löten is constructed. The surface of the pitch consists of 

synthetic grass fibers, sand and rubber filling. The rubber filling, usually called  

 

                                                
3
 Sportfastigheter- Om oss (2016-05-03). 

 
4
 Åkerlund, Jan (2016-04-12). 
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Figure 1: The structure of the pitch at Löten manufactured by Spentab AB
5  

 

granulate, is mainly used to emulate the standard/quality of a natural pitch and also to add weight 

and stability to the attached grass fibres. The filling is usually between three to six centimetres 

thick, with the section between surface and support layer being less than 10 centimetres. Under 

the surface there is a rubber pad, which is designed for shock- and water absorption and to make 

the pitch softer. The rubber pad also has an insulating capacity, which reduces heat loss 

downwards into the ground. The pipelines made of plastic are fitted into the rubber pad in order 

to effectively let the heat through to the surface.
6
  

 

The heat-transfer fluid in the pipelines consists of 75 % water and 25 % ethylene-glycol to 

prevent freezing, since the adding of the alcohol lowers the freezing temperature to -15° C.
7
 At 

the bottom there is a support layer to level the pitch. This layer also works as a drainage system 

that leads the snowmelt and rainwater away from it.    

 

2.2 The existing heating system  

Aside from the artificial pitch with the heating pipelines, there are other components that form 

the complete heating system at Löten. As displayed in Figure 2, heated water at 90° C, delivered 

                                                
5
 Spentab. Värmepad: Teknisk beskrivning (2016-05-05). 

6
 Åkerlund, Jan (2016-04-12). 

7
 Umas, Sertac, Uppvärmd konstrgräsplan (2016-05-10). 
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from Vattenfall AB, passes through a heat exchanger that transfers the heat to the heat transfer 

fluid. This fluid has a temperature of between 20 and 35° C depending on the outdoor 

temperature. The district heating has a certain temperature and depending on what amount of heat 

is required to heat the pitch, a valve to the heat exchanger regulates how much of the heated 

water that enters the heat exchanger.
8
 

 

Figure 2: Overview of the existing heating system. Heated water enters from the district heating 

and transfers its heat to the heat transfer fluid, which flows underneath the pitch. 

 

As seen in Figure 3 below, the control system in the heat exchanger does not have a well-

regulated flow of heated water from the district heating. It is switched on and off when it’s 

required instead of a system that varies flow with different temperatures.
9
     

                                                
8
 Åkerlund, Jan (2016-04-12).  

9
 Operation manual, Löten (2016-05-03). 
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Figure 3: The figure shows the rough power output from the heat exchanger during the winter of 

2015/2016. 

2.3 Energy consumption and costs  

The following Figure 4 shows SpF’s monthly energy consumptions for 2014 and 2015 from the 

district heating for Löten and the relation to the outdoor temperature for both years. Both the 

energy consumption as well as the costs presented in Figure 5 varies due to parameters such as 

weather, maintenance and installation of a new artificial turf pitch from SPENTAB last year of 

2015. The costs for 2016 are not yet complete since district heating is still required during 

autumn. 
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Figure 4: Monthly energy consumption for heating Löten’s artificial turf pitch, paired with the 

outside temperature
10

.  

 
 

Figure 5: Yearly costs for heating Löten’s artificial turf pitch.
11

Note: some costs of 2016 are 

missing because the year is not yet complete as of this report’s publication. 

 

2.4 Overview of existing solutions  

Various municipalities and football unions in Sweden have solved the problem of high heating 

costs in different ways, depending on their geographical and financial possibilities. In 

Katrineholm, a way to heat the pitch at Backavallen during winter by an energy recycling system 

has been developed. The system works by storing excess heat from the nearby ice rink’s 

refrigeration compressors in a nearby bedrock energy storage facility. On top of this, the pitch 

works as a solar collector during summers to stored more heat in the bedrock. The heat can then 

be reused during winters to heat the pitch.
12

  

 

                                                
10

 Åkerlund, Jan (2016- 04-15). 
11

 Operation manual, Löten (2016-05-03). 
 
