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Abstract  

 

Nowadays efficiency measures are more and more important because the price of the energy is 

increasing every year. Moreover, saving energy it is also important for decrease the 

environmental impact. 

Kastvallen is a hockey arena built in 1997 that cools the hockey rink with electric compressors. 

The changing rooms are heating by using district heating. Actually the total invoice of 

electricity is above the 800000 SEK. Meanwhile the district heating invoice reaches the 

60000SEK. The aim of this project is reducing the amount of the electricity and heat invoice 

promoting smart energy improvements. 

The improvements proposals can be divided in three sections; energy savings of the changing 

rooms, efficiency increase of the compressors and dehumidifier energy savings. 

For heat the tap water and the changing room’s ventilation it is suggested to take profit from the 

heat released at the condenser and so reduce its heat load requirements. For this proposal two 

different configurations are studied. 

In order to increase the efficiency of the compressors the possibility of reducing the condenser 

temperature will be studied. Three proposals will be studied to carry out this commitment; 

Installing a condensing temperature control, installing a evaporate cooler and having a snow 

storage. 

Finally, one of the largest consumers of electricity in Kastvallen ice hockey rink is the 

dehumidifier. The current dehumidifier works with a desiccant wheel. The desiccant material 

extract the moisture from the processed air flow, after that the desiccant has to be reactivated 

with ‘fresh air’. This reactivation air needs to be heated 95ºC, so the waste air released after the 

reactivation of the desiccant is air at high temperature.  

The first proposal is preheat the reactivation air with the hot waste air in order to reduce the 

heating requirements. The second step is studied the possibility of heating the air with district 

heating, taking into account that district heating is three times cheaper than electricity. The last 

proposal is to combine preheating and heating with district heating. 

All the previous energy improvements proposals are studied with empirical and analytical 

methods and using the knowledge gained during the previous years of studies. 
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The study concludes that the best proposal for the dehumidifier is combine the preheating and 

heating with district heating. For the refrigeration cycle, the study concludes that installing a 

controlled temperature control is the best option if the price of that is lower than 334726 SEK. If 

not the best option is heating the rooms and the ventilation with the condenser of the 

refrigeration cycle. These measures could reduce between 8% and 20% of the total energy 

invoice. Evaporative cooling and snow storage would be studying after with the data of the first 

year of the condensing temperature control; if it is installed. 
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1 Introduction 

 

1.1 Description 

Kastvallen is a sport complex situated in Bomhus that is a neighborhood of Gävle. Kastvallen 

has one hockey rink arena and three grass football pitches. The hockey rink is open from August 

to March. The sport complex is used in both summer and winter. In summer, it is used for 

playing football and in winter it is mainly used for practicing ice hockey. The ice hockey rink is 

usually used for school activities, team training, playing friendly matches or matches in the 

local league. Channing rooms, storage rooms and receipt and other rooms are used for the same 

activities. 

 

Figure 1.1:  Kastvallen sport complex [1] 

 

Kastvallen has different rooms and spaces for a pavilion with hockey rink space and hockey tier, 

a conference room, changing rooms, a refrigeration cycle room, district heating room, garage 

and a store. The sport complex is connected to electric grid and district heating grid. The biggest 

energy consumption is the electricity. The main uses of the electricity are refrigeration of the 

hockey rink, dehumidifying the air inside the pavilion and lighting. The district heating is used 

for heating the rooms, heating the hot tap water and heating the air for ventilation.  

 

The different energy invoices are paid of the Gävle kommun and IK Huge. Gävle kommun is 

the council of Gävle and IK Huge is a football and ice-hockey club. IK Huge pays 200.000 SEK 

and Gävle kommun the remaining money for the energy invoices.  
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1.2 Energy survey 

 

Kastvallen has two different sources of energy; electricity and district heating. Analyzing the 

energy that is used in the sports complex is the first point for studying the energy measures. 

 

1.2.1 Electricity 

 

Electricity is the highest energy cost in Kastavallen. Refrigeration cycle, dehumidifier, lights 

and pumps require the main the demand of electricity. The price of the electricity is divided in 

different parts: Fixed fee, contracted capacity and variable rate.  The price can change every 

year and there are two different periods Höglasttid and Låglasttid. It means high load time and 

low load time respectively[2]. 

 

High load time (Höglasttid): November-March, Monday-Friday between 7:00 to 21:00.  

Low load time (Låglasttid): Rest of the time that is not included in Höglasttid. 

 

Fixed fee 

 

Fixed fee is the cost for being connected to the grid. It is paid every year and the cost of this fee 

is independent of the energy demand. In 2010 the costs have been 5054 SEK. 

 

Contracted capacity 

 

This payment is the cost of the power demand that is used at the same time. The contracted 

capacity could be different in every month and period. The cost per kW has a different price. 

The contracted capacity is calculated by means of the three highest values in different days in 

the respective month.   

 

In 2010, the price was 62 SEK/kW per month in high load time. In the same year, the price in 

the low load time was 17.6 SEK/kW per month.  

 

Variable rate 

 

It is the cost for the energy in electricity that Kastvallen used. The electricity has different prices 

in the different periods. There are different costs included in the variable rate. Electricity cost, 
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taxes and network charge are the different payment for the variable rate. The Table 1.1 shows 

the breakdown of the variable rate in 2010. 

The electricity cost changes the price every year, the Table 1.1 shows the prices of electricity 

between 2008 and 2011 and it shows the percentage increasing since 2008.  

 

Table 1.1: Electricity prices between 2008 and 2011[2] 

Year Price (öre/kWh) % according to 2008 

2008 45.65 -- 

2009 57.62 26.22% 

2010 55.08 20.66% 

2011 51.22 12.2% 

Öre/kWh High load time Low load time 

Electricity cost 55.08 55.08 

Taxes 28 28 

Network charge 25.4 14 

Total cost 108.48 97.08 

 

 

Noise grid 

 

Noise grid happens when there are introduced different perturbations that can alter the 

sinusoidal wave in the grid. The cost for noise grid is 5.4 öre/kWh in 2010. 

 

Reactive power 

 

Usually the electric components have a reactive or capacitive demand. This means that the 

sinusoidal voltage wave and the current wave are lag. As a result, the grid losses are higher. The 

cost for reactive power is 18 SEK/kVAr per month.  

 

1.2.2 District heating 

 

The distinct types of payments in the district heating invoice are fixed fee, contracted capacity 

and variable rate. This type of energy has only one period. 
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Fixed fee  

 

It is the price for being connected to the district heating grid. It is paid every year. The cost in 

2010 was 704 SEK. 

 

Contracted capacity 

It is the payment for the capacity subscription. The cost was 922 SEK/kW per year in 2010.  

 

Variable rate 

Variable rate is the payment for the energy that is used. In 2010, the cost per kWh was 34.01 

Öre.  

 

1.3 Energy invoices 

 

As described before, electricity and district heating have different prices and taxes. The price of 

district heating per kWh is much cheaper than the price of electricity. 

 

1.3.1 Electricity 

 

Fig. 1.2shows the monthly demand of electricity that Kastvallen has used between January 2008 

and October 2010. As it can be seen, the highest demand of electricity is between August and 

March; these months are the same months in which the ice-hockey rink is open.  

 

The refrigeration cycle and the dehumidifier are those machines that demand more electricity. 

During the months in which the hockey rink is open, the demand of electricity is around 80000 

MWh per month; in January 2008 there is a peak with 25% more of the electricity demand. 

Between May and July the demand of electricity is around 17000 MWh. August and April are 

special months because the demand of electricity depends on the day on which the hockey rink 

is open and closed. 
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Figure 1.2: Monthly electricity demand in Kastvallen between 2008 and October of 2010[2] 

 

The total cost of the electricity and the total energy used in 2008 and 2009 is shown in Table 

1.2. As it has been said before, the electricity price was increased in 2009; this is the reason why 

the electricity cost was increased more than the electricity demand. 

 

Table 1.2: Electricity demand and cost  in 2008 and 2009[2] 

Year Electricity (MWh) Energy 

increase % 

Total cost (SEK) Cost increase 

% 

2008 692.7 --- 673284 --- 

2009 724.3 4.56 806660 19.8 

 

1.3.2 District heating 

 

The district heating demand in 2009 was 123 MWh and the total cost was 59132 SEK. The 

Table 1.3 shows the different parts of the district heating invoice. 

 

Table 1.3: Invoice of district heating in 2009 [2] 

Type Unit cost amount Cost SEK % of total 

Fixed fee 704 SEK/year -- 704 1.2 % 

 922 SEK/kW/year 18 kW 16596 27.73% 

Variable rate 34.01 öre/kWh 123000 kWh 41832 80.24% 

TOTAL -- -- 59132 100% 
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The monthly district heating demand is shown in the following graphic. In that graphic the 

demand of energy in 2008 and in 2009 is illustrated.  

 

Figure 1.3: Monthly demand of district heating in 2008 and 2009 

 

1.3.3 Distribution of invoices  

 

The total energy consume in 2009 is 847.3 MWh and the total energy invoice is 864660 SEK. 

Fig. 1.4 and 1.5 show the distribution of energy and cost respectively. The use of energy is 

85.48% of electricity and 14.52% of district heating. The distribution of energy cost is different 

than energy distribution because district heating and electricity have different prices; electricity 

has 93.29% of the total cost and district heating the rest (6.71%).  

 

 

Figure 1.4: Distribution of type of energy demand in 2009 
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Figure 1.5:  Distribution of cost in the different invoices 

 

1.4 Gävle climatic conditions 

 

Gävle is positioned in 60º41‘ N 17º10‘O. The mean temperature is around 5ºC. The following 

figure shows the graphic of the distribution of temperatures when the temperature is sorted in 

increasing order in one year. 

 

Figure 1.6: Diagram of distribution of temperatures [3] 

 

A degree-hour is the integral for the different degrees between the objective temperature and the 

outside temperature for every hour in the whole year when the outside temperature is lower than 

806660

58000
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the target temperature. As example of the temperature calculation, the target temperature could 

be 20ºC. The integral of the number of hours is described in the following equations: 

 

 𝐸𝑞.  1.1    𝐻 =  20 = 8300 𝑜𝑢𝑟𝑠           

 

 𝐸𝑞.  1.2    𝐷𝑒𝑔𝑟𝑒𝑒𝑜𝑢𝑟𝑠 = 𝑇𝑜𝑏𝑗 ∙ 𝐻 −   𝑇 𝜏 𝑑𝜏 = 121300 º𝐶 ∙ 𝑜𝑢𝑟𝑠  
𝐻

0

 

Where, 

 

H:  The number of hours where the temperature is lower than 20 ºC; in this case  

  8300 hours 

 

Tobj:  The objective temperature (ºC) 

 

T (τ):  The temperature (ºC) in the hour 𝜏 according to the Fig. 1.6 

 

The following table shows different degree-hours for different objective temperatures and 

different main temperatures. As mentioned before, the mean temperature of Gävle is about 5ºC.  

 

Table 1.4:  Different degree hours for different temperatures [3] 
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The average temperature in 2011 per month in Gävle is described in the following table.   

 

Table 1.5: Average outside temperature in Gävle (2011) [4] 

ºC Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dic 

T -3.9 -7.6 -0.3 8 0.2 15.4 17.1 15.7 12.8 6.9 4.3 0.6 

 

1.5 Aims 

 

This thesis is concerned with the decrease of the invoice of energy demand (electricity and 

district heating) of Kastvallen sport complex. Moreover, reducing the energy demand is 

profitable for the environment. Several proposals are suggested and studied for decreasing the 

energy demand in Kastvallen. 

 

The demand of district heating could decrease using the heat of the condenser of the 

refrigeration cycle for the hockey rink. The electricity demand could decrease installing 

efficiency measures in the refrigeration cycle and in the dehumidifier. 

 

Increasing the COP in the refrigeration cycle is a way to reduce the energy demand. The COP 

could increase reducing the condenser temperature of increasing the evaporator temperature. 

Controlling the temperature condenser, snow storage and evaporative refrigeration are 

efficiency measures for decreasing the condenser temperature. Using distilled water instead or 

ordinal water in the hockey rink is one efficiency measure for increasing the evaporator 

temperature in the hockey rink.  

 

There are three efficiency measures for decreasing the invoice of energy in the dehumidifier. 

The first measure is installing a heat exchanger for heating the reactivation air. The second 

measure is converting the electric heat air for district heating heat air and the third option 

combines the two previous proposals. 

 

All proposals will be evaluated and conducted by analytical methods and empirical data. The 

best options will be determined by considering economic, ergonomic and environmental 

aspects. 
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1.6 Methods 

 

First of all, a technological research was necessary to acquire basics on ice hockey rinks. For 

this commitment scientific journal and research papers were consulted and studied. In the theory 

chapter the state-of-art of this sort of installation are described.  

 

Once the theory was learned, several visits to Kastvallen ice hockey rink were made for better 

understanding of plant operation. In addition of that, we also contacted with the stuff in charge 

of the pavilion to extract additional information. 

 

At this function, the proposals were raised with the help of some teachers and experts form the 

company that designed the installation. Once the proposals were theoretically developed, the 

Kastvallen installation was visited one last time to get the data needed for the calculations. 

 

Every calculation was based on the data obtained from the installations data screens and 

indicators. The data and information of the dehumidifier was extracted from its technical 

catalogue. Notice that the dehumidifier works at constant mass air flow and power so the results 

can be weighted. For compressor calculations different scenarios were assumed in order to get 

the most accurate results. Such calculations were carried out by using analytic heat transfer 

formulation. 

 

For economic studies, the budgets were based on data provided by Sweco AB and prices were 

estimated in order to obtain the most accurate results. The economic profit of each proposal was 

determined relating the energy saving of the proposal compared with the actual energy 

consumption of the current installations. 

 

1.7 Limitations 

 

The limitations influence the way of doing the calculation and the precision of the results. This 

economical study is made in 2012; the study used the data of different years before until 2012.  

 

It is assumed that the demand of energy and the climatic conditions are similar every year; the 

data is collected of different years (The average temperature per month and the number of hours 

that the compressor works is taken in 2011, the price of the electricity and district heating are 

taken of 2009). It is the percentage that the different equipment consume of the total invoice is 

unknown; the energy demand of that is estimated by using another data. It is not possible to 
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know the variation of the energy prices, emissions or taxes in the future; it is assumed that there 

is no variation price for those in the following years.  

 

On the other hand, the nominal pressure of the condenser and the evaporator is missing as well 

as the isentropic efficiency or the electrical efficiency for the compressor. The UA values of the 

heat exchanger between the condenser and the outside air are also missing . The prices for 

calculating the cost of the heat installation are taken out of one catalogue of hot tap water 

installations; the estimate price and the real price may present variations.  

 

For calculating the reduction of energy in the refrigeration cycle the mean temperature for 

whole month is assumed. The limitation of space for doing the snow storage is not considered.  

 

For dehumidifier calculations the data of the district heating temperature compared with the 

outdoor temperature are known. Nevertheless, the exact temperature of each day is unknown, so 

taking into account that the dehumidifier only works a determinate number of hours every year, 

only a portion of the temperatures of the years are considered.  
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2 Theory 

 

2.1 Description of the current installation 

 

2.1.1 Ice pad structure 

 

The ice hockey pad consists of several layers with a specific commitment. The topmost layer is 

the skating surface (ice). 

 

At the second layer the cooling pipes are located corresponding to the brine circuit. These 

cooling pipes have a unique task to chill the skater surface. The cooling pipes coil can be 

installed based on the configurations shown below, see Fig. 2.1. 

Figure 2.1: Cooling pipes configurations [5] 

Below the cooling pipes layer there usually is installed an insulation layer to decrease the heat 

transfer between the ground and the cooling pipes. 

 

The last layer is the one that keeps the weight of the rest of layers. One important issue to be 

considered is that if the ground is frozen by the brine circuit, the whole ice pad structure can 

collapse. For avoiding freezing, heating pipes are usually installed in the last layer. The heating 

pipe circuit can be similar to the brine circuit, and the refrigerant flow of this circuit normally 

comes from a by-pass of the heat part of the refrigerant plant. However, the Kastvallen ice 

hockey rink does not have such a layer. The common dimensions to each layer are shown in 

Fig. 2.2. 

 

Figure 2.2: Ice pad layers 
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2.1.2 Refrigeration systems of ice rinks 

 

There are actually two main possibilities for cooling an ice hockey rink, direct systems and 

indirect systems. 

 

Direct systems 

 

In direct systems the refrigerant flows throw a single closed circuit refrigerating the ice rink 

exchanging heat from the space to be cooled to the space the heat is released. A Direct systems 

refrigerant cycle consists of four main components; evaporator, compressor, condenser and 

expansion valve, see Fig. 2.3. 

The cool refrigerant is evaporated in the piping rink space, the vapor is sucked by the 

compressor and the temperature and pressure of the vapor is increased, the refrigerant is 

condensed in the condenser where the heat extracted from the fluid is released, the expansion 

valve reduces the pressure of the refrigerant which is returned back to the evaporator. 

 

Indirect systems 

 

The Kastvallen ice hockey rink is obviously cooled by indirect system. 

The main feature of indirect systems is the refrigerant cycle which is spitted in three parts. 

Indeed, indirect systems are formed by the primary circuit (where are the compressor, the 

expansion valve, the evaporator and the compressor) and two secondary circuits are connected 

to the primary one by heat exchangers. One of the secondary circuits cools the rink using the 

evaporator, this secondary circuit is usually called brine and the other is used to release the heat 

in the condenser part. See Fig. 2.4. 

 

Figure 2.3: Direct System [6] 
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Figure 2.4: Indirect system [6] 

 

Most of the times the compressor, the evaporator and the condenser are located in a unique 

room (machinery room) which is the case of the installation in the Kastvallen ice hockey rink. 

This fact makes it possible to reduce the amount of refrigerant charge down to 5-15%[7].   

 

 The compressor 

The primary circuit of the installation studied in this thesis uses ammonia as a refrigerant, the 

ammonia (vapor) is sucked by the compressor that pressurizes the vapor and increases its 

temperature.  

 

Indeed, in Kastvallen there are installed two screw compressors (see Fig. 2.5 and Fig.2.6) in the 

primary circuit. While the volume of cooling required is not high, only one of the compressors 

is working. If eventually the first compressor is working up to 80% of its capacity the second 

one is automatically turned on for working in parallel with the first compressor.  

 

Figure 2.5: Kastvallen screw compressors 

 

 

 

Figure 2.6: Screw compressor schema [8] 
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For compressor calculation the operative shown below will be followed: 

 

 

Figure 2.7: Primary circuit diagram 

 

First of all, the total heat is captured by the evaporator each kg of refrigerant; this value is 

determined by the enthalpy difference between the inlet and the outlet of the evaporator see Fig. 

