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ABSTRACT 

Every day, huge amounts of energy are used by all sectors of the economy. From 

transport to industries, energy constitutes the base of development and people’s way of 

living. Besides, the energetic demand of millions of individuals must be satisfied with 

resources that are in constant depletion while the consumption is growing at a 2% rate 

every year. The consequence of such increase is that in the last decade energy costs 

have risen extremely fast. Societies must now find a way of maintaining the actual 

social-economic growth whilst reducing the energy demand in order to ensure 

sustainable development. 

Ice hockey arenas in Sweden have an average energy consumption of more than 1000 

MWh per year, and around 42% of the total is used by the refrigeration system to cool 

the rink surface. The core of these units is the chiller, a machine that removes heat from 

a cold refrigerant and as a product of this chilling process, waste heat is generated. This 

energy can be exhausted to the environment or recovered for heating purposes. 

The main aim of this study is to investigate the uses given to the waste heat in Läkerol 

Arena, in Gävle. Some alternatives have been proposed and analysed in order to 

diminish the amount of rejected heat. Other objectives set in this project are to examine 

the possibility of reducing the dependence on district heating and to determine the 

efficacy of insulating the ground below the heating pipes that prevent permafrost. 

Nowadays the heat recovery system is used to preheat tap water until 30ºC and then up 

to 60ºC, to warm the air sent to the main rink area and to prevent the creation of 

permafrost in the ground below the main arena. The unused energy is sent to ambient 

with six big fans placed on the roof.  

The first additional use for waste heat proposed in this study is to design a heating 

system just for the resurfacing water. The current method in Läkerol Arena is to mix hot 

tap water with cold water. The problem is that the first one is three times more 

expensive than the second, so installing a unit that warms only cold cheap water up to 

30ºC would result into saving 18760 SEK per season. Although this solution does not 

reduce the waste heat sent to the environment, it does reduce the demand of the 

desuperheater and increases the demand in the glycol circuit by 7%. 

Another option is to build a pit to melt the snow generated in the ice rinks. This solution 

would increase the use of the waste heat by 26% and bring annual savings of 32198 

SEK, since it would not be necessary to rent any transport service to remove this snow. 

Besides, the emissions of CO2 would be reduced by 43774 kg. 

The possibility of sending part of the produced heat to a nearby building has also been 

investigated. The suggestion made in this study is to use part of the waste heat to warm 

the air for the ventilation of the Gefle Tennisklubb, an indoor tennis facility located at 

150 m of the ice hockey arena. It has been calculated that this ventilation unit has an 

average heating demand of 9,1 kW. Results showed that in average this would represent 

2% of the total heating capacity of the chillers and annual savings of 39858 SEK and 

6880 kg of CO2 sent to the environment. 
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The option of installing a heat pump in the hockey facility has also resulted beneficial. 

The purpose of such equipment is to cover the demand of district heating from the 

arena, which is currently used for radiators, radiant floor and 4 small ventilation units. 

After analysing average consumptions and talking with an expert, it has been decided 

that the best option is to install a ground source heat pump with a heating capacity of 

415 kW. The interesting aspect about the heat pump is its efficiency, being it over the 

300% (COP of 3,26). Although it means an important economic investment, this 

technology would save the arena around 239264 SEK every year and reduce CO2 

emissions by 58331 kg. 

Finally, the installation of an insulation layer below the heating pipes has been analysed. 

The purpose was to see if this measure would be energy efficient. A simulation has been 

done with the educational version of the software ANSYS 14.5, and the results show 

that with a 100 mm insulation layer placed under the heated sand below the tubes, the 

heating demand is reduced by 44 kW (–54,6%), while the cooling demand increases by 

5 kW (+1,1%). At the end this alternative has been dismissed since the installation 

would be too expensive and more heat would be sent to the environment, which is 

counter-productive. 

To sum up, with all the measures being installed, the arena would reduce the waste heat 

sent to the environment by 175,5 kW. It would represent the 49% of the total capacity 

generated (currently it is around 85% of the total waste heat). Besides, the annual 

emission of CO2 would decrease by 109 tonnes, the equivalent to 22 American cars. 

Finally, in terms of money, all the measures would bring total savings of 68880 SEK 

per year. 

The study concludes with three suggestions to continue with further research. The ideas 

are to investigate the possibility of introducing a filtering system for the water obtained 

in the snow pit, the viability of installing renewable energy sources to supply the 

electricity for the heat pump and study the efficiency of reducing the condensing 

temperature of the chillers. 
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1. INTRODUCTION 

Since the beginning of time, humans have been using external energy in their favour. 

Until the Industrial Revolution (18
th

 century), mankind has basically relied on muscular 

strength (manual or animals) for building purposes or working the land, and biomass 

resources (mainly wood) for heating or cooking. As their knowledge increased, they 

also began to take profit of wind and water by building mills, though they were not 

much spread.  

From the mid-18
th

 century up to the early 20
th

 century the Industrial Revolution took 

place, giving a boost to energy usage. Alternative sources began to gain importance. It 

started with coal, leading to the appearance of the steam engine, the insignia of this era. 

Later on, power plants were built, supplying electricity to cities and industry. At the 

same time, petroleum technology was developing quickly, and internal combustion 

engines powered by oil began to replace the ones that ran with coal. 

As the 20
th

 century progressed, higher energy content sources were introduced, 

especially those based on fossil fuels, such as natural gas, or nuclear fission.  

Since the end of the 20
th

 century people are getting more conscious about the 

environment, and sustainable energy is arising, in particular after the Kyoto protocol 

was signed in 1997. In addition, these recent decades much more effort has been put on 

efficiency, and nowadays there are even laws that require a minimum level for a wide 

range of systems 
[1]

. 

An ice rink, particularly an ice hockey arena, is a system with a great energy demand. 

Indoor ice rinks use an average of 1091 MWh per year based on statistics from over 100 

Swedish ice rinks 
[2]

. The refrigeration system contributes to an average value of 42% of 

this consumption in efficient arenas 
[3]

 such as Läkerol Arena, which include a heat 

recovery system. Increasing the efficiency of the whole system is interesting not only 

for the environment but also for the pocket, and heat recovery is one of these energy 

saving measures. 

1.1. Background 

Several articles and thesis have been written about efficiency in ice rinks. They cover a 

wide range of aspects, from the ideal building (ceiling, lightning, insulation, etc.) to the 

type of refrigerant used or the heat recovery system, which is the topic this project 

focuses on. Not only academic institutions but also scientific journals and companies 

have carried out studies on this subject.  

Personally, what led me to study this particular research area, apart from being part of 

my education, is my interest in thermodynamics and sports. I found this project really 

interesting because it was an original way of combining both worlds and in a different 

environment from the one I am used to, since in my home country (Spain) there are not 

many ice rinks. 
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1.2. Objectives 

The goal of this project is to take more profit of the heat produced by the Läkerol 

Arena’s ice refrigeration system. In order to success in this challenge, three points will 

be analysed: 

 Is it possible to take more advantage of the heat produced by the chillers? 

Chillers generate a lot of heat in the process that cools the brine sent to the 

cooling pipes below the rinks. A lot of this energy is currently thrown away to 

the environment with the use of ventilators. The possibility of recollecting all 

this waste and reuse it, either in Läkerol Arena or in any nearby building, is 

going to be investigated. 

 Is it possible to reduce the usage of District Heating? One of the problems with 

the heat recovery system is that the temperature of the outgoing glycol is too low 

to use it in radiators or hot tap water, so district heating has to be used. An 

alternative to this situation is going to be presented and analysed, both for 

economic and environmental advantages. 

 Would it be effective to install an insulation layer below the heating pipes found 

under the rink? In Läkerol Arena, the ground below the chilled concrete slab is 

insulated, and after that a layer of heated gravel and sand is found to avoid the 

generation of permafrost. This study is going to determine if, by insulating the 

ground below the heated sand, the amount of energy needed to prevent 

permafrost would decrease. 

1.3. Benefits 

Several benefits will origin from increasing the uses of the heat recovery system: 

 To begin with, there is the environmental aspect: if more uses are given to the 

heat generated by the chillers, less energy will be sent to ambient and external 

input energy will also diminish. By decreasing the power input, less 

contamination and gas emissions will be produced. 

 There is also the economic aspect, and it basically comes to say that if less 

energy is necessary, the district heating and electric bills will also go down, 

which is a synonym for saving money. 

 Last but not least is the social benefit. Having a high efficiency system is going 

to make Läkerol Arena a rink from which not only Brynäs’ supporters but also 

other people will be proud of. 
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1.4. Scope and limitations 

This project focuses on increasing the uses given to the heat recovery system of Läkerol 

Arena. It is worth mentioning that the current study does not take in consideration any 

modifications in any other system (ceiling and walls, lightning, refrigerants, windows 

and insulations, etc.). One example for these other systems would be to improve the 

radiation from the ceiling and walls. This would result in a lower heat load on the ice 

rink, which implies decreasing the cooling demand and, as a consequence, reducing the 

heat generated by the chillers. If less waste heat is produced, also less energy is sent to 

the environment. 

There are some limitations that inevitably condition this study, one of which is time: the 

project goes to examination the 10
th

 June and it started at the beginning of March, which 

means there are 13 weeks to answer all the questions that have been laid out.  

Apart from time, another important restriction is the data with which the analyses are 

done. Usually the consumptions and capacities are very variable, not only between 

different months but also within the same day. All of this has made it necessary to work 

with average values, sometimes even considering a single measurement as the average 

value. 

Several estimations are done during the analyses, such as considering that the 

ventilation demand is constant during all the year or that the arena always follows the 

same opening hours’ schedule. It has not been considered whether the season is longer 

or shorter depending on the year. Other estimations are the thermal properties used in 

the project. All densities or thermal conductivities, for example, have been looked up in 

scientific papers, books or specialized websites, which means that they may vary 

slightly from the real value. 

Finally, the prices and hours of labour used in the economic analyses are merely 

indicative, since no official quotes are asked and the time estimations are based on 

similar activities. 
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2. THEORY 

2.1. Equations used 

 ̇   ṁ   cp        ṁ    h     

 ̇ = heat flow [W]. If positive, the heat flow is absorbed by the fluid between point 1 

and point 2. If negative, the heat comes out of the fluid. 

ṁ = mass flow rate [kg·s
-1

]. With the density (ρ = kg·m
-3

) and the factor 1h = 3600s, it 

is possible to work with the flow in m
3
·h

-1
, which is the unit used in the datasheets and 

drawings. 

cp = specific heat at a constant pressure [J·kg
-1

·K
-1

]. It is the amount of heat per unit 

mass required to raise the temperature by one degree Kelvin (or Celsius). This 

relationship is not valid if a phase change is encountered. 

   = (T2 – T1) = temperature difference between point 2 and point 1 [K or ºC]. 

 h = (h2 – h1) = specific enthalpy difference between point 1 and point 2 [J·kg
-1

]. 

Enthalpy is a property of the fluid that is representative of the relative energy content of 

a flow stream. At a constant pressure, specific enthalpy difference can be calculated as 

Δh = cp · (T2 – T1) 

2.1.1. Heat transfer – Thermal conduction 

Lineal (one-dimensional) 

This is the equation used to calculate the heat transferred to 

the surrounding medium of the cooling and heating pipes: 

 ̇     
2        L     

ln  
 
e t

 
int

 

 ̇ = heat flow [W]. If positive, the heat flow is transferred from the fluid inside the tube 

to the surrounding medium, and if negative the heat flow is absorbed by the fluid. 

    Thermal conductivity [W·m
-1

·K
-1

]. It is an intensive property of a material that 

indicates its ability to conduct heat.  

L = length of the tube or pipe [m]. 

   = (Text – Tint) = temperature difference between the exterior and the interior of the 

tube [K or ºC]. 

 ext = external nominal diameter [m]. 

 int = internal nominal diameter [m].  

The sign in the expression is chosen so that always   > 0 as heat always flows from a 

high temperature to a low temperature. This is a direct consequence of the second law of 

thermodynamics. 

Text 

 ext 

 int 

Tint 

 ̇ 
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Surface (two-dimensional) 

This is the equation used to calculate the heat that goes through the different ground 

layers found below the ice rink. Nonetheless, these necessary calculations are done by 

the computer software presented in section 7. 

 ̇         A      

 ̇ = heat flow [W]. If positive, the heat flow goes from surface 1 to surface 2, and if 

negative, from surface 2 to surface 1. 

A = surface covered by the structure [m
2
]. 

   = (T2 – T1) = temperature difference between point 2 and point 1 [K or ºC]. 

U = U-value [W·m
-2

·K
-1

]. It is a measure of how much heat will pass through one 

square metre of a structure when the temperature on either side of the surface differs by 

1 degree Kelvin (or Celsius). For example, the lower the U-value, the better the thermal 

performance of an insulation structure is.  

 o calculate this coefficient, it is necessary to know the thermal conductivity ( ) and the 

thickness (x) of the material: 

    
 

 
 

2.1.2. Heat transfer – Heat exchangers 

A heat exchanger is an element built for efficient heat transfer from one medium (hot 

fluid) to another (cold fluid). Both mediums have their own canals or pipes, so that they 

never get mixed.  

The heat transfer depends largely on the physical characteristics of the fluids involved. 

The most relevant properties are density, specific heat, thermal conductivity and 

dynamic viscosity. 

The heat exchange, considering perfect effectiveness, can be ruled by the following 

equation: 

  ṁhot     hhot     ṁcold    hcold 

ṁ = mass flow rate [kg·s
-1

]. As mentioned in the previous page, with the density (ρ = 

kg·m
-3

) and the factor 1h = 3600s, it is possible to work with the flow in m
3
·h

-1
, which 

is the unit used in the datasheets and drawings. 

h = specific enthalpy [J·kg
-1

]. As mentioned before, it is a fluid’s property that is 

representative of the relative energy content of a flow stream. At constant pressure, it 

can be calculated with the following equation: 

h = cp · T 

Where cp is the specific heat capacity at constant pressure and T is the temperature of 

the fluid. 
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Considering the effectiveness of the heat exchanger, the energy transfer is calculated 

with the following method 
[4]

: 

 ṁmin    cp min  ( in, hot     in, cold)         ṁcold   cp cold  ( out     in)cold  

    effectiveness of the heat exchanger. It is a coefficient that represents the ratio of the 

actual heat transferred by the hot to the cold medium that could be transferred by an 

exchanger of infinite size, being 100% the perfect effectiveness (ideal value).  

The subscript hot refers to the initial hot fluid, and cold refers to the initial cold fluid. 

The subscript min indicates the minimum thermal-capacity rate. 

Three types of heat exchangers will appear in the project. They are the rotary, the plate 

and the shell and tube heat exchangers: 

2.1.2.1. Rotary heat exchanger 

Also known as thermal wheel, it is used in the ventilation system in order to warm the 

fresh air coming from the environment. It uses part of the heat stored in the exhaust air, 

so the intake air increases its temperature while the outgoing decreases it, or vice versa. 

This type of heat exchanger has an effectiveness of about 70% 
[5]

. 

 

 

Figure 1 thermal wheel working method [6]  
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2.1.2.2. Plate heat exchanger 

This heat exchanger is made up of metallic plates through which the fluids spread out, 

and is used in the system to transfer heat from glycol to water or from water to water. 

The evaporators and condensers of the chillers are also plate heat exchangers. 

Depending on the two mediums in contact the exchanger has different effectiveness 

rates 
[5]

.  

 Air – Air: more than 80%. 

 Water/Glycol – Air: 60-70% 

 Water/Glycol – Water/Glycol: more than 90% 

 

Figure 2 components of a plate heat exchanger and a section of it  [7] 

In order to size this equipment, it is necessary to know the temperature differences 

estimated in both fluids and the flow that is going to pass through the pipes of the 

exchanger. Once this information is clear, it is possible to use a graph like the one in 

Figure 3 to determine the optimal heat exchanger. 
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First it is necessary to calculate Δ 1, Δ 2 and δt. In the plate heat e changer there are 

two flows, the hot and the cold one: 

Δ 1 = Tin, hot – Tout, cold 

Δ 2 = Tout, hot – Tin, cold 

δt    in, hot – Tout, hot 

 

Figure 3 graphical method to size the heat exchanger between water - glycol [7] 

It is now possible to note down the values Δ 1 and Δ 2 calculated above in the 

logarithmic scales. Once this is done, a straight line is drawn between the two marks 

and at the point where it meets the middle scale, a horizontal line is drawn. This 

meeting point represents a value known as Log Mean Temperature Difference (LMTD). 

Finally, a vertical line is traced. It begins at the meeting point between the horizontal 

line and the δt and ends in the region that corresponds to the greater of the two flows. 

The number in that box expresses the optimal type of plate heat exchanger. 