12

 SEEC, Idrottsplatser (2016-05-11). 
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In Hallsberg they have managed to develop a way to use groundwater from a brook for heating 

pitches. Three groundwater pump stations are in operation all year round to keep the water level 

at an appropriate level so that neighbouring buildings with basements doesn’t get filled with 

water. The temperature of the groundwater is almost constant at +8° C regardless of season. One 

of the pump stations leads the groundwater through an ice rink where the water is used to remove 

the heat produced when the refrigeration compressors are in operation to remove heat from the 

ice rink. The groundwater leaving the ice rink has a temperature between +5 to +14° C, 

depending on the operating conditions of the rink. The system is efficient enough to keep the 

pitch playable and free from ice.
13

 

 

An artificial turf pitch at Norrtälje sports centre also has the advantage of having an ice rink 

nearby. Patric Nydahl, operation manager at the sports centre, describes a pipeline system 

installed under the pitch to which heat is provided as waste heat from the refrigerating 

compressor. The compressor works the whole year round to cool the ice rink and the heat 

generated during the cooling process would otherwise end up in the air without recycling. The 

concept of the system is by directing the heat flow to a heat exchanger that heats up the heat 

transfer fluid, which heats the pitch. The heating system cannot be controlled since it depends on 

the refrigerating compressor. The minimal costs they have are maintenance costs of the heat 

exchanger.
14

 

2.5 The Heat Pump 

A heat pump of some sort could be a possible way of heating an artificial turf pitch. The basic 

mechanism of any heat pump is that it moves heat from one place to another, which is more 

efficient than generating the heat. There are multiple heat sources where a heat pump can absorb 

heat, such as in bedrock, water, earth or air. The heat pump itself consists of four main 

components: evaporator, condenser, expansion valve and compressor. These are connected in a 

closed pipe system where a refrigerant is flowing, either in fluid or gas form depending on 

different pressures and temperatures in the process.
15

 

 

                                                
13

 Sällh, Ronald (2016-04-06). 
14

 Nydahl, Patric (2016-04-06). 
15

 Svenska kyl- och värmepumpföreningen. Luftvärme - Ett hett alternativ (2016-05-14). 
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Figure 6: A heat pump. The heat source heats up the fluid in the evaporator (3). It is then 

transferred to the condenser (1), via a compressor (4), where the heat is dropped off and the fluid 

returns to the evaporator through an expansion valve (2). The arrows symbolize the heat sink at 

the condenser as well as the heat source at the evaporator. Image source
16

 

  

The evaporator contains the heat absorbed from the heat source. The expansion valve controls the 

refrigerant pressure in order to lower the boiling point. The gas from the boiling refrigerant then 

flows through the compressor, where the pressure increases and therefore also the temperature of 

the gas. The gas is then pushed through the condenser where the condensing gas emits heat into 

our system. 

 

Since the possibilities of boring in Uppsala are minimal and there is no suitable lake nearby to 

use groundwater as a solution, an air-water heat pump would be a suitable option for heating the 

pitches in Uppsala. The heat pump would then absorb heat from the surrounding air and transport 

it to the piping system under the pitch. The efficiency for an air source heat pump varies with the 

outside temperature. With a decreasing outside temperature there are less energy in the air and 

the efficiency decreases. Most air source heat pumps are efficient down to -15°C. COP 

(Coefficient of Performance) is the ratio of the provided heat to the work consumed by the heat 

pump and the coefficient is used to display how effective the heat pump is. 
17

 

                                                
16

 Wikipedia. Heat Pump (2016-05-19).  
 
17

 Energimyndigheten. Luftvattenvärmepumpar - Test (2016-05-04).  
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2.6 Thermal Solar Energy 

The solar radiation hitting the earth is a very potent source of energy. The most notable 

installations nowadays are probably the photovoltaic solar cells, which convert solar energy into 

electricity. For purposes of heating, however, electricity is a waste of valuable energy. Instead, by 

converting solar energy directly into heat in a solar collector, one skips the unnecessary step of 

energy converting that comes with electricity.  

 

Every year, Uppsala receives 925 kWh/m
2
 and year

18
. Most of the irradiance, however, is 

received during the summer, though it is needed the most during the winter. In Stockholm, at a 

similar latitude, the sun’s peak angle varies between roughly 7° and 55° depending on seasons
19

. 

The higher the angle, the higher the irradiance becomes. But since the sun's angle will vary and 

not stay at a specific angle for long, the solar collectors placement and angle needs optimizing. 

The year 2012, Sweden had 15 000 solar collector instalments, with a building pace of about 

2000 per year
20

. 