2.7: 

 𝐸𝑞. 2.1 𝑞𝑠 = 2 − 1  

Onceqsis determined, the cooling capacity of the compressor or the refrigerant mass flow rate 

can be determined depending on the data available: 

 𝐸𝑞. 2.2 𝑚 =
𝑃𝑐

𝑞𝑠
  

Having consulted the specific volume of ammonia for the temperature and pressure at the 

suction duct, then the volume of refrigerant sucked by the compressor can be obtained by the 

following expression: 

 𝐸𝑞. 2.3 𝑉𝑠𝑢𝑐 = 𝑚 ∙ 𝑉𝑠   

Volume of refrigerant displaced by the compressor is usually a parameter required for selecting 

the proper compressor, although the volumetric efficiency of the compressor has to be known. 

The volumetric efficiency of the compressor depends on the pressures of evaporation and 

condensation, these parameters is determined by the following expression:  

 𝐸𝑞. 2.4 𝑉𝑑 =
𝑉𝑠𝑢𝑐

𝜂𝑉
  

 𝐸𝑞. 2.5 𝜂𝑉 = 1 − 0,05 ∙ 𝜏  



Analysis and energy measures of Kastvallen ice hockey rink arena 

16 

 

 𝐸𝑞. 2.6    𝜏 =
𝑃

𝑃𝐿
  

Finally, the real power of the compressor required by the refrigerant circuit can be determined 

as well as the electric power of the compressor be determined. For this calculation it will 

assumed for the indicated efficiency the same value as the volumetric efficiency due their 

approximately equals values. Besides, the values of the mechanical efficiency normally are 

within 85-90% and the values of the electric efficiency do not deifier much from 95%, therefore 

these values will be assumed for these parameters. 

 𝐸𝑞. 2.7 𝑃𝑡 =  4 − 3 ∙ 𝑚  

 𝐸𝑞. 2.8 𝑃𝑟 =
𝑃𝑡

𝜂𝑖
  

 𝐸𝑞. 2.9 𝑃𝑒 =
𝑃𝑟

𝜂𝑚 ∙𝜂𝑒
  

Where, 

𝑞𝑠:  Net specific cooling production (KJ/Kg) 

h:  Enthalpy(KJ/Kg) 

𝑚 :  Refrigerant mass flow rate (Kg/h) 

𝑃𝑐:  Cooling capacity of the compressor (KJ/h) 

𝑉𝑠𝑢𝑐 :  Volume of refrigerant sucked by the compressor (m
3
/h) 

𝑉𝑠:  Specific volume of the refrigerant (m
3
/Kg) 

𝑉𝑑 :  Volume of refrigerant displaced by the compressor (m
3
/h) 

𝜂𝑉:  Volumetric efficiency 

𝜏:  Compression ratio 

𝑃𝑡 :  Theoretical power for compression (KJ/h) 

𝑃𝑟 :  Real power for compression (KJ/h) 

𝜂𝑖 :  Indicated efficiency 

𝑃 :  High-pressure of the NH3 circuit (KJ/Kg) 
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𝑃𝐿:  Low-pressure of the NH3 circuit (Bar) 

𝑃𝑒 :  Electrical power of the compressor (Bar) 

𝜂𝑚 :  Mechanical efficiency of the compressor 

𝜂𝑒 :  Electrical efficiency of the compressor 

Once the vapor of ammonia is pressurized it flows to the condenser, which is a heat exchanger, 

where the ammonia changes its physical state from vapor to liquid. Then the liquid pass trough 

an expansion valve where the ammonia pressure and temperature drops drastically, then the 

ammonia is ready to be sent to the evaporator.  

 The expansion valve 

 

The expansion valve is not a ‗step by step‘ valve, it is not electronic, the expansion valve of this 

installation is a mechanical valve and it regulates the flow of refrigerant checking mechanically 

the pressure at the outlet pipe of the evaporator.  

In the case of it is noticed that the evaporator has not been able to evaporate the entire amount 

of refrigerant, the expansion valve changes mechanically the butterfly inclination in order to 

reduce the refrigerant cabal. 

Figure 2.8: Expansion valve operating schema [9] 

 

 The NH3 tank 

 

Nevertheless, there are always deviations and it can be that some of the ammonia leaves the 

evaporator still liquid. Moreover the refrigerant circuit is not always working and there is need 

to store the ammonia remaining in the circuit to avoid the liquid to enter in the compressor, 

therefore the primary circuit is provided with an ammonia tank. See Fig. 2.9. 
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Figure 2.9: Ammonia tank of primary circuit of Kastvallen 

 

 The evaporator 

 

The evaporator is another heat exchanger, where it undergoes heat transfer between the primary 

circuit and the cold secondary circuit (brine circuit). 

 

The evaporator is a liquid cooler, for Kastvallen the evaporator is a plate heat exchanger. The 

main feature of this type of heat exchangers its compactness. In spite of the small size of this 

elements plate heat exchangers are being manufactured to cooling capacities up to 5000kW 

[10]. In addition, the extremely thinness of the plates and the high level of turbulence in the 

medium makes the heat transfer more efficient. See Fig. 2.10 and 2.11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10: Heat exchanger schema [11] Figure 2.11: Evaporator of the primary circuit 

 

 

 The brine circuit uses a mixture of 26% of calcium chloride and 76% of water. In the heat 

exchanger (evaporator) the ammonia takes heat sensible form the secondary refrigerant to make 

possible the phase change from liquid to vapor, thus cooling the brine refrigerant. Theoretically 

the total heat exchanged between the refrigerants is equal to the latent heat of vaporization of 

the ammonia; nevertheless it all depends on the plate heat exchange efficiency. For 

dimensioning of the evaporator the following calculation will be followed [10]: 
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Figure 2.12: Explanatory graph of Inlet and outlet temperature difference of the evaporator [10] 

 

 𝐸𝑞. 2.10 𝑄 = 𝑈 ∙ 𝐴 ∙ ∆𝑇𝑚𝑙  

 

 𝐸𝑞. 2.11 ∆𝑇𝑚𝑙 =
𝛥𝑇1 − ∆𝑇0

𝑙𝑛
𝛥𝑇1

∆𝑇0

 

Where,  

A:  Heat flow area 

𝑄 :  Cooling capacity (W)  

U:  Overall heat transfer coefficient (W/ (m
2
K))  

ΔTml:   Mean temperature difference between the fluids (K)   

ΔT1:  Inlet temperature difference  

ΔT0:  Outlet temperature difference 

In order to simplify the calculation a value of the overall heat transfer coefficient (U) within 

800-2500 (W/ (m
2
K)) will be assumed if this parameter is required.  

Once the mixture of Calcium chloride and water is cooled in the heat exchanger (evaporator), 

the cold refrigerant flows to the cooling coil where the ice rink is chilled. After chilling the rink 

the refrigerant suffers a refrigerant temperature rise and the refrigerant is returned back to the 

evaporator and the cycle starts again. 
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 The condenser 

 

The condenser links the (hot) secondary circuit and the primary circuit, this second circuit uses a 

mixture of 40% of Propylene glycol and 60% of water. On this occasion the ammonia gives its 

latent heats of condensation to the secondary circuit refrigerant which increases its temperature; 

nevertheless it all depends on the plate heat exchange efficiency. For calculations of the 

condenser an analogous formulation to the evaporator will be used.  

 

 

Figure 2.13: Condenser of the primary circuit 

 

The heated refrigerant releases the heat to the outdoor air by means of horizontal fans. The fans 

stir the air forcing the connection between the hot refrigerant and the outdoor air facilitating the 

evacuation of heat from the refrigerant to the outdoor air. See Fig. 2.14. 

 

 

Figure 2.14: Kastvallen outside fans 
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 The pumps 

 

Notice that the secondary circuits need pumps to force the circulation of the refrigerants. There 

are two types of pumps, the wet pumps and the dry pumps. In the wet types the pump is 

refrigerated by the fluid, and in the dry pumps the pump is only refrigerated by the convection 

with the air. In the case of dry pumps the thermal conditions of the refrigerant are unaffected, 

optimizing the functionality of the circuit. On the other hand wet pumps ensure the proper 

working of the pumps preventing of leakages and damage of the pump. 

 

Dry pumps have to be installed horizontally and wet pumps have to be installed vertically. In 

addition, is highly recommended to install the pumps in the lower point of the circuit to ensure 

the pump is working at full capacity. In Kastvallen the secondary circuits use dry pumps. 

 

 𝐸𝑞. 2.12    𝑃 = 𝑄 ∙ 𝐻𝑚 ∙ 9810   [12] 

 

Where, 

P:  Power transmitted to the fluid by the pump (W) 

Q:  Flow (m
3
/s) 

Hm:  Hydraulic pressure loss network expressed (m) 

 

 

 The expansion vessels 

 

The infiltrations of oxygen in the refrigeration circuits can cause corrosion in the circuit 

elements and so decrease the lifetime of the refrigeration circuits. In order to avoid those oxygen 

infiltrations it is required the circuit works with overpressure. For this purpose expansion vessel 

are installed.  

 

The expansion vessel consists of two deposits, one with refrigerant of the circuit and the other 

with air or nitrogen. These deposits are separated by a waterproof membrane. When the 

refrigerant expands, the membrane pressurizes the air deposit achieving a pressure balance in 

the circuit. For dimensioning the expansion vessel the following expression can be used: 
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 𝐸𝑞. 2.13 𝑉𝑒𝑡  =  𝑘 ∙ 𝑉𝑤 ∙  
[ ( 

𝑣 1

𝑣0
 )  −  1 ]  

[ (
 𝑝𝑎   

𝑝0
)  −  ( 

𝑝𝑎  

 𝑝1
 ) ]

   [13]      

Where, 

Vet:  Necessary expansion tank volume (m
3
) 

Vw:  Refrigerant volume in the circuit (m
3
) 

V1:  Specific volume of the refrigerant at operating temperature (m
3
/Kg) 

V0:  Specific volume of the refrigerant at initial temperature (m
3
/Kg) 

pa:   Atmospheric pressure - 14.7 (psia) 

p0:   System initial pressure (psia) 

p1:  System operating pressure (psia) 

K:  Safety factor (2 common value) 

 

Direct/Indirect systems comparison 

 

Direct systems need a large refrigerant charge and that increases the costs of this type of 

installations. Besides, a large quantity of refrigerant is leaked in direct systems compared with 

the indirect systems. Consequently indirect systems are more suitable for installations that have 

a high cooling demand. In Table 2.1are compared the direct and indirect systems. 

 

Table 2.1: Direct/Indirect systems comparison [5] 

Direct system Indirect systems 

+Energy efficiency 

+Simple 

+Use of factory made refrigeration units 

+Small refrigerant filling(environmentally 

positive) 

+Suitable to any refrigerant 

-Not possible with certain 

refrigerants(ammonia) 

-Installation costs 

-Lower energy efficiency than with direct 

systems 
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-Need of professional skills in design and 

installing 

  

2.1.3 Refrigerants of the subcircuits 

 

Primary circuit  

 

As usual the primary circuit uses ammonia (NH3) as a refrigerant. In refrigeration circuits the 

ammonia has to be storage under pressure, when the pressure of the ammonia drop it rapidly 

evaporated reaching its boiling point (-33 ºC), that is why the ammonia is highly used in 

refrigerant circuits. Ammonia weighs less than water (0.625 liters of water it weighs the same as 

1 liter of ammonia).The flammability limits of the ammonia in the air is within 16-25 %.  

 

In concentrations of 25-30% NH3 in water, ammonia is very corrosive and can cause burns. 

Ammonia is very corrosive for elastomers and cooper. 

 However, the primary circuit pipes of the installation are made out of steel and ammonia is not 

corrosive at all for steel.  

 

Ammonia has a very short lifetime in the atmosphere and it is considered environmentally 

friendly refrigerant. 

Ammonia is not considered poison for the human body(see Table 2.2) but it will cause high 

irritations in the eyes depending on the concentration of ammonia the area is involved 

(ammoniac affect the eyes more rapidly than the rest of alkalis). 

 

 Additionally, the inhalation of this alkali may cause convulsive coughing, difficult or painful 

breathing, pulmonary congestion and even death. 

Moreover, considering the water absorbs water rapidly it may be a hazard to the human skin 

from mild irritation to a darkened freeze-dries burn, to tissue destruction [14]. 
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Table 2.2: Ammonia health effects [2] 

Body part Concentration Effect 

Eyes 500 ppm and below No permanent eye damage 

to even chronic exposure 

Eyes 

Skin 

100-200 ppm Eyes irritated 

 

Skin 5000 ppm and above 

(vapor) 

Pure liquid 

Eyes irritated 

 

Full body chemical suit 

(vapor) required 

Second degree burns with 

blisters 

Lungs 400 ppm 

1700 ppm 

2400 ppm 

Immediate throat irritation 

 

Cough 

 

Threat to life after 30 

minutes 

 

Secondary circuits 

 

The brine circuit (the secondary circuit used for cooling the rink) uses as a mixture of 26% of 

Calcium chloride (CaCl2) concentration.  

The other secondary circuit uses a mixture of 40% of Propylene glycol concentration.  

 

Each installation deals with different secondary fluids, in the choice of the suitable fluid for 

each circuit some issues have to be considered: 

 

 Suitable freezing point 

 

Suitable freezing point is the temperature at which the fluid change the physical state from 

liquid to solid has to be below of the coldest point of the circuit. 
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The brine circuit, that correspond to the calcium chloride, works in temperatures within -20 and 

-2.The other secondary circuit used to release the heat from the condenser works in 

temperatures not less than 15ºC. 

As is shown in the Fig. 2.15 both the calcium chloride and the propylene glycol have a low 

enough freezing point. In the case of the calcium chloride the freezing point is below -30ºC and 

the freezing point for the Propylene glycol is below -20ºC so both fluids meet the requirements. 

 

 

Figure 2.15: Influence between freezing point and % of additive concentration (% by weight) [6] 

 

 High density  

 

Figure 2.16: Influence between density and % of additive concentration (% by weight) [6] 

Mixing points 
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It is clear that the brine circuit has the highest amount of refrigerant charge, so the density of 

this fluid has to be as high as possible. As is shown in the Fig. 2.16 the calcium chloride meets 

this requirement. 

 

 Specific Heat and thermal conductivity 

 

The specific heat determines the flow rate required and it determined the cooling load that the 

installation can provide. The low temperature brines have a specific heat value, about one—

third to one quarter of the water soluble brines. It is one of the main points to be considered 

[14]. 

 

 

Figure 2.17: Influence thermal conductivity and % of additive concentration (% by weight) [6] 

 

As is shown in the Fig. 2.17the calcium chloride has one of the highest values of thermal 

conductivity (K) among the fluids actually used for this kind of refrigerant circuits, within 0.52 

and 0.55 W/mK, contributing to the proper heat transfer. 

 

 Low viscosity 

 

 Low viscosity is need generally low viscosity of the refrigerants. A high viscosity of the fluid 

makes impossible to keep the turbulent refrigerant flow and force the circuit to increase the 

power consumption and decrease the efficiency ratio. Otherwise, the heat transfer in the heat 
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exchanger it is worse with viscous refrigerant due to the laminar flow that is created by the fluid 

on the piping walls. 

 

As is shown in the previous Fig. 2.18the viscosity of the calcium chloride it is really low and the 

viscosity variability with the temperature is almost negligible so is assumed that the brine uses a 

proper fluid.  

Figure 2.18: Influence between kinematic viscosity and % of additive concentration (% by weight) [6] 

 

On the other hand,  the graphic shows that the viscosity of the propylene glycol, the fluid used 

to release heat, presents a huge variability with the temperature and above with the low 

temperatures. Nevertheless this other secondary fluid is meant to be working with higher 

temperatures (higher than 15ºC), so the viscosity of the fluid is low enough to work in such a 

circuit. 

 

 Corrosion 

 

 A high density of the chosen fluid prevents corrosion. Considering the high density, the 

molecules are close and it aspect avoids air infiltrations that could cause corrosion in the pipes.   
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Figure 2.19: Influence between electrical conductance and % of additive concentration(% by weight) [6] 

 

In known that the electrical conductivity is a parameter that can show how corrosive is the fluid, 

as is shown in the Fig. 2.19the calcium chloride experience a sudden drop of its electrical 

conductivity from the 23% of CaCl2, again, comparing with the rest of possible refrigerators, the 

fluid chosen, the grade of corrosivity is acceptable. However, the corrosivity depends on the 

piping material. 

 

 Environmental aspects 

 

Actually the propylene glycol is not considered a health risk, to be considered a real risk for a 

person the minimal doses is 15 ml/kg, much higher that others glycols as the ethylene glycol. 

Besides, the propylene glycol is sometimes called green glycol. 

 

In the case of the chlorides, it is neither considered as a dangerous refrigerant for human health 

in case of leakage, nevertheless it will cause irritations in throat, nose and eyes if it is inhaled.    

 

 Other aspects 

 

 Obviously the cost of the refrigerant has to be considered. Besides, flammability aspects should 

influence the choice of the proper fluid.  
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2.2 Adiabatic refrigeration 

 

Adiabatic or evaporative refrigeration consists of increasing the air humidity for decreasing the 

air temperature. The humidity is increased when the air is in contact with the water; the relative 

humidity is increased near to 100%. The water is mixed with the air; this process needs energy 

and this energy is taken for the air that it is cooled. All this process is isenthalpic. The Fig.2.20 

shows the psychometric diagram where the state 1 is air with 15 ºC and 50% of relative 

humidity. The state 2 shows the air when the relative humidity is increases until 95%. The 

temperature in the state 2 is around 10ºC; it is around 5ºC lower than the temperature in the 

stare 1.  

 

Figure 2.20: Example of adiabatic refrigeration with the Psychometric diagram 

 

The adiabatic refrigeration is used in the refrigeration towers in power plants. Moreover, is used 

for refrigerating the buildings in climates where the temperature is not too high. 

  

2.3 Indoor Dehumidification [5] 

 

The indoor dehumidification is surely the part of the ice hockey stadium that requires more 

energy. The moisture of a closed emplacement is an issue affecting every single object 

contained in the closed pavilion, see Table 2.3.  

 

The Kastvallen ice hockey pavilion structure is made out of wood so an increase of the air 

humidity can promote rot and mould growth (see table 2.4) limiting the lifetime of the structure 

of the pavilion. But not only the high ratio of humidity affects the wooden structure, but also 
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adversely affects the metal objects, wires and electric devices. To avoid the corrosion in metals 

is considered that the indoor humidity ratio does not have to pass the 80 % [5].  

Table 2.3: Air temperature and humidity criteria to avoid fog [5] 

 

Table 2.4: Air temperature and humidity criteria for rot and mould damages of wooden structures [5] 

 

 

 

 

 

The moisture loads may come from different places, some part of the moisture load comes from 

the outdoor air flow for the indoor ventilation. Ice and users of the pavilion are also moisture 

sources. In addition of the air flow ventilation, the uncontrolled air flows of opening doors and 

windows and the air leakages caused by the pressure gradient between outdoor and indoor are 

also moisture loads to be considered. 