2.1.2.3. Shell and tube heat exchanger 

It consists of numerous parallel tubes providing the heat-transfer surface that separates 

the two fluids. The flow inside the tubes passes axially along the exchanger, while the 

shell-side fluid passes over the outside of the tubes. Baffles external and perpendicular 

to the tubes direct the flow across the tubes and provide tube support. In order to 

prevent the streams from mixing, tube sheets seal the ends of the tubes. The thermal 

performance of the shell and tube heat exchanger is lower than that of a plate type, but it 

normally works better at high pressures 
[4]

. 
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In the system studied for this project, this type of exchanger is used to cool the 

lubricating oil found inside the chillers. Glycol coming out of the condenser runs inside 

the small tubes while the oil passes over them, directed by the baffles. 

 

Figure 4 shell and tube heat exchanger [8] 

2.1.3. Bernoulli’s principle 

Bernoulli’s principle is mentioned when describing the pumps used to push the 

refrigerant to the piping below the rink, in the secondary cold circuit (section 4.3).  

This equation, applied to two different sections of a pipe carrying a fluid, is an 

analytical way to express the principle of conservation of energy: 

 1   
 1

 g 
  
v1
2

2g
    2   

 2

 g
   

v2
2

2g
   ∑  

    geometric height in gravity’s direction 

    fluid’s density 

    fluid’s pressure in the corresponding section 

v   fluid’s velocity in the corresponding section 

∑    pressure drop from point 1 to point 2. It depends on the geometry of the piping 

system, the pipes’ material, the viscosity of the fluid, etc. 

The equation shows how the energy variation in the pipeline is caused by the pressure 

difference between section 1 and section 2. 

2.2.  Degree-hours 

Degree-hour (ºh) is the number of degrees by which the hourly average indoor 

temperature is below (cooling system) or above (heating) the outside temperature that 

depends on each territory. In Gävle, the annual average outside temperature is 5ºC, 

which is used in this project as the standard value when calculating degree hours during 

the whole year. This concept is used for estimating the energy requirements in heating 

or cooling systems such as ventilation units. 
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Degree-hours can be calculated with the following formula 
[9]

: 

 h    in   h    ∫  ( )   d 
h

0

 

Where:  

ºh = degree-hours [ºC·h] 

Tin = indoor temperature [ºC] 

h = number of hours during a year when the indoor temperature is above the standard 

outside temperature. This number can be determined with the chart in Figure 5 

T(𝜏) = temperature in the hour 𝜏 according to Figure 5 [ºC] 

 

Figure 5 chart used to determine the number of hours h for the degree-hours [9] 

Figure 5 shows an example where the desired indoor temperature (Tin) is 14ºC. The 

number of hours h is around 6900 h. If these numbers are introduced in the equation 

above, the annual degree-hours are 84700 ºC·h. 

The degree-hours can also be obtained from a table like the one shown in Figure 6, 

where the numbers on the top represent the annual outside average temperature and the 

numbers on the left the desired indoor temperature: 
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Figure 6 table from which the annual degree-hours are obtained [5] 

The image is not very clear, but the temperatures on the left (indoor temperature) vary 

from 5 to 25ºC. The numbers on the top (outside temperature) vary from -2 to 8ºC. 

As mentioned before, degree-hours are used for dimensioning ventilation systems, for 

example. In order to determine the annual heating energy demand of a ventilation unit, 

the following equation is used 
[5]

: 

    ṁ   cp    h   (1    )   
annual working hours

  60 hours
 

Where: 

Q = annual energy demand [kWh]. 

ṁ = mass flow rate [kg·s
-1

].  

cp = specific heat [kJ·kg
-1

·K
-1

]. 

ºh = degree-hours [ºC·h] 

η = performance of the heat transfer process 

8760 hours is the total number of hours within a year (24 h/day · 365 days) 
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2.3. Refrigeration cycle 

 

 

Figure 7 refrigeration cycle that takes place inside the chiller (in this case, the big chiller). Letters represent 

elements of the system and numbers stages of the process according to the diagrams below [10] 

 

 

Figure 8 diagrams Temperature vs. Entropy and Pressure vs. Enthalpy of a real vapour refrigeration cycle [11] 
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Vapour compression cycle is a type of air refrigeration cycle in which a suitable 

working substance, called refrigerant, is used. The most common refrigerants for this 

purpose are ammonia (NH3) also known as refrigerant R-717, carbon dioxide (CO2) and 

sulphur-dioxide (SO2). The refrigerant used does not leave the system, but circulates 

throughout the system alternately condensing and evaporating 
[12]

. In Läkerol Arena, the 

refrigerant used inside the chillers is ammonia. 

The vapour compression cycle consists of the following essential parts:  

A. Compressor 

The low pressure and temperature vapour refrigerant from the evaporator is drawn into 

the compressor through the inlet or suction valve, where it is compressed in an 

irreversible process (s2>s1) to a high pressure and temperature. This high pressure and 

temperature vapour refrigerant is discharged into the condenser through the delivery or 

discharge valve. 

The power made by the compressor, considering a constant mass flow, is given by: 

 ̇    m ̇   (h2   h1) 

h1 = Enthalpy of vapour refrigerant at temperature T1, i.e. at suction of the compressor.  

h2 = Enthalpy of the vapour refrigerant at temperature T2, i.e. at discharge of the 

compressor. 

In Figure 8, the process 1-2s represents how the compression would be if the 

compressor was not irreversible (s2s = s1). 

 

Figure 9 compressor and electric motor  

of the big chiller of the Läkerol Arena [13] 

 

  

Compressor 

Electric motor 
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B. Desuperheater 

The gas coming out of the compressor is at high temperature (80ºC) and high pressure. 

This gas enters a heat exchanger, the desuperheater, where it heats an external water 

circuit. This secondary circuit has low flow, so that the temperature can reach the 60-

70ºC and be used in the hot tap water circuit (see section 4.4.3). 

In the chillers of the Läkerol Arena, the desuperheater and the condenser are in the same 

plate heat exchanger. The two images below (Figure 10 and Figure 11) show the inlets 

and outlets of the ammonia, water (higher temperature) and the glycol (lower 

temperature). The exchanger is also shown in Figure 12. 

                                 

 

C. Condenser 

The condenser consists of coils of pipe in which the high pressure and temperature 

vapour refrigerant from the compressor is cooled and condensed at a constant pressure 

as shown by the horizontal line 2-3 on the P-h diagram (Figure 8). The refrigerant, 

while passing through the condenser, gives up its latent heat to the surrounding 

condensing medium which is normally air or water. In the system that is going to be 

studied, this medium will be the propylene glycol aqueous solution. 

The heat transferred to the surrounding medium, considering that the mass flow is 

constant and that the condenser has a 100% efficiency, is given by: 

 ̇
cond
    ṁ   (h 3  h2) 

h2 = Enthalpy of the vapour refrigerant at temperature T2, i.e. at entrance of the 

condenser. 

h3 = Enthalpy of the liquid refrigerant at temperature T3, i.e. at exit of the condenser.  

 

Water in 

Water out 

Glycol in 

Glycol out 

Ammonia in 

Ammonia out 

Figure 11 inlets and outlets of the plate 

heat exchanger of the big chiller (II) [13] 

  

Figure 10 inlets and outlets of the plate 

heat exchanger of the big chiller (I) [13] 
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Figure 12 plate heat exchanger of the big chiller 

with ammonia, water and glycol mediums [13] 

D. Receiver and expansion valve 

The condensed liquid refrigerant from the condenser is stored in a vessel known as 

receiver from where it is supplied to the evaporator through the expansion valve or 

refrigerant control valve. The function of the expansion valve is to allow the liquid 

refrigerant under high pressure and temperature to pass at a controlled rate after 

reducing its pressure and temperature. This is an irreversible process (s4>s3), and the 

enthalpy of the refrigerant stays constant, as shown by the vertical line in the diagram P-

h in Figure 8. This means that no heat is absorbed or rejected by the refrigerant. Some 

of the liquid evaporates as it passes through the expansion valve, but the greater portion 

is vaporized in the evaporator at the low pressure and temperature. 

 I 

 

Figure 13 expansion valve of the big chiller [13] 

The expansion valves in the studied system are placed just below the evaporators. 

 

Hot side Cold side 

Expansion valve Evaporator 
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E. Evaporator 

An evaporator consists of coils of pipe in which the liquid-vapour refrigerant from the 

expansion valve, which is at low pressure and temperature, is evaporated and changed 

into vapour refrigerant at low pressure and temperature. During this process the pressure 

of the refrigerant stays constant and the temperature only increases when all the liquid 

has become vapour, as shown in Figure 8. In evaporating, the liquid-vapour refrigerant 

absorbs its latent heat of vaporization from the medium which is to be cooled. In the 

studied system, this medium is a calcium chloride aqueous solution.  

The heat absorbed from the surrounding medium, considering a constant mass and that 

the evaporator has a 100% efficiency, is given by: 

 ̇
evap
   m ̇    (h1   h4) 

h4 = Enthalpy of the liquid-vapour refrigerant at temperature T4, i.e. at entrance of the 

evaporator.  

h1 = Enthalpy of the vapour refrigerant at temperature T1, i.e. at exit of the       

evaporator 
[12]

. 

In Figure 8, the stripped area below the process 4-1 represents the cooling capacity of 

the system.  

            

 

It is possible to see the expansion valve placed below the evaporator. It is in the bottom 

left hand corner of Figure 14. Usually all the evaporator is covered with a thick layer of 

ice, not the small amount seen in Figure 15. This is because the photo was taken in May 

and the main arena had been with de-iced for more than a month. Besides, the big 

chiller had been completely stopped for a few days two weeks ago, so all the ice had 

already melted. 

 

Figure 15 frost formed in the plates of the evaporator [13] 

 

Figure 14 evaporator of the big chiller [13] 
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F. Oil cooling 

The oil cooling is basically a heat exchanger that keeps the lubricating oil of the 

compressor at a stable temperature by transferring part of its heat to a surrounding 

medium. In this refrigeration system, the medium is the glycol from the secondary hot 

circuit. 

These chillers have an electric screw compressor, which requires a big amount of oil to 

lubricate and refrigerate it. 

    

                 Figure 16 oil cooling exchanger of the big chiller [13] 

As can be seen in Figure 16, the heat exchanger for cooling the oil is not a plate type but 

a shell and tube type. Glycol runs in the small tubes and oil enters and exits through the 

shell opening on the top of the exchanger. 

2.4. Coefficient Of Performance (COP) 

The coefficient of performance is an indicator derived from the useful energy ratio 

obtained (or the service rendered) divided by the energy consumed.  

There is the average COP for a refrigeration system and the average COP for a heating 

system. The first one is defined as the cooling capacity produced divided by the 

electrical power required to run the system (compressor, pumps), while the second value 

is defined as the heating capacity produced divided by the electrical input power. 

   heating  
| 

 
|

 
   
| 

 
|    

 
                           cooling  

| 
 
|

 
 

QH is the heat supplied to the hot destination. 

QC is the heat removed from the cold source. 

W is the work consumed by the heating system (electricity). 

The COP of an electrical heating system, for instance, is equal to 1. 

Oil heat exchanger 

Electric motor 
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2.5. Fluids used in Läkerol Arena system 

2.5.1. Cold refrigerant 

The fluid in the cold part of the refrigeration system is a 25% aqueous solution of 

calcium chloride (CaCl2).  

Apart from being used as a low-temperature brine in refrigeration systems, this solution 

has many other applications. To begin with, calcium chloride solution is widely used in 

oilfield applications as completion and workover fluids to increase density, and as 

drilling mud additive to increase density and prevent clay hydration. Other uses given to 

this compound are working as a fugitive dust control agent and roadbed stabilizer or as 

a weighting fluid for tractor tires to improve traction. It is also an inexpensive source of 

calcium in wastewater treatment to remove fluoride and break oil/water emulsions 
[14]

. 

It enters the chiller’s evaporator at an average temperature of -8ºC and comes out at -

10ºC. 

 ere are the calcium chloride’s properties that are going to be used in this project: 

Table 1 Properties of the calcium chloride 25% aqueous solution [15] 

PROPERTY SYMBOL VALUE UNITS 

Density   1240 kg·m
-3

 

Specific heat capacity cp 2,8 kJ·kg
-1

·K
-1

 

Freezing point TF -30 ºC 

Dynamic viscosity μ 7 mPa·s 

Thermal conductivity   0,52 W·m
-1

·K
-1

 

 

2.5.2. Hot refrigerant  

The fluid in the hot part of the refrigeration system is a 40% aqueous solution of 

propylene glycol (C3H8O2).  

Apart from being used as a heat transfer fluid for heating and ventilating, propylene 

glycol is also used for its capacity to lower the freezing point of water, as can be seen in 

Table 2. The freezing point is -21,6 ºC, and if it was 100% water, it would be 0ºC. 

Propylene glycol is not only used in heat transfer systems but also in many other 

applications. For example, it is used as an emulsifying agent, humectant (to retain 

moisture) or also as a solvent medium for suspending conductive salt in electrolytic 

capacitors. In the chemical industry propylene glycol is a basic building block and an 

important intermediate in the production of high performance, unsaturated polyester 

resins (UPR) 
[16]

. These are only a few uses given to this chemical compound. 
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An interesting aspect of this refrigerant is that it is not considered a health risk, so in 

case of a leakage there is no need to worry about being exposed to this fluid.  

In the studied system, this solution enters the condenser at an average temperature of 

31ºC and comes out at 36ºC. 

Here are the propylene glycol’s properties that are going to be used in this project: 

 

Table 2 Properties of the propylene glycol 40% aqueous solution [17] [18] 

PROPERTY SYMBOL VALUE UNITS 

Density   1020 kg·m
-3

 

Specific heat capacity cp 3,75 kJ·kg
-1

·K
-1

 

Freezing point TF -21,6 ºC 

Boiling point TV 106 ºC 

Dynamic viscosity μ 2 mPa·s 

Thermal conductivity   0,43 W·m
-1

·K
-1

 

 

2.5.3. Anhydrous ammonia (R-717) 

This is the fluid that runs inside the chillers, and its chemical formula is NH3.  

Apart from being used as a refrigerant, ammonia is widely applied to the soil as a 

fertilizer of crops such as maize or wheat. In the fermentation industry, 16-25% 

solutions of ammonia are used a source of nitrogen for microorganisms and to adjust pH 

during fermentation. Other applications may be as a cleaning agent in household tasks 

or as a treatment for cotton materials 
[19]

. 

As no calculations will be made with this refrigerant, no properties are necessary to be 

shown. 

 

 

 

 

 

 

 

 



 

21 

 

2.5.4. Water and ice 

It is obvious that ice and water will appear in a refrigeration system of an ice hockey 

arena, not only because of the rink but also for tap water heating system. 

Here are the properties of the water that are going to be used in this project: 

Table 3 Properties of the water [20] 

PROPERTY SYMBOL VALUE UNITS 

Density   1000 kg·m
-3

 

Specific heat capacity cp 4,18 kJ·kg
-1

·K
-1

 

Freezing point TF 0 ºC 

Boiling point TV 100 ºC 

Dynamic viscosity μ 1,4 mPa·s 

Thermal conductivity   0,58 W·m
-1

·K
-1

 

 

And here are the properties of the ice that are going to be used in this study: 

Table 4 Properties of the ice 
[20]

 

PROPERTY SYMBOL VALUE UNITS 

Density   916,4 kg·m
-3

 

Specific heat capacity cp 2,04 kJ·kg
-1

·K
-1

 

Melting point TF 0 ºC 

Thermal conductivity   2,24 W·m
-1

·K
-1

 

 

2.5.5. Air 

Air is involved in the ventilation calculations and the simulations of the ground below 

the ice rink, since there is heat transfer by convection between the ice slab and the air. 

The properties of the air that are going to be used are shown in the following table: 

Table 5 Properties of air [20] 

PROPERTY SYMBOL VALUE UNITS 

Density   1,2 kg·m
-3

 

Specific heat capacity cp 1 kJ·kg
-1

·K
-1

 

Thermal conductivity   0,025 W·m
-1

·K
-1

 

Convection coef. air-ice 
[9]

 h 3,41 + 3,55 · Vair W·m
-2

·K
-1
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3. METHOD 

In this project, the first and most important part is to fully understand how the system 

works, why it is designed that way and what the functionality of every element is. This 

includes investigating the temperatures and flows both in the cooling and the heating 

circuits by looking in the manuals, collecting data from the control system and asking 

the person in charge in the Läkerol Arena. At the same time, research on this subject is 

done so as to get a good technological knowledge. To do so, scientific journals, research 

papers, books and master thesis are consulted and studied. 

Numerous visits to the arena are done during the development of the thesis not only to 

see the system but also to have short meetings with the operations manager of the sports 

facility.  

Once the operating is clear and the information acquired, it is then be possible to 

calculate the capacity needed in every part of the system and the heating capacity 

provided, both from the chillers and the district heating. These capacities can usually be 

calculated by knowing the temperatures and flows of the fluids (see section 2.1) or by 

knowing the energy consumption and the time interval. 

At this point, several options are proposed and investigated to increase the usage of 

waste heat in Läkerol Arena and a nearby building. Also the possibility of installing a 

heat pump and the dimensioning of this equipment is analysed. 