 

The principle of solar collectors is as follows. The solar radiation hits some construction that 

absorbs the energy and heats up. By letting a heat-transfer fluid run through this construction, 

heat can be transported to other media through heat exchanging.
21

 In this case another fluid 

underneath a football pitch is to be heated. The varying component in this system is what sort of 

absorbent is used. The most commonly used solutions for this are plane solar collectors and 

vacuum solar collectors. 

 

For heating purposes during winter, vacuum solar collectors have the advantage over plane dittos. 

The vacuum version consists of many circular glass tubes, which allow them to absorb solar rays 

from different angles. This is advantageous when the sun’s peak angle is lower but you still want 

to absorb heat. The flat screen of a plane solar collector instead starts to reflect solar rays as soon 

as they are not hitting the screen from a perpendicular angle. It is therefore losing efficiency if 

not regulated to follow the sun’s track in the sky. The main advantage of the vacuum version, 

                                                
18

 SMHI. Normal globalstrålning under ett år (2016-05-10).  
19

 SMHI. Solbanediagram (2016-05-12). 
20

 Svensk Solenergi. Solvärme (2016-05-12). 
21

 Micoe, The working principle of the solar collector (2016-05-18).  



 16 

however, is its ability to maintain its temperature even when it is cold outside. The vacuum space 

inside the glass tube isolates and prevents heat from escaping.
22

 

Note: See appendix A for images of solar collectors.  

3. Methodology  

This section will include a description of the methods we used to answer the questions for this 

project. The methods for gathering information are explained, as well as a thorough explanation 

of the model used to study the heating system. The purpose of the model is to quantitatively 

calculate and describe the ratio between the air temperature and the power needed to heat the 

pitch at that temperature. This is modelled for the entire period of October 1st 2015 to March 31st 

2016. The results from the model will be compared to the actual energy consumption of SpF. It 

will also act as a basis for how implementation of alternative heating methods could work.     

 

3.1 Information gathering 

To gather information about existing heating systems on the market, a literature study was made 

on previous studies on artificial turf pitches. We also contacted organizations and municipalities 

in Sweden who have managed to optimize their respective heating systems for artificial turf 

pitches. These are described thoroughly in section 2.4:  

- Backavallen facility with the technology of storing solar energy in boreholes.  

- Hallsberg facility (Ronald Sällh) with the groundwater system. 

- Norrtälje sports centre (Patric Nydahl) with waste heat from the refrigerant compressor.    

 

In addition to this we researched alternative heating sources described in section 2.5 and 2.6. A 

meeting with Jan Åkerlund, technical manager at SpF, took place to gather more information 

about the project, their facility in Löten and its heating system. Visits were also made to Löten 

artificial turf pitch to get more detailed information about the pitch’s structure and heating 

system. 

                                                
22

 Svesol, Plana solfångare vs vakuumrör (2016-05-05). 
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3.2 Model  

3.2.1 Convection 

Heat is exchanged through the artificial turf pitch through convection, which means that heat is 

transferred from one place to another by the movement of fluids, such as air.
23

 Heat exchange 

through convection between the surface of the pitch and the outdoor is described with a heat 

transfer coefficient, h [       ]. In this case we have two heat transmissions through 

convection: at first between the heated pipelines and the surface of the pitch and secondly, 

between the surface of the pitch and the surrounding air. This is displayed in Figure 7 where the 

three sections of the system have their respective temperature T and a power Q at which heat is 

delivered to the next section. 

 
 

Figure 7: Heat is transferred from the district heating to the pipelines, then from the pipelines to 

the pitch and finally from the pitch into the air. The three parts also have their respective 

temperatures T1, T2 and T3. 