 

There are two main possibilities for dehumidifying the ice hockey pavilion: cool the ambient air 

below its dew point in order to condense the water vapor, or chemical dehumidification. 

 

2.3.1 Condensing dehumidifiers 

 

Condensing dehumidifiers consist in cooling the air below its dew point; the air flow is cooled 

by forcing it to pass through a cooling coil (see Fig2.21). In some dehumidification systems the 

cooling coil is just a by-pass from the cooling piping that chill the hockey rink. Cooling coil for 

this way of dehumidification can be also integrated in the ventilation system.  

 

Ice rink air temperature, ºC Maximum relative air humidity, % 

5 90 

10 80 

15 70 

20 60 

 Temperature, ºC Relative humidity, % 

Rot 50-5 >90-95 

Mould 55-0 >75-95 
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Figure 2.21: Condensing dehumidification process [5] 

 

Considering a temperature difference between the ice rink and the indoor air of the pavilion of 

10 K, the fraction of latent heat removal, Flatent: 

 

 𝐸𝑞. 2.14 𝐹𝑙𝑎𝑡𝑒𝑛𝑡 = 8.0𝑥10−3 ∙ 𝐻𝑅 − 0.36   [17] 

 

Where HR is the relative humidity in %,e. g. if the relative humidity of the air is 70%, the 

fraction of latent heat removal is 20%. 

 

The total heat supplied to the air of the pavilion, 𝐻𝑠𝑦𝑠𝑡𝑒𝑚  is given by the following equation:  

 

 𝐸𝑞. 2.15 𝐻𝑠𝑦𝑠𝑡𝑒𝑚 = ∅𝑣𝑎𝑝𝑜𝑟 𝐿𝑣 ∙  1 +
2.25 ∙ 𝜂

𝐹𝑙𝑎𝑡𝑒𝑛𝑡
    [17] 

 

Where Lv the heat of evaporation in𝐽 ∙ 𝐾𝑔−1,∅𝑣𝑎𝑝𝑜𝑟  is the vapor flux in 𝐾𝑔 ∙ 𝑆−1 ∙ 𝑚−2 and η is 

the result of multiply the thermal and the mechanical efficiency of the refrigerant circuit or the 

result of dividing the heat transfer used at the cooling coil and the energy consumed by the 

installation. 

 

2.3.2 Desiccant dehumidifiers 

 

The second option, which is the method used in the ice hockey pavilion of Kastvallen, it is the 

desiccant wheel, as the named shows the desiccant is mounted on a rotating wheel. While the air 
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flow passes through the desiccant wheel the moisture is adsorbed and sent to another part of the 

wheel in one half of the rotation where the desiccant is dried and the moisture is expelled. At the 

other extreme a stream of refrigeration air is introduced in the wheel previously heated. The dry 

air to ice rink get the waste heat energy from the exhaust air stream raising its temperature, so 

the ‗fresh air‘ temperature depends on the thermal gradient, between both streams. Notice that 

the airflows must following in opposite directions to make the heat exchange possible, because 

of the fact that the desiccant wheel exchange both moisture and temperature, this desiccant 

wheel is also named as a ‗Enthalpy wheel‘.,  see Fig. 2.22. 

 

 

 

1: Indoor air 

2: Air Supply 

3: Reactivation In 

4: Reactivation Out 

 

 

 

 

 

Figure 2.22: Desiccant dehumidifier process [18] 

 
The ‗enthalpy wheel‘ matrix is normally made out of aluminium, synthetic fibres or plastic and 

common adsorbents are silica gel and activated alumina [19]. 

 

Performance index for desiccant wheel calculation [19]: 

 

 Nomenclature: 

 

𝑚 :  Air mass flow (kg/h)  

X:  Absolute humidity (kg H2O/kg Air) 
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∆𝑋:  Absolute humidity difference (kg H2O/kg Air) 

 

H:  Enthalpy (KJ/Kg) 

 

hevap:  Latent heat of evaporation (kJ/kg) 

 

CP:
  

Specific heat for moist air (kJ/kg K) 

 

T:  Temperature (ºC) 

 

 Indexes: 

 

OA:  Outdoor air 

 

PA:  Processed air 

 

EA:  Exhaust air 

 

RegA:  Regeneration air 

 

CS:  Cold side 

 

HS:  Hot side 

 

HA:  Hot air 

 

Min:  Minimum 

 

I :  Inlet 

 

O:  Outlet 
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Moisture removal capacity, MRC shows the amount of moisture removed from the air flow.  

 

 

 𝐸𝑞. 2.16    𝑀𝑅𝐶 = 𝑚𝑂𝐴 ∙  ∆𝑋𝑂𝐴 − 𝑋𝑃𝐴 = 𝑚𝑂𝐴 ∙  ∆𝑋𝑂𝐴→𝑃𝐴  

 

 

Moisture removal regeneration, MRR shows the amount of moisture removed from desiccant 

 

 𝐸𝑞. 2.17    𝑀𝑅𝑅 = 𝑚𝑅𝑒𝑔𝐴 ∙  𝑋𝐸𝐴 − 𝑋𝑅𝑒𝑔𝐴  = 𝑚𝑅𝑒𝑔𝐴 ∙  ∆𝑋𝐸𝐴→𝑅𝑒𝑔𝐴   

 

.  

 

Analytically the total amount of moisture removed would be the moisture removed by the 

desiccant wheel, nevertheless it exists a deviation. It is assumed that a deviation of less than 5% 

is acceptable [20]. Moisture mass balance, MMB, this ratio link the amount of moisture 

removed in the air with the amount of moisture removed in the desiccant wheel. 

 

 𝐸𝑞. 2.18    𝑀𝑀𝐵 =
𝑀𝑅𝐶

𝑀𝑅𝑅
≈ 1 ∓ 5% (𝑀𝑎𝑥) 

 

As said previously, the desiccant wheel exchanges both temperature and moisture. 

Consequently the moisture mass balance is not enough for a complete calculation, total heat 

balance, TEB,  take into account not only the moisture exchanged but also the temperature raise 

of the ‗fresh air‘.  

 

 𝐸𝑞. 2.19    𝑇𝐸𝐵 =
𝑚𝑂𝐴 

𝑚𝑅𝑒𝑔𝐴 
∙

 𝑀𝑜𝑖𝑠𝑡 ,𝑃𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝑂𝐴 

 𝑀𝑜𝑖𝑠𝑡 ,𝑅𝑒𝑔𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝐸𝐴 
 

 

Sensible coefficient of performance, COPSensible  

 

 𝐸𝑞. 2.20 𝐶𝑂𝑃𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 =
𝑚𝑂𝐴 

𝑚𝑅𝑒𝑔𝐴 
∙

 𝐶𝑃(𝐴) ∙  𝑇𝑃𝐴 − 𝑇𝑂𝐴  

 𝑀𝑜𝑖𝑠𝑡 ,𝑅𝑒𝑔𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝐻𝐴 
 

 

This ratio shows the efficiency of moisture exchange of the desiccant wheel. 
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Latent coefficient of performance, COPLatent  

 

 𝐸𝑞. 2.21 𝐶𝑂𝑃𝐿𝑎𝑡𝑒𝑛𝑡 =
𝑚𝑂𝐴 

𝑚𝑅𝑒𝑔𝐴 
∙

𝐸𝑣𝑎𝑝  𝑋𝑂𝐴 − 𝑋𝑃𝐴 

 𝑀𝑜𝑖𝑠𝑡 ,𝑅𝑒𝑔𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝐻𝐴 
 

 

This ratio shows the efficiency of temperature exchange of the desiccant wheel. 

 

Total coefficient of performance, COPTotal  

 

 𝐸𝑞. 2.22 𝐶𝑂𝑃𝑇𝑜𝑡𝑎𝑙 =
𝑚𝑂𝐴 

𝑚𝑅𝑒𝑔𝐴 
∙

 𝑀𝑜𝑖𝑠𝑡 ,𝑂𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝑃𝐴 

 𝑀𝑜𝑖𝑠𝑡 ,𝑅𝑒𝑔𝐴 − 𝑀𝑜𝑖𝑠𝑡 ,𝐻𝐴 
 

 

is the ratio that  links the change of enthalpy of the outdoor air and the amount of thermal 

energy for the regeneration of the ‗enthalpy wheel‘. 

 

Heat wheel effectiveness, εHW  

 

 𝐸𝑞. 2.23 𝜀𝐻𝑊 =
  𝑚𝐶𝑆 ∙  𝑇𝐶𝑆(𝑂) − 𝑇𝐶𝑆(𝐼)  +  𝑚𝐻𝑆 ∙  𝑇𝐻𝑆(𝐼) − 𝑇𝐻𝑆(𝑂)   

2 ∙ 𝑚𝑀𝑖𝑛 ∙  𝑇𝐻𝑆(𝐼) − 𝑇𝐶𝑆(𝑂) 
 

 

is the ratio that links the thermal energy exchanged between the two air flows involved in the 

desiccant wheel. 

 

2.4 Heat loads in the ice rink 

 

The indoor ice rinks are exposed to three types of heat loads: 

 Conduction (𝑞𝐶𝑜𝑛𝑑 ) 

 Convection-Condensation (𝑞𝐶−𝐶) 

 Radiation (𝑞𝑅𝑎𝑑 ) 

Then, the total heat load (𝑞𝐼𝐻𝑅  [𝑊]) at which the rink is subjected is: 

 

 𝐸𝑞. 2.24 𝑞𝐼𝐻𝑅 = 𝑞𝐶𝑜𝑛𝑑 + 𝑞𝐶−𝐶 + 𝑞𝑅𝑎𝑑  
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2.4.1 Conduction 

 

Heat conduction is a mechanism for transferring heat energy between two systems based on 

direct contact of its particles with no net flow of material and it tends to equalize the 

temperatures of the systems involved.  Considering the previous definition of heat conduction, 

the contributors of this kind of heat transfer are ice resurfacing, ground conduction, heat gain to 

the piping and the users of the rink. 

 

Ice resurfacing 

 

To keep the ice sheet in good conditions the ice rink is covered by hot water and shaved by the 

resurfacing machine. Then the cooling requirement to the brine circuit increase. According to 

ASHRAE [21] the normal amount of water used to ice sheet resurfacing varies within 400-700 

litres with temperatures within 30-80ºC. The total heat load of resurfacing can be calculated 

with the following expression: 

 

 𝐸𝑞. 2.24 𝑞𝑅𝑒𝑠𝑢𝑟𝑓𝑎𝑡𝑖𝑛𝑔 =   1000 ∙ 𝑉𝑓 ∙  4.2 ∙  𝑇𝑤 − 0 + 334 + 2 ∙  0 − 𝑇𝐼𝑅   3600  ∙ 𝑛 ∙ 𝑡   [19] 

 

Where, 

 

𝑞𝑅𝑒𝑠𝑢𝑟𝑓𝑎𝑡𝑖𝑛𝑔 : Total heat load of resurfacing (KW) 

 

n:  Number of resurfacing in the period studied 

 

t:  Time spent in each ice resurfacing (h)  

 

𝑉𝑓 :  Resurfacing water volume (m
3
) 

 

𝑇𝑤 :  Resurfacing water temperature (ºC) 

 

𝑇𝐼𝑅   Ice rink temperature (ºC) 

 

Ground conduction 

 

The gradient of temperature between the rink and ground causes heat transfer between them. 

The total amount of heat gain by the rink is highly dependent on the dimensions of the rink and 
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the ground temperature. Nevertheless, it will be assumed a range of 2-4% [21] of the total heat 

load for ground conduction. 

 

Heat gain to the piping 

 

Moreover, there also exists a heat gain to the piping due to the temperature difference among 

the piping, ground and ambient temperature. Again, the heat lost by this phenomenon is highly 

dependent on the piping length and the temperature gradient among the systems involved. Thus, 

it will be assumed a range of 2-4% [21] of the total load for heat gain to the piping. 

 

Users of the rink 

 

The use of the rink by the skaters damages the ice sheet condition so it also increase the total 

heat load required. Due to the difficulty of calculation of this heat load, this heat load will be 

calculated as the 4% of the total amount of the heat load [21]. 

 

So,  𝐸𝑞. 2.25 𝑞𝐶𝑜𝑛𝑑 = 𝑞𝑅𝑒𝑠𝑢𝑟𝑓𝑎𝑡𝑖𝑛𝑔 + 𝛾𝐺𝑟𝑜𝑢𝑛𝑑 ∙ 𝑞𝐼𝐻𝑅 + 𝛾𝑃𝑖𝑝𝑖𝑛𝑔 ∙ 𝑞𝐼𝐻𝑅 + 𝛾𝑆𝑘𝑎𝑡𝑒𝑟𝑠 ∙ 𝑞𝐼𝐻𝑅  

 

Where, 

 

γGround : Fraction of the total heat load corresponding to ground conduction       

 

γPiping  : Fraction of the total heat load corresponding to heat gain to the piping 

 

γSkaters : Fraction of the total heat load corresponding to the users of the rink 

 

2.4.2 Convection-Condensation 

 

Ice-air convection depends on different aspects such as the air temperature, the air velocity and 

the ice surface temperature. The more ice-air temperature gradient, the bigger is the amount of 

heat transfer between them. Noteworthy that Kastvallen hockey arena is only working from 

October to March and there is not air heating in the pavilion, for this reason the ice-air 

temperature gradient is not as significant. Furthermore the ventilation of Kastvallen pavilion is 

not important because of the fact of not having air heating, consequently the air velocity has to 

be low, limiting so the ice-air convection.  
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 𝐸𝑞. 2.26 𝑞𝐶𝑜𝑛𝑣 = 𝛼𝐶 ∙ 𝐴𝐼𝑅 ∙  𝑇𝐴𝑖𝑟 − 𝑇𝐼𝑅  

 

 𝐸𝑞. 2.27 𝛼𝐶 = 3.41 + 3.55 ∙ 𝑉𝐴𝑖𝑟  

 

Where, 

 

qConv :  Total heat load of convection (W) 

 

αC:  Convective heat transfer coefficient (W/m
2
K) 

 

AIR :  Ice rink area (m
2
) 

 

TAir :  Air temperature (ºC) 

 

TIR :  Ice sheet temperature (ºC) 

 

VAir :  Air velocity (m/s) 

 

As is being explained in this thesis, one of most important factors in this kind of installations is 

the humidity control. It is not wonder that an important portion of the energy used by the whole 

installation is intended to this issue. 

 

In the case of heat loads the moisture ratio has also importance. One of the main ways of heat 

gains is the condensation. Generally the ice rink temperature is lower than the ambient 

temperature. So that the humid air condense in the ice surface, increasing the ice rink 

temperature. Obviously, the heat transfer by condensation depends on the humidity in the 

building. An accurate dehumidifier design will help to reduce the condensation grade. The 

amount of heat load by condensation can be determined by the following expression: 

 

 𝐸𝑞. 2.28 𝑞𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛 = 𝛼𝑑 ∙ 𝐴𝐼𝑅 ∙  𝑇𝐴𝑖𝑟 − 𝑇𝐼𝑅  

 

 𝐸𝑞. 2.29 𝛼𝑑 = 1750 ∙ 𝛼𝐶 ∙
∆𝑃

∆𝑇
 

 

 𝐸𝑞. 2.30    ∆𝑃 = 𝜑 ∙  𝑃1 − 𝑃2  
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 𝐸𝑞. 2.31 𝑃1 = 105 ∙ 𝑒𝑥𝑝 ∙  12.03 −
4025

235 + 𝑇𝐴𝑖𝑟
  

 

 𝐸𝑞. 2.32 𝑃2 = 105 ∙ 𝑒𝑥𝑝 ∙  17.391 −
6142.83

273.15 + 𝑇𝐼𝑅
  

Where, 

 

qCondensation : Total heat load of condensation (W) 

 

αd :  Diffusion heat transfer coefficient (W/m
2
K) 

 

∆P:  Pressure difference (Bar) 

 

∆T:  Temperature difference (ºC) 

 

φ:  Relative humidity 

 

P1:  Water vapor saturation pressure of the air (Bar) 

 

P2:  Water vapor saturation pressure of the ice (Bar) 

 

So,  𝐸𝑞. 2.33 𝑞𝐶−𝐶 = 𝑞𝐶𝑜𝑛𝑣 + 𝑞𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛  

 

2.4.3 Radiation  

 

The ice rink is subjected to two types of radiation, the radiation emitted by the ceiling and the 

radiation emitted by the illumination of the rink. 

 

The first type of radiation depends on emissivity index and therefore on the ceiling materials. 

The ceiling of the Kastvallen hockey rink is compose by wood and non-metallic material and its 

emissivity index should be within 0.8-0.95 [22]. The heat loads from radiation are usually the 

most important, so that sometimes the ceilings are covered by aluminium or it are simply 

painted in order to decrease the ceiling radiation up to 12 %. This first type of radiation can be 

determined by the Stefan-Boltzmann law (Eq. 2.34). 

 

 𝐸𝑞. 2.34 𝑞𝑐𝑒𝑖𝑙 = 𝑒 ∙ 𝜎 ∙ 𝐴 𝑇𝐶𝑒𝑖𝑙
4 − 𝑇𝐼𝑅

4   
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Where,  

 

qceil :  Radiant power of the ceiling (W) 

 

e:  Emissivity index 

 

σ:  Stefan constant (σ = 5.6703 ∙ 10−8 W/m
2
K

4
) 

 

A:  Radiating area (m
2
) 

 

TCil:  Temperature of the ceiling materials (K) 

 

TIR:  Temperature of the ice rink (K) 

 

The second sort of radiation comes from the illumination, the Kastvallen rink is illuminated by 

fluorescents, and according to ASHRAE [21] up to 60% of the light emitted by the fluorescents 

are converted to heat susceptible of being absorbed by the ice rink.   

 

 𝐸𝑞. 2.35 𝑞𝑅𝑎𝑑 = 𝑞𝑐𝑒𝑖𝑙 + 𝑞𝐼𝑙𝑢𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛  

 

2.5 District heating 

 

District heating is one type of energy production and distribution. The main use is to heat the 

building and hot tap water. District heating is also used for industrial processes. One of the 

principal advantages of district heating is that it is possible to produce the heat with different 

types of sources. Historically, there were different changes of production of heat; those changes 

were produced for political decisions, energy markets or environmental awareness. One of the 

most important changes was due to the oil crisis in 1973. Around 50% of the heating market in 

Sweden is heated by district heating. District heating is an important part of the environmental 

decisions in Sweden.   

 

The principal advantages of district heating 

 

One of the advantages of district heating is the production heat and productions of emission are 

located in few points usually outside of the city. It is easier to controle theemissions and 

installing systems for reducing the emissions; for this reason the urban ambient is better.  
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Another reason is that it is possible to change the type of fuel. This is beneficial because the mix 

of the production can be adapted to the market or the existence of natural resources. The 

additional grain is the production of electricity and heat in the same central; the electricity can 

be produced more efficiently and the fuel that is used is less than that which they produce in 

different centrals. 