The last aspect examined is the insulation below the heating pipes. In order to determine 

its efficacy, a simulation with the software ANSYS 14.5 is done. The data used has 

been collected from the operations manager of Läkerol Arena and various databases. A 

representative portion of the ground has been designed with the computer software and 

analysed with numerical methods. 

Finally, an economic and an environmental study are done in order to estimate the 

viability of the different proposals and see their impact on the ambient. The first 

analysis uses pricelists from numerous sources and the labour hours are rough 

estimations. The second analysis uses two factors (one for electricity and one for district 

heating) to convert energy savings into CO2 emissions in order to study the resultant 

reduction. 
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4. DESCRIPTION OF THE SYSTEM 

4.1. Läkerol Arena 

Läkerol Arena, formerly known as Gavlerinken, is an indoor ice hockey arena located in 

Gävle, Sweden. The capacity of the arena is 11000 for concerts and 8585 for ice hockey 

games, which makes it the 6
th

 largest ice hockey arena in Sweden. During the lasts 

seasons, the arena had an average attendance of 6000 spectators. It is the home arena of 

the Brynäs IF, the ice hockey team of the Swedish Hockey League (SHL), formerly 

known as Elitserien. 

The arena was built in 1967 and named Gavlerinken. In 2005 the municipality of Gävle 

sold the arena to Brynäs IF which rebuilt it and sold the naming rights to Leaf Candy 

Company, manufacturer of the Läkerol pastilles. It reopened on November 13, 2006 as 

Läkerol Arena 
[19]

. 

It currently has the main arena and a practice arena, as can be appreciated in Figure 18. 

In the main arena there are different services for the public, such as a restaurant, a shop, 

several kiosks, conference rooms, etc.  

The sports facilities open every day except for Christmas. During the week it opens 

from 08:00 to 22:00, and at weekends from 08:00 to 20:30. It makes a total amount of 

95 hours per week. In terms of ice, the practice arena is available during all the year, 

while the main arena has ice from July till mid-April (9,5 months per year). In total, 

Läkerol Arena is fully operational 41 weeks in a year. 

Both rinks have a standardised size, being 60 m long and 30 m wide. Each ice rink has a 

surface of 1738 m
2
 and a perimeter of 165,4 m.  

Main arena 

Practice arena 

Figure 17 geographical situation of the 

Läkerol Arena (I) [21] 
Figure 18 geographical situation of the 

Läkerol Arena(II) [21] 
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4.2. Overview and primary circuit 

The system that is going to be studied is an indirect refrigerating system run by two 

ammonia chillers, with a maximum cooling capacity of 810 kW (486+324). The big 

chiller has a variable-frequency drive, which means that it can regulate its activity from 

0 to 100% depending on the cooling demand. The small chiller, also called backup 

chiller, can only work in an ON-OFF mode, and is used during peak demands or when 

the main chiller is under maintenance. The evaporator works at an average temperature 

of -11ºC and the condenser at around 37ºC 
[10]

.  

The evaporator is used to cool down a secondary refrigerant, the calcium chloride’s 

25% aqueous solution. This is the fluid that goes to the two rinks to keep the ice at the 

desired temperature, which is why it is called an indirect refrigerating system. If the 

fluid that went to the rinks was the same ammonia from the chillers, it would then be 

considered a direct refrigerating system. 

The condenser is in charge of getting heat out of the chiller. The fluid found in the heat 

recovery system is a 40% aqueous solution of propylene glycol, which is heated in the 

condenser and distributes this heat to the different parts of this secondary circuit. 

The system uses constant flow pumps, meaning they work in an ON-OFF mode. When 

the temperature of the ice is too high, all the pumps start working and so do the chillers. 

Usually they work for periods of about 15 min, and then the chillers gradually decrease 

their activity until stopping completely.  

4.3. Secondary cold circuit 

The evaporator cools down the calcium chloride solution, also known as brine, which 

enters at an average temperature of -8ºC and comes out at -10ºC. This fluid, which is 

pumped at a flow of 280 m
3
·h

-1
 (160+120, is used to keep the two ice rinks at the 

specified temperature. If some of this brine is not needed in the rinks, it can go to the 

ventilation unit (LA10) when necessary, which is the one that keeps air in the main ice 

rink area in good conditions. 
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Figure 19 basic scheme of the cold part of the system [22] 

In the bottom right corner of Figure 19 there are the two chillers. The one on the top 

(VKA1) is the big chiller, and the other (VKA2) is the small chiller. The temperature of 

the evaporator in Figure 19 is a bit lower than the mentioned above. It is because of the 

ice rink temperature, which at this moment was lower than usual. The reason is that it 

was a match day, and the ice needed to be cooler in the main rink (it was at -4,5ºC and 

the set temperature is -5ºC). 

In order to keep the low temperature of the ice rink, 17154 meters of pipes containing 

the brine lay below the surface. They have an internal nominal diameter of 21 mm, and 

an outside nominal diameter of 25 mm, and the space between two pipes is 80 mm. 

These pipes are made of plastic (PVC) so as to avoid the corrosion that brine would 

cause to metal. There are two pumps in paralel with their respective isolating valves at 

the entrance of the cooling pipes. They increase the pressure of the refrigerant by 270 

kPa in order to compensate for the pressure drop that takes place in each piping below 

the rinks.  

 

Cooling load 

Main rink Practice rink 

Ventilation unit 

Hot water 
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According to Bernoulli’s principle (see section 2.1.3), every value in the equation will 

remain constant except for the pressures (P1 and P2) and the pressure drop (∑ ). 

The velocity of the fluid is determined by fixing the section of the pipes (constant 

diameter) and the refrigerant flow (constant flow pumps) according to the equation   

flow = section · velocity. 

The two rinks have a three way valve in their exit point (see Figure 19 or Figure 22), 

which enable the reintroduction of the refrigerant into the cooling pipes below the ice 

when its temperature is low enough. This measure makes it possible to keep the chillers 

off for more time, saving a great amount of energy. 

4.4. Secondary hot circuit 

 he hot part begins at the chillers’ condensers, where the heat passes to the propylene 

glycol solution. The fluid enters the condenser at an average temperature of 31ºC and 

comes out at 36ºC. The total fluid flow here is approximately 180 m
3
·h

-1
 (100+80). At 

the moment the screenshot was taken (Figure 20) 164 m
3
·h

-1
 were being sent to the 

recovery system, which was using 290 kW, and about 16 m
3
·h

-1
 were directly pumped 

to the roof ventilators. In this arena, the heat recovery system is used mainly for heating 

tap water, ventilation and the heating pipes below the main rink that prevent the soil 

from freezing (permafrost). In the practice rink electrical resistors are used to prevent 

permafrost, with an electrical power of 30 kW. The excess of heat is sent to the 

environment with ventilators (up to six fans can work at the same time). 
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Figure 20 basic scheme of the hot part of the system [22] 

 

4.4.1. Oil cooling system 

Although it does not appear in the Figure 20, which is a simplified version, there is a 

portion of the glycol that is used to cool down the oil inside the chillers. When coming 

out of the condenser, about 11 m
3
·h

-1
 go to each chiller (22 in total) to the oil cooling 

section 
[10]

. It is the hot glycol and not the cold one that is used in this cooling. This is 

because you do not want the oil to be too cold, since its properties (viscosity, density, 

etc.) would not be optimal. This system (Oljekylare) can be seen in Figure 13. 

4.4.2. Gas superheat closed-circuit 

In Figure 20, a yellow fluid can be seen coming out of the chillers and going to the hot 

water system. It is a closed and small water circuit, heated in the desuperheater, with a 

flow of 10 m
3
·h

-1
 in total at a temperature of about 65ºC. It is used in the tap water 

heating system to increase water temperature up to 60ºC. 

The desuperheater and the condenser are in the same plate heat exchanger.  

 

Hot water 

Hot water 

Electric boiler 

(no longer  

in use) 

Roof ventilators 
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4.4.3. Tap water heating system 

The tap water system has two heating levels. There is one heat exchanger that operates 

at around 35ºC (KM01 VVX in Figure 21) and another one at 65ºC (ÅV01 VVX in 

Figure 21). The first one uses the glycol from the hot circuit, which gets an average 

flow of 7 m
3
·h

-1
. In this heat exchanger tap water enters the system at around 7 ºC and 7 

m
3
·h

-1
 and is preheated up to 35ºC. There are nine small horizontal tanks that store 

water at this temperature, each of which has a capacity of 500 litres.  

Once water reaches 35ºC, it is sent to the secondary tap water circuit. Here the second 

heat exchanger gets the liquid up to 60ºC or even more. The hot heat exchanger uses the 

water coming from the desuperheater (10 m
3
·h

-1
). There is a big vertical tank (capacity 

of 3200 litres) that stores water at this temperature, which is ready to use as domestic 

hot water (DHW). Hot tap water enters the second heat exchanger with the help of a 

pump with a flow of 10 m
3
·h

-1
. When the desuperheater capacity is not enough or 

demand for hot water is too high, a heat exchanger connected to the district heating is 

used to increase tap water temperature. 

 

 

Figure 21 old tap water heating system [10] 
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This drawing of the tap water system is not updated, but it is very similar to the current 

one. Nowadays the tank ACK3 is no longer in use and the primary tap water circuit 

stores it at 35 ºC, not 45ºC as shown here. Besides, no electric boilers are used to heat 

water, only the heat exchangers from the recovery system and the district heating. This 

last one does not appear in this image, and is only used when the demand for hot water 

is really high. 

The annual water consumption in the sports facility is about 12000 cubic meters. About 

4500 m
3
 are used as cold water and the other 7500 m

3
 are sent to the tap water heating 

system. This arena has an unusual high consumption of hot water. This is because there 

is a big kitchen and big restaurant, several kiosks and it is one of the ice hockey arenas 

with more toilets in Sweden 
[23]

.  

 old and hot water have different prices in Läkerol Arena’s bill.  he water sent to the 

tap water heating system costs 12 SEK·m
-3

, while the one used as cold water is paid at 4 

SEK·m
-3

. 

4.4.4. Anti-permafrost heating 

In Figure 22, the heating pipes that prevent the creation of permafrost below the ice can 

be seen. This circuit is not always used, only during few days in winter months when 

the soil gets too cold. The rest of the time it is either closed or requires nearly no heating 

capacity. It works this way because if you had the circuit working all the time, the heat 

would go up the floor, and more cooling capacity would be needed to stop this flux. 

When working, an average flow of 4,8 m
3
·h

-1
 glycol solution is sent to heat the ground 

below the rink 
*
. When the screenshot below was taken, there was a set point of 3ºC, 

though at this moment the ground was at -0,4ºC. The glycol was entering the pipes at 

39,5ºC and coming out at 18,8ºC, which is a temperature difference of nearly 21ºC. In 

Figure 20 this circuit is not represented because it has a relatively low impact on the 

average heat usage. 

There are a total of 10 pipes comprising this heating system, going all the 60 m long, 

making a U-turn and then doing the way back (1200 m). This means that there is a 

separation of 1,5 m between two tubes, and about 0,85 m between the first and last pipe 

and the ice limits (0,75 m + 100 mm extra of ice surrounding the rink) . 

                                                 

*
 This flow value is used as the average for the soil heating pipes, though only this measurement was 

found and it was not possible to contrast this number with another one. 
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Figure 22 pipes found below the ice of the main arena [22] 

4.4.5. Ventilation 

There are five ventilation units in the whole facility, four of which use district heating in 

the hot battery. There is one in the practice arena, another for the changing rooms and 

toilets, another for the kitchen, restaurant and hall and one more for the conference 

rooms and the offices. The biggest ventilation unit, which is the one that runs with 

glycol from the heat recovery system, is used for the air regulation of the main ice rink 

area. 

An automatic control system measures temperature and relative humidity of outside and 

inside air. When fresh air is needed, it enters the system through a thermal wheel (also 

known as rotary heat exchanger) that uses the heat from the exhaust air to warm the 

fresh one. Every unit has its own thermal wheel.  

In order to regulate the humidity, they all have a cooling unit before the heating stage. 

When necessary, the intake air is cooled down and part of the water condensates and is 

expelled from this air. This unit is also used when the temperature of the outside air is 

higher than the desired inside the arena. The main ventilation unit uses the calcium 

chloride solution to cool down the air, but the other four have their own refrigeration 

equipment, with a small compressor each one. 

After the cooling, air goes to the heating battery where it is warmed up to the required 

temperature. As explained before, the main ventilation unit uses glycol to make this 

task, while the other four are connected to the district heating heat exchanger. Because 

of the small air flow they work with (2000 l·s
-1

 for the changing rooms, 50 l·s
-1

 for the 

offices and conference rooms), these last four ventilation units have a low heat demand 

compared to the main unit (15000 l·s
-1

). 

 

Heating pipes to 

prevent permafrost 

Cooling pipes 
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Usually air in the main rink area is around 10-14ºC, but during a match day they rise it 

up to 20ºC. In the corridors, changing rooms, offices or restaurant air is usually around 

22ºC. In the practice arena the indoor temperature is usually 6ºC, so the heating is 

hardly ever used. The ventilation runs 16 hours every day of the year 
[23]

. 

 

 

Figure 23 ventilation unit for the rink area [22] 

The vertical shape in the middle of Figure 23 represents the thermal wheel. On the left 

of this element there is the outside environment: the blue pipes represent the fresh air 

coming inside and the brown the exhaust air. On the right of the rotary heat exchanger 

there is the inside of the arena: the yellow pipes represent the exhaust air (still warm) 

and the red pipes the hot fresh air. 

The automatic system that regulates each ventilation unit in the arena has different 

positions, controlled by the operator, which determine the air flow entering and going 

out of the complex. Table 6 below shows the 4 modes with each intake air flow for the 

main unit:  

 

 

Figure 24 positions of the air flow regulator [22] 

Table 6 Intake flow values [22] 

MODE FLOW [m
3
·s

-1
]

 

Normal low 10 

Normal high 18,2 

Match low 26 

Match high 35,7 

A 
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Looking back at Figure 23, it can be seen that there is one pump for the intake air but 

two for the exhaust. This is because the outgoing air is driven into two pipes, each of 

them connected to a fan which is half the size of the incoming one. Table 6 shows the 

flows of the intake air, so the exhaust air in each pipe is reduced by half. 

 

4.4.6. Roof ventilators 

Finally, once all necessary heat has been used in the recovery system, glycol is sent to 

the roof ventilators. Here, up to 6 fans (see Figure 25) can work at the same time to cool 

down the secondary refrigerant before going back to the chillers’ condensers, since a 

high condenser’s temperature results in a low efficiency for the chillers.  hese 

ventilators usually decrease the fluid’s temperature by 2  , which if we consider all the 

flow (  180 m
3
·h

-1
) and its properties (see Table 2), it turns out to be around 380 kW! 

 

Figure 25 ventilators used to cool down the glycol before entering the condensers [13] 

 

  



 

35 

 

5. ENERGETIC ANALYSIS: CURRENT SITUATION 

In this section an energetic balance from the glycol’s heat recovery system is done. First 

the heating capacity from the chillers is calculated, and after that the consumption of 

every system is explained.  

The soil heating that prevents permafrost is not included in this balance. The main 

reason is that it is only used a few days during all the year, so the total consumption is 

very small compared to the other systems that run every day during several hours. The 

soil heating will be analysed later, in section 7, where simulations with a special 

software will be done. 

5.1. Heating capacity from the chillers 

The two chillers have a maximum combined cooling capacity of 810 kW (see page 26). 

To run the machines at this level, 315 kW (200 + 115 kW) of electricity are supplied, as 

shown in Figure 26. It makes a maximum intake power of 1125 kW.  

 

Figure 26 consumption of the two chillers working at full capacity [22] 

To calculate the heating capacity transferred to the glycol, data from Figure 20 will be 

used, since the system is working at full capacity at that moment. Notice that the pipes 

used to cool down the oil inside the chillers do not appear in that image. These tubes 

carry 11 m
3
·h

-1
 of glycol to every oil cooler, increasing the refrigerant temperature by 

3ºC 
[23]

.  

 

 

Consumption 

from the previous 

day 

Electric power 

supply 
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The heat transferred to the glycol can be calculated with the following procedure: 

Heat transferred by the oil cooler: 

 ̇   ṁ   cp        22   
1020

3600
   3,     (43,4    40,4)            

Now the heat transferred to the glycol in the condenser. First it is necessary to 

determine the temperature of the incoming glycol: 

ṁ      h      ṁ1   h1   ṁ2    h2  

 ṁ      cp        
  ṁ1   cp    1 

  ṁ2    cp    2 

202   
1020

3600
          22   

1020

3600
   43,4   1 0    

1020

3600
   3 ,   

       36,     

 ̇   ṁ   cp        202   
1020

3600
   3,     (40,4    36, )             

The total amount of heat transferred to glycol is 794,11 + 70,13 = 864,24 kW. This 

represents the 90% of the total heating capacity available. The other 10% goes to the 

desuperheater 
[24] [25]

.  