 

Q1 is the sum of convection, Qc, and radiation losses, Qrad (explained below): 

 

                       (1) 

 

The equations calculating the convection power are as following: 

  

                    (2) 

where A is the area of the pitch. Since the pitch needs to be kept at a constant temperature, the 

power lost through convection and radiation in Q1 needs to equal the convection Q2 from the 

pipes: 

 

                                                
23

 Physics Hypertextbook, Convection (2016-05-13). 
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3.2.2 Radiation losses  

Radiation losses need to be taken into consideration when modelling heat transmission through 

convection since the pitch has a specific emissivity. Radiation is energy emitted from materials in 

the form of electromagnetic waves. The radiation losses can be explained with the following 

equation:  

                
    

    [W]          (3) 

 

Where   is the emissivity of the artificial turf pitch and σ is the Stefan-Boltzmann constant. A is 

the surface area of the artificial turf pitch. T1 is the outdoor temperature and T2 is the surface 

temperature  

 

This makes the total heat loss: 

                         

where:  

                          (4) 

There Cv,brine is the heat capacity of the heat transfer fluid and has a value of              . 

   is the flow rate of the heat transfer fluid in the pipelines.    is the temperature that the fluid 

needs to keep and      is the new temperature created in the fluid by convection power to the 

pitch above. 

3.2.3 The air-water Heat Pump 

The air-water heat pump is modelled as an alternative heating method by calculating how much 

power output that can be extracted from a pump to fulfill SpF’s energy demand and also how its 

implementation could affect their heating costs. When modelling a heat pump, there are a number 

of parameters that need to be taken into account.  

 

Apart from the fact that it draws electricity it is necessary to find out what power the heat pump 

can deliver and at which flow rate. The heat pump needs to deliver heated fluid at a rate so that it 

is not inhibited by the flow rate in the pipelines. Depending on the outside temperature, a fixed 

coefficient                      can be set to illustrate the ratio between the flow rate and the 

power delivered. 

                 (5) 
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Where     is the power delivered by the heat pump and    is the flow rate of heat transfer fluid 

through the heat pump’s evaporator. Tin is the heat transfer fluid’s temperature entering the 

evaporator and Tout is the heat transfer fluid’s temperature exiting the evaporator. 

3.2.4 Model limitations  

The model is simplified in such a way that some parameters are excluded. One parameter that is 

not included in the calculations is the heat losses from the system. It can therefore be assumed 

that the calculated heat consumption is below the actual consumption. We have simplified the 

different layers in the pitch to one large layer in our calculations in order to simplify heat transfer 

calculations. 

 

In our calculations, we have chosen to use a fixed district-heating price instead of using a varying 

price that depends on cost rates. We have also set an outdoor temperature limit to 2° C where 

don’t heat the pitch, assuming that no heating is required at this temperature in order to create 

good pitch conditions. More on this in section 3.3.1 below.  

3.3 Data  

The data that were used to create the model are described in this section  

3.3.1 Convection data  

The outdoors temperature data for Uppsala during 2015 were obtained from SMHI open database 

that has documented climate data from earlier years. The hourly temperature data used in the 

model extends during the period of 1th October to 31th March.
24

 The temperatures in the heat 

transfer fluid at different outdoor temperature are obtained from the charts provided by Per 

Eriksson, the operating manager at Löten. The data is displayed in the following figure:  

                                                
24

 SMHI, Meteorologiska observationer (2016-05-05).   
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Figure 8: Temperatures that the heat transfer fluid is regulated to be at different outdoor 

temperatures from -31 to 5° C.  

 

The optimal temperature in the pitch during winter is 2
o
 C, which is set as a constant during 

heating to obtain the qualities of a natural pitch. However, during days when football is played 

during the winter, the temperature is set to 7° C for three hours before play. This is taken into 

account in the model where heating is set for 7° C for both every day as well as every second day 

for three hours. In this case, the heating system need to heat more. Since the convection is natural 

and the temperature between the surface and the surrounding air does not vary a lot during 

winter, the heat transfer coefficient, h, is assumed to be constant at 5 W/(m
2
K).

25
 The area used in 

the calculation is the pitch area which is A = 105x65 m= 6825 m
2
.  

 

Other data obtained from the operation manual at Löten and used in the model are the heat 

capacity of the heat transfer fluid, 1165,5 kJ/(m
3
K)

26
, and the flow rate of the heat transfer fluid 

through pipelines underneath the pitch which is set at 90 m
3
/hour. We also obtained the pipeline 

volume of 10,5 m
3
. 

 

To calculate the price per MWh for the district heating SpF pay for, we used the chart from 

Figure 6 that presents the district heating yearly costs for 2015. We also used the energy 

consumption for the winter season 2015, presented in Figure 5, which shows us that 800 MWh of 

energy was consumed during the winter season.  