 

The main disadvantage of district heating is first, the high cost for installing the distribution 

grid, and second, in the case of breakage or maintenance of the piper, one area of the city could 

not be able to heat. 

 

2.5.1 How district heating works 

 

The heat is produced in different parts of the urban area with different types of central like heat 

pump, biomass central, and gas central or industrial waste heat. The heat is distributed to the 

city with a grid of pipes until the demand points. The heat transfer is fulfilled with a fluid that is 

heated in the central and is transferring the heat to the demand point. After that, the fluid is 

transported to the central again.   

 

Figure 2.23: Schema of district heating [23] 

In the following table the temperature of the district heating supply is shown according to the 

outdoor temperature and the numbers of hours. 
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Table 2.5: District heating temperatures depending on outdoor temperature (2008) [24] 

TOutdoor(⁰C) Hours TDH (⁰C) 

-13,0 1,0 104,2 

-12,0 5,0 101,2 

-11,0 2,0 94,5 

-10,0 8,0 89,3 

-9,0 14,0 89,5 

-8,0 34,0 88,4 

-7,0 45,0 87,7 

-6,0 52,0 86,0 

-5,0 79,0 84,8 

-4,0 130,0 85,1 

-3,0 161,0 81,9 

-2,0 232,0 80,8 

-1,0 319,0 78,9 

0,0 569,0 77,9 

1,0 719,0 77,0 

2,0 535,0 75,4 

3,0 531,0 75,5 

4,0 411,0 74,4 

5,0 311,0 73,6 

6,0 326,0 73,5 

7,0 351,0 73,4 

8,0 327,0 73,4 

9,0 349,0 73,6 

10,0 335,0 73,2 

11,0 299,0 73,3 

12,0 316,0 73,2 

13,0 346,0 73,1 

14,0 375,0 73,3 

15,0 348,0 73,8 

16,0 267,0 73,8 

17,0 233,0 73,7 

18,0 211,0 73,6 

19,0 125,0 73,5 

20,0 110,0 73,3 

21,0 103,0 73,3 

22,0 58,0 73,0 

23,0 30,0 73,2 

24,0 30,0 73,2 

25,0 29,0 73,1 

26,0 17,0 73,2 

27,0 11,0 73,4 

28,0 7,0 73,9 

29,0 16,0 73,6 

30,0 3,0 73,4 

7,1 8780,0 75,4 
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2.6 Hot tap water 

 

Hot tap water is used for showers and sinks. The hot tap water is heated by district heating. The 

water is supplied by the water grid. District heating transfers heat to the water supply with a 

heat exchanger, Fig 2.24. The outlet temperature (Tw,outlet) for the hot tap water is around 60 ºC, 

It is important to have a temperature near to this temperature for killing pathogens (e.g. 

legionella). 

 

The heat exchanger must be designed for the worst case, high demand of hot water and the 

coldest temperature of the water (Tw,inlet ºC) that is supplied for the grid.  

The outlet hot water temperature is adjusted by a small computer with the aid of a thermometer 

in the outlet hot water and a valve in the district heating pipe.   

The power transmission of the heat exchanger is according to the follow equations: 

 𝐸𝑞. 2.36 𝑄 𝑜𝑡𝑤𝑎𝑡𝑒𝑟 =  𝑚 𝑜𝑡𝑤𝑎𝑡𝑒𝑟 ∙ 𝐶𝑝 ∙  𝑇𝑤 ,𝑜𝑢𝑡𝑙𝑒𝑡 − 𝑇𝑤 ,𝑖𝑛𝑙𝑒𝑡   

 

 𝐸𝑞. 2.37 𝑄 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 = 𝑚 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ∙ 𝐶𝑝 ∙  𝑇𝑑 ,𝑖𝑛𝑙𝑒𝑡 − 𝑇𝑑 ,𝑜𝑢𝑡𝑙𝑒𝑡   

 

 𝐸𝑞. 2.38 𝑄 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 = 𝑄 𝑜𝑡𝑤𝑎𝑡𝑒𝑟 +  𝑄 𝑙𝑜𝑠𝑠𝑒𝑠  

 

Where there is, 

 

Qhotwate:   Power demand necessary for heating the water (kW)  

mhotwater:  Mass flow of water that need heating (kg/s) 

Qlosses:   Heat power that the heat exchanger loss with the ambient (kW) 

Qdistrict:   Heat power that the grid must to provide to the system (kW) 

mdistrict:   Mass flow that is necessary for obtaining the heat power (kg/s) 

Cpis the specific heat, it is assumed that both circuits have water. The value of water is 4.18 

kJ/kgK. 
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Figure 2.24: Heat exchanger hot tap water – district heating 

 

2.7 Heating rooms 

 

There are several rooms that need to be heated. Those rooms are changing rooms, the reception 

room and the storage room. The heating is provided by district heating grid (primary circuit); 

the rooms are heated with radiators. The radiators have close circuit water that is heated by a 

heat exchanger with district heating grid; the name of this circuit is the secondary circuit. 

 

Figure 2.25:  Heat exchanger heating room – district heating 

 

There is a pump for moving the water in the secondary circuit. With the aid of a small computer, 

it is possible to regulate the rooms‘ temperature. The computer reads the outdoor temperature 

and in function of this temperature the computer fixes the temperature of the secondary circuit; 

Fig. 2.25 shows the function between the outside temperature and the temperature of the 
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secondary circuit. The temperature of the secondary circuit is regulated with one electronic 

valve in the primary circuit.   

 

 𝐸𝑞. 2.39 𝑄 𝑒𝑎𝑡𝑖𝑛𝑔 =  𝑚 𝑒𝑎𝑡𝑖𝑛𝑔 ∙  𝑇 ,𝑜𝑢𝑡 − 𝑇 ,𝑖𝑛   

 𝐸𝑞. 2.40 𝑄 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 2 =  𝑚 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 2 ∙  𝑇𝑑2,𝑖𝑛𝑙𝑒𝑡 − 𝑇𝑑2,𝑜𝑢𝑡𝑙𝑒𝑡   

 𝐸𝑞. 2.41 𝑄 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 2 =  𝑄 𝑒𝑎𝑡𝑖𝑛𝑔 +  𝑄 𝑙𝑜𝑠𝑠𝑒𝑠  

Where, 

Qheating:   Power heat demand for heating the rooms and heating the ventilation  

   (kW) 

mheating:    Mass flow circulating through the radiators and ventilation heat   

   exchanger (secondary circuit) (kW) 

Th,out:   Outlet temperature of heat exchanger in the secondary circuit (ºC) 

Th,in:   Inlet temperature of heat exchanger in the secondary circuit (ºC) 

Qdistrict2:  Power supply of district heating for heating and ventilation (kW) 

mdistrict2:  Mass flow that it is necessary for obtain the heating (kg/s) 

Td2,inlet:   Inlet temperature in the heat exchanger of district heating grid (ºC) 

Td2,outlet:   Outlet temperature in the heat exchanger of district heating grid (ºC) 

Qlosses:   Power that the heat exchanger transfers to the ambient (kW) 

 

The UA is the total U value (U value per total area); this value quantifies the heat loss and 

ventilation loss in the building per degree Celsius. This value is calculated with the following 

equation. 

 𝐸𝑞. 42    𝑄 = 𝑈𝐴 ∙ 𝑑𝑒𝑔𝑟𝑒𝑒𝑜𝑢𝑟𝑠                  

Where, 

 

Q:   Total demand of energy for heating the rooms and the ventilation per  

   year (kWh/year) 

 

UA:   Total U value of the building (kW/ºC) 
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Degreehours:  Total degree hours for having a inside temperature of 22ºC in Gävle 

   (5ºC of temperature mean). It is 133400 ºC∙ h. 

 

According to the invoice, the total heat is 123 MWh per year and the energy for heating hot tap 

water is 11200 kWh [25]. Therefore, 111.8 MWh is used for heating rooms and ventilation. 

The total U value (UA) is 0.838 kW/ºC. 

 

2.8 Ventilation 

 

2.8.1 Types of ventilation 

 

Every indoor space has to be ventilated with a proper design. Proper ventilation ensures a high 

air quality and this fact prevent of biological disease sources concentration, foggy ambient and 

keep the chemical balance among the chemical elements of the air. Besides, proper ventilation is 

needed for reducing the building‘s energy consumption, because with an unsuitable ventilation 

of the pavilion it would be very difficult the control of indoor humidity so the dehumidifier 

would not work in optimal conditions thereby increasing its consumption. 

  

Natural ventilation 

 

In natural ventilation systems the air is renovated without using fans or additional machinery to 

force air ventilation flow. Natural ventilation systems removed the building‘s air through the 

openings such as doors, windows or leakages. This natural air flow is possible thanks to the 

pressure gradients between indoor and outdoor.  

Obviously, natural ventilation does not allow controlling the air flow, consequently is highly 

recommended to design especial openings to ensure a proper air renovation.    

 

Extract-only mechanical ventilation 

 

Extract-only mechanical ventilation consists simply in removing the indoor air by using fans. 

The purpose of this type of ventilation is extracting harmful elements as close as possible to the 

source. It is recommendedproviding of filters the ducts and the fan. 

 

The pressure gradient between indoor and outdoor makes possible to replace the air extracted 

trough the openings of the building. 
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Supply-only mechanical ventilation 

 

Supply-only mechanical ventilation is used when a conditioned fresh air is particularly needed 

inside the building. The air is suctioned by the fan and it is force to pass through filters, 

humidifiers, coolers, driers or heater to achieve the air characteristics desired. 

 

This systems increase the air pressure of the space ventilated making possible the extraction of 

the air trough openings due to the pressure gradient between indoor and outdoor. 

 

Supply and exhaust or balanced mechanical ventilation systems 

 

Supply and exhaust or balanced mechanical ventilation systems are provided by two fans, one 

for supplying the air and another fan to extract the air. This type of ventilation systems allows a 

better balancing of the indoor pressure. 

 

Hybrid ventilation 

 

The hybrid ventilation combines both mechanical and natural ventilation. The operating mode 

can be set depending on the ambient conditions. The aim of this type of ventilation is achieve 

the maximum energy with the help of an electronic device that optimize the operating mode 

switching automatically natural ventilation, mechanical ventilation or both mechanical and 

natural ventilation. In addition, this system allows a better indoor air control in order to get the 

best indoor air quality and thermal comfort. In the following table are compared the energy use, 

energy cost and environmental impact of using different ventilation systems. See Table 2.6. 

 

Table 2.6: Energy costs and environmental impacts of using different ventilation systems [26] 
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Recirculation 

 

Recirculation ventilation systems are also provided by two fans for supplying and extracting the 

air, but in this case, parts of the air extracted from the space to be ventilated are returned to the 

supplying stream. This type of ventilation makes possible to save heat energy due to part of the 

warm air of the indoor space is mixed with new outdoor fresh air. Nevertheless, notice this way 

of ventilation reticulate the pollutants and reduce the clean air.   

 

2.8.2 Ventilation of the pavilion 

 

In the case of the Kastvallen ice hockey rink, the air is extracted by a fan (extract-only 

mechanical ventilation) located on the top of one of the front walls of the pavilion, see Fig. 2.26. 

 

 

Figure 2.26: Kastvallen ice hockey rink ventilator 

 

The fan works with constant airflow. The fan is set to be working at the point of maximum 

efficiency without depending of the humidity and temperature indoor conditions.  

 

Ventilation of the rooms 

 

There is a renovation of the air in the changing rooms and the reception room. There are two 

different conducts, namely the inlet and outlet air. Each conduct has a fan for moving the air. 

The inlet air is heated before to introduce in the rooms. The inlet air is heated first with the 

outlet air flow with a heat exchanger. The heat exchanger is the type rotary wheel, Fig. 2.27. 

There is a metallic wheel that is spinning; one part of the wheel is heated with the outlet air 
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flow. When the part of the wheel is in contact with the inlet air flow, the air is heated by the 

wheel.  

 

Figure 2.27: Rotary wheel; heat exchanger of ventilation in the rooms 

 

When the outside temperature is cold the rotary heat exchanger is not able to heat the air on its 

own. For this reason, there is a heat battery for additional heating. The inlet air flow is heated by 

a radiator that is connected to the secondary circuit. The radiator has pump water that it is 

connected when the temperature of the inlet air is cold.  

 

 

Figure 2.28: Diagram of ventilation system 

 

2.9 Economical analysis [27] 

 

The economic analysis is one of the most important parts in one energy auditing. This analysis 

is decisive for installing one measure or not. The investments of one efficiency measure could 

divide in three parts which are operating and maintenance, capital cost and material cost. The 

capital cost is the initial cost for installing an efficiency measure. The material cost is usually 

referenced to the different input of energy cost or material cost if the measure is installed or not.  
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2.9.1 Net Present Value 

Net present value is a cast flow technique that permits to calculate whether the efficiency 

measure is viable or not. The net present value is developed with the following equations: 

 𝐸𝑞. 2.43 𝑅𝑁 = 𝑅𝐹𝑅 +  𝑅𝑃 + 𝑖𝑒  

Where, 

 RN:  Required nominal return (-) 

RFR:  Real risk-free rate of return, the compensation loss of liquidity (-) 

RP:  Risk premium, the compensation risk (-) 

ie:   Compensation for expected inflation (-) 

The present value, PV, is to be invested for one period. At the end of the period, the investor 

must expect to receive a total amount, Ai, equal to the PV plus the required return for that 

investment: 

 𝐸𝑞. 2.44 𝐴1 = 𝑃𝑉 +  𝑃𝑉 ∙ 𝑅𝑁 =  𝑃𝑉 ∙  1 + 𝑅𝑁  

Therefore, 

 𝐸𝑞. 2.45    𝑃𝑉 =
𝐴1

1 + 𝑅𝑁
 

Generally, the investment is longer that one period, in this case the periods are years. In the case 

of second year the amount is divided by (1 + RN)
2
. In the case of i year is divided by (1 + RN)

i
  

The individual are added to produce the present value of the cast flows over n periods: 

 𝐸𝑞. 2.46    𝑃𝑉 =   
𝐴1

 1 + 𝑅𝑁 𝑖

𝑛

𝑖  =1

 

Where, 

Ai is the amount receivable at the end of period i (SEK) 

The net present value, NPV (SEK), represents the value that the investor expects to return 

during the years of the study. 
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 𝐸𝑞. 2.47    𝑁𝑃𝑉 =   
𝐴𝑖

 1 + 𝑅𝑁 𝑖
− 𝑃

𝑛

𝑖=1

 

Where, 

P:   Capital cost at the beginning of the year 1 (SEK) 

If the NPV is greater or equal to zero the efficiency measure is interested to develop because the 

efficiency will save money; however if the NPV of one efficiency measure is less than zero is 

better do not develop the measure.  

2.9.2 Internal Rate of Return 

Another way of calculate if one efficiency measure is profitable is calculate the internal rate of 

return, IRR (-), It is calculated according to the equation 2.46. The measure is profitable if IRR 

is greater than RN.  

 𝐸𝑞. 2.48  
𝐴𝑖

 1 + 𝐼𝑅𝑅 𝑖
− 𝑃

𝑛

𝑖=1

= 0            

2.9.3 Pay-Back 

Finally, one of the quicker ways to know if the investment would be economically profitable is 

the Pay-Back (Years). This parameter indicates the length of time it takes to recover the 

initial cost of a project, without regard to the time value of money. 

 𝐸𝑞. 2.49    𝑃&𝐵 =
 𝐴

 𝑄
 

Where,  𝐴 is the sum of the initial investment and all the negative fluxes (SEK), and  𝑄 is the 

sum of all the positive fluxes originated by the investment (SEK). 

 

2.10 Environmental analysis 

 

Calculating the environmental effects is difficult because it is not only quantitative terms. In this 

project, only the quantitative terms are consider for environmental analysis. The most important 

environmental effect is the CO2 and other greenhouse gases. The other gases can be calculated 

as CO2 equivalent. Two different sources of energy are used in the installation; electricity and 

district heating.  

 

http://financial-dictionary.thefreedictionary.com/Cost
http://financial-dictionary.thefreedictionary.com/Time+value+of+money
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The district heating is produced in and around Gävle; therefore, CO2-equivalent emissions per 

unit of energy is calculated with a mean of CO2-equivalent emissions that district heating 

produce in the area. CO2-equivalent emissions of electricity are calculated with the average of 

the CO2-equivalent produced by the all Swedish production of electricity.   

Table 2.7: CO2 equivalents emission of the different source of energy Table 2.8 and [28] 

Type of source of energy kg CO2 equivalents per MWh 

Electricity 55.9 

District heating 50 

  

 

Table 2.8: CO2 equivalents emissions in the different electrical mixes[29] 

 

 

2.11 Ice hockey rink pavilion improvement 

 

2.11.1 Heating with the refrigeration cycle. 

 

The condenser of the refrigeration cycle needs refrigeration and extraction of the heat; Fig. 2.14. 

One part of this heat could be used for heating. The sport complex has different demand of heat 

as heating of the rooms, hot tap water, ventilation and the dehumidifier machine. The heat of 

ventilation, heating and hot tap water is produced by district heating and the heat of the 

dehumidifier machine is produced by electric resistance. The refrigeration cycle can work to 

different time that the heat is demanded. The main idea of this proposal is reduced the inlet of 

energy; for that reason, installing heat storage tank could reduce the power heat demand when 

the refrigeration cycle does not work. The different heat demand that the refrigeration cycle 

could reduce are the heating of the rooms, hot tap water and ventilation.  
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Heat the fluid with the condenser 

 

The fluid can be heated with the condenser using a heat exchanger (additional heat exchanger). 

The heat exchanger could be installed between the compressors and the heat exchanger that has 

already been installed (conventional heat exchanger). The Fig. 2.29 shows the position of the 

additional heat exchanger. There are two reasons for installing the heat exchanger in that 

position. The first reason is because the temperature of the ammonia is higher. The second 

reason is the demand of heat for the new installation could be zero; In that case, the condenser 

must be cooling only by the conventional heat exchanger. 

 

 

Figure 2.29: Schematic representation of the position of additional heat exchanger 

 

Temperature analysis at compressors outlet  

 

The type of refrigeration system of Kastvallen hockey rink is indirect cycle (see 2.1.2). 

According to the figure A.1 (see appendix 1), the hockey rink is refrigerated with 26% of 

CaC12 the minimum temperature of that fluid is -10ºC. On the other hand, the condenser of 

refrigeration cycle is refrigerating with 40% of propylene glycol, the temperature of the 

condenser inlet and outlet is 21ºC and 27ºC respectively.  