So in total, 794,11 kW go to the propylene glycol, 96 kW go to the gas superheat, which 

make a final amount of 960,3 kW. This represents the 85,3% of the energy input, so 

there is approximately 15% of heat loss in the chillers. This is caused by heat transfer to 

the surroundings by means of convection, radiation, vibration of the machines, etc. 

The average heating capacity of the chillers can be estimated by considering that the 

machines run at a constant rate which represents the 50% of their maximum capacity 

during all the day 
[25]

. This approximation is valid in Figure 26 with the electrical 

consumption: 

 Consumption from previous day = 2440 + 1345 kWh = 3785 kWh. 

 Energy supply at maximum capacity = 200 + 115 kW = 315 kW. 

 50% of maximum capacity = 100 + 57,5 = 157,5 kW. 

 Daily hours with the machines running at the constant rate of 50%: 

2440/100   24,4 ≈ 24 h   ;   134 /  ,    23,4 ≈ 24 h   ;   3   /1  ,    24,0 h. 

This means that the total average input is 1125/2 = 562,5 kW and the average heating 

capacity is 480 kW. All the numbers can be seen in the diagram below, where the inputs 

are the calcium chloride solution and the electricity and the outputs the gas superheat, 

the glycol and the energy losses. 
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Figure 27 heat flux that takes place in the chillers in average and at full power [13] 

5.2. Tap water heating demand 

As explained in section 4.4.3, the tap water heating system is divided into two stages, a 

preheating, which warms water up to 35ºC, and the main heating, which increases 

water’s temperature until 60  .  he first stage uses glycol that comes out of the chillers’ 

condensers, and the second stage makes use of the gas superheat and district heating 

when necessary. 

The annual water consumption of the sports facility is around 12000 m
3
, 7500 of which 

go to the tap water heating system. The other 4500 m
3
 are used as cold water, which is 

supplied by the local network at a temperature of 7ºC. 

As explained in page 25, the facility is fully operational during 41 weeks. The other 11 

weeks only the practice arena is covered with ice.  

In order to size the equipment, it is considered that the water consumption rate during 

the 41 fully operational weeks is 100% and the consumption rate in the other 11 weeks 

is 33% of a normal season week, since the activity in the sports facility is reduced. 

As the tap water system has a total storage capacity of 7,7 m
3
 (0,5 · 9 + 3,2) it is 

estimated that the water heating runs 16 hours per day during weekdays and 14,5 hours 

in weekend days. Notice that two additional hours are added to the usual time schedule 

(see page 25). These hours include the water heating during the night. Even though they 

lower their activity, the chillers also have to work throughout the night in order to keep 

the ice frozen, so the heating supply is guaranteed. During the night, almost no water is 

consumed, so the storage tanks are filled with hot water. 

CHILLERS 
Av. 405 kW  

Max. 810 kW 

 
 

Av. 157,5 kW 

Max. 315 kW 

Av. 48 kW 

Max. 96 kW 

Av. 432,1 kW  

Max. 864,2 kW 

 

 
Av. 82,4 kW 

Max. 164,8 kW 

Electricity 

Cold refrigerant 

Hot refrigerant 

Gas superheat 

Heat lost (15%) 
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With these estimations, 7500 m
3
 of water are heated during the year within the 

following number of hours: 

 otal hours   41 weeks   
  days   16 

hours
day

   2 days   14,  
hours
day

1 week
   100     

  11 weeks  
  days   16 

hours
day

   2 days   14,  
hours
day

1 week
   33          ours 

 

5.2.1. Preheat tap water 

Cold water enters the system at 7ºC and is pumped to the first heat exchanger with a 

flow of   7 m
3
·h

-1
, where it is heated up to 35ºC and stored in 9 tanks with a capacity of 

0,5 m
3
 each. The total demand of energy throughout a year is: 

    m   cp        (  00 
1000

1

kg

m3
 )    4,1  

k 

kg   
   (3     )               

 
    

Considering the number of hours estimated before, the average heat capacity needed to 

preheat tap water is the following: 

 ̇   
 

t
  
 ,      10

 
 k 

4 6    3600 s
           

This heating capacity is supplied by a plate heat exchanger whose two mediums are 

glycol and water. The effectiveness of such exchange is over 90%, so the necessary 

capacity of the glycol should be around 55 kW. 

5.2.2. Hot tap water  

The second level in the tap water, as explained in section 4.4.3, stores tap water in a 3,2 

m
3
 tank at 60ºC so that it is ready to be used as Domestic Hot Water. In order to make 

this possible, a pump makes the water go through a heat exchanger at a rate of 10 m
3
·h

-

1
. The total demand of energy throughout a year is: 

    m   cp        (  00 
1000

1

kg

m3
 )    4,1  

k 

kg   
   (60   3 )                

 
    

Considering the number of hours estimated before, the necessary heat capacity for hot 

tap water is the following: 

 ̇   
 

t
  
 , 3     10

 
 k 

4 6    3600 s
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This heating capacity is supplied by a plate heat exchanger whose two mediums are 

water. The effectiveness of such exchange is over 90%, so the necessary capacity of the 

water coming from the desuperheater should be around 48-49 kW. Notice that in Figure 

27 it can be appreciated that an average amount of 48 kW is transferred to the water 

from the gas superheat. The energy from the gas superheat is most of the time enough to 

heat the hot tap water up to 60ºC, but there are precise occasions where it is 

overwhelmed and the district heating must be used as a backup heating source 
[23]

. The 

heating demand calculated now is slightly higher than the heating capacity of the gas 

superheat, which make the estimations acceptable. 

5.3. Ice rink ventilation demand 

The automatic system that regulates the ventilation in the main rink has 4 positions, 

controlled by the operator, which determine the air flow entering and going out of the 

complex. The different intakes are listed below:  

 

Table 7 Flow values of the main ventilation unit [22] 

MODE FLOW [m
3
·s

-1
]

 

Normal low 10 

Normal high 18,2 

Match low 26 

Match high 35,7 

 

Most of the time, the operating mode is the normal low. The average flow considering 

normal days and match days is about 15 m
3
·s

-1
, which is the number that is going to be 

used to determine the heating demand of this system. 

As explained in section 4.4.5, the intake air is first warmed in the rotary heat exchanger, 

and after that it goes to the heating battery where the desired temperature is set. The 

thermal wheel is usually where most heat is transferred to the fresh air. 

From different data collected, it is clear that the temperature increase in the thermal 

wheel really depends on the outside temperature, while the increase in the heating 

battery is more or less constant. The average outside temperature throughout the year in 

Gävle is 5ºC (see Appendix A), and the average temperature air inside the arena is 19ºC. 

With these conditions, and considering an effectiveness of the 70% in the rotary 

exchanger, the temperature increase in the thermal wheel would be nearly 9ºC, and the 

exhaust air thrown into the environment would be at 7ºC. The average temperatures can 

be seen in Figure 28: 
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Figure 28 thermal wheel with the adapted average air temperatures [6] 

At this point, it is possible to determine the average heating capacity needed in the hot 

battery of this ventilation unit. In average, air is pumped into the arena at a temperature 

of 14ºC: 

 ̇   ṁ   cp        (1    1,2
kg

s
 )    1 

k 

kg  
   (14   13,3   )           

This heating capacity is supplied by a plate heat exchanger whose two mediums are air 

and glycol. The effectiveness of such exchange is around 70%, so the necessary 

capacity of the glycol should be around 18 kW. 

If the ventilation unit runs 16 hours per day during every day of the year, it makes an 

annual consumption of: 

Q =  ̇ · t = 12,6 kW · (16 · 365) h = 73584 kWh = 73,6 MWh 

Despite this average consumption and capacity, the ventilation unit is dimensioned in 

order to guarantee that air at 14ºC comes inside the arena, even if outside temperature is 

very low. The calculations below are done to see the maximum capacity of the whole 

unit, which includes the thermal wheel and the cooling and heating batteries. The 

outside temperature used to dimension the ventilation unit in Gävle is -22ºC (see 

Appendix B). The heating capacity this unit can supply is determined with the following 

equation 
[5]

: 

 ̇   ṁ   cp        (1    )   (1    1,2
kg

s
 )    1 

k 

kg  
   (14   ( 22)   )   (1   0, )            

And the maximum annual heating demand the unit is designed for is: 
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  60 hours
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19ºC 

13,3ºC 

OUTDOORS 
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Notice that in order to determine the energy demand it is considered that the ventilation 

unit runs 16 h every day of the year. For the degree-hours, the outside temperature used 

is the annual average in Gävle (5ºC) and the indoor is 14ºC. 

5.4. Roof ventilators 

As explained in section 4.4.6, roof ventilators are used to cool the glycol before it enters 

the chillers’ condensers.  p to si  fans can work at the same time to do this function. In 

average, they currently decrease the refrigerant temperature by 2ºC approximately. 

 onsidering the flow that runs inside the pipes of the recovery system and the glycol’s 

properties, it is a wasted heating capacity of around 380 kW. 

 ̇   ṁ   c        1 0   
1020

3600
   3,     2            

This means that, in average, a heating capacity of 380 kW is not used and has to be sent 

to the environment. Later in this project different options are analysed in order to reduce 

this wasted heat. 

5.5. Heating capacity from District Heating 

A part from the heating capacity of the chillers, the arena is also connected to the 

district heating (DH). A 1 MW capacity heat exchanger is installed, though it is never 

used at full power. The DH is mainly used for radiators and the radiant floor in the 

entrance of the main arena, since the heat recovery system has enough capacity to cover 

most of the other heating demand (tap water, soil heating and ventilation in the ice rink 

area). The annual average consumption is around 1000 MWh, and its demand really 

depends on the month (see Appendix C). The following graph shows the district heating 

monthly consumption: 

 

Graph 1 average consumption of district heating per month  
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The outgoing temperature of the DH heat exchanger is most of the time 55ºC during the 

season period, though it can be regulated with a computer depending on the outside 

temperature. The following image shows this control system, with the outgoing 

temperature (Y axis) depending on the outside conditions (X axis). At the moment the 

photo was taken, the outgoing temperature was 50ºC: 

 

Figure 29 control system of the district heating heat exchanger [13] 

From the annual district heating consumption, around 5% is used in the hot tap water 

system as a back-up heating source and about 7% is used in the four ventilation units 

whose hot batteries run with DH. This means that the other 88% is sent to radiators and 

the radiant floor 
[23]

. 

5.6. Radiators and radiant floor 

Most of the heat supplied from the district heating is used in the radiators and the 

radiant floor of the entrance hall. As described before, 12% of the heat demand from the 

DH goes to ventilation or tap water purposes. The other 88% is sent to the radiators and 

to the radiant floor.  

All the radiators in the arena have their regulation, making it possible to close them 

when no heating is necessary. As explained in the previous section, the usual supply 

temperature for the radiators is 55ºC. Depending on the outside condition, this 

temperature can be higher (very cold day) or lower (warm day).  

The radiant floor also runs with hot water from the district heating heat exchanger. It is 

usually at a temperature of 20-25ºC, and covers a total area of 1300 m
2
. This system is 

not used during sunny days, since there are glass walls separating the entrance hall from 

the outside environment and the sunlight hits all the area. It is sometimes necessary to 

open the doors that give access to the arena in order to cool down the hall. 

Logically, the heating demand varies very much depending on the month, being higher 

during winter time. The following chart shows the average heating consumption per 

month for the radiators and radiant floor: 
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Graph 2 average consumption of the radiators and the radiant floor 

In order to dimension the necessary capacity, the average of the maximum monthly 

consumption of each year is considered. As mentioned in section 4.1 the arena is 

opened 14 hours during weekdays and 12,5 hours during Saturday and Sunday. The 

heating and ventilation systems start one hour before the opening and stop one hour 

after the arena closes. In average, these systems run 464 hours per month, since there 

are 4 weekends and 22 weekdays. 

Considering a constant heating demand during all the working day, the necessary 

capacity for the radiators and radiant floor systems is: 

 ̇   
 

t
  
0,     16    h

464 h
            

5.7. Ventilation units running with district heating 

As explained in section 4.4.5, there are five ventilation units in the whole facility, four 

of which use district heating in the hot battery. There is one for the practice arena, 

another for the changing rooms and toilets, another for the kitchen, restaurant and hall 

and one more for the conference rooms and the offices. The demand of all these units 

represents about 7% of the total district heating annual consumption. 

If the annual energy usage from the district heating is around 1000 MWh, the demand 

for the ventilation is approximately 70 MWh. If the ventilation runs 16 hours every day 

of the year, the average heating capacity needed for the ventilation units is 12 kW: 
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This heating capacity is supplied by plate heat exchangers whose two mediums are air 

and glycol. The effectiveness of such exchange is around 70%, so the necessary 

capacity of the glycol should be around 17,5 kW. 

Notice that the average heating capacity needed for the four ventilation units is very 

similar to the one used for the ice rink area (18 kW). Although the air flow is much 

lower, the temperature of the air supplied with these units is higher around 22ºC, except 

for the practice arena. Here, the indoor temperature is usually 6ºC, so the heating is 

hardly ever used. 
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6. ADDITIONAL USES FOR HEAT RECOVERY  

One of the problems with the heat recovery system is that the temperature of the 

outgoing glycol is too low to use it in radiators or hot tap water. The average glycol 

temperature is 35-40ºC, and these two mentioned systems need temperatures of 60-

65ºC. One of the possibilities is to install a heat pump that heats the water up to the 

required temperature for the radiators and hot tap water. With this equipment, radiators 

and radiant floor would not depend on district heating, and the economical savings 

would probably be important. 

Another issue of interest is the amount of heat sent to the environment. The chillers 

generate a lot of heat in the process that cools the brine that goes to the pipes below the 

ice rinks. A big part of it is not being used and has to be exhausted to ambient with the 

use of ventilators. To reduce this wasted heat, other uses should be given to the hot 

glycol. Here are some ideas that are going to be analysed: 

 Ventilation for Gefle Tennisklubb: another possibility is to use part of the heat 

for the ventilation in the tennis facility next to the arena. This complex is owned 

by the Gävle municipality.  

 Heat the water for the resurfacing: currently hot water from the tap water 

system (60ºC) and cold water (7ºC) is mixed, getting the final water at 30ºC and 

an approximate volume of 1 m
3
 per resurfacing, since the machine has a tank 

this size. Besides, the Arena pays 12 SEK·m
-3

 for the water that goes to the tap 

water system, but only 4 SEK·m
-3

 for the cold water they use in this mixture. A 

solution would be to use the energy from the recovery system to heat this cold 

water up to 30ºC with a heat exchanger. It might save money and energy, since 

they would not be using the expensive hot water. 

 Melt the ice from resurfacing: during winter months the ice accumulates 

outside the arena and it does not melt, so it must be removed and brought 

somewhere else. This system requires renting some sort of transport (tractor, 

truck), which is expensive and is not good for the environment neither 

(emissions from the engine, water wasted, etc.). By melting this ice in a snow 

pit, the Arena would not have to pay for the transport and could also recycle and 

reuse the produced water. 

 Heating pipes below practice arena: at this moment, electrical resistors with a 

capacity of 30 kW are used to heat the ground below the ice in the practice 

arena. It is an expensive solution nowadays with the current price of electricity. 

It would be more efficient and cheap to use the glycol from the secondary circuit 

to heat the soil, as it is done in the main arena. The problem is that making this 

modification is very expensive, since all the ground has to be removed and the 

piping installed, and the economical savings would not be very much given the 

low usage of this system. For all of these reasons and because the consulted 

expert did not recommend it, this solution is not analysed in this project. 
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6.1. Ventilation Gefle Tennisklubb 

6.1.1. Description of the system 

Beside the Läkerol Arena, at 150 m, there is an indoor tennis facility owned by the 

municipality of Gävle (Gävle kommun). There are seven indoor tennis courts plus the 

changing rooms, a bar and the offices. The ventilation system is warmed with a water 

circuit heated by district heating. The distribution of the ventilation system is shown in 

the following drawing: 

 

Figure 30 distribution of the ventilation in the Gefle Tennisklubb [26] 

In Figure 30, the blue and red represent the supply air and the yellow and orange the 

exhaust air. Notice that there is a thermal wheel installed in the ventilation unit, where 

part of the heat from the exhaust air is used to warm the fresh one. A difference between 

this ventilation and the one found in Läkerol Arena is that here there is no cooling 

battery. 

The total air flow for the whole facility is 8230 m
3
·h

-1
, which is very different from the 

necessary air flow in the main ice rink area of Läkerol Arena (54000 m
3
·h

-1
). The usual 

set temperature for the tennis courts’ area is 1   , being 20   for the offices, changing 

rooms and the bar. The average temperature after the thermal wheel is around 16ºC. 
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It is possible to see in Figure 30 that there are two hot batteries for the incoming air, 

EV1 and EV2. The first one warms the air that is sent to offices, changing rooms and 

the bar. At its full capacity, it uses 200 l·h
-1

 of hot water with a temperature drop from 

80ºC to 22ºC and a performance around 90%. The second hot battery is used for the air 

sent to the tennis courts area. At its full capacity, it uses 350 l·h
-1

 of hot water with a 

temperature drop from 80ºC to 17ºC and a performance around 90% as well. 