 

                                                
25

  Widén, Joakim (2016-05-05). 
26

 Operation manual, Löten (2016-05-03). 
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3.3.2 Radiation losses data  

To calculate radiation losses in the pitch, the following data has been used in our model. 

The emissivity of the surface, which in this case is the artificial pitch made out of polyethylene 

has an emissivity of 0,92.
27

 The Stefan-Boltzmann constant σ = 5.670367(13) 10
−8

 W m
−2

 K
−4

, is 

used to calculate radiation losses which is the constant of proportionality in the Stefan-Boltzmann 

law. The difference between the outdoor temperature and the temperature of the surface is needed 

since the radiation exchange takes place between these two surfaces.     

3.3.3 Heat pump data 

The data used to calculate the amount of heat that can be delivered from the heat pump at 

different temperatures is obtained from tests performed by Energimyndigheten on 16 different 

air-water heat pumps. The data collected serves as a basis for assumptions on how a heat pump 

would work for heating the heat transfer fluid. 

 

The Daikin ERLQ011CAW1 heat pump is used to obtain the assumed maximum flow rate, as 

well as an extrapolated power curve for different temperatures.
28

 Running at 10,3 kW power 

output, this air-water heat pump draws 3,8 kW of electricity. The flow rate is measured to 1,01 

m
3
/hour and the power output at different temperatures follows the extrapolated curve: 

 

                (6) 

 

Where P is the maximum power output at temperature T. To calculate how much SpF could save 

by installing air-water heat pumps we have used the current electricity prices from Vattenfall for 

southern central Sweden which is set at 217 SEK/ MWh
29

.   

4. Results 

The results obtained from the simulation of the model are presented in this section with graphs. 

Results from the sensitivity analysis are also presented in this section.  

 

                                                
27

 Electro Optical Industries, Emissivity (2016-05-04). 
28

 Energimyndigheten, Luftvattenvärmepumpar - test (Daikin ERLQ001CAW1) (2016-05-16). 
29

 Vattenfall, Rörligt elpris - Södra Mellansverige (2016-05-19). 
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4.1 District heating - Power demand  

 

The power demand for the pitch was simulated over the period 2015-10-01 to 2016-03-31. 

Simulations were made both with extra heating for every day and for every second day, 

respectively. The days when the pitch is extra heated the temperature in the pitch is set to 7⁰C for 

three hours.  

 

Figure 9: The calculated power needed to heat the pitch to 2°C. Extra heating is on every day.  

 

This gives a total energy consumption of 448 MWh for one winter season when the extra heating 

is on every day. If the extra heating is on every second day we obtain a total energy consumption 

of 446 MWh, but almost no difference can be seen. The financial results from the simulation will 

therefore be, if we assume the same price per MWh as before, 437 284 SEK for extra heating 

every day. 
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4.3 Air-water heat pump - Power output 

 

To analyse how air-water heat pumps could affect the system, Figure 10 displays the possibilities 

of implementing heat pumps. The power capacity of a single heat pump is showed in the top 

graph while the bottom graph shows the power needed from a single heat pump to heat the fluid 

to the required temperatures over the period of 2015-10-01 to 2016-03-31. Furthermore, Figure 

11 shows the power output needed from district-heating if 10 air-water heat pumps, 100 kW, are 

installed. 

 

Figure 10: Power capacity for the heat pump and the required power for heating of the heat 

transfer fluid.  

 



 24 

 

Figure 11: The power needed from the district heating with 100 kW of air-water heat pumps 

installed. The graph displays extra heating every second day. 

 

Replacing 100 kW of district heating with 10 air-water heat pumps saves a lot of heat from the 

district heating. Applying the heat pumps to our model, the energy consumption from district 

heating decreases from 446 MWh to 248 MWh and is replaced with electricity for the heat 

pumps. With a district heating price of 975 SEK/MWh and an electricity price of 217 SEK/MWh 

176 723 SEK is saved per winter season. 

4.4 Sensitivity analysis   

A sensitivity analysis is made to evaluate the key parameters in the model. The parameters 

chosen are the outdoor temperature and heat losses in the model. The heat losses are significant to 

study since they will occur in reality. The outdoor temperature is chosen to see the variation of 

the power output since winter seasons can be mild or very cold, which in turn affects the heating 

of the pitches. To analyze how sensitive the model is to changes and how reliable it is, the 

outdoor temperature is decreased with 1
o 
C every hour to simulate a colder winter. To simulate 

heat losses, a graph will be presented with a linear dependency between heat losses and energy 

consumption. 
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4.4.1 Lowered outdoor temperature 

 

Figure 12: The calculated power needed to heat the pitch to 2°C every day during the period of 

2015-10-01 to 2016-03-31 if the temperature for each hour is decreased with 1°C. Extra heating 

(7°C) is on every second day for 3 hours.  