 

The temperature evaporator of the refrigeration cycle must be higher than the minimum 

temperature of the hockey rink refrigerated because the heat exchanger needs few degrees for 

transferring the heat. Consequently, the maximum temperature for the evaporator must to be 

between -15 ºC and -22ºC. The minimum temperature of the condenser of the refrigeration cycle 
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is few degrees higher than the average temperature of the secondary fluid pump. In that case, the 

condenser temperature is considering between 28ºC and 40ºC. 

 

Fig. 2.30 shows the ammoniac diagram Pressure-enthalpy; in that diagram, it shows the 

minimum temperature for the evaporated and the minimum temperature for the condenser. In 

this section, the compressors are assumed that they are ideal; they operate in isentropic way. 

Real compressors cannot work in isentropic way but in that apart it is not considered because 

the objective of this section is find the minimum theoretical temperature in the compressors 

outlet. 

 

 

Figure 2.30: Ammonia P-h diagram, with the minimum compressor outlet temperature 

 

The diagram shows that the ammoniac temperature is higher than 80 ºC at the outlet of the 

compressor. This temperature is high enough for heat the hot tap water using another indirect 

close circuit to transfer the heat. Moreover, it could be enough temperature for heating or 

preheating the heating room cycle (secondary cycle). 
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Option 1: heating the rooms with the refrigeration cycle without storage 

 

This option seeks supply heat directly in the heating circuit (secondary cycle) when the 

refrigeration cycle is operated. In this option, preheating the hot tap water and heat storage is not 

considered.  

 

 Description 

 

The heat of the condenser is transferred directly by a heat exchanger to the secondary cycle. The 

position and the characteristics of this heat exchanger have been described before.The heating 

fluid has a by-pass in the condenser heat exchanger; the mass flow of the condenser is regulated 

by one electronic valve (see Fig.2.31, electronic valve 2).The mass flow of heating fluid, which 

it flows into the condenser heat exchanger, it is regulated by another electronic valve (see Fig. 

2.31, electronic valve 1).  

 

After by-pass, the mass flow of heating fluid is gone through by one heat exchanger; this heat 

exchanger is already installed in the district heating room and it is described in section 2.7. The 

heating fluid is circulated by one pump. This pump could be the pump that is installed in 

Kastvallen for move the heating fluid.  

 

 

Figure 2.31: Schematic representation of the option 1 
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 How option 1 works  

 

The refrigeration cycle does not work every time; it is worked only when there is demand of 

cooling. The option 1 does not have any heat storage. For these reason, the rooms must be 

heated only by district heating when the refrigeration cycle does not work. In that case, the 

heating is worked the same way as the initial situation. All mass flow is troughed by the by-

pass, that is, the electronic valve 1 is close and the electronic valve 2 is completely open. 

 

There are different options when the refrigeration cycle is worked. Those options are in function 

of different temperatures and the working point of the compressors. The behaviour of the 

different valves is showed in the Table 2.9. 

Table 2.9:  Working states for the option 1 

State R.C. Tsupply Tr Ta Valve 1 (V1) Valve 2 Valve 3 

1 Off f (Tout) - - 0 1 f(Tsupply) 

2 On f (Tout) >Tmax <Tsupply 0 1 f(Tsupply) 

3 On f (Tout) <Tmax <Tsupply 1 0 f(Tsupply) 

4 On f (Tout) <Tmax >Tsupply f(Ta, Tr, Tsupply) 1 – V1 f(Tsupply) ≈ 0 

 

Where, 

 

Tout:  Outside temperature (ºC) 

 

Tsupply:  Fluid temperature necessary for the radiators; this temperature is according to  

  outside temperature. The temperature is measured with thermometer 3 (ºC) 

 

R.C:  Abbreviation of refrigeration cycle. The states that have On is meaning that the  

  cycle is working.  

 

Tr:  Return temperature of the radiators; it is measured with thermometer 1 (ºC) 

 

Ta:  Fluid temperature that is measured with thermometer 2 (ºC) 

 

Tmax:  Maximum temperature of the condenser (ºC) 
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 Analysis of by-pass mass flow of the state 4 

 

 

Figure 2.32:  Final of the by-pass schematic of option 1 

 

There are two pipes, the by-pass pipe and another from the condenser. Those pipes are joined 

after by-pass. The law of conservation of mass and energy are fulfilled. The following equations 

show the behavior of the join: 

 𝐸𝑞. 2.50 𝑚 𝑒𝑎𝑡𝑖𝑛𝑔 =  𝑚 𝑏𝑦𝑝𝑎𝑠𝑠 +  𝑚 𝑎  

 

 𝐸𝑞. 2.51 𝑚 𝑒𝑎𝑡𝑖𝑛𝑔 ∙ 𝑐𝑝 ∙ 𝑇 ,𝑖𝑛 = 𝑚 𝑏𝑦𝑝𝑎𝑠𝑠 ∙ 𝑐𝑝 ∙ 𝑇𝑟 + 𝑚 𝑎 ∙ 𝑐𝑝 ∙ 𝑇𝑎  

 

Combined and simplify: 

 

 𝐸𝑞. 2.52 𝑚 𝑏𝑦 = 𝑚 𝑎 ∙
𝑇𝑎 − 𝑇 ,𝑖𝑛

𝑇 ,𝑖𝑛 − 𝑇𝑟
 

 

The fraction flow of the valves can be defined in that way: 

 

 𝐸𝑞. 2.53 𝑉1 =
𝑚 𝑎

𝑚 𝑒𝑎𝑡𝑖𝑛𝑔
 

 

 𝐸𝑞. 2.54 𝑉2 =
𝑚 𝑏𝑦𝑝𝑎𝑠𝑠

𝑚 𝑒𝑎𝑡𝑖𝑛𝑔
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Combining (2.51), (2.52) and (2.53): 

 

 𝐸𝑞. 2.55 𝑉1 =
𝑚 𝑎

𝑚 𝑎 + 𝑚 𝑏𝑦𝑝𝑎𝑠𝑠
=  

𝑚 𝑎

𝑚 𝑎 ∙  1 +
𝑇𝑎−𝑇 ,𝑖𝑛

𝑇 ,𝑖𝑛 −𝑇𝑟
 

=
𝑇 ,𝑖𝑛 − 𝑇𝑟
𝑇𝑎 − 𝑇𝑟

 

 

And combining (2.51), (2.52) and (2.54): 

 

 𝐸𝑞. 2.56 𝑉2 =
𝑚 𝑏𝑦𝑝𝑎𝑠𝑠 + 𝑚 𝑎 − 𝑚 𝑎

𝑚 𝑒𝑎𝑡𝑖𝑛𝑔
=

𝑚 𝑒𝑎𝑡𝑖𝑛𝑔 −  𝑚 𝑎

𝑚 𝑒𝑎𝑡𝑖𝑛𝑔  
= 1 − 𝑉2      

Where: 

 

mheating and Th,in: Described in the apart 2.5 heating rooms 

 

mbypass and ma:  Heating fluid mass flow for the by-pass and the condenser way   

   respectively (kg/s) 

 

V1 and V2:  Fraction flow for the condenser way and the by-pass respectively (-) 

 

Option 2: heating the rooms and the hot tap water with the refrigeration cycle without 

heat storage 

 

Option 2 and option 1 are similar but the option 2 includes hot tap water heating or preheating. 

This option does not have heat storage; therefore, hot tap water and heating are only heated 

when the refrigeration machine is working.  

 

 Description 

 

The scheme is similar option 1 scheme; the heating rooms have the same schematic 

representation. The different is that heating hot tap water is included. The option 2 has three 

additional heat exchangers, one is for heating rooms (h.e. 2) and two are for heating hot tap 

water (h. e. 1 and h. e. 3). The hot tap water is heated from 8.2 ºC to 60ºC. 8.2 ºC is the average 

temperature of cold tap water in Gävle [30]. Tap water is heated with heat exchanger 1 and after 

that with h. e. 3. The reason of installing two heat exchangers for heating the water is because 

the condenser temperature of the ammonia is higher than the cold tap water. Another reason, it 

is because the hot tap water temperature is most of the time higher than supply heating rooms‘ 

temperature. The Fig 2.32 shows the schematic position of the new idea.  
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Figure 2.33: Schematic representation of the option 2 

 

When the tap water leaves the heat exchanger 3, it is moved to the district heating room with a 

pipe . In this room, the water temperature is measured by the thermometer 4 (Fig. 2.33). In the 

case that the water temperature is higher than the limit temperature for hot tap water, this water 

could be mixed with tap water. The regulation of the new tap water is done by the electronic 

valve 3 (Fig. 2.33). In the case that the temperature of the water is lower than the minimum 

temperature that it is necessary for eliminating pathogens, the water is heated until this 

minimum temperature with the aid of district heating. The regulation of the valve 1 and valve 2 

for heating rooms are development in the option1. 

 

Figure 2.34:  Example of heat transmission of the condenser with the new heat exchangers 
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The heat transmission of the condenser is showen in the Fig.2.33 In that figure, the refrigeration 

cycle has 35ºC of condenser temperature, -15ºC of evaporation temperature and the compressors 

are supposed to be isentropic. It is assumed that the minimum difference of temperature for 

transferring heat is 5ºC. The cold tap water is assumed to be the average temperature of 8.2ºC 

[15] and the hot tap water is 60ºC. The return heating temperature is assumed to be 40ºC in that 

example. The mass flows for heating rooms and for hot tap water are 0.5 kg/s and 0.3 kg/s 

respectively.  

The ammonia fluid has 110 ºC of inlet temperature and it is cooled with h.e. 3, h.e. 2, h.e. 1 and 

conventional refrigeration by this order.  

Option 3: heating the rooms and the hot tap water with the refrigeration cycle with 

heat storage 

 

Sometimes, the demand of heat is higher and the refrigeration cycle does not work. This could 

happen if many showers are used at the same time. In that case, all heat demand is distributed 

by district heating.  The opposite case is when the refrigeration cycle works most of the time 

and the heat demand is lower. This may happen during the less cold months. This section shows 

and describes the possible installation with heat storage. This Installation is similar to the option 

1 but it is more expensive because more components will be installed. On the other hand, this 

installation is able to save more district heating energy.  

 

Figure 2.35: Schematic representation of the option 3 
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The main difference of this option is the heat storage tank. The heat storage could be used for 

both heating rooms and pre-heating hot tap water. The fluid for the heat storage tank is the same 

than the heating rooms‘ fluid (Secondary circuit fluid). The tank has one serpentine pipe inside. 

This pipe transports tap water from the bottom to the top of the tank. Tap water and heating 

fluid are never mixed. The tap water is heated or preheated with the heat storage tank. 

  

When the refrigeration cycle is working, the heating rooms and ventilation are heating with the 

heat of the condenser. The way of heating is the same that the option 1 because the mass flow of 

the new pump is bigger than the other pump. For that reason, the tank and the rooms are heating 

at the same time.  

When the refrigeration cycle is not working, the heating rooms are heating or pre-heating with 

the storage tank. If the return radiators temperature is bigger than the temperature of the storage 

tank, the electronic valve 1 would be close and the electronic valve 2 would be open. This 

system works the same way that the option 1 works. 

 

Calculating the energy that it is possible to save with the different options of heating 

with the compressor 

 

 Option1 

 

As described in section 2.11.1, the option 1 heats the rooms when the condenser is working. The 

head condenser temperature is higher in every moment that the maximum temperature of the 

heating. Moreover, the power of the high temperature (more than 50 ºC) in the condenser is 

bigger than the power required for heating. According to this data, the heating room could be 

completely heated with the compressor if the refrigeration cycle works. The number of hours 

that the compressors are working (see appendix A) are known, as well as the demand of heat 

and hot tap water in every month.  

 

The energy of hot tap water is 11200 kWh. It is assumed that the hot tap water has a constant 

demand during the year; it is 933 kWh per month. When one compressor works, the heating 

demand is produced with the condenser. It is also assumed that the heating demand is uniform 

during the month. The following equation estimated the energy which is possible to reduce 

using option 1. 

 𝐸𝑞. 2.57 𝐸𝑐 =  𝐸𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 − 𝐸𝑜𝑡𝑡𝑎𝑝𝑤𝑎𝑡𝑒𝑟  ∙ 𝑟𝑚𝑎𝑥  

Where, 
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Ec:   Reduction of the energy with the condenser per month (kWh) 

 

Edistrict:   Energy requires of district heating per month (kWh) 

 

Ehottapwater:  Energy demand per month for heating the hot tap water 933.33 kWh 

 

rmax:   Maximum between r1 and r2 

 

r1and r2:  Percentages that the compressor 1 and 2 work in each month 

 

 Option 2 

 

Option 2 is similar to option 1; it only includes the hot tap water heating. The condenser has 

enough power for heating the rooms and the tap water because the head temperature is higher 

than 60ºC and the power is bigger.  

 

The calculation is as the option 1 but it is necessary to include the energy saves for heating the 

hot tap water. The hot tap water demand and the time that the refrigeration cycle work are 

random. For this reason, it is difficult to calculate the energy that it is reduced. One no too bad 

estimation is assumed that the hot tap water demand has a constant distribution. The equation 

that calculates the hot tap water energy saves is: 

 

 𝐸𝑞. 2.58 𝐸 = 𝐸𝑜𝑡𝑤𝑎𝑡𝑒𝑟 ∙ 𝑟𝑚𝑎𝑥  

 

2.11.2 Reduction of the condenser temperature 

 

The highest energy demand in Kastvallen is used for the refrigeration cycle. For that reason, 

reducing the energy consumption is very profitable for the invoice of energy. One possible way 

of reducing the electricity demand is reduced the condenser temperature and increased the COP. 

It is possible reducing the temperature if there is one cold focus. The possible cold focuses are 

described in the following subsections.  

 

Potential energy saves 

 

Before describing the different cold focuses, it is important to know the energy that is possible 

to be reduced.  
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The evaporator temperature must be the same if the condenser temperature is reduced. 

Therefore, the evaporator temperature is lower than -10 ºC. In this subsection, there are two 

temperatures of study; -12ºC and -18ºC. Moreover, the ammoniac state in the outlet of the 

evaporator and the inlet of the compressors is when the ammoniac is completely gas.  

 

Theoretically, compressors processes are isotropic process but in reality the compressors have 

isotropic efficiency between 0.95 and 0.8. In that case, the study is done with two isotropic 

efficiencies 1 and 0.9.  

 

In the condenser, the ammoniac is not sub cooled. The temperature of the condenser currently is 

higher than 26 ºC. In this subsection, the condenser temperature is assumed 30ºC or 35ºC. The 

new temperature could be 5ºC, 10ºC, 15ºC, 20ºC or 25ºC. It is decreased between 30 ºC and 5ºC 

the condenser temperature. The Table 2.10 shows the different COPs for the different 

hypothetical cases.  

 

Table 2.10: Different COPs of the refrigeration cycle (exclude pumps) 

Evaporator 

temperature 

Isotropic 

efficiency 

Condenser temperature 

35ºC 30ºC 25ºC 20ºC 15ºC 10ºC 5ºC 

-18ºC 0.9 3.5 3.9 4.5 5.2 6.1 7.3 9.1 

1 3.9 4.4 5.0 5.7 6.8 8.1 10.1 

-12ºC 0.9 4.1 4.7 5.5 6.4 7.8 9.8 12.9 

1 4.6 5.2 6.1 7.2 8.7 10.8 14.3 

 

As has been said before, COP is the quantity of cold energy that it is possible to obtain with one 

unit of electricity. One estimate of the electric energy that it is possible to save can be calculated 

with the following equation: 

 

 𝐸𝑞. 2.59    % 𝑠𝑎𝑙𝑣𝑒 =

1

𝐶𝑂𝑃𝑎
−

1

𝐶𝑂𝑃𝑟

1

𝐶𝑂𝑃𝑎

∙ 100 =  1 −
𝐶𝑂𝑃𝑎
𝐶𝑂𝑃𝑟

 ∙ 100        

 

Where, 

 

COPa:  COP in the actual installation 

 

COPr:  COP with the new possible condenser temperature 
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The following table shows the percentage of energy that is possible to reduce with the different 

condenser temperature. It is calculated with aid of the equation 2.56 and the COPa and COPr are 

the arithmetic mean for every COP that has the same temperature in the Table 2.11. 

 

 

Table 2.11: Energy saves changing the condenser temperature 

Energy reduces in the 

refrigeration cycle. 

 New Condenser temperature 

25ºC 20ºC 15ºC 10ºC 5ºC 

Present 

temperature 

35ºC 23.7% 34.3% 45.2% 55.3% 64.8% 

30ºC 13.7% 25.7% 35.1% 49.4% 60.3% 

 

The potential energy save could be between 12% and 64% of the total electricity that the 

compressor needs. Moreover, the invoice of variable rate in electricity could be reduced. 

 

Condensing temperature control [31] [32] 

 

As it has been said before, reducing the temperature of condensation can reduce the electricity 

demand. The aim is to lower the condenser temperature according to the outlet temperature for 

reducing the electricity demand. It is possible to set the condenser temperature for two ways 

predictive and experimental return temperature. The electric motors of the compressors have 

incorporated converter frequency. The electric motors can change the rotational speed and the 

engine torque. Consequently, the compressors can set the proper ammoniac mass flow.  

 

 Predictive condenser temperature 

 

The maximum condenser temperature for the outdoor temperature could be estimated if  the 

UAs values in the heat exchanger and in the outdoor coil would be known. With this 

calculation, the optimum condenser pressure for every outdoor temperature is known. One small 

computer could calculate the pressure condenser with the aid of one thermometer. This 

thermometer could be installed outside for reading the outside temperature.  

 

The problem of that installation is that if the thermometer is broken or the temperature of the 

thermometer is lower the refrigeration cycle could not work properly.  
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 Experimental return temperature 

 

Another way for estimating the maximum temperature that it is possible to condenser the 

ammoniac is installing a control system. The control system could measure the condenser 

pressure and the condenser outlet temperature and with the aid of a small computer program, the 

system could determine the optimum pressure for the condenser.  

 

It could read the outlet temperature and the pressure in the condenser. With these data, the 

computer program could calculate if the ammoniac is sub cooling and the number of degrees 

that is sub cooled or if it is still in the condenser state. 

 

Figure 2.35: Refrigeration cycle with the thermometer and the measuring pressure 

 

The program could decide to increase or decrease the pressure for finding optimum pressure. 

This pressure is the minimum pressure that the condenser can dissipate the heat. The optimum 

stare could be when the measure of the thermometer is few degrees (one or two) below to the 

saturation temperature for the measure pressure. With these premises, it is possible to program 

an algorithmic for controlling the pressure in the condenser. The following lines shows the 

possible algorithmic.  