The air flow that goes through the first heating battery (EV1) is about 380 m
3
·h

-1
. The 

rest (7850 m
3
·h

-1
) goes to the tennis courts. 

6.1.2. Determination of the necessary heating capacity 

The maximum hot water demand for the two heating batteries is the following: 

  1     ̇   ṁ   cp         200 
l

h
  

1 kg

3600 s
   4,1    ( 0   22)            

  2     ̇   ṁ   cp        3 0 
l

h
  

1 kg

3600 s
   4,1    ( 0   1 )            

 

Which makes a total hot water demand of 39,1 kW. Now, considering the performance 

of the batteries (    0, ) and the effectiveness of the heat transfer between air and water 

in the e changer (    0, ), the ma imum air heating demand the batteries can satisfy is: 

  1     ̇   ṁ   cp                13,    0,    0,           

  2     ̇   ṁ   cp                2 ,6   0,    0,            

The total maximum air heating demand the batteries can satisfy is 24,6 kW. 

Though the batteries have such capacity, the average heating demand for the air supply 

is much lower: 

  1     ̇   ṁ   cp         3 0 
m3

h
  
1,2 kg

3600 s
   1   (20   16)            

  2     ̇   ṁ   cp            0 
m3

h
  
1,2 kg

3600 s
   1   (1    16)            

The total average heating demand for the air supply is 5,7 kW. 

If the heating batteries have a 90% performance and the exchange effectiveness ratio is 

around 70%, the average hot water demand for the ventilation is: 

  ̇ hot water   
(  ̇

  1
    ̇

  2
 )

     
   
(0, 1    ,23)

0,    0, 
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The 9
th

 of May 2014 a visit to the tennis club was done in order to see the ventilation 

unit. At that moment, the outside temperature was around 9ºC, and it was raining (high 

humidity). When checking the room where the district heating heat exchanger is placed, 

the water pipes that go to the ventilation unit were at a temperature of 47ºC, and the 

returning water was at 33ºC. With this temperature difference between the incoming 

and outgoing water flows, the heating capacity used from hot water is: 

 ̇   ṁ   cp         (200   3 0) 
l

h
  

1 kg

3600 s
   4,1    (4    33)     ,  k  

The hot water demand obtained with the temperatures measured during the visit is very 

close to the average capacity (9,1 kW). This proves that the average value determined 

before is valid, and it will be used to calculate the annual energy demand for the 

ventilation unit. 

The tennis club opens around 345 days per year, depending on the year. It is closed 

during summer weekends and special dates, such as Christmas or Easter. The opening 

hours of the club are the following: 

Table 8 Opening annual hours of the Gefle Tennnisklubb 

DAY 
OPENING 

TIME 
CLOSING TIME TOTAL HOURS 

Monday-Thursday 7:00 22:00 15 · 4 = 60 

Friday 7:00 20:00 13 

Saturday 8:00 18:00 10 

Sunday 9:00 21:00 12 

SUMMER PERIOD (mid-June to mid-August) 

Monday-Friday 12:00 19:00 7 · 5 = 35 

TOTAL ANNUAL HOURS 4400 

 

The common thing for the ventilation units in these types of buildings is for them to 

work around 2/3 of the day, but according to the technical maintenance employee 
[27]

, in 

the tennis club the ventilation runs 24 hours every day of the year, which is a big waste 

of energy. Considering it has the same average demand during all the year, the annual 

energy consumption from the hot water of the two heating batteries is: 

   ̇   t     1   (24   36 )      16 k h        M    
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6.1.3. Proposed design 

The idea is to use the heat from the glycol to warm the air in the tennis club. The 

maximum air temperature inside the facility is around 20ºC, and the glycol of the heat 

recovery system comes out of the chillers at an average temperature of 35ºC. Although 

the hot battery uses water at 45-50ºC most of the time, the heating process would still 

work correctly with water at 35ºC as long as the temperature drop keeps on being 

around 15ºC 
[5]

. 

The solution proposed in this project is to install a heat exchanger in which glycol is 

used to warm the water that goes to the ventilation unit. This heat should be enough to 

cover most of the demand. When the heating required by the batteries is too high and 

glycol cannot satisfy it, a back-up exchanger running with district heating will start 

supplying the necessary additional heat. 

The back-up exchanger can be the one that is already being used in the tennis club from 

the district heating, so only one has to be bought. 

The new exchanger transferring heat from glycol to water should have a heating 

capacity of 10 kW, since the water flow going through the batteries is not very big (0,55 

m
3
·h

-1
) and the temperature increase is limited. 

Besides the installation of the heat exchanger, the tennis club should also install an 

automatic system to control the ventilation unit. The current system runs 24 hours a day, 

and it is a big waste of energy and money. A reduction of the operating time to 16 

hours, for instance, would reduce the heating demand by more than 30%. 

6.2. Resurfacing Water 

The ice surface needs a lot of maintenance and care, not only for the damage produced 

by the blades of the skaters but also the effect of the air temperature, the radiation of the 

lightning or ceiling or simply the dust that accumulates on the top of the ice. In order to 

keep the rink in good quality conditions, a process called resurfacing takes place 

periodically, depending on the activity that is going on in the arena. 

During a normal day in Läkerol Arena, the main rink and the practice rink are 

resurfaced around 10 times each, with an interval of approximately one hour. But in a 

match day, the ice of the main arena can be resurfaced up to 15 or more times, with a 

frequency of around 30 min during the game. 
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Figure 31 parts of the resurfacing machine [28] 

The resurfacing of the ice comprises several stages, all of them carried out with one 

single machine and its operator, who basically controls the steering wheel: 

Firstly, the blade (A) scrapes usually between 1,5 – 3 mm of ice off the ice surface, 

depending on the rink condition. For example, more ice will be removed during a game 

of the professional team than during training sessions of young children. 

Right after the shaving, a couple of rotating screws (B and C) gathers the shaved ice and 

throws it into the bucket (D), which can store an approximate volume of 1m
3
 of snow. 

Under the bucket there are two tanks of water (E), one for washing the ice and the other 

for making new ice. The total water capacity of the machine used in Läkerol Arena is 

around 1m
3
 at a temperature of 30ºC. 

As the machine shaves the ice, the washing water is pumped onto the ice surface (F), 

where it gets into the deep cuts which have not been smoothed by the blade and forces 

out all the dirt and other remains. The excess water left on the ice is squeegeed off with 

a rubber blade (G) found at the end of the machine and vacuumed up. Although hot 

water requires more energy for the making of ice, it is preferable because it loosens the 

crystal structure of the ice underneath, so the new ice will form a solid bond with the 

existing one. 

Finally, once the rink has been shaved and washed, warm water from the tank E is 

pumped over to the rubber blade and spread evenly over the surface. This clean water 

fills in the remaining cuts of the ice and helps to flatten the rink 
[28]

. 

In Läkerol Arena, once the machine has covered the entire surface, the operator dumps 

the snow outside the arena to let it melt and drives it back to its garage.  
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In the studied arena they currently use hot tap water at 60ºC and cold water at 7ºC to 

obtain the final mixture at 30ºC found in tanks E of Figure 31. This means that in order 

to get 1 m
3
 it is necessary to heat 434 l of water: 

mres · hres = mhot · hhot + mcold · hcold 

h = cp · t ; mhot + mcold = 1000 kg 

1000 · cp water · 303 = mhot · cp water · 333 + (1000-mhot) · cp water · 280 

mhot   434 kg   434 l of hot water 

To heat all this water the following amount of energy is needed: 

Q = mhot · cp water · Δ  = 434 · 4,18 · (333 – 280) = 96,14 MJ 

This same amount of heat could be transferred to 1 m
3
 of the cold and cheap water in 

order to get the 30ºC used for resurfacing: 

Q = mcold · cp water   Δ    1000   4,1    (303 – 280) = 96,14 MJ 

By doing this, glycol at around 35ºC would be given another usage before being driven 

to the roof ventilators, lowering the heat sent to the environment and increasing the 

system’s efficiency. Besides, the arena would not have to use hot tap water, which costs 

8 SEK·m
-3

 more.  

During a normal week, if there is one match day and six days of training, it is estimated 

that each rink is resurfaced around 75 times. With an average volume of warm water of 

0,8 m
3
 per resurfacing, a total amount of 120 m

3
 of warm water per week is used for this 

purpose for both rinks. With the current system, the cubic metre of water for resurfacing 

costs 7,5 kr. Only by opening the valve of the cold water instead of the hot tap water the 

savings would be of 3,5 kr every cubic metre of resurfacing water since only 4 SEK·m
-3

 

water would be used.  

Furthermore, by using only cold water for the resurfacings the demand of hot tap water 

would decrease. This ensures that the heating capacity from the desuperheater is always 

enough to cover the demand, so no district heating is needed in that system. 

As mentioned before 0,434 m
3
 of hot water are used per cubic meter of resurfacing 

water. If each rink is resurfaced an average of 75 times per week during the full 

operational period (41 weeks), it makes a weekly hot water consumption of 52,1 m
3
 for 

both rinks. During summer period only the practice arena has ice. As established in 

section 5.2, the water consumption in this period is reduced to 33%, which means there 

are around 50 resurfacings per week (17,3 m
3
 of hot water). 

With these numbers, the annual hot water demand for resurfacing purposes is estimated 

to be around 2326 m
3
, and the total water used (mixing hot and cold water) is about 

5360 m
3
.  
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The water heated for the resurfacing system could be stored in the 3,2 m
3
 tank that was 

once used for the hot tap water but is no longer in use (see Figure 21). This would 

guarantee the water supply during a match, when this process is repeated in short 

periods of time. In particular, the ice rink is resurfaced four times within two hours 

more or less (one at the beginning of the game, one between every period and another at 

the end of the match), making an average of one resurface every 40 min.  

In order to size the necessary heat exchanger for the resurfacing water, it is considered 

that there is one resurfacing every 30 min, taking into account that there are two ice 

rinks in Läkerol Arena, and that every resurfacing uses 0,8 m
3
 of warm water at 30ºC, 

which is a high volume for an average resurfacing. During the match, the main arena is 

shaved more often, but the practice arena is not used, so the consumption of warm water 

is compensated. This value (one resurfacing per hour per surface) is the same ice 

making water requirement in a typical ice rink similar to Läkerol Arena 
[29]

. The total 

energy demand would be: 

Q = m · cp   Δ     00   4,1    (303 – 280) = 76,91 MJ 

And the necessary heating capacity is: 

   ̇   
 

t
   

 6 12 k  

30   60 s
            

This heating capacity is supplied by a plate heat exchanger whose two mediums are 

glycol and water. The effectiveness of such exchange is over 90%, so the necessary 

capacity of the glycol should be around 47 kW. 

The annual energy demand of this system, if it uses around 5360 m
3
 per season, would 

be the following: 

Q = m · cp   Δ    (5360 · 1000) · 4,18 · (303 – 280) = 5,15 · 10
5
 MJ = 143 MWh 

If there is a situation with an unusual a high demand of resurfacing water and this 

system cannot satisfy it, it will always be possible to get hot water from the tap system, 

which can be used as the back-up heating source. 
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6.2.1. Sizing the optimal heat exchanger 

In this section the optimal type of heat exchanger for this task will be determined since 

there is no such equipment in the arena that could be used here. As explained in section 

2.1.2.2, it is first necessary to know the temperatures and flows of both fluids. The 

calculations made to find them are the following: 

 Water 

o Necessary heating capacity = 43 kW 

o Temperature in = 7ºC 

o Temperature out = 30ºC 

o ṁ   0,4  kg s-1   1,61 m3 h
-1
    

 ̇   ṁ   cp         ṁ   
43

4,1    (30    )
   0,4  kg   1   1,61 m3 h

 1
  

 

 Glycol 

o Necessary heating capacity = 47 kW 

o Temperature in = 35ºC 

o ṁ   2   ṁwater   0, 0 kg s
-1   3,1  m3 h

-1
   

 It is not possible for both mediums to have the same flow (0,45 

kg·s
-1

) because the value Δ 2 would be 0, and it is not acceptable. 

o Temperature out = 21ºC 

 ̇   ṁ   cp              
4 

0,    3,   
   14      out   21   

Δ 1 = Tin, hot – Tout, cold = 35 – 7 = 28 

Δ 2 = Tout, hot – Tin, cold = 21 – 7 = 14 

δt    in, hot – Tout, hot = 35 – 21 = 14 

Greater flow = 0,9 kg·s
-1 

 

The plate heat exchanger CB50 for Glycol-Water from the company ALFA-LAVAL 

has the following characteristics 
[7]

: 

 Max. flow = 8,4 m
3
·h

-1 

 Max. heating surface = 3,5 m
2
 

 Max. designed pressure = 26 MPa 

 Max. temperature = 225ºC 

 

 

Optimal heat exchanger type: 

CB50 
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6.2.2. Tap water heating demand recalculation 

If this heat exchanger is installed, the tap water consumption will be reduced. As a 

consequence, the heating demand in the two heat exchangers of that system will also be 

lower. The new annual tap water average consumption would be 7500 – 2326 = 5174 

m
3
. 

 The heating needed in the tap water preheating system would be: 

    m   cp        ( 1 4 
1000

1

kg

m3
 )    4,1  

k 

kg   
   (3     )               

 
    

Considering the number of hours estimated before, the average heat capacity needed to 

preheat tap water is the following: 

 ̇   
 

t
  
6,0 6   10

 
 k 

4 6    3600 s
           

This heating capacity is supplied by a plate heat exchanger whose two mediums are 

glycol and water. The effectiveness of such exchange is over 90%, so the necessary 

capacity of the glycol should be around 38,4 kW. 

 And the heating needed in the hot exchanger of the tap water heating system 

would be: 

    m   cp        ( 1 4 
1000

1

kg

m3
 )    4,1  

k 

kg   
   (60   3 )               

 
    

Considering the number of hours estimated before, the average heat capacity needed to 

preheat tap water is the following: 

 ̇   
 

t
  
 ,40    10

 
 k 

4 6    3600 s
           

This heating capacity is supplied by a plate heat exchanger whose two mediums are 

glycol and water. The effectiveness of such exchange is over 90%, so the necessary 

capacity of the glycol should be around 34,3 kW. 

6.3. Ice melting  

The system which is currently used in Läkerol Arena to eliminate the snow produced in 

the rink is to simply let it melt naturally in the outside of the arena. This method is not 

effective during winter months and cold days, because the thermometer can easily reach 

temperatures below the 0ºC, so the ice never disappears. This fact forces the arena to 

rent some form of transport to carry all the snow somewhere else. 
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An alternative proposed in this project is to build a snow pit. It basically consists of a 

hole in the ground with concrete walls or similar material, where heating pipes coming 

from the heat recovery system are placed at a small distance of the bottom. The snow 

that melts into water is collected by a drain, and it can be pumped out of the system or 

recycled. This technology is widely spread in cold regions where ice rinks are built, and 

has many advantages: 

Firstly, it is not necessary to rent the transport to take away the snow. With this, not 

only money is saved but also damage to the environment is reduced because of the 

pollution generated by the combustion engines. Besides, water that comes from the ice 

melting can be filtered and reused, so also less water is also wasted. 

Secondly, the resurfacing machine can always stay indoors if the melting pit is built 

inside the arena, so the tyres will suffer less and have longer lifespan. Building the pit 

inside will also allow the back door of the arena to remain closed, so the air inside will 

be less influenced by the outside environment (temperature, humidity, wind, etc.). 

 

Figure 32 snow pit with the resurfacing machine [30] 

According to the operations manager of Läkerol Arena, the snow pit should be able to 

fit at least five resurfacing ( > 4,5 - 5 m
3
), because once a month or so the ice slab is 

shaved several times in a row in order to re-establish the initial quality and 

transparency, both for better game conditions and for the advertisements placed below 

the ice. 

If the resurfacing machine dumps an average amount of 800 kg of ice (0,87 m
3
) to the 

pit at a temperature of -4ºC, the necessary heat to melt the snow is: 

Q = m · cp ice   Δ    m    melt = 800 · 2,04 · (0 - (-4)) + 800 · 334 = 273728 kJ 
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As mentioned in page 52, with two rinks there is approximately one resurfacing every 

30 min, so the pit must have enough heating capacity to melt all the snow in more or 

less this time. In addition, as the pit will be inside the arena, the air temperature will be 

about 10-14ºC, so it will help to warm the snow. Considering this, it is estimated that 

the necessary heating capacity can be determined with a melting time of 40 min, since 

the pit has a snow capacity for at least five resurfacings: 

   ̇   
 

t
   

2 3 2  k  

40   60 s
          

For a twin rink similar to Läkerol Arena a snow pit with a capacity for resurfacing water 

of 1,4 m
3
·h

-1
 and a grid of 106 kW is designed 

[29]
. The heating capacity is a bit lower 

than the calculated before, but this is because in the document the average volume of 

water per resurfacing is 0,7 m
3
 while in Läkerol Arena the average is set at 0,8 m

3
. Also 

other parameters such as the ice temperature or the time for melting can be different. 