 

This gives a total energy consumption of 538 MWh.      

4.4.2 Factoring in heat losses 

There are no heat losses taken into account in the model. In reality some losses are to be 

expected, but more detailed data on the different layers of an artificial turf pitch is required to 

reliably calculate these losses. The heat losses are expected to occur partly downwards, through 

the rubber pad, into the ground from the pipes, as well as to the side of the pitch. The impact on 

the energy consumption, provided the losses are somewhere between 0-50 %, are shown in 

Figure 12. 



 26 

 

Figure 13: The calculated energy needed to heat the pitch during a winter season depending on 

different percentages of heat losses in the pitch. 

5. Discussion 

This section will provide a discussion of the obtained results from the model and from the 

sensitivity analysis. Different possibilities to optimize the heating system by improving on certain 

components in the system will also be discussed.  

 

5.1 The existing heating solutions on the market 

As previously presented in Section 2.4, there are several climate friendly solutions for heating up 

artificial turf pitches on the market. The downside is that these solutions cannot be implemented 

to SpF’s situation because of various reasons, especially the lack of geographical possibilities. 

The solution Katrineholm for example has, for example, by using the pitch as a solar collector 

during summer and store the energy in the bedrock for the winter season would have been a great 

solution, which meets all SpF’s requirements.  

 

The difficult part with implementing this system would be to get permission to bore in Uppsala, 

since large parts of the city are water protection areas. This also makes it impossible to 

implement the solution from Hallsberg with the pumping groundwater (see Appendix B for a map 

over the water protected areas in Uppsala). This solution could, however, be taken into 
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consideration by SpF when planning the construction of future football pitches. Another 

alternative would be to build their future pitches nearby an ice rink facility, so that they can use 

the waste heat from the refrigeration compressor. 

5.2 Analysis of the heating system in use at Löten 

According to Per Eriksson, the heating system works to keep the pitch temperature at 2°C at all 

times during the winter. The exceptions are the days when the pitch is going to be used. On these 

days the heating system works to heat the pitch temperature to 7°C during two or three hours 

before play and is then lowered again to 2°C.  

 

Using our model and method, which follow the above stated temperature requirements, we 

manage to keep the energy consumption well below the actual numbers, even factoring in 

reasonable heat losses (see Figure 15, heat losses). This despite having higher power peaks than 

what SpF has set their limit to. This could be explained by the heating system in use. It is 

inefficient in how it is regulated. A thermometer located in the pitch determines how much heat is 

needed from the district heating. When the temperature drops too low, the heat exchanger goes to 

maximum capacity until the thermometer gives the required temperature and the heat exchanger 

then shuts down. This method of heating wastes a lot of energy. 

 

What our model does instead is keeping a regulated heat exchange solely depending on how 

much heat is lost to the air from the pitch at each given hour. This makes the power output more 

even and the occasions where the heat exchange needs to go from 0 % to maximum capacity are 

less frequent. 

 

Figure 3 in the Background section displays the how the current heating system works. Compared 

to our results, namely Figure 9 and 11, the overall trends are similar. The highest peaks are 

during mid-winter while lower peaks appear otherwise. A notable difference is that our results 

have way higher peaks than the current heating system for Löten. Of course, these peaks occur 

during the absolute coldest days during the winter, days where football might not even be played. 

The model includes extra heating to a 7° C pitch temperature, which increases the peaks for these 

days, but it is not taken into account that football might not be played during these days. 
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5.3 Air-water heat pump as a heat source  

To implement air-water heat pumps as energy source requires overcoming a few obstacles. First 

off, the flow in the pipes is much higher trough the existing system than the flow managed by the 

heat pumps. The pump connected to the district heating can operate at 90 m
3
/h but the air-water 

heat pumps on the market only manage 1m
3
/h. The higher flow rate of the main pipelines could 

cause the air-water heat pumps to stop altogether due to eddy currents in areas where the pipes 

from the heat pumps connect to the main pipelines. It would require advanced installation to 

make the pumps work by themselves at the flow rate they manage. 