 

  𝐼𝐹 𝑇𝑣 > 𝑇𝑐𝑜𝑛𝑑  𝑃𝑐𝑜𝑛𝑑  −  1  𝑇𝐻𝐸𝑁  𝐼𝑁𝐶𝑅𝐸𝐴𝑆𝐸 𝑃𝑅𝐸𝑆𝑆𝑈𝑅𝐸  

 

  𝐼𝐹 𝑇𝑣 < 𝑇𝑐𝑜𝑛𝑑  𝑃𝑐𝑜𝑛𝑑  −  4 𝑇𝐻𝐸𝑁  𝐷𝐸𝐶𝑅𝐸𝐴𝑆𝐸 𝑃𝑅𝐸𝑆𝑆𝑈𝑅𝐸  

 



Analysis and energy measures of Kastvallen ice hockey rink arena 

66 

 

𝐼𝐹 𝑇𝑣 < 𝑇𝑐𝑜𝑛𝑑  𝑃𝑐𝑜𝑛𝑑  − 1  𝐴𝑁𝐷  𝑇𝑣 > 𝑇𝑐𝑜𝑛𝑑  𝑃𝑐𝑜𝑛𝑑  − 4 𝑇𝐻𝐸𝑁  𝑂𝑃𝑇𝐼𝑀𝑈𝑀 𝑃𝑅𝐸𝑆𝑆𝑈𝑅𝐸  

The algorithmic try to converge in the optimum state when de refrigeration cycle works. The 

application of this control is directly because the sensors are installed directly in the condenser. 

This system still works correctly if the condition of external coil changes (dirt, faulty cooling… 

etc).    

  

 Calculating the energy saving with the condensing temperature control 

 

The aims of this part are estimating the energy, and if it is possible to save it if the temperature 

control is installed. It is known how much energy is saved when the condenser temperature 

decreases (see Table 2.11).Moreover, the mean monthly outside temperature in Gävle is known. 

Also, the percentage that the compressors work per month is estimated in the appendix A.  

One way of estimating the energy that this measure can reduce is assuming the mean 

temperature as the outside temperature per month. As mentioned before, the condenser 

temperature is necessarily higher than the outside temperature. The different temperatures could 

be between 10ºC and 20ºC. For doing the calculations, the condenser temperature is 10, 15 or 20 

ºC higher than the mean monthly temperature.  

 

 𝐸𝑞. 2.60    𝑅 = 𝑓 ∙  𝑇𝑎𝑖𝑟𝑚𝑒𝑎𝑛 + 𝑇𝑔𝑎𝑝   

Where, 

 

R:  Fraction that the refrigeration cycle reduces the energy in function of the  

  condenser temperature. The relation is shown in the Table 2.11 

 

Tairmean:  Monthly mean temperature in the different months ºC. (See Table 1.4) 

 

Tgap:  Different of temperature between the outside temperature and the condenser  

  temperature 

 

The energy that the compressors demand can be calculated with the fraction of time that the 

compressors work, the power of each compressor and the duration of the month.  

 

 𝐸𝑞. 2.61 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 =  𝑃1 ∙ 𝑟1 +  𝑃2 ∙ 𝑟2 ∙  𝑀/1000               

Where, 

 

P1 and P2: Nominal power of the compressors. It is 90 kW and 75 kW 
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r1 and r2: Fraction of time in each month that the compressor 1 and 2 work respectively 

 

M:  Number of hours that have the month (hours) 

 

Edemand:  Energy that the compressors demand in one month (MWh) 

 

The energy that it is possible to reduce per month is calculated with the following equation: 

 

(𝐸𝑞. 2.62)    𝐸𝑟 = 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 ∙ 𝑅                   

Where, 

 

Er:  Energy that it is possible to save in one month (kWh) 

 

Evaporate cooling [33] 

 

Again, decreasing the condenser temperature is one of the best ways for reducing the electricity 

demand in Kastvallen. The condenser is refrigerated with the external coil and the external coil 

is refrigerated with outlet air. If one condensing temperature control is installed, the COP of the 

system will be related with the external temperature. The demand of energy decreases when the 

outside air temperature is lower. There is one system that easily decreases the outside 

temperature about a few degrees. This system is called adiabatic refrigeration. The adiabatic or 

evaporative refrigeration is explained in part 2.2 ―Adiabatic refrigeration‖. The following table 

shows the number of degrees that the air can cool down with the evaporative system. It is 

assumed that the relative humidity after the adiabatic process is 95%.  

 

Table 2.12: Number of degrees that it is possible decrease when the relative humidity is increase until 95 

 Relative humidity of air (%) 

A
ir tem

p
era

tu
re (ºC

) 

 30% 40% 50% 60% 70% 

5ºC 4.9 4.2 3.4 2.6 1.8 

7.5ºC 5.5 4.6 3.7 2.9 2.0 

10ºC 6.1 5.1 4.1 3.2 2.2 

12.5ºC 6.8 5.7 4.6 3.5 2.4 

15ºC 7.4 6.1 5.0 3.8 2.7 

17.5ºC 8.1 6.7 5.4 4.1 2.9 

20ºC 8.8 7.3 5.8 4.4 3.1 

22.5ºC 9.5 7.8 6.2 4.7 3.3 
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There are principally two different types of evaporate coolers; wet panel or sprinklers. The 

difference between them is that the water flow through the panel in the first and the water is 

spraying in the second. The following pictures are two examples for wet panel and sprinklers 

respectively. 

 

Figure 2.37: Representation of wet panel evaporate cooler [34]  

 

 

Figure2.38: Representation of sprinkler evaporate cooler [33] 

 

The evaporate cooler should be installed outside because then, it could freeze over when the 

outside temperature is below zero degrees. The design of this equipment must prevent that the 

evaporative cooler will be broken with the ice. For preventing this, most of the equipment must 

be inside as pumps, valves or the small water tank.  

 

Sprinkler evaporate cooler could be the best type of evaporate cooler because it requires lees 

maintenance and the air could flow easily.  
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 Calculating the energy saving with the condensing temperature control and evaporate 

 cooling 

 

As stated earlier, the electricity that the refrigeration cycle needs can be decreased reducing the 

condenser temperature; if it is installed the condensing temperature control. Reducing the 

outside air temperature can decrease the demand of electricity. The outside air temperature can 

decrease a few degrees using evaporative cooling.  

 

One estimation of calculate the energy that it is possible to reduce is decrease the monthly mean 

temperature in the different months according to the Table 1.4. The relative humidity changes 

during the month. 60% could be an approximation for the relative humidity. It is better that the 

evaporative does work when the outside temperature is below zero because the water can be 

frozen and break the pipe.  

 

The reduction of the energy could be calculated as the condensing temperature control. But only 

is changing the equation 2.60 for the equation 2.63. 

 

 𝐸𝑞 2.63    𝑅′ = 𝑓 ∙  𝑇𝑎𝑖𝑟𝑚𝑒𝑎𝑛 +  𝑇𝑔𝑎𝑝 −  ∆𝑇𝑢𝑚𝑖𝑑𝑖𝑡𝑦   

 

Where, 

 

ΔThumidity: Reduction of the temperature when the humidity is increased. The data are in  

  the Table 2.12 (ºC) 

 

R‘:  Fraction that the refrigeration cycle reduces the energy in function of the  

  condenser temperature 

 

The energy that the evaporate cooling reduces is calculated with the following equation.  

 

 𝐸𝑞. 2.64 𝐸 = 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 ∙  𝑅 − 𝑅′  

Where, 

 

Eh:  Energy saves due to the humidity system (MWh) 
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Snow storage [35] 

 

One of the biggest natural resources that exist near to Kastvallen in winter is snow. 

Refrigerating with snow storage is not a new technology. One example of that is the 

refrigeration in the hospital of Sundsvall in Sweden. The snow is a free resource and it has good 

conditions for refrigerating. It is 0ºC melting temperature of snow and has a high heat fusion. 

The following equation shows the potential energy that one kilogram of snow has when it is 

melting. 

 

(𝐸𝑞. 2.65)   𝐸 =  0 − 𝑇1 ∙ 𝐶𝑖𝑐𝑒 +  𝑇2 ∙ 𝐶𝑤𝑎𝑡𝑒𝑟 +  𝐿  
𝑘𝐽

𝑘𝑔
  

Where, 

 

Cice:  Heat capacity of ice. At -5ºC is 2.1 kJ/(kg ºC) 

 

Cwater:  Heat capacity of water. At 1ºC is 4.2 kJ/(kg ºC) 

 

L:  Heat fusion when snow is melting in water 333.6 kJ/kg 

 

T1:  Ice temperature before to melt ºC 

 

T2:  Water temperature after melt the snow ºC 

 

The idea is to reduce the condenser temperature because at the present the condenser 

temperature is around 30ºC or 35ºC. The condenser loop could refrigerate with snow and 

therefore the condenser temperature might decrease until 10ºC or 15ºC. The power energy that 

is possible to be saved is between 35% and 55% according to Table 2.11(excluding the power 

for the pumps).  

 

 

Figure 2.39: Snow storage diagram [35] 
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The condenser could be connected to the snow pipe melting with a heat exchanger. This heat 

exchanger could be installed next of the conventional heat exchanger. It will use the melting 

snow. One part of the melting snow is circulated again to the snow storage.  It throws into the 

snow storage and it melts another snow that is used for refrigerating the condenser. 

 

 

Figure 2.40: Heat exchanger that connect the condenser with the snow storage pipe 

 

The refrigerating snow could harvest the places near to Kastvallen. This snow has different 

residues as stones, branches or mud. For that reason, it is necessary to install filters for cleaning 

the melting snow. These filters must be between the snow storage and the pump and between 

the pump and the heat exchanger. The principal reason for using filters is because the heat 

exchanger can be broken or obstructed by the impurities. Fig. 2.41 shows a schematic diagram 

or the position of the different parts (pumps, filters, heat exchanger…).  

 

Figure 2.41: Schematic diagram of the different parts of snow storage [35, adaptation] 
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The top of the snow storage cold be insulated for preventing the sun radiation and the 

convention transition with the air. It is specially recommended for summer or when the hockey 

rink is closed because the heat losses are higher in that session. The insulation could be wood 

chips because has a low heat transition and it is easy to obtain and cheaper. Moreover it is 

possible to used more than one year and when it is not possible used more it could be burned in 

one power and district heating plant for obtain electricity and heat.  

 

Calculating the energy reduces installed condensing temperature control and snow storage 

 

If snow storage is installed, the temperature of the condenser could be around 10 ºC. The idea is 

to refrigerate the condenser with the conventional refrigeration if the condenser temperature is 

lower than 13 ºC. On the other hand, if the condenser temperature necessary for refrigerating is 

higher than 13 ºC, the cycle could be refrigerated with snow.  

The method for doing the calculation is the same than the apart ―Calculating the energy saving 

with the condensing temperature control‖ when the condenser temperature is lower than 13 ºC. 

In the other case, the condenser temperature is 10ºC and the refrigeration is with the aid of 

melting snow. The energy that the melting snow reduces is calculated with the following 

equations. 

 

R′′ =  0.522               (2.66) 

 

𝐸𝑠𝑛 = 𝐸𝑑𝑒𝑚𝑎𝑛𝑑 ∙  𝑅 − 𝑅′′            (2.67) 

 

Where, 

 

Esn:  Reduction of the energy due to melting snow. (MWh) 

 

R:  Fraction of energy that it is saved for reducing the condenser temperature until  

  10ºC; According to table 2.11. 

 

2.11.3 Decreasing of the dehumidifier consumption  

 
Decreasing ice rink temperature  
 

As mentioned before, the air dehumidification of the ice hockey rink is susceptible of being 

improved.  
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Actually, the indoor dehumidification is carried out by a desiccant wheel. The desiccant wheel 

preheats the renovation air with an electric resistance. In addition, the dehumidifier sucks and 

extracts the air flow by using fans. These operations require a certain amount of electricity that 

can be reduced by limiting the hours of operating of the current dehumidifier.  

 

To carry out this commitment to reduce the moisture the air contains is needed. At this function, 

paying attention to the Mollier diagram, to cool the air below its dew point could be a method of 

air dehumidification. 

 

On the other hand, some problem may arise by decreasing the ice sheet temperature. It is 

important to consider both energy efficiency and ergonomic issues. One of the main problems 

that has to be taken into account is fogging. In the psychometric chart, see Fig. 2.42, the fogging 

line is shown according to The International Ice Hockey Federation (IIHF). According to the 

IIHF every ice hockey rink space has to be below these limits to prevent fogging.  

 

IIHF1: 5ºC, 90% RH 

IIHF2: 10ºC, 80% RH 

IIHF3: 15ºC, 70% RH 

IIHF4: 20ºC, 60% RH 

 

Figure 2.42: Limits to prevent fogging, psychometric chart 

 

Thus,a reduction of the ice rink temperature it also to reduce the relative humidity of the air. 

Due to the relative humidity reduction it is logical to think that the dehumidifier does not have 

to work so much so it saves energy, but unfortunately, after checking the dehumidifier technical 

catalogue, the dehumidifier is set to work with constant reactivation air mass flow (0.175 m
3
/s), 

so the power consumption is not depending on the relative humidity desires (within certain 

limits) and this proposal cannot save energy at all. In addition, if the ice temperature is 

decreased, the cooling installation has to work more and that means more electrical 

consumption. 



Analysis and energy measures of Kastvallen ice hockey rink arena 

74 

 

  

Preheating of the reactivation air 

 

In desiccant wheel, the desiccant, which is responsible of the air dehumidification, has to be 

reactivated, that means that the moisture extracted from the air by the desiccant has to be 

removed. For the previous commitment a hot air flow is introduced in the desiccant wheel. After 

reactivating the desiccant, the reactivation air flow is released. This reactivation air flow is air at 

high temperature so the proposal is to preheat the reactivation air using a heat exchanger as 

shown in Fig. 2.43 

 

 

Figure 2.43: Preheating of reactivation, dehumidifier schema 

 

In the Kastvallen ice hockey rink, the dehumidifier heats the air (outdoor air) needed for the 

desiccant reactivation with an electrical heater. Considering the cool weather ofGävle (average 

temperature of 7.1ºC), this option makes possible a substantial reduction of the electricity used 

by the heater. 

 

The dehumidifier installed in the ice hockey rink studied in this thesis is set to try to supply air 

as cold as possible by injecting air (purge in) at the same conditions as the reactivation air. In 

addition of the possible preheat and heat of the reactivation air, this is again heat by mixing it 

with the purge out waste air, see Fig. 2.42. 

In order to determine the power used by the heater of the dehumidifier, the following equations 

will be used: 

 

 𝐸𝑞. 2.69 𝑄 =  𝑄𝑅𝐻 − 𝑋 ∙ 𝑄𝑅𝐻 ∙  𝑇𝐹 − 𝑇𝑅𝐼 ∙ 𝐶𝑃 ∙ 𝜌𝑅𝐼  
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 𝐸𝑞. 2.70 𝑀𝑜𝑖𝑠𝑡𝑅𝐻 = 𝑀𝑜𝑖𝑠𝑡𝑃 ∙ 𝑋 +  1 − 𝑋 𝑀𝑜𝑖𝑠𝑡𝑅𝐼 

 

 𝐸𝑞. 2.71 𝑇𝑅𝐻 = 𝑇𝐹 ∙  1 − 𝑋 + 𝑇𝑃 ∙ 𝑋 

 

Where,  

 

𝑄 :  Power used by the heater (kW) 

 

𝑄𝑅𝐻 :  Volumetric flow of the mixture of the reactivation air heated for the purge air  

  (m
3
/Kg) 

 

𝑋:  Mass fraction corresponding to purge flow  

 

𝑇𝐹:  Final temperature of the air heated, before being mixed with the purge air flow 

(ºC) 

 

𝑇𝑅𝐼:  Initial temperature of the reactivation air (ºC) 

 

𝐶𝑃:  Specific heat at constant pressure (kJ/Kg∙K) 

 

𝜌𝑅𝐼 :  Air density of the reactivation air (Kg/m
3
) 

 

𝑀𝑜𝑖𝑠𝑡𝑅𝐻: Moisture contained in the reactivation air heated (g/Kg) 

 

𝑀𝑜𝑖𝑠𝑡𝑃 : Moisture contained in the purge out air (g/Kg) 

 

𝑀𝑜𝑖𝑠𝑡𝑅𝐼: Moisture contained in the reactivation air heated (g/Kg) 

 

𝑇𝑅𝐻:  Reactivation air heated (mixture) temperature (ºC) 

 

𝑇𝑃:  Purge out temperature (ºC) 

 

Reactivation air heated by district heating 
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Instead of preheating the reactivation air, district heating can be used for reactivation air 

heating. For this proposal, a district heating coil will be installed between points 3-4 of Fig.2.22 

corresponding to the current dehumidifier of the Kastvallen ice hockey rink. 

 

The district heating temperatures ranges are limited.The dehumidifier is set to increase the 

reactivation temperature in 95ºC. The district heating temperatures ranges depend on the season. 

In summer the district heating water temperature is around 65ºC and in winter it can reach 

110ºC. Hence, taking into account the cold weather of Gävle and the fact that the IK Huge 

perform its activities from September to March, this possibility gets strength. 

Nevertheless, in some periods of the seasons, the district heating may not be enough to heat the 

reactivation air in 95ºC, i.e. if the outdoor air temperature is 20ºC the reactivation air should be 

heated until it reaches115ºC, the district heating temperature when the outdoor air is 20ºC is 

around 75ºC, so sometimes district heating and the current electrical heating should be working 

at the same time. 

That means, in the case of preheating the reactivation air with the reactivation air out, its 

temperature after preheating can be too high to use district. Anyway, perhaps even without 

preheating the district heating temperature it would not be enough for heating; in this case the 

current electrical heater would compensate the lack of temperature. 

 

 

Figure 2.46: Reactivation air heated by district heating, dehumidifier schema 

Preheating of the reactivation air and heating with district heating 

 

Finally the catch-all option is proposed. The main idea of this proposal is, in addition of 

preheating the reactivation air, district heating and the current electrical heating will work in 

parallel to the final heating. Considering the prices difference of the energy between the district 

heating and electricity, first the district heating coil will increase the air temperature until it is 
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possible, then the current electric heater will provide the temperature rise that lack, see Fig. 

2.45. 

 

 

Figure 2.45: Preheating of the reactivation air and heating with district heating, dehumidifier schema 

 

2.11.4 Reduction of CO2 emissions of district heating 

 

As mentioned earlier, the electricity and heat of district heating are not complete clean. 

Different emissions are generated for producing those energy. Reducing the demand of energy 

reduces the emissions. These emissions can quantify as CO2 equivalents-emissions. The 

following equation calculates the emissions that the efficiency measures can reduce per year; 

according to Table 2.7. 