The annual energy consumption of this system can be estimated with the water used for 

resurfacing purposes, which represents a yearly amount of 5360 m
3 
(see page 51). If it is 

considered that the average temperature of the ice is -4ºC, the energy needed to melt all 

the produced snow is: 

Q = m · cp ice   Δ    m    melt =  

=(5360 · 1000) · 2,04 · (0 - (-4)) + (5360 · 1000) · 334 =  

= 1,83 · 10
6
 MJ = 509 MWh  

To determine the necessary piping length below the snow pit, the following design for 

the grid is decided. The diameters, separation between tubes and size of the pit are the 

same that is used for a twin rink in a typical twin ice rink 
[29]

. 

The pit must be 0,9x6x1,2 m
3
 (WxLxD). This represents a volume of 6,5 m

3
, enough to 

fit more than eight resurfacings. The interior and exterior diameter of the pipes is 65 

mm and 72,8 mm respectively. Separation between two tubes is 178 mm, and the 

separation between the wall and the first or pipe is 89 mm. 

With all this numbers, the total length of the warming grid is: 

 idth

 eparation
  Length   

 00 mm

1   mm
   6 m   30,3 m 

In order to avoid cavity inside the tubes, the flow should be around 15-18 m
3
·h

-1
 so that 

the velocity of the glycol stays between 1,3 - 1,5 m·s
-1

. With this flow, the temperature 

drop of the liquid is around 6-7ºC (see Appendix D for calculations). 

In this project the possibility of recycling the melted snow by filtering the water has not 

been studied. This is not only because of time and information limitations, but also 

because deionizing systems are very expensive to install and maintain, and the 

resurfacing system proposed uses cheap cold water which is not for tap water purposes.  
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6.4. Heat Pump 

First an explanation of what a heat pump is and how it works is done. Once this 

equipment is understood, the necessary calculations are shown in order to determine the 

optimal heat pump for Läkerol Arena. 

6.4.1. What is a heat pump and how it works 

A heat pump is basically a device that transports thermal energy from a source of heat to 

a desired destination by using some amount of external power. The heat transfer can be 

from a cold source to a warmer destination and vice versa thanks to a reversing valve, 

which can alternate the flow’s direction.  he most important characteristic of the heat 

pumps is its efficiency, since they have a COP greater than 1. This means they generate 

more heating/cooling capacity than electric power is supplied. 

The most common heat pumps installed in homes and similar buildings, use air as the 

heat source, but it has the problem that its performance depends on the weather. For 

bigger buildings, such as the Läkerol Arena ice hockey rink, it is more common to 

install ground source heat pumps (GSHP). Geothermal heat pumps take advantage of 

the stable temperature underground using a buried piping system, commonly referred to 

as a loop, through which a mixture of water and anti-freeze circulates. A diagram of a 

GSHP in heating mode is shown in Figure 33:  

 

Figure 33 diagram of a conventional ground source heat pump [31] 
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The heat pump itself consists of an evaporator, a compressor and a condenser. In the 

heating mode, the refrigerant in the evaporator absorbs latent heat from the loop, which 

is later transferred to the destination to be heated inside the condenser. In this last 

exchanger, the refrigerant increases the temperature of the water that runs inside the 

heating system of the building or that is used as domestic hot water. Electricity is used 

as the external power to compress the refrigerant with the compressor, so both its 

pressure and temperature rise. 

There are many pros in adopting this technology in the arena: 

 In the environmental point of view, ground source heat pumps generate less CO2 

than conventional heating systems such as the ones running with electricity or 

gas. In fact, the US Environmental Protection Agency (EPA) has called ground 

source heat pumps the most energy-efficient, environmentally clean and cost-

effective space conditioning systems available 
[32]

. 

 In the economic point of view, even though electricity is needed to power the 

pump inside the loop and the compressor, between two and four units of heat are 

produced per every unit of electricity.  he other energy units come “for free” 

from the ground. In most cases the payback for the initial investment is covered 

within a few years. 

 In addition, there is less dependence on energy prices, since the whole building 

external demand can be reduced to electricity. 

Despite these advantages, installing a ground source heat pump has also some cons: 

 First of all, a big initial investment is required for these systems, especially for 

big pumps as the one needed in Läkerol Arena. Not only the equipment is 

expensive but also the installation, since deep holes must be dug and the piping 

placed. 

 Planning permission may be required if the necessary space for ground works is 

at a premium and a borehole is needed 
[33]

. 

6.4.2. Lä erol Arena’s  eat pump 

In order to determine the optimal heat pump for the system, it is necessary to know the 

capacity used from the district heating. After talking with the operations manager of the 

Läkerol Arena, it was certain that the facility has a 1 MW capacity heat exchanger from 

the district heating, and an average annual consumption of approximately 1 GWh (see 

Appendix C for detailed information), with a demand of more than 150 MWh in some 

winter months, being 188 MWh the peak monthly demand in the last six years. After 

consulting different sources it is sure that there is no need for the heat pump to have a 

capacity of 1 MW. 
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The month with the highest district heating demand (188 MWh) is December 2009. The 

arena opened every day except for Christmas, so it makes a total of 30 days, 8 of which 

were weekend days. Considering that the heating runs 464 hours in this period (see 

section 5.6), the average demand during this peak month is: 

 ̇   
 

t
  
1     h

464 h
   40 ,2 k  

It means that installing a heat pump with such heating capacity would nearly eliminate 

the consumption from the district heating, so the arena would only depend on 

electricity.  

After talking with the consulted expert, it was decided that the heat pump must have a 

heating capacity of 415 kW. The cost of such a heat pump is about 725000 SEK and has 

a COP around 3,26 
[25]

 which means that at a heating capacity of 415 kW it is needed 

about 127 kW of electric power.  

Even if the heat pump is installed, connexion to the district heating will always be 

necessary. It is possible that at certain moment of exceptional demand the heat pump 

could not offer enough heating capacity, so district heating should have to be used as a 

back-up heat source. Another situation where DH would be necessary is during 

maintenance of the heat pump.  
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7. GROUND BELO  THE MAIN ARENA 

Another part of this study is to determine whether it would be energy efficient to place 

an insulation layer below the heating pipes that warm the soil. This system is hardly 

ever used, and when used, it represents a low percentage of the total heating capacity. 

Besides, the installation of this additional insulation once the arena is already built 

would require a high economical investment, since it would be necessary to remove all 

the concrete and sand, and dismount all the piping system. 

This issue has been discussed with the operation manager of the Läkerol Arena, and 

although it is highly improbable for this measure to be considered, a quick energetic 

analysis is carried out. 

7.1. Data for the analysis 

First it is necessary to describe the different layers found below the ice rink of the main 

arena. Figure 34 shows a technical drawing of the ground and a box with each of the 

layers and their thicknesses. 

 

Figure 34 technical drawing of the ground below the main ice rink [34] 

Table 9 includes relevant information about each layer which will be necessary for the 

energetic analysis. 

 

 

 

 

 



 

62 

 

Table 9 Properties used for every layer of the ground below the main ice rink [20] [35] 

MATERIAL 
THICKNESS (x) 

[mm] 

THERMAL 
  ND   I I Y ( ) 

[W·m
-1

·K
-1

] 

U-VALUE (U) 

[W·m
-2

·K
-1

] 

Ice 30 2,24 75 

Medium density 

concrete 
60 0,55 9,17 

High density concrete 110 1,63 14,82 

Insulation (foam) 100 0,014 0,14 

Sand 60 0,50 8,33 

Gravel 150 0,70 4,67 

Soil 3000 3,5 1,17 

 

The cooling pipes are found in the medium density concrete layer, and the heating pipes 

in the sand layer. These tubes are made of PVC and have a thermal conductivity of   

0,19 W·m
-1

·K
-1

 
[36]

. Their exterior diameter is 25 mm and the internal is 21 mm. The 

empty space between two cooling pipes is 80 mm and between two heating pipes is 

1475 mm. 

In order to prevent the sand and the gravel from mixing, there is a plastic cloth between 

the two layers. Another one is placed below the gravel so that it does not mix with the 

soil below. 

The educational version of the ANSYS 14.5 software is used to do the energetic 

analysis. Since there is one heating pipe every 1,5 m the analysis has studied a section 

with such width. The data used is the following: 

 Data listed in table 9 and the paragraph below table 9. 

 Constant temperature of the cooling pipes: -9,7ºC. Mean value between entering 

and exiting calcium chloride in Figure 22. 

 Constant temperature of the heating pipes: 29ºC. Mean value between entering 

and exiting propylene glycol in Figure 22. 

 Constant temperature on the ice surface: -4,1ºC. Mean value of ice surface in 

Figure 22. 

 Soil temperature: 5ºC 
[37]

. This temperature is set at a depth of 3 m below the 

gravel in the first analyses and 3 m from the additional insulation in the last 

analysis. 

 Convection in the ice surface
 [9]

:  

 Convection coefficient (h) = 3,41 + 3,55 · Vair   3,41   3,   ∙ 0,3  
[38] 

= 

4,6   ∙m
-2

·K
-1

.  

 Bulk Temperature = 14
o
C.  
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  eat flu  in both sides: 0  ∙m
-2

. This is because of the symmetry of the studied 

section. 

 There are 143 cooling pipes: 30020 mm width of ice / 210 mm separation = 143. 

 There are 10 heating pipes. 

 Each pipe is 120 m long: they start at the supply header, go all the 60 m long, 

make a U-turn at the end and go back until the return header. 

In order to obtain the results, a Steady-State thermal analysis is carried out. The 

elements used are known as Quad 4node, that belong to the thermal mass solid elements 

group. It is not necessary to use elements with more nodes, such as the Quad 8node, 

since the analysis does not have a high degree of precision and would not be logic to use 

these elements. This is caused by the lack of the real thermal properties of the materials 

and also by the temperatures used, which are an average value of a single screenshot. 

Figure 35 and Figure 36 show the different layers of the section analysed. Each material 

is indicated with a different colour. The soil layer, which is the lower one, has been cut 

because it is very long compared to the others. This enables a better appreciation of the 

upper levels. 

 

Figure 35 current ground section [39] 

    

  Figure 36 ground section with additional insulation [39] 

7.2. Analyses results 

First the current situation is displayed, where no insulation is placed below the heating 

pipe. There is a second analysis where a temperature of 1
o
C is set in the top corners of 

the soil area. 

Right after that there is the analysis but with an insulation layer of 100 mm placed 

between the gravel layer and the soil area. 

A similar study was carried out by French and Finnish institutions in cooperation 
[39]

. 

Here the software COMSOL Multiphysics is used to perform the simulations and a 

constant heat flow of 60  ∙m
-2

 is applied in the ice surface. It can be an indicator to see 

if the results are acceptable, since in the following analyses this value is not 

predetermined. 

SOIL 
SOIL 

ADDITIONAL INSULATION LAYER 
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7.2.1. Current situation – no additional insulation 

The results of this specific analysis should be very similar to the theoretical value 

obtained with the data from Figure 22. This means that the cooling capacity supplied 

should be around 434 kW and the heating capacity around 106 kW: 

 

 ooling supplied    ̇
cold
   ṁ   cp        1 0   

1240

3600
   2,    (  ,    ( 11))          

 eating supplied    ̇
hot
   ṁ   cp        4,    

1020

3600
   3,     (3 ,    1 , )            

 

 

 

Figure 37 temperatures in all the section [40] 
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Figure 38 heat flux in all the section [40] 

         

 

Figure 39 heat flux in the hot pipe [40] 
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Figure 40 heat flux in a cold pipe [40] 

The cooling supplied by one tube is 3,07 kW. There are 143 pipes, so the total cooling 

capacity is 439 kW. This value is very similar to the expected result (434 kW).  

The heating supplied by one tube is 6,32 kW. There are 10 pipes, so the total heating 

capacity is 63,2 kW. This number is quite different from the value expected (105,7 kW).  

The heat flux in the ice surface is 65  ∙m
-2

, which is very similar to the 60  ∙m
-2

 set as 

a reference. 

When looking at Figure 37 it is easy to see that the temperatures of the sand, gravel and 

soil are over the 7ºC. It does not describe the real temperature of the ground, since the 

heating system automatically stops at the moment the soil reaches a set value of 3ºC. 

This is the reason why the next simulation has been done, where a temperature of 1ºC 

has been set in the top corners of the soil area. The temperature has been set here 

because in the arena they control the point where the gravel ends, and in the corners 

because they are the furthest locations from the hot pipe. In this second simulation, the 

results should be more equal to the expected values. 
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Figure 41 temperatures in all the section [40] 

 

Figure 42 heat flux in all the section [40] 

Now the temperatures in the top corners of the soil layer are below the 3ºC, so the 

glycol would be running inside the heating pipes. As shown in Figure 41, the soil is 

warmed faster than the gravel at some points. This is possible since the soil has higher 

thermal conductivity (3,5 vs. 0,7 W·m
-1

·K
-1

). In Figure 42, there is an area with higher 

heat flux in the soil. These are the corners where the temperature is at 1ºC. 
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Figure 43 heat flux in the hot pipe [40] 

 

 

Figure 44 heat flux in a cold pipe [40] 
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In this second simulation, the cooling supplied by one tube is 3,06 kW. There are 143 

pipes, so the total cooling capacity is 437 kW. This value is nearly the same as the 

expected result (434 kW). This small difference can be caused by the brine temperature 

estimated for the simulation or the thermal properties, though the relative error is only 

0,7%.  

The heating supplied by one tube is 8,07 kW. There are 10 pipes, so the total heating 

capacity is 80,7 kW. This number is higher than the one from the first simulation (63,2 

kW) but still quite different from the expected value (105,7 kW). This difference can be 

because of the temperature estimated and the flow with which the theoretical value has 

been determined. To begin with, the temperature drop in the glycol’s pipes in Figure 22 

is very big (39,5 – 18,8 = 20,7ºC). With such a big difference, it is not very accurate no 

use one single value for the temperature. About the flow used to calculate the expected 

value for the heating supply, it was only possible to find one measurement of it, and it is 

from the year 1999. It has not been possible to find a more recent value for this stream 

nor the temperature fall of the glycol at the moment the measurement was taken. This 

does not happen with the cooling fluid, since there is a pump that pushes the brine 

inside the cold header with a flow of 180 m
3
·h

-1
. 

The heat flux in the ice surface is 65,5  ∙m
-2

, which is also very similar to the 60  ∙m
-2

 

set as a reference. This fact indicates that the results are acceptable, since this difference 

can be caused by many factors, such as the different temperatures in the cooling pipes or 

the thermal properties used to do the analysis. 

As can be seen in the images above, most of the heat transfer from the cooling pipes 

takes place in the upper part of the tubes. This is a positive aspect, since their function is 

to cool down the ice found on top of them.  

7.2.2. Additional insulation layer 

Since it has been proven that the analysis with the temperature of the corners set at 1ºC 

is more accurate, only this situation is presented with the additional insulation layer: 
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Figure 45 temperatures in all the section [40] 

 

    

Figure 46 heat flux in all the section [40] 
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Figure 45 makes it very clear the effect of the insulation layer. The temperature in the 

top part of the soil area is practically the same, as most of the heat supplied by the hot 

pipe stays in the sand and gravel layers and cannot go through the insulation. When 

looking at Figure 46, the set of values for the heat flux is half the one in Figure 42, and 

here the maximum heat transfer does not take place in the hot pipe but in a cold pipe. 

 

Figure 47 heat flux in the hot pipe [40] 

    

Figure 48 heat flux in a cold pipe [40] 
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In this case, the cooling supplied by one tube is 3,09 kW. There are 143 pipes, so the 

total cooling capacity is 442,4 kW. It is logic to get higher cooling consumption, since 

with this additional layer of insulation, the heat cannot go down the ground, so it stays 

in the sand and gravel and part of it also goes up to the cold side. 

Now, the heating supplied by one tube is 3,66 kW. There are 10 pipes, so the total 

heating capacity is 36,6 kW. As expected, the heating consumption has decreased 

drastically, since the insulation layer prevents most of the cold from going down the 

soil. 

The heat flux in the ice surface is 65  ∙m
-2

, which keeps on being an acceptable 

number. 

7.3. Final comment 

After the simulations of the ground, it is determined that the capacity in the heating 

pipes decreases from 80,7 to 36,6 kW (-54,6%) by installing a 100 mm insulation layer 

below the gravel, while the cooling demand increases from 437 to 442 kW (+1,1%).  

This additional layer is not used by the moment in ice hockey rinks, though it could be 

an interesting investment for new ones. The problem is that this heating system, as said 

before, is rarely used during the season, only some days in winter. Besides, the Läkerol 

Arena, like many others, generates too much heat with the chillers and part of it has to 

be sent to the environment.  

So by reducing the heat used in the recovery system not only would you be sending 

more energy to the environment but also spending more electricity with the roof 

ventilators, since the glycol would be at a higher temperature.  

In terms of money, making this installation would mean a big economic and time 

investment, since al the layers below the rink should have to be removed, including 18 

km of pipes. Besides, the energetic and economic savings would not be much given the 

low usage of this heating system. 