 

Another problem with the heat pump is that the air temperature limits how much heat it can 

produce. At a cooler temperature the heat energy in the air is low and less heat can be extracted 

when it is needed the most. Therefore would it be unpractical to use heat pumps as a single heat 

source for the entire pitch and district heating is definitely needed as well. 

 

The problem with the difference in flow rate through the heat pumps and the system could have a 

few solutions, based on how the heat pump is connected to the pipe system. Pumps could either 

be installed together to get a combined flow before entering the main pipelines, or as single 

installations at different places around the pitch. 

 

Figure 14: A possible implementation of air-water heat pumps in the heating system. The symbol 

could either represent a cluster of heat pumps or a single one, depending on how the heat pumps 

are installed. 
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An interesting possibility could be to increase the temperature of the fluid heated by the heat 

pumps. They have the capacity to produce a much hotter fluid at their operating temperature than 

what is required at that temperature. It is therefore possible to have the heat pumps work as small 

temperature boosters for the system. This is not considered in our model but could possibly be 

used to reduce the costs further.  

5.4 Economy 

Where to save money is an important aspect to consider. The total energy consumption for extra 

heating every day for 3 hours is 448 MWh compared to the consumption of 446 MWh for extra 

heating every second day. The difference of 2 MWh is not significant in the comparison between 

playable hours and cost. Therefore saving money by cutting the playable days in half is not the 

best way to go. We get much lower costs from our simulations compared to the actual values 

from 2015. However, it is important to mention that our model is programmed to get a maximal 

value of consumption. Other factors that may affect the results are not included in our model. 

 

The solution with 10 air-water heat pumps in addition to the district heating proved useful in our 

simulations. If 10 heat pumps would be installed they could produce around 100 kW, which 

constitutes a big part of the everyday heat demand to the pitch. The simulation results of savings 

of around 176 000 SEK shows that investing in air-water heat pumps could be of good use for 

SpF.  

5.5 Thermal solar energy as a heat source 

As already established in the background section, solar collectors will not be as efficient in cold 

weather. This creates problems for SpF, should they wish to install solar collectors. The main 

problem is the current heating system. The way the system works it requires a lot of power at 

once when the thermometers sense low temperatures. Solar collectors are unable to meet these 

requirements since solar energy depends on weather conditions. They therefore tend to, if 

anything, give a smaller, steady flow of heat during given periods of the year. To switch on a 

solar collector, as done with the district heating, when you need it is practically impossible during 

winters. Furthermore, the difficulty of having larger heat storages makes it even more difficult to 

effectively use thermal solar energy. 
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The way to implement thermal solar energy is to make certain that the heat produced comes to 

good use at all times. This could be solved with a well-regulated heating system that adjusts the 

heat exchange from the district heating with faster intervals and higher precision. This allows for 

thermal solar energy to replace the district heating when the weather conditions are good enough. 

5.6 Sensitivity Analysis  

As shown in Figure 11, the total energy consumption increases by 92 MWh if the outdoor 

temperature during the winter is decreased with 1°C. This equals roughly 90,000 SEK and it 

shows that the energy consumption is sensitive to temperature changes. A cold winter could be a 

large contributor to increased energy costs by itself. 

 

Furthermore, since the model does not include heat losses, Figure 14 shows the extra energy 

needed when factoring in heat losses. Realistically, they are not as high as 50%. The rubber mat, 

which lies underneath the pipelines, has a very low heat transfer constant in order to make nearly 

all heat rise upwards. The second possibility of heat losses are on the sides of the pitch. However, 

taken into account that the ground above the pipelines is only about 10 centimetres thick and the 

pitch has an area of 6825 m
2
, the heat losses to the sides of the pitch are minimal in comparison 

to the heat that flows through the pitch. 

5.7 Analysis of the model 

The results derived from the used model can to some extent be applied to the real heating system. 