 

 𝐸𝑞. 2.72 𝑅𝐶𝑂2 = 𝐸𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ∙ 𝑁𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑡𝑦 +  𝐸𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑒𝑎𝑡𝑖𝑛𝑔 ∙ 𝑁𝐷𝑖𝑠𝑡𝑟𝑖 𝑐𝑡𝑒𝑎𝑡𝑖𝑛𝑔  

 

Where, 

 

RCO2:  Emissions of CO2 that the efficiency measure reduces (Tm of CO2 per year) 

 

EElectricity: Electricity saves per year (MWh/year) 

 

EDistrictheating: Energy of district heating saves per year (MWh/year) 
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NElectricity: Number of tons of CO2 that it is produced for one MWh of electricity (Tm of  

  CO2/MWh) 

 

NDistrictheating: Number of tons of CO2 that it is produced for one MWh of heat of district  

  heating (Tm of CO2/MWh) 

 

 CO2which  is produced for making, transporting and installing the new installations is not 

included. 
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3 Process and results 

3.1 Results of heating with the condenser 

 

Two options are suggested to reduce the energy consumption and the electric invoices of the 

current installation. 

 

3.1.1 Option1 

 

Table 3.1: Energy and money save installing the option 1 

Month r1 (%) r2 (%) rmax Edistrict 

(MWh) 

Heating 

(MWh) 

Ec 

(MWh) 

Cost 

reduction 

(SEK) 

% 

Equat.      2.57   

Jan 5.69% 15.42% 15.42% 16.57 15.63 2.41 820 14.55% 

Feb 33.17% 16.03% 33.17% 15.47 14.54 4.82 1640 31.17% 

Mar 23.05% 16.80% 23.05% 15.25 14.32 3.30 1122 21.64% 

Apr 0.00% 0.00% 0.00% 8.39 7.45 0.00 0 0.00% 

May 0.00% 0.00% 0.00% 6.70 5.76 0.00 0 0.00% 

Jun 0.00% 0.00% 0.00% 5.60 4.67 0.00 0 0.00% 

Jul 0.00% 0.00% 0.00% 4.13 3.20 0.00 0 0.00% 

Aug ~0% ~0% ~0% 4.35 3.42 ~0 ~0 ~0% 

Sep 79.96% 20.63% 79.96% 7.99 7.05 5.64 1918 70.62% 

Oct 78.57% 19.44% 78.57% 11.78 10.84 8.52 2896 72.34% 

Nov 78.73% 15.46% 78.73% 11.41 10.47 8.24 2804 72.29% 

Dic 26.30% 16.28% 26.30% 15.07 14.13 3.72 1264 24.67% 

Total    123 111.6 36.65 12464 25.67% 

 

Costs 

 

The components that are necessary to install are one heat exchanger, two electronic valves and 

pipes. The pump that is already installed could be used if the new head load is not too different. 

The following table shows an estimation of the new component and the price of it; according to 

the appendix B.  
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The power of the heat exchanger is calculated for heating completed the rooms when the outside 

temperature is 13.8ºC below zero. It is assumed that the comfort temperature is 22 ºC. The 

following equation calculates the maximum power transition for the heat exchanger.  

 

 𝐸𝑞. 3.1    𝑃 = 𝑈𝐴 ∙  𝑇𝑟𝑜𝑜𝑚 − 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒   

 

Where, 

 

UA:  Total U value of the heating room. (kW/ºC) 

 

Tromm:  Standard temperature in the rooms (22ºC) 

 

Toutside:  Outside temperature for making the calculation of the heat exchanger. It that  

  case is -13.8ºC 

 

It is possible to completely heat 97.8% of the time in the year, if the outside calculation 

temperature is -13.8ºC. The maximum transfer heat for the heat exchanger is 30kW according to 

the equation 3.1. According to the appendix B the price per kW of heat exchanger is 544 SEK 

without taxes. Around 50m (25m for go and 25m for back) will be installed in the installation 

the cost per meter is 130.8 SEK (According to the appendix B). Two electronic valves would be 

installed the price per electronic valve is 1489 SEK. The table resumes the components and 

price of the option 1. It is neither included the tax not the labor.  

 

Table 3.2: Resume of the different materials for the option 1 

Type Unit Unit price Labor (hours) Total price 

(SEK) 

Heat exchanger 30kW 544 SEK/kW 15 16593 

Electronic 

valves 

2 1489 SEK/unit 0.5 2978 

pipes 50 m 130.8 SEK/m 20 6540 

 

The tax is 25% of the total price and the price per hour of the labor is 139 SEK.  
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Table 3.3: Resume of the total price for the option 1 

Type Unit price (SEK/hour) Total price (SEK) 

Materials -- 26111 

labor 35.5x139 4934.5 

tax 25% 7761.4 

TOTAL  38806.9 

 

Economic analysis  

 

As it has been said before, the option 1 could reduce 36.65 MWh per year of district heating; it 

is 12464 SEK per year. On the other hand the cost of the installation is 38806.9 SEK. According 

to the payback equation 2.49; the number of years of return the money is 3.11 years. It is 

around 3 years and 2 months. According to the equation 2.47 the net present value with 6% of 

interest and 10 years of the use of the installation is 52929 SEK.  

 

3.1.2 Option 2 

 

Table 3.4:  Energy and money save installing the option 2 

Month r1 (%) r2 (%) rmax Edistrict 

(MWh) 

Ec 

(MWh) 

Eh 

(MWh) 

Costreduction 

(SEK) 

% 

Equat.     2.57 2.58   

Jan 5.69% 15.42% 15.42% 16.57 2.41 0.14 869 15.42% 

Feb 33.17% 16.03% 33.17% 15.47 4.82 0.31 1745 33.17% 

Mar 23.05% 16.80% 23.05% 15.25 3.30 0.22 1195 23.05% 

Apr 0.00% 0.00% 0.00% 8.39 0.00 0.00 0 0.00% 

May 0.00% 0.00% 0.00% 6.70 0.00 0.00 0 0.00% 

Jun 0.00% 0.00% 0.00% 5.60 0.00 0.00 0 0.00% 

Jul 0.00% 0.00% 0.00% 4.13 0.00 0.00 0 0.00% 

Aug ~0% ~0% ~0% 4.35 ~0 ~0 ~0 ~0% 

Sep 79.96% 20.63% 79.96% 7.99 5.64 0.75 2172 79.96% 

Oct 78.57% 19.44% 78.57% 11.78 8.52 0.73 3146 78.57% 

Nov 78.73% 15.46% 78.73% 11.41 8.24 0.73 3054 78.73% 

Dic 26.30% 16.28% 26.30% 15.07 3.72 0.25 1348 26.30% 

Total    123 36.65 3.13 13528 27.93% 
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Costs 

 

The cost of option 2 is the cost of option 1 and the cost for heating the hot tap water. It is 

necessary to install two heat exchangers, 25m of pipes and one electronic valve. The cost of the 

pipes and the electronic valve are described in the option 1. The heat capacity for the heat 

exchangers for heating the hot tap water is calculated with the following equation. 

(𝐸𝑞. 3.2)   𝑃𝑒 =  𝑚 𝑜𝑡𝑤𝑎𝑡𝑒𝑟 ∙ 𝐶𝑝 ∙  𝑇𝑜𝑡𝑤𝑎𝑡𝑒𝑟 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦   

 

Where, 

 

Phe:   Maximum power transition for the heat exchanger (kW) 

 

mhotwater:  Mass flow of hot water (kg/s) 

 

Cp:   Heat specific of water (4.18 kJ x kg
-1 

x ºC
-1

) 

 

Thotwater and Tsupply: Temperatures of the hot tap water (60ºC) and the temperature of the  

   supply respectively (8.2ºC) 

 

The demand could be covered most of the time with 0.09 l/s of hot water. With this mass flow, 

the total power is around 20 kW.  

 

The following table resumes the cost of the different materials: 

 

Table 3.5: Resume of the different materials for the option 2 

Type Unit Unit price Labor (hours) Total price 

(SEK) 

Heat exchanger 30kW 544 SEK/kW 15 16593 

Heat 

exchangers 

20kW 544 SEK/kW 10 10880 

Electronic 

valves 

3 1489 SEK/unit 0.75 2978 

pipes 75 m 130.8 SEK/m 30 6540 

 

Considering option 1, the tax is 25% of the total cost and the price of labor per hour is 139 SEK. 
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Table 3.6: Resume of the total price for the option 2 

Type Unit price (SEK/hour) Total price (SEK) 

Materials -- 39661 

labor 55.5x139 7749 

tax 25% 11853 

TOTAL  59263 

 

 

Economic analysis 

 

The cost of option 2 is higher than that of option 1; it is 59263 SEK. Also, the energy and 

money that is possible to reduce from the energy invoice is higher too; they are 39.78 MWh per 

year and 13528 SEK/year. 

 

The payback of this installation is 4.38 years, according to the equation 2.47; it is around 4 

years and 5 months. 

As has been said before, the heating of the hot tap water and the heating of the rooms could be 

calculate in two parts; the heating energy reduction and the hot tap water energy reduction. The 

heating energy reduction is calculated in the option 1. The money saves per year for heating the 

hot tap water is the different between the money saves for the option 2 and option 1. The cost of 

the installation of heating the hot tap water is the different between the cost of the option 2 and 

option 1. In that case the money saves is 1064 SEK per year and the cost of the installation is 

20456.1 SEK. The payback is 19.22 years. The net present value of the option 2 is 40304 SEK; 

it is consider 6% of interest and 10 years.  

 

3.2 Energy saves reducing the condenser temperature 

 

Three options are suggested to reduce the energy consumption and the electric invoices of the 

current installation. 

 

3.2.1 Condensing temperature control; results 

 

The different temperature between the condenser temperature and the outside temperature is 

approximately between 10ºC and 20ºC. The followings tables show the hypothetical results if 

the different of temperature is 10, 15 or 20 ºC respectively  
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Results when the gap temperature is 10ºC: 

Table 3.7: Energy saves reducing the condenser temperature with 10ºC of different temperature 

Month r1 (%) r2 (%) M 

(hours) 

Energy 

(MWh) 

Tairmean 

(ºC) 

R (%) Er 

(MWh) 

% 

Equation    2.61  2.60 2.62  

Sep 79.96% 20.63% 720 62.96 12.8 23.7% 14.90 23.67% 

Oct 78.57% 19.44% 744 63.46 6.9 36.7% 23.03 36.29% 

Nov 78.73% 15.46% 720 59.36 4.3 41.8% 24.84 41.84% 

Dec 26.30% 16.28% 744 26.69 0.6 50.8% 13.55 50.75% 

Jan 5.69% 15.42% 744 12.42 -3.9 60.3% 7.48 60.27% 

Feb 33.17% 16.03% 672 28.14 -7.6 67.9% 19.12 67.93% 

Mar 23.05% 16.80% 744 24.80 -0.3 52.8% 13.10 52.82% 

 

Results when the gap temperature is 15ºC: 

Table 3.8: Energy saves reducing the condenser temperature with 15ºC of different temperature 

Month r1 (%) r2 (%) M 

(hours) 

Energy 

(MWh) 

Tairmean 

(ºC) 

R (%) Er 

(MWh) 

% 

Equation    2.61  2.60 2.62  

Sep 79.96% 20.63% 720 62.96 12.8 12.4% 7.79 12.37% 

Oct 78.57% 19.44% 744 63.46 6.9 25.7% 16.31 25.71% 

Nov 78.73% 15.46% 720 59.36 4.3 31.4% 18.65 31.42% 

Dec 26.30% 16.28% 744 26.69 0.6 38.9% 10.39 38.93% 

Jan 5.69% 15.42% 744 12.42 -3.9 49.6% 6.15 49.55% 

Feb 33.17% 16.03% 672 28.14 -7.6 57.6% 16.20 57.58% 

Mar 23.05% 16.80% 744 24.80 -0.3 40.9% 10.14 40.87% 
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Results when the gap temperature is 20ºC: 

Table 3.9: Energy saves reducing the condenser temperature with 20ºC of different temperature 

Month r1 (%) r2 (%) M 

(hours) 

Energy 

(MWh) 

Tairmean 

(ºC) 

R (%) Er 

(MWh) 

% 

Equation    2.61  2.60 2.62  

Sep 79.96% 20.63% 720 62.96 12.8 0.0% 0.00 0.00% 

Oct 78.57% 19.44% 744 63.46 6.9 14.4% 9.14 14.41% 

Nov 78.73% 15.46% 720 59.36 4.3 20.3% 12.04 20.28% 

Dec 26.30% 16.28% 744 26.69 0.6 28.6% 7.65 28.64% 

Jan 5.69% 15.42% 744 12.42 -3.9 37.9% 4.71 37.92% 

Feb 33.17% 16.03% 672 28.14 -7.6 46.4% 13.06 46.42% 

Mar 23.05% 16.80% 744 24.80 -0.3 30.6% 7.59 30.61% 

 

The energy that is possible to reduce is higher when the different temperature is lower. The 

table 3.10 indicates the electricity and the money that is possible to reduce per year. There are 

two different prices for the electricity high load time and low load time; for doing the 

calculations it is assumed the low load time price. It is 97.08 öre/kWh.  

 

Table 3.10: Energy and money save per year 

Tgap (ºC) Electricity saves 

(MWh/year) 

% of reduction Cost of invoice saves 

(SEK/year) 

10 ºC 116.02 41.7% 112633 

15ºC 85.64 30.8% 83140 

20ºC 54.19 19.5% 52607 

 

The results change in function of the gap temperature. This date is missing but the range is 

between 10 and 20ºC. As it is possible to see, the reduction of money could be between 52600 

SEK and 112600 SEK.  

 

3.2.2 Condensing temperature control and evaporative cooling; results 

 

The relative outside humidity is assumed 60%. The different temperature between the air 

temperature and the condenser temperature is assumed 10, 15 and 20 ºC.  
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Results when the gap temperature is 10 ºC: 

 

Table 3.11: Energy saves reducing the condenser temperature and using an evaporative system with 

10ºC of different temperature 

Month Energy 

(MWh) 

Tairmean(ºC) ΔThumidity 

(ºC) 

Er(MWh) Eh (MWh) % 

Equation 2.61   2.62 2.64  

Sep 62.96 12.8 3.5 14.90 4.92 7.82% 

Oct 63.46 6.9 2.8 23.03 3.87 6.09% 

Nov 59.36 4.3 2.5 24.84 3.60 6.06% 

Dec 26.69 0.6 0 13.55 0 0.00% 

Jan 12.42 -3.9 0 7.48 0 0.00% 

Feb 28.14 -7.6 0 19.12 0 0.00% 

Mar 24.80 -0.3 0 13.10 0 0.00% 

 

Results when the gap temperature is 15 ºC: 

 

Table 3.12: Energy saves reducing the condenser temperature and using an evaporative system with 

15ºC of different temperature 

Month Energy 

(MWh) 

Tairmean(ºC) ΔThumidity 

(ºC) 

Er(MWh) Eh (MWh) % 

Equation 2.61   2.62 2.64  

Sep 62.96 12.8 3.5 14.90 5.03 7.99% 

Oct 63.46 6.9 2.8 23.03 3.92 6.18% 

Nov 59.36 4.3 2.5 24.84 3.03 5.11% 

Dec 26.69 0.6 0 13.55 0 0.00% 

Jan 12.42 -3.9 0 7.48 0 0.00% 

Feb 28.14 -7.6 0 19.12 0 0.00% 

Mar 24.80 -0.3 0 13.10 0 0.00% 
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Results when the gap temperature is 20 ºC: 

Table 3.13: Energy saves reducing the condenser temperature and using an evaporative system with 

20ºC of different temperatures 

Month Energy 

(MWh) 

Tairmean(ºC) ΔThumidity 

(ºC) 

Er(MWh) Eh (MWh) % 

Equation 2.61   2.62 2.64  

Sep 62.96 12.8 3.5 14.90 0 0.00% 

Oct 63.46 6.9 2.8 23.03 4.06 6.39% 

Nov 59.36 4.3 2.5 24.84 3.38 5.69% 

Dec 26.69 0.6 0 13.55 0 0.00% 

Jan 12.42 -3.9 0 7.48 0 0.00% 

Feb 28.14 -7.6 0 19.12 0 0.00% 

Mar 24.80 -0.3 0 13.10 0 0.00% 

 

The energy and the money that is possible to saves is describes in the following table. As it is 

said before, the price of the electricity for doing the calculations is 97.08 öre/kWh 

 

Table 3.14: Energy and money save per year using an evaporative system 

Tgap (ºC) Electricity saves 

(MWh/year) 

% of reduction Cost of invoice saves 

(SEK/year) 

10 ºC 12.39 4.46% 12029 

15ºC 11.98 4.31% 11633 

20ºC 7.43 2.37% 7214 

 

The functioning of this equipment is limited for the outside temperature and the outside 

humidity. The principal limitation is that the temperature is close to zero or below zero most of 

the time and the high air relative humidity.  

 

3.2.3 Condensing temperature control and snow storage; results 

 

Calculate of volume of snow per hour that the compressors work 

 

The average temperature of the snow storage could be -2ºC and the melting water could leave 

the snow storage at 2ºC. According to the equation 2.62 the refrigeration energy for one 

kilogram of snow is 346.16 kJ/kg or 0.096 kWh/kg. The density of snow is 650 kg/m
3
; the 

energy refrigeration per volume is 62.4 kWh/m
3
.  
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According to the appendix A, the refrigeration power of chiller evaporator is 352 kW; the 

electric power is 105 kW in the nominal value. Therefore, the nominal COP of the installation is 

3.35. The compressor 1 and compressor 2 have a power of 90 and 75 kW respectively. The 

refrigeration power are 301.5 kW for the compressor 1 and 251.25 kW for the compressor 2; 

according to the COP. 

 

The temperature condenser could be around 10 ºC using snow refrigeration. With this condenser 

temperature, the electricity power reduced is around 52% (See Table 2.11). The total condenser 

power per hour and the volume of snow that is necessary per hour is showed in the following 

table. 

 

Table 3.15:  Condenser heat power using snow storage 

Compressor Power of 

evaporative 

(kW) 

Electricity 

power (kW) 

Energy per 

hour (kWh) 

Volume of snow 

per hour 

(m
3
/hour) 

1 301.5 43.2 344.7 5.52 

2 251.25 36 287.25 4.6 

 

The difference between the outside temperature and the condenser is assumed to be 10, 15 or 

20ºC. The refrigeration with snow melting works when the condenser temperature is higher than 

13ºC. For the calculation, it is not included the energy of the pumps and the energy or transport 

the snow to the snow storage. 
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Results when the gap temperature is 10 ºC: 

 

Table 3.16: Energy saves reducing the condenser temperature and using melting snow with 10ºC of 

different temperature 

Month Energy 

(MWh) 

Tairmean 

(ºC) 

Type Er 

(MWh) 

Esn 

(MWh) 

% Volume 

of snow 

(m
3
) 

Equation 2.61   2.62 2.67   

Sep 62.96 12.8 Snow 14.90 17.96 28.53% 526.66 

Oct 63.46 6.9 Snow 23.03 10.09 15.91% 530.88 

Nov 59.36 4.3 Snow 24.84 6.15 10.36% 496.61 

Dec 26.69 0.6 Conventional 13.55 0 0.00% 0 

Jan 12.42 -3.9 Conventional 7.48 0 0.00% 0 

Feb 28.14 -7.6 Conventional 19.12 0 0.00% 0 

Mar 24.80 -0.3 Conventional 13.10 0 0.00% 0 

 

 

Results when the gap temperature is 15 ºC: 

 

Table 3.17: Energy saves reducing the condenser temperature and using melting snow with 15ºC of 

different temperature 

Month Energy 

(MWh) 

Tairmean 

(ºC) 

Type Er 

(MWh) 

Esn 

(MWh) 

% Volume 

of snow 

(m
3
) 

Equation 2.61   2.62 2.67   

Sep 62.96 12.8 Snow 14.90 25.07 39.85% 526.66 

Oct 63.46 6.9 Snow 23.03 16.81 26.49% 530.88 

Nov 59.36 4.3 Snow 24.84 12.34 20.78% 496.61 

Dec 26.69 0.6 Snow 13.55 3.54 13.27% 223.30 

Jan 12.42 -3.9 Conventional 7.48 0 0.00% 0 

Feb 28.14 -7.6 Conventional 19.12 0 0.00% 0 

Mar 24.80 -0.3 Snow 13.10 2.81 11.33% 207.50 
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Results when the gap temperature is 20 ºC: 

 

Table 3.18: Energy saves reducing the condenser temperature and using melting snow with 20ºC of 

different temperature 

Month Energy 

(MWh) 

Tairmean 

(ºC) 

Type Er 

(MWh) 

Esn 

(MWh) 

% Volume 

of snow 

(m
3
) 

Equation 2.61   2.62 2.67   

Sep 62.96 12.8 Snow 14.90 32.86 52.20% 526.66 

Oct 63.46 6.9 Snow 23.03 23.98 37.79% 530.88 

Nov 59.36 4.3 Snow 24.84 18.95 31.92% 496.61 

Dec 26.69 0.6 Snow 13.55 6.29 23.56% 223.30 

Jan 12.42 -3.9 Snow 7.48 1.77 14.28% 103.86 

Feb 28.14 -7.6 Conventional 19.12 0 0.00% 0 

Mar 24.80 -0.3 Snow 13.10 5.36 21.59% 207.50 

 

The total reduction of energy the total money saves and the volume of melt snow per year is 

described in the table 3.19. The price of the electricity is 97.08 öre/kWh. 

 

Table 3.19: Reduction of energy and money using snow storage and volume of snow need 

Tgap (ºC) Electricity saves 

(MWh/year) 

% of 

reduction 

Cost of invoice 

saves (SEK/year) 

Volume of snow 

(m
3
/year) 

10 ºC 34.21 12.31% 33208 1554 

15ºC 60.57 21.80% 58805 1985 

20ºC 89.21 32.11% 86608 2089 

 

This measure is more profitable if the gap temperature is high because the energy that it could 

reduce is higher. 
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3.2.4 Resume the different type of systems 

 

When the gap temperature is 10ºC: 

 

Table 3.20: Resume of the different system for reducing the condenser pressure with 10ºC of gap 

temperature 

Type of system Energy save 

(MWh/year) 

% Money 

reduction 

(SEK) 

Volume of 

melting snow 

(m
3
) 

CTC 116.02 41.7% 112633 0 

CTC + EC 128.41 46.16% 124662 0 

CTC + melting 

snow 

150.23 54.01% 141945 1554 

 

When the gap temperature is 15ºC 

Table 3.21: Resume of the different system for reduce the condenser pressure with 15ºC of gap 

temperature 

Type of system Energy save 

(MWh/year) 

% Money 

reduction 

(SEK) 

Volume of 

melting snow 

(m
3
) 

CTC 85.64 30.8% 83140 0 

CTC + EC 97.62 35.11% 94773 0 

CTC + melting 

snow 

188.68 63.5% 141945 1985 

 

When the gap temperature is 20ºC: 

Table 3.22: Resume of the different system for reduce the condenser pressure with 20ºC of gap 

temperature 

Type of system Energy save 

(MWh/year) 

% Money 

reduction 

(SEK) 

Volume of 

melting snow 

(m
3
) 

CTC 54.19 19.5% 52607 0 

CTC + EC 61.62 21.87% 59821 0 

CTC + melting 

snow 

143.40 51.61% 139215 2089 
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Where, 

 

CTC:  Condensing temperature control 

 

EC:  Evaporative cooling 

 

The potential electricity reduction could be between 19.5% with CTC if the gap temperature is 

20ºC and 54.01% with CTC and snow storage if the gap temperature is 10ºC. The potential 

money reduction varies between 52607 SEK per year and 141945 SEK per year depending of 

the system and depending of the gap temperature. It is not included the energy and the money 

for transporting the snow. 

 

3.3 Dehumidifier energy savings 

 

Three options are suggested to reduce the energy consumption and the electric invoices of the 

current dehumidifier. 

 

3.3.1 Preheating of the reactivation air calculation 

 

For preheating of reactivation air calculation the data provided by the manufacturer of the 

dehumidifier will be used [36]. The calculation will compared the power used by the current 

dehumidifier and the new proposal of preheat the reactivation air. Each air flow is referenced to 

the Fig. 2.42. 

 

Data used 

 

Table 3.23: Indoor air. Data 

Current dehumidifier Value Units 

Temperature 8.00 ºC 

Moisture 3.30 g/Kg 

Relative humidity 49.7 % 

Velocity flow 3000 SCMH 

Mass flow 6.3 Kg/m
2
S 
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Table 3.24: Indoor air. Data 

Current dehumidifier Value Units 

Temperature 8.00 ºC 

Moisture 3.30 g/Kg 

Relative humidity 49.7 % 

Velocity flow 3000 SCMH 

Mass flow 6.3 Kg/m
2
S 

 

Table 3.25: Air supply. Data 

Current dehumidifier Value Units 

Temperature 17.5 ºC 

Moisture 0.640 g/Kg 

Dew point -20.0 ºC 

dP 344 Pa 

 

Table 3.26: Air supply. Data 

Dehumidifier with preheating Value Units 

Temperature 18.4 ºC 

Moisture 0.640 g/Kg 

Dew point -20.0 ºC 

dP 345 Pa 

 

Table 3.27: Reactivation in. Data 

Current dehumidifier Value Units 

Temperature 20.0 ºC 

Moisture 11.8 g/Kg 

Relative humidity 80.3 % 

Velocity flow 541 SCMH 

 

Table 3.28: Reactivation in. Data 

Dehumidifier with preheating Value Units 

Temperature 55 ºC 

Moisture 11.8 g/Kg 

Relative humidity 11.9 % 

Velocity flow 541 SCMH 
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Table 3.29: Reactivation heated. Data 

Current dehumidifier Value Units 

Temperature 116 ºC 

Moisture 10.8 g/Kg 

Mass flow 3.81 Kg/m
2
S 

Size 86.4 Deg 

 

Table 3.30: Reactivation heated. Data 

Dehumidifier with preheating Value Units 

Temperature 119 ºC 

Moisture 11.0 g/Kg 

Mass flow 3.81 Kg/m
2
S 

Size 86.4 Deg 

 

Table 3.31: Reactivation out. Data 

Current dehumidifier Value Units 

Temperature 59.2 ºC 

Moisture 24.5 g/Kg 

Relative humidity 19.8 % 

dP 283 Pa 

 

 

Table 3.32: Reactivation out. Data 

Dehumidifier with preheating Value Units 

Temperature 61.9 ºC 

Moisture 24.5 g/Kg 

Relative humidity 17.6 % 

dP 287 Pa 

 

Table 3.33: Purge in. Data 

Current dehumidifier Value Units 

Temperature 20.0 ºC 

Moisture 11.8 g/Kg 

Relative humidity 80.3 % 

Velocity flow 90.0 SCMH 

Mass flow 1.88 Kg/m
2
S 
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Table 3.34: Purge in. Data 

Dehumidifier with preheating Value Units 

Temperature 55.0 ºC 

Moisture 11.8 g/Kg 

Relative humidity 11.9 % 

Velocity flow 90.0 SCMH 

Mass flow 1.88 Kg/m
2
S 

 

Table 3.35: Purge out. Data 

Current dehumidifier Value Units 

Temperature 100 ºC 

Moisture 4.9 g/Kg 

dP 115 Pa 

 
Table 3.36: Purge out. Data 

Dehumidifier with preheating Value Units 

Temperature 109 ºC 

Moisture 6.13 g/Kg 

dP 128 Pa 

 

 

Calculation and results 

 

 Current dehumidifier 

 

According to the equations 2.69, 2.70 and 2.71, the total power needed by the dehumidifier 

heater will be determined. Considering a value for Cp of 1.005 kJ/(Kg∙K), the final temperature 

of the reactivation air before being mixed is 118.73ºC. The mass fraction of the purge is 

14.69%, so in the case of not preheating the reactivation air with the exhaust reactivation air the 

power required by the heater is 17.78 kW. 
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Table 3.37: Intermediate results. Current dehumidifier 

Current dehumidifier Units Values 

Moisture removal 9.53 Kg/h 

Air pressure 1.0132 Bar 

Air density 1.2 Kg/m
3
 

Mass balance 1.0018  

Heat balance 1.0000  

 

 Dehumidifier with preheating 

 

According to the equations2.69, 2.70 and 2.71, the total power needed by the dehumidifier 

heater will be determined. Considering a value for Cp of 1.005 kJ/(Kg∙K), the final temperature 

of the reactivation air before being mixed is 120.63ºC. The mass fraction of the purge is 

14.11%, so in the case of not preheating the reactivation air with the exhaust reactivation air the 

power required by the heater is 11,55 kW. 

 

Table 3.38: Intermediate results. Dehumidifier with preheating 

Dehumidifier with preheating Units Values 

Moisture removal 9.57 Kg/h 

Air pressure 1.0132 Bar 

Air density 1.20 Kg/m
3
 

Mass balance 1.0039  

Heat balance 1.0000  

 

So the dehumidifier experiences a reduction in consumption of 6.23 kW (from 17.78 kW to 

111.55 kW). 

 

Economic profitability analysis 

 

The dehumidifier was installed at the beginning of the 2006-2007 season (September). As it is 

shown in Fig. 3.1, the dehumidifier has worked 37668 hours since it has been installed. This 

data was checked at the end of March of 2012, so the dehumidifier has been worked 

approximately 6278 hours per year, which means that 72% of the time the heater of the 

dehumidifier is working.  
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Figure 3.1: Dehumidifier control screen 

 

Taking into account the calculation of the power required by the current dehumidifier and the 

dehumidifier with preheating, the power saved is 6.23 kW if the preheating option is selected. 

So the total energy saved each year is 39112 kWh. 

 

Considering the Swedish energy prices (See Table 1.1), the electricity price per kWh in Sweden 

in 2010 was 98.92 Öre/kWh. In addition, each moth a certain amount has to be paid to the 

electrical company depending on the capacity contracted and on the season time (high load 

time/low load time). Due to the power reduction, the contract capacity each month is also 

reduced. So the total money saved each year in energy would be 39112+ 

(5∙62∙6.23+7∙17.6∙6.23) =41811 SEK. 

 

According to Mathias Öhr, sales engineer of Munters Europe AB, the total budget needed for 

installing the proposal is within 40000 and 50000 SEK. 

 

Then, using the equation 2.49,the Pay-Back of this investment is approximately within 1.2 years 

and 0.96 years. 

 

According to the equation 2.47, and setting the compensation for expected inflation to 6%, the 

net present value after a studied period of 15 years is 385443SEK. 

 

3.3.2 Reactivation air heated by district heating. Calculation 

 

For the calculation of heatingthe reactivation with district heating, first of all the load of both 

district heating and electric heating (the number of hours that work each heater system) have to 

be determined.  

Data used 

For determined the load factor (hours) of both district heating and electrical heating the Table 

2.5 of section 2.5.1 will be used. 
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Calculation and results 

As it has been calculated in the previous section (Section3.2.1), the total power required by the 

electrical heater for heating the reactivation air is 17.78 kW. The target of the proposal is using 

district heating for heating the reactivation air in the cases that are possible in order to reduce 

the electrical heater consumption. The reactivation air (TRI) have to be heated 95ºC (if the 

reactivation in temperature is -2ºC the reactivation air heated (TRH) would be 93ºC), the next 

step is calculate the number of hours that district heating is able to heat the reactivation air by 

itself, the number of hours that district heating and the electrical heater must work in parallel 

and the hours that district heating does not have enough temperature to heat the reactivation air. 

It is considered that the minimum temperature difference between reactivation air and district 

heating (TDH) to make the heat exchange possible is 10ºC. 

Besides, it is known the dehumidifier works 72% of the time, so considering that the ice hockey 

rink operates only during the colder seasons; the 28% of the total hours with higher temperature 

have been eliminated. 

So, we have two ways of working: 

 Only district heating 

Only district heating will be used if TRI+95ºC≤TDH-10ºC. The reactivation air temperature 

increase by district heating (ΔTDH ) is the difference between district heating temperature (TDH) -

10ºC and the reactivation air in + 95ºC. 

 

Table 3.39:  District heating energy required.Results 

T RI (⁰C) TDH – 10 (⁰C) ΔTDH (⁰C) Hours PDH (kW) EDH (kWh) 

-13,0 94,2 95,0 1,0 19,3 19,3 

-12,0 91,2 95,0 5,0 18,6 92,9 

-11,0 84,5 95,0 2,0 17,2 34,4 

    Total 146,6 

 

 District heating & electrical heater in parallel 

District heating and electrical heater will be used if TRI≤TDH-10ºC. The district heating will heat 

the reactivation air until TRI= TDH-10ºCand the rest of temperature will be increase with the 

electrical heater until TRI=TRH. The reactivation air temperature increase by district heating 

(ΔTDH ) is the difference between district heating temperature (TDH) -10ºC and the reactivation air 
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in + 95ºC. If extra temperature increase is needed it is carried out by the electrical heated 

(ΔElec). 

Table 3.40:  District heating and electricity energy required. Results 

T RI 

(⁰C) 

TDH – 10 

(⁰C) 

ΔTDH 

(⁰C) 

ΔElec (⁰C) Hours PDH 

(kW) 

PElec(kW) EDH 

(kWh) 

EElec 

(kWh) 

-10,0 79,3 89,3 5,7 8,0 16,1 1,0 128,6 8,2 
-9,0 79,5 88,5 6,5 14,0 15,9 1,2 223,1 16,4 
-8,0 78,4 86,4 8,6 34,0 15,6 1,5 528,9 52,6 
-7,0 77,7 84,7 10,3 45,0 15,3 1,9 686,3 83,5 
-6,0 76,0 82,0 13,0 52,0 14,8 2,3 767,8 121,7 
-5,0 74,8 79,8 15,2 79,0 14,4 2,7 1135,1 216,2 
-4,0 75,1 79,1 15,9 130,0 14,2 2,9 1851,5 372,2 
-3,0 71,9 74,9 20,1 161,0 13,5 3,6 2171,3 582,7 
-2,0 70,8 72,8 22,2 232,0 13,1 4,0 3041,1 927,4 
-1,0 68,9 69,9 25,1 319,0 12,6 4,5 4014,9 1441,7 
0,0 67,9 67,9 27,1 569,0 12,2 4,9 6956,5 2776,4 
1,0 67,0 66,0 29,0 719,0 11,9 5,2 8544,4 3754,3 
2,0 65,4 63,4 31,6 535,0 11,4 5,7 6107,3 3044,0 
3,0 65,5 62,5 32,5 531,0 11,3 5,9 5975,6 3107,3 
4,0 64,4 60,4 34,6 411,0 10,9 6,2 4469,8 2560,5 
5,0 63,6 58,6 36,4 311,0 10,6 6,6 3281,4 2038,3 
6,0 63,5 57,5 37,5 326,0 10,4 6,8 3375,1 2201,2 
7,0 63,4 56,4 38,6 351,0 10,2 7,0 3564,5 2439,5 
8,0 63,4 55,4 39,6 327,0 10,0 7,1 3261,9 2331,6 
9,0 63,6 54,6 40,4 349,0 9,8 7,3 3431,0 2538,7 

10,0 63,2 53,2 41,8 335,0 9,6 7,5 3209,0 2521,3 
11,0 63,3 52,3 42,7 299,0 9,4 7,7 2815,7 2298,8 
12,0 63,2 51,2 43,8 316,0 9,2 7,9 2913,2 2492,1 

      Total 72453,8 37926,7 

 

So, by this proposal the district heating will produce 66% of the energy required and the 

electrical heater 34%. 

In the following graphic the district heating and electric heater temperature inputs are 

represented: 
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Figure 3.2: District heating and electrical heater temperature inputs 

 

Economic savings 

 

With the current dehumidifier the total electrical energy required by the electrical heater was 

112142 kWh (17.78 kW∙0.72∙8760 h). Conducting this new proposal the total electrical energy 

required by the electrical heater is 37926.7 kWh.  

So, considering the electricity prices (see section 1.2.4) the total economic saving in electricity 

is 73413.79 SEK each year. 

Meanwhile, the total district heating energy required with this new proposal is 72600 kWh. So, 

considering the district heating prices (see section 1.3.2) the total amount of district heating 

payment if this new proposal is developed is 24691 SEK. 

On the other hand, the obligatory fee per year has to be considered. The average power of the 

three coldest months of the years for district heating is approximately 9 kW, so the obligatory 

fee to be paid increase in 8260 SEK (9 kW∙922 SEK) per year. Moreover the power required by 

the electrical heater decrease, considering the new power required in high load season 5 kW and 

the new power required in low load season 8 kW, in approximately 5167 SEK per year (5∙62 

SEK/kW ∙ (17.78 kW-5 kW) + 7∙17.6 ∙ (17.78 kW-8 kW)) (See section 1.2.3). 

Summarizing, the total economic savings in energy is 45629 SEK per year ((73413.79+5167)-

(24691+8260)). 
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According to the appendix B, the average price of the heat exchanger per kWh is 544.1 SEK 

before taxes. For installing this proposal 18 kW of heat exchanger are needed, so the total 

amount that have to be paid for such heat exchanger is 9793.8 SEK. In addition about 80 meters 

of district heating piping are needed. According to the appendix B the price per meter of this 

type of piping is 130.94 SEK, so the total amount to be paid for piping is 10475.2 SEK. Finally 

for the heat exchanger installation the average hours needed are 3.3 hours per kW installed, so 

the total hours for the heat exchanger installation are 59.4  and considering a labour price hours 

of 139 SEK, the total amount to paid of this concept is 8256.5. Meanwhile the average hours 

needed to install each meter of piping is 0.56 hours so the total amount to be paid for installing 

the piping is 6227.2 SEK. So the total investment is approximately 34752 SEK and 43440 SEK 

after taxes (25% of taxes). 

According to the equation 2.49, the pay back of this proposal is 0.95 years. 

 

According to the equation 2.47, and setting the