For all these reasons, the option of installing this additional insulation layer is 

dismissed. 
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8. ECONOMIC STUDY 

In this section, the costs of the different solutions are estimated, including both 

necessary material and hours of man labour. The prices of the different elements used 

have been tracked in the Internet using different webpages and catalogues, and the 

working hours are rough estimations. To see the sources from which the prices have 

been got, please see Appendix H. 

No official quotes have been asked about any investment, only the cost of the heat 

pump, so the numbers obtained in these economic analyses are only illustrative. No 

maintenance costs have been considered. 

The order of such studies is in first place determine the initial cost. Once this is stated 

the savings are described and, eventually, the Net Present Value (NPV) and the annuity 

are calculated to verify the economic viability of the investments, as well as the payback 

period of time. The annuity factor table and the life expectancy years list can be found 

in Appendix I. 

8.1. Heat Pump 

According to the consulted expert, the heat pump itself costs around 725000 SEK. It is 

estimated that this equipment represents the 30% of the whole installation cost 
[41]

. The 

total cost is divided in the following categories: 

 

Table 10 Adapted percentages and costs of the heat pump [41] 

CATEGORY % SEK 

Ground loop 30 725000 

Heat pump 30 725000 

Indoor installation 20 483333 

Ductwork 13,5 326250 

Pumps 6,5 157083 

TOTAL 100 2416667 

   Real investment 80 1933334 SEK 

 

The list of prices includes labour expenses. Total cost is 2416667 kr, but the indoor 

installation is already done (radiators, pipes, etc.) so the real investment is 1933334 kr. 

The cost of adapting the radiators and ventilation units that currently run with district 

heating is included in the ductwork. 

The chosen heat pump has a COP around 3,26 which means that at a heating capacity of 

415 kW it is needed about 127 kW of electric power. The price paid for electricity in 

Läkerol Arena, including taxes and additional fees is 0,85 kr · kWh
-1 [23]

. 
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With the heat pump, in order to generate the annual heat consumption of 1 GWh, 

306748 kWh of electricity is needed. If the arena pays 0,85 kr per kWh, it means an 

amount of 260736 SEK for electricity. With the DH, the average price per kWh of 

heating of this season is around 0,5 kr (see Appendix C), so if the annual consumption 

is 1 GWh, the bill is about 500000 SEK.  

With this, the annual savings are around 239264 SEK. 

Ground source heat pumps have an average life expectancy of more than 20 years for 

the equipment itself and 25 to 50 years for the underground infrastructure 
[42]

.
 

The net present value is calculated considering a lifespan of 20 years for the equipment, 

though if well maintained it can be elongated. 

 

Table 11 Results of the economic analysis for the heat pump 

Annual savings Cost investment Interest  NPV Payback 

239264 SEK 1933334 SEK 6% 811006  11,39 years 

 

Annuity = S – C · af = 239264 – 1933334 · 0,08718 = 70716 > 0 

Since the NPV and the annuity are greater than 0, this economic study concludes that 

the investment is worth it from the economic point of view. 

 

8.2. Resurfacing water 

The elements needed and its costs are showed in Table 12. The labour hours are 

estimated from a similar work 
[9]

.  

 

Table 12 Elements needed and costs for the resurfacing water system 

ELEMENT VALUE UNIT PRICE TOTAL (SEK) 

Heat exchanger 50 kW 544 SEK/kW 27200 

Pipes 32 mm 40 m 18,6 SEK/m 744 

Valves 4 - 1489 SEK/unit 5956 

Labour hours 139 SEK/h 57 h 7923 

         TOTAL 41823 SEK 

 

With the current system, which mixes hot and cold water, the cubic metre for 

resurfacing costs 7,5 kr. Only by opening the valve of the cold water instead of the hot 

tap water the savings would be of 3,5 kr every cubic metre of resurfacing water since 

only 4 SEK·m
-3

 water would be used. 
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As determined before, the current annual hot water demand for resurfacing purposes is 

estimated to be around 2326 m
3
, and the total water used (mixing hot and cold water) is 

about 5360 m
3
. The cost of the water with the current system is 40200 SEK, and if only 

cold water is used, the cost is 21440 SEK, which represents annual savings of 18760 

SEK. 

The heat exchanger has an average life expectancy of 15 years. The piping system can 

be useful for more than 20 years, so the NPV is calculated considering a lifespan of 15 

years. 

 

Table 13 Results of the economic analysis for the resurfacing water system 

Annual savings Cost investment Interest  NPV Payback 

18760 SEK 41823 SEK 6% 140379  2,47 years 

 

Annuity = S – C · af = 18760 – 41823 · 0,10296 = 14454 > 0 

Since the NPV and the annuity are greater than 0, this economic study concludes that 

the investment is worth it from the economic point of view. 

 

8.3. Snow pit 

The elements needed and its costs are showed in Table 14. The labour hours are 

estimated as if two individuals are working 40 hours per week during two months. 

Table 14 Elements needed and costs for the snow pit 

ELEMENT VALUE UNIT PRICE TOTAL (SEK) 

Rent excavator 3 days 1993,7 SEK/day 5981 

Cement blocks 135 blocks 6,4 SEK/block 864 

Concrete 1400 kg 0,7327 SEK/kg 1026 

Pipes 65 mm 30,3 m 44,26 SEK/m 1341 

Valves 2 - 1489 SEK/unit 2978 

Drainpipes 10 m 100,5 SEK/m 1005 

Labour hours 139 SEK/h 640 h 88960 

      TOTAL 102155 SEK 

 

The blocks cover the four walls of the pit, while the concrete is used in the floor and to 

reinforce the walls. 

Savings come from not having to rent the tractor to take the snow away. It is estimated 

that the removal service is necessary once a week during those months where the 

average temperature in Gävle is below the 0ºC, because at that temperature the snow 

barely melts. These months are December – March, with a total of 17 weeks. 
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The cost for renting the transport is 1894 SEK/day, so the price paid for one season is 

32198 SEK. This is considered the economical savings obtained with this solution. 

The life expectancy considered for the whole system is estimated to be 15 years. 

With all this information, the results are: 

Table 15 Results of the economic analysis for the snow pit 

Annual savings Cost investment Interest  NPV Payback 

32198 SEK 102155 SEK 6% 210560 3,22 years 

 

Annuity = S – C · af = 32198 – 102155 · 0,10296 = 21680 > 0 

Since the NPV and the annuity are greater than 0, this economic study concludes that 

the investment is worth it from the economic point of view. 

 

8.4. Ventilation Gefle Tennisklubb 

The elements needed and its costs are showed in Table 16, as well as the estimated 

hours needed to build this installation: 

 

Table 16 Elements needed and its costs for the tennis club ventilation 

ELEMENT VALUE UNIT PRICE TOTAL (SEK) 

Rent excavator 2 days 1993,7 SEK/day 3987 

Heat exchanger 10 kW 544 SEK/kW 5440 

Pipes 20 mm 500 m 18,6 SEK/m 9300 

Valves 4 - 1489 SEK/unit 5956 

3 way valve 1 - 1654 SEK/unit 1654 

Insulation pipes 400 m 4,29 SEK/m 1716 

Pump 1 - 3329 SEK/unit 3329 

Labour hours 139 SEK/h 150 h 20850 

         TOTAL 52232 SEK 

 

The savings in this case come from the energy not paid to the district heating, since with 

this solution the heat would come from the chillers’ recovery system. According to the 

data provided by a maintenance employee, the average annual consumption of this unit 

is 80 MWh, and if the cost of DH is 0,5 kr per every kWh, the amount of money saved 

within one year is around 40000 SEK. 
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The heat exchanger has an average life expectancy of 15 years. The piping system can 

be useful for more than 20 years, so the NPV is calculated considering a lifespan of 15 

years. 

With all this information, the results are: 

Table 17 Results of the economic analysis for the tennis club ventilation 

Annual savings Cost investment Interest  NPV Payback 

39858 SEK 52232 SEK 6% 334878 1,41 years 

 

Annuity = S – C · af = 39858 – 52232 · 0,10296 = 34480 > 0 

Since the NPV and the annuity are greater than 0, this economic study concludes that 

the investment is worth it from the economic point of view. 
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9. ENVIRONMENTAL STUDY 

To finish the analyses of the project, the environmental impact caused by the proposed 

solutions is examined. Nowadays, one point of great importance when talking about the 

environment are the CO2 emissions, as there is a big problem with the greenhouse effect 

gases in the atmosphere. This is the reason why the main indicator for the impact 

produced by the new system is the CO2 emissions. 

After some research, the following factors are considered as an approximation for the 

CO2 gas emissions for each type of energy source: 

Table 18 Emissions of CO2 per unit of energy 

ENERGY SOURCE kg CO2 · MWh
-1

 

District Heating 86 
[43]

 

Electricity 90,2
†
 

 

In first place, the installation of a heat pump would cover most of the demand from the 

district heating, which represents an average amount of 1000 MWh per year. In contrast, 

it needs around 306748 kWh to generate such heat (see page 74).  

In second place, the additional uses proposed for the glycol system are the ventilation in 

the tennis club, the resurfacing water and the snow pit. The ventilation consumes about 

80 MWh per year, and the snow pit 509 MWh. The resurfacing does not represent any 

reduction in CO2 emissions, since with the current system it uses heat from the gas 

superheat and the glycol and with the new one all the heating comes from the second 

one. The heat used from the chillers is considered as district heating in terms of CO2 

emissions, since it is residual energy generated in a cooling process. 

With all the energetic balances, the resultant CO2 emissions are: 

  
2
   – (1000    0    0 )   h

 D 
     6 

kg   2

  h
 D 

   306, 4    h
  L
     0,2 

kg   2

  h
  L

    

  –           CO  

If all these measures were installed, the annual reduction in CO2 emissions to the 

atmosphere would be about 109 tonnes (6,9 for the tennis club ventilation, 43,8 for the 

snow pit and 58,3 tonnes for the heat pump). Emissions for transporting and installing 

the new equipment are not included in this analysis. 

 

 

                                                 

†
 Many different values have been found for this factor. This is an average of five different ratios. See 

references 44 – 48. 
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Apart from the gas emissions, other factors to take into account are the performance of 

the equipment during its useful life or the remains left when it can no longer operate. 

During the working years of the new equipment it is necessary to keep on doing regular 

revisions in order to make sure they function at a correct efficiency level. Keeping a 

good control and maintenance of the refrigeration system will improve not only its 

performance but also the life of the different parts found in it. 

Finally, the aspect to take into consideration is what to do with the equipment once its 

lifespan is over. It is necessary for it to be sent to a recycling centre, since the plastic of 

the pipes (PVC) or the metal of the heat exchangers is not biodegradable. Besides, it 

might be possible to give it another utility. For example, recycled PVC is used by the 

automotive or the shoe industries to make car interiors or shoe soles 
[49]

. 
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10. RESULTS  

In this section a global energetic balance is done. In first place the heating capacity 

available is written, and then the different demands are listed. At the end the remaining 

capacity is determined. 

10.1. High temperature demand 

If the heat pump described in section 6.4 is installed, a maximum heating capacity of 

415 kW could be provided. 

The average demand for high temperature energy is: 

 Radiators and radiant floor: 318,6 kW during 14-16 hours/day (cold months). 

 Four ventilation units: 17,5 kW during 16 hours/day. 

In average, the heating demand is 336 kW, so the heat pump still would not be working 

at full capacity. There are approximately 79 kW that could be used as a back-up heating 

source for hot tap water or during peak heating demands in radiators or ventilation units.  

Besides the demand from the heat pump, there is another source of high temperature 

energy, the gas superheat from the chillers. It generates an average heating capacity of 

48 kW. If all the solutions studied in this project are installed, the heating demand in the 

hot tap water exchanger would be 34,3 kW. With this reduction of the heat demand, one 

option would be to increase the temperature of the hot water, because the same heating 

capacity would be supplied to a smaller amount of water.  

10.2. Glycol’s  eat recovery system 

The average heating capacity provided by the chillers is 432 kW. 

The average demand of heating supplied by warm glycol, considering all the 

investments are done is: 

 Preheat tap water: 38,4 kW during 14-16 hours/day. 

 Ice rink ventilation: 18 kW during 14-16 hours/day. 

 Gefle Tennisklubb ventilation: 9,1 kW during 24 hours/day. 

 Resurfacing water: 47 kW during 14-16 hours/day. 

 Snow pit: 114 kW during 14-16 hours/day. 

Notice that the energy utilized to warm the resurfacing water is now used in the tap 

water system, so technically this solution does not reduce the heat sent to the 

environment. What it does generate are important annual savings. 

The usual average demand is 226,5 kW. The other 205,5 kW could still be used in the 

soil heating, which currently has a heating consumption around 80-100 kW when used. 

The heat that is not used is sent to the roof ventilators. 
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With the current heat recovery system, an average capacity of 380 kW is sent to the 

environment with the roof ventilators. If all the solutions proposed were installed, the 

waste heat would decrease to an average of 205,5 kW, representing a 46% reduction in 

the energy exhausted to ambient. Also mention that by increasing the use of the 

generated energy, not only do you reduce the waste heat but also the electricity 

consumption of the roof ventilators that cool the glycol.  

The following graphs show the average percentages of the heating capacity produced by 

the chillers (432 kW) that is being used by the current system and that would be used by 

the new system: 

 

 

 

 

Apart from energy savings, the proposed systems would also bring annual savings of 

290222 SEK to Läkerol Arena and 39858 SEK to Gefle Tennisklubb.  

In addition, 109 tonnes of CO2 would not be sent to the atmosphere every year. Of this 

reduction of 109 tonnes of CO2, 6,9 come from the ventilation of the tennis club, 43,8 

from the snow pit and 58,3 tonnes come from installing the heat pump. 

12% 
4% 

84% 

Current system 

preheat tap water

main ice rink ventilation

waste heat

26% 

10% 

9% 

4% 

2% 

49% 

New system 

snow pit

resurfacing water

preheat tap water

main ice rink ventilation

tennis club ventilation

waste heat

Graph 3 heat recovery distribution 

with the current system 

Graph 4 heat recovery distribution 

with the new system 
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11. DISCUSSION 

This section contains a comment about the method used in this project and the results 

obtained, as well as the limitations that have affected its development. 

Firstly, the method used has proven to be valid for the resolution of the questions laid 

out during the planning of the project. It was a key point to fully understand the cooling 

and heating system before focusing on anything else, since it led to a more accurate 

research on the subject. Although it took much time, it was a necessary thing to do. If 

anything had to be improved, it should be the research for the economic study. Due to 

time limitations, it was not possible for it to be more precise, so a good amelioration 

would have been to start asking for quotes earlier in the development of the project by 

contacting both companies and experts. 

Secondly, prior to discussing the results obtained, it is necessary to mention that the 

Läkerol Arena is already an efficient ice hockey facility in terms of energy. The heat 

recovery system is currently used in tap water and ice rink ventilation, two of the most 

heat demanding units in an arena this size. It is also used to prevent permafrost below 

the main rink, though it does not require the same amount of heat.  

After doing some research, other uses widely spread in similar arenas were analysed, 

such as the snow pit or the heat pump. Despite being an important economic 

investment, the benefits gained are even more substantial, not only in terms of money, 

but also when it comes to the environment and the society:  

 A geothermal heat pump would supply enough heating capacity to cover most of 

the demand from the district heating, and its efficiency is higher than 300%.  

 The heating system for the resurfacing water would lower the heating demand 

from the desuperheater and give another function to the water tank that is 

currently unused. Besides, water consumption for DHW purposes would also 

decrease. This is a measure designed to reduce hot tap water consumption and 

that would bring important annual savings to the arena, since no additional heat 

from the chillers’ recovery system is used here. 

 A snow pit would avoid the need for renting some sort of transport to remove all 

the snow generated in the rinks during winter months. Due to time limitations it 

has not been possible to analyse the installation of a filtering on the other side of 

the drain pipes. This would reduce significantly water consumption, making 

Läkerol Arena a more eco-friendly sports facility. Energetically speaking, this is 

the new measure that most reduces the heat sent to the environment (26% of the 

total). 
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 As mentioned in the planning, the possibility of using the heat coming from the 

chillers in a nearby building has also been studied. In this case, a good option 

would be to take advantage of this energy in the ventilation unit of the tennis 

club beside the ice hockey arena. According to the data provided, the Gefle 

Tennisklubb has an unusually high energy consumption for the ventilation, so 

even though the investment is considerable, the savings would be even more 

important.  

 The last solution investigated in this project has been to install an additional 

insulation layer below the heating pipes that warm the soil under the rink. As 

explained in the final comment of that analysis, although this would reduce the 

necessary heating capacity by half, a slight increase in the cooling demand 

would also appear. Besides, the economic and energetic annual savings would 

be minor in comparison to the investment required to carry out this installation. 

For these reasons and because the objective is to reduce the heat sent to the 

environment, this idea has been dismissed. 

The economic and environmental analyses have proven to be successful in all the cases 

studied (the additional insulation below the rink was not considered an option). 