What makes the system hard to model and analyze is the fact that little detailed information is 

available. The model simulates over the temperature for every hour during our winter season but 

the data from Löten is an overview of the season with just a few power peaks every month (see 

Figure 4). This is not how the system works in reality. The pitch is always heated during the 

winter seasons and the power does peak when the outside temperature decreases or when the 

desired temperature of the pitch is turned up. This should happen more often than a few times a 

month and therefore can we assume that the data is not showing more than a general picture of 

how the heating system works. What we also do not know is how often the data is collected from 

the heating system and there is a risk that the extracted data is sparse. 
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5.8 Further studies  

The energy companies are moving towards a more power based pricing model and the impact this 

could have on the operation of the pitch is worth considering to cut the heating cost. In a power 

based pricing model the energy price is based on what power is momentarily drawn from the 

district-heating network. Furthermore, the rates for power based pricing are seasonally fluctuating 

since energy is more expensive during winter and cheaper during the spring, fall and summer. As 

we can see in Figure 5, the monthly energy consumption increases in January, February, March 

and December. It might therefore be appropriate for SpF to use power based pricing. They have 

four high-energy consuming months but the time of the day when heat is needed does not have to 

be fixed. A study could therefore be made to investigate how regulating the heating system based 

on low-power periods of the district-heating network would affect the energy costs for SpF. 

 

Another study that could be made regards the construction of the pipelines. It is possible to save 

energy by constructing the pipes under the pitch with a shorter centre-to-edge distance. In this 

model, a main pipeline to the centre of the pitch spreads like spokes in a bicycle wheel into 

smaller pipes to evenly distribute the heat. The heat is then collected at the edges of the pitch and 

led back to the starting point. By constructing the pipes this way the temperature of the heat 

carrier could be reduced according to a previous study in this subject
30

. The pressure drop per 

meter will reduce, allowing for a lower flow rate of the heat transfer fluid.  

 

Other heat sources than district heating could be investigated as well. Interesting questions to be 

answered are how the air-water heat pump optimally would be fitted into the system or if more 

powerful air source heat pumps could cover the energy demand entirely, since the ones applied in 

our model are designed for houses.  

 

Last but not least, possibilities for changing the control system for the heat exchanger could, and 

should, be investigated. Both the changes in how the power is regulated and the possibility to 

then use thermal solar energy as a heat source could lower the energy costs in the long run.  
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 Lindgren, Björn. Uppvärmda konstgräsplaner. (2016-05-20) 
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6. Conclusions  

The main conclusion that could be drawn from this project is that the regulation of the heating 

system currently in use at Löten is inefficient in its energy consumption. This wastes heat and 

makes the energy costs higher than they need to be. Furthermore, air-water heat pumps can be 

installed to heat the fluid underneath the pitch, even under above-mentioned circumstances. For 

thermal solar energy, however, there is not much to win with an instalment until the heat 

regulation better suits the unpredictable solar energy. To our knowledge, the best system 

available to SpF involves a better control system with possible implementation of both air source 

heat pumps and thermal solar energy. 

7. Recommendations 

We strongly recommend SpF to install a better control system for the heat exchanger at Löten. 

With a few more sensors in place, a better control system can easily be installed to better regulate 

the heat exchanging. This could also be implemented in future constructions of artificial turf 

pitches to avoid unnecessary expenses. There is also a possibility to have weather forecasted 

heating. By having forecasts put into the system, the control system knows beforehand what 

power output it needs to deliver at certain times.  

 

We also recommend looking into alternative pipeline constructions, like the centre-to-edge model 

mentioned in Further Studies. This could be an easy way cut energy consumption for future pitch 

constructions, however not easily implemented at Löten. 

 

In the long run, thermal solar energy could be a good asset in heating artificial turf pitches. Not 

only could a well-regulated heating system support this, but a larger heat storage facility as well. 

As mentioned, building heat storages in and around Uppsala is a hassle due to the water 

protection area. We do, however, recommend that some effort be put into this matter as it is not 

just winter football that could benefit from a heat storage facility. 
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Figure A1: The image shows an array of plane solar collectors.
31

 

 

Figure A2: The image shows an array of vacuum solar collector tubes. Image source
32  
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 Image source: https://www.flickr.com/photos/ni5/6584472783  
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Image source: https://en.wikipedia.org/wiki/Solar_thermal_collector  

https://www.flickr.com/photos/ni5/6584472783
https://en.wikipedia.org/wiki/Solar_thermal_collector
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Figure B1: A map over the water protected areas in Uppsala.
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Figure B2: The image shows the thin pipes under the pitch in Löten. The image is a photography. 
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