Economically speaking, the new measures would represent annual savings of 290222 

SEK to Läkerol Arena and 39858 SEK to Gefle Tennisklubb, though it could be 

possible for the first one to ask for some kind of payment to the tennis club. 

The environmental analyses showed a reduction of about 109 tonnes of CO2 per season. 

This is the equivalent of 22 American cars every year 
[50]

.  

Finally, limitations have played its role in the development of the project. The most 

significant restrictions have been the data used and time. Because of the big variation in 

consumptions, flows or temperatures, for instance, it has been necessary to work with 

average values. Besides, several estimations have been utilized. But despite all these 

approximations, when obtaining the results, these have been contrasted with external 

bibliography in order to verify the acceptability of the numbers.   

To end this discussion, mention that time has been an important factor. In the 

conclusions, some further work on the subject is described in order to continue to make 

Läkerol Arena a greener sports facility. 
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12. CONCLUSIONS 

The main objective of this project was to take more profit of the heat produced by the 

chillers of the Läkerol Arena, which represents an average of 432 kW. Some of this 

energy is already being used with the current heat recovery system for tap water, 

permafrost prevention and ventilation purposes, but many other options have been 

proposed and studied. At the end, most of these ideas have proven to be beneficial in 

terms of energy and, as a consequence, in terms of money.  

With the new recovery system, the unit that would use more energy is the snow pit, with 

a consumption of about 26% of the produced capacity. The heating of the resurfacing 

water would use about 10% of this energy, and the rest would go to tap water preheating 

(9%), ice rink ventilation (4%) and the tennis club ventilation unit (2%). The remaining 

heating capacity (49%) would be sent to the environment with the use of roof 

ventilators. With the current system, around 84% of the produced heat is wasted. This 

means that the new system would increase the use of the generated energy by 35%. 

Besides, the economic benefits would be almost immediate, since the longest payback 

period is 3,5 years, and the life expectancy of the new equipment is, at least, 15 years. 

Apart from the heat recovery system, the installation of a heat pump has also proven to 

be successful. Nowadays, this technology is among the most efficient methods to 

generate heating capacity for a building, since it has an efficiency of more than 300%. 

With the proposed design, the demand from the district heating would be covered 

during most part of the year, thus resulting in important annual savings. 

Finally, the other object of study was the installation of an insulation layer below the 

heating pipes used to warm the ground below the ice rink. After the simulation, the 

results showed an important reduction of the heating demand, but on the other side the 

necessary cooling capacity increased. Considering that the objective is to reduce the 

heat sent to the environment by using it in the arena and given the high cost of this 

installation, this idea has been dismissed. 

All these measures would bring Läkerol Arena annual savings of more than 290000 

SEK, and a reduction in the CO2 emissions of 109 tonnes per year, the equivalent of 22 

American cars. 

 

Further work could be done in order to make Läkerol Arena a more eco-friendly ice 

hockey complex. Some interesting suggestions may be: 

 Recycle water from the snow pit. Due to time limitations and because of the 

cost of the filtering equipment, the snow pit has been designed without a water 

deionizing system. Further research could be done on this subject in order to 

analyse the possibility of introducing this technology. With this, the arena would 

reduce significantly the water consumption, since nowadays resurfacing water 

represents around 45% of the total water consumption of Läkerol Arena. 
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 Renewable energy sources to supply the heat pump: although the geothermal 

heat pump is a very efficient technology for supplying heating capacity to the 

arena, it is not completely free of emissions, since it needs electricity from the 

local network. A proposed solution would be to study the idea of installing solar 

panels or more windmills (there are already two mills) on the roof. 

 Reduce the temperature in the condensers. Nowadays the condensers of the 

chillers have a relatively high temperature (35-40ºC). A measure adopted in 

some arenas is to reduce the condensing temperature. By doing so, the cooling 

capacity increases as well as the overall efficiency 
[24]

. If more temperature is 

needed in the recovery system, the heat pump can always supply additional 

energy if properly connected. This is another action that could be investigated in 

order to improve the efficiency of the refrigeration system. 

 

As a final comment, mention that all these measures adopted to reduce the energy 

consumption or the heat sent to the environment are more than just economic benefits. It 

is really important that society takes very seriously the environmental repercussions, 

since it is our children who will have to deal with the consequences of our actions. 

Sweden is already a responsible country in this field, but in other parts of the world this 

mentality is not rooted in people’s way of living, and it damages both nature and 

humans. Fortunately, the world is becoming conscious of the current situation and every 

year more and more initiatives spring forth! 
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Appendix A 

Average temperatures of every month in the city of Gävle. 

 

 

 

 

  

Figure 49 average temperatures of every month in some Swedish cities [5] 



 

93 

 

Appendix B 

Outside temperature used to size ventilation units. For such systems in Gävle, the 

temperature is -22ºC. 

  

Figure 50 outside temperature used to size ventilation units [5] 



 

94 

 

Appendix C 

Monthly consumptions of district heating from Läkerol Arena for the last 6 seasons. 

The red consumption represents the maximum demand of these 6 years, which is the 

one that has been used to dimension the necessary heat pump. 

 

Table 19 District Heating consumption from 08/09 

Season 08/09   

Month MWh Total Cost 

May 
 

-   kr 

June 
 

-   kr 

July 20 25.000,00 kr 

August 35,98 35.445,00 kr 

September 95,38 39.732,00 kr 

October 100 42.813,00 kr 

November 100 45.964,00 kr 

December 188,6 69.600,00 kr 

January 164,3 64.016,00 kr 

February 139,4 54.800,00 kr 

March 134,5 54.216,00 kr 

April 53,7 27.190,00 kr 

TOTAL 1031,86 458.776,00 kr 
 

 

 

Table 20 District Heating consumption from 09/10 

Season 09/10   

Month MWh Total Cost 

May 23,6 17.559,00 kr 

June 11,3 13.162,00 kr 

July 18,9 16.037,00 kr 

August 35,98 35.445,00 kr 

September 76 34.615,00 kr 

October 106,2 44.839,00 kr 

November 103,5 43.655,00 kr 

December 137,6 55.243,00 kr 

January 160,9 65.762,00 kr 

February 134,2 57.305,00 kr 

March 122,9 52.656,00 kr 

April 60,79 21.000,00 kr 

TOTAL 991,87 457.278,00 kr 

Table 21 District Heating consumption from 10/11 

Season 10/11   

Month MWh Total Cost 

May 37,69 23.213,00 kr 

June 20,1 16.816,00 kr 

July 8,7 13.231,00 kr 

August 35,98 35.445,00 kr 

September 72,7 27.066,00 kr 

October 106,2 44.839,00 kr 

November 134,5 56.293,00 kr 

December 182 73.187,00 kr 

January 146 62.504,00 kr 

February 142,6 58.437,00 kr 

March 104,4 47.726,00 kr 

April 60,79 31.623,00 kr 

TOTAL 1051,66 490.380,00 kr 

 

 

Table 22 District Heating consumption from 11/12 

Season 11/12   

Month MWh Total Cost 

May 45,88 26.912,00 kr 

June 16,3 16.054,00 kr 

July 10,2 14.241,00 kr 

August 41 25.276,00 kr 

September 52 28.699,00 kr 

October 84,5 40.641,00 kr 

November 95,6 44.249,00 kr 

December 125,4 55.188,00 kr 

January 145 66.520,00 kr 

February 136,8 62.689,00 kr 

March 102,8 50.292,00 kr 

April 88,9 34.241,00 kr 

TOTAL 944,38 465.002,00 kr 
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Table 23 District Heating consumption from 12/13 

Season 12/13   

Month MWh Total Cost 

May 51,4 30.511,00 kr 

June 14,1 15.786,00 kr 

July 33,1 23.446,00 kr 

August 62,3 34.573,00 kr 

September 83 42.900,00 kr 

October 117 45.225,00 kr 

November 124,8 48.059,00 kr 

December 163 63.055,00 kr 

January 165,4 77.351,00 kr 

February 134,6 63.973,00 kr 

March 127,7 50.820,00 kr 

April 85 44.988,00 kr 

TOTAL 1161,4 540.687,00 kr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 24 District Heating consumption from 13/14 

Season 13/14   

Month MWh Total Cost 

May 49,9 31.386,00 kr 

June 30,6 23.325,00 kr 

July 33,1 23.446,00 kr 

August 30,2 23.569,00 kr 

September 71 39.575,00 kr 

October 102 52.332,00 kr 

November 126 55.155,00 kr 

December 133 64.547,00 kr 

January 165 79.230,00 kr 

February 130,8 64.026,00 kr 

March 
 

-   kr 

April   -   kr 

TOTAL 871,6 456.591,00 kr 
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Appendix D 

This appendix includes the calculations done to determine the minimum diameter of the 

pipes used in the designed systems (ventilation of the tennis club, resurfacing water and 

snow pit). 

The size of the tube depends on the flow that goes through it and the velocity of the 

fluid, according to the following equation: 

FLOW (m
3
·s

-1
) = SECTION (m

2
) · VELOCITY (m·s

-1
) 

    I N (mm2)    
FL   (m3 h

 1
)

  L  I Y (m s 1)
   
1000

3,6
  

    D2

4
 

In order to avoid cavitation inside the pipes, the velocity of the fluid (glycol or water, 

liquid) has to be lower 2 m·s
-1

. 

Table 25 Size of the pipes in each designed system 

SYSTEM 
FLOW 

(m
3
·h

-1
) 

VELOCITY 

(m·s
-1

) 

SECTION 

(mm
2
) 

CHOSEN PIPE 

SIZE 

Ventilation Gefle 

Tennisklubb 
0,55 0,5 305,55    mm ( / ”) 

Resurfacing water 3,2 1,1 782,8 32 mm (1- / ”) 

Snow pit 15 - 18 1,3 – 1,5 
3205,1 – 

3333,3 
65 mm (2-1/2”) 

 

The flow for the ventilation of the tennis club is already determined by the current 

system. There are two hot batteries, EV1 and EV2. They use 0,2 and 0,35 m
3
·h

-1 
of hot 

water, respectively. 

The flow of the resurfacing water system has been determined in section 6.2.1 with the 

heating capacity demand and the necessary temperature increase. 

Finally, it is necessary to decide the flow of glycol that goes to the snow pit. A heating 

capacity of 114 k  is needed in the system.  onsidering glycol’s properties and the 

equation  ̇   ṁ   cp     , the following graph is obtained: 
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Graph 5 flow of glycol needed in the snow pit vs temperature drop desired 

Notice that many other options could have been decided, such as a temperature drop of 

11ºC with a flow of refrigerant of 10 m
3
·h

-1
. With a smaller flow, thinner pipes can be 

installed, but more length is needed in the grid. The design with 65 mm tubes is chosen 

because of the similarities with the twin rink mentioned in page 56. 
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Appendix E 

Drawings of the ventilation system installed in the Gefle Tennisklubb (text in Swedish). 

 

Figure 51 ventilation system in the Gefle Tennisklubb [26] 
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Figure 52 ventilation unit in the Gefle Tennisklubb [26] 
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Appendix F 

Technical drawings of the ground, the ventilation units and a general drawing of the old 

system. 

 

 

Figure 53 technical drawing of the ground below the main ice rink [23] 

 



 

101 

 

 

Figure 54 ventilation unit of the conference rooms (konferens) and the offices (kansli) [22] 

 

 

Figure 55 ventilation unit of the restaurant, hall (Entré) and kitchen (Kök) [22] 
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Figure 56 ventilation unit of the changing rooms (OMKL in Swedish) [22] 
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Appendix G 

In this appendix several images from the manuals of the chillers are shown. Some of 

them are drawings and the rest are datasheets.  

 

 

 

 

Figure 58 drawing of a chiller. Both chillers in Läkerol Arena are like this, but the back-up chiller is smaller [10] 
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Figure 59 characteristics small chiller [10] 

 

 

Figure 60 characteristics big chiller [10] 
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Figure 61 more data about the small chiller [10] 
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Figure 62 more data about the big chiller [10] 
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Figure 63 electrical data of the pumps [10] 
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Figure 64 electrical data of the six roof ventilators [10] 
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Figure 65 flows in each part of the system (old system) [10] 

These flows correspond to the system of Figure 57, which is not the current one, but the 

distribution is similar. 

 



 

111 

 

 

Figure 66 piping under the main rink [10] 

 

Figure 67 piping under the practice rink [10] 
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Figure 68 drawing of the interior of the small chiller [10] 

 

 

Figure 69 general view of the whole system [10] 

In Figure 68 the two chillers are in the middle. On the left there are the cold pipes with 

calclium chloride, and on the right there are the warm pipes with propylene glycol. 
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Appendix H 

 

Table 26 Sources from which the prices used in the economic study have been got 

Man labour cost Master thesis 
[9]

 

Heat exchanger Master thesis 
[9]

 

Electronic valve Master thesis 
[9]

 

Drainpipes Master thesis 
[9]

 

 
Insulation pipe 

http://www.lowes.com/Plumbing/Pipe-Fittings/Pipe-Insulation/_/ 

N-1z0zq5t/pl#! 

 
3 way valve        

(20 mm) 

http://controlscentral.com/eCatalog/tabid/63/Category/Pneumatic- 

Controls-Valves/ProductID/412740/PageIndex/13/ViewType/2/ 

Default.aspx 

 

Pipes 
http://www.usplastic.com/catalog/item.aspx?itemid=23979  

http://www.skipperlimited.com/pdf/pvc_price_list.pdf  

 
Pump 20 mm http://www.dinvvsbutik.se/sv/artiklar/tappvv-pump-up-20-30-n150.html  

GRUNDFOS 

UP20 

http://noteswww.grundfos.com/web/homees.nsf/GrafikOpslag/PDF2/$File 

/Calefacci%C3%B3n_Cat%C3%A1logo%202007-2008.pdf 

 
Rent excavator http://www.machinerytrader.com/list/list.aspx?ETID=2&catid=1031 

 

Concrete 

http://www.homedepot.com/c/how_to_mix_concrete_HT_BG_BM 

http://www.lowes.com/Concrete-Cement-Masonry/Concrete-Masonry- 

Products/Concrete-Mix/_/N-1z11ptz/pl?cm_sp=Building%20Materials 

-_-Concrete|PopularCat-_-Merch|PopularCat_ConcreteMix&cm_cr= 

Cement+%26+Masonry-_-Web+Activity-_-Cement+and+Masonry+Top 

+Flexible-_-SC_Asphalt+Concrete+Cement++Masonry_TopFlexible_ 

Area-_-10504557_1_#! 

 

Cement block 

http://www.lowes.com/Building-Supplies/Concrete-Cement-Masonry/ 

Cement-Block/_/N-1z11ptl/pl?Ns=p_product_avg_rating|1&cm_sp= 

Building%20Materials-_-Concrete|PopularCat-_-Merch|PopularCat_ 

Cement_Block&cm_cr=Cement+%26+Masonry-_-Web+Activity-_- 

Cement+and+Masonry+Top+Flexible-_-SC_Asphalt+Concrete+ 

Cement++Masonry_TopFlexible_Area-_-10504557_18_#! 

 
Rent tractor https://www.sunbeltrentals.com/equipment/items/1404 

 

Conversion Factors used 

1 USD (United States Dollars) 

6,64579886 SEK 

 
1 INR (Indian Rupees) 

0,113563411 SEK 

 
1 foot 

0,3048 m 

 

http://controlscentral.com/eCatalog/tabid/63/Category/Pneumatic-
http://www.usplastic.com/catalog/item.aspx?itemid=23979
http://www.skipperlimited.com/pdf/pvc_price_list.pdf
http://www.dinvvsbutik.se/sv/artiklar/tappvv-pump-up-20-30-n150.html
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Appendix I 

Table to get the annuity factor (af). The left column is the life expectancy of the 

equipment, and the top row is the interest for the money. In this project, an interest of 

the 6% is used. 

 

 

 

  

Figure 70 annuity factor depending on the life expectancy and the interest [5] 
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List with the life expectancies of numerous equipment (text in Swedish). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 71 life expectancies [5] 
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Appendix J 

This section includes photos that do not appear in the study. 

 

    

 

 

 

     

 

Figure 72 preheat tap water heat exchanger [13] 

 
Figure 73 hot tap water heat exchanger [13] 

Figure 74 warm tap water tanks (500 l) [13] 

 

Figure 75 hot tap water tank (3200 l) [13] 
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Figure 76 tanks used to keep the pressure constant in the glycol’s circuit [13] 
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Figure 77 propylene glycol solution storage tank [13] 

  

Figure 78 calcium chloride solution storage tank [13] 
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Figure 79 pumps that push the refrigerant to the cooling pipes below the main rink (ISPA-CP1A/B) [13] 

 

 

Figure 80 pumps that push all the glycol flow into the condensers (KM01-CP1A/B) [13] 
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Figure 81 pumps that push all the cold refrigerant into the evaporators (KB01-CP1A/B) [13] 

 

 

 

Figure 82 ventilation unit of the practice arena [13] 
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Figure 83 room with the two chillers. The one on the left is the big chiller [13]. 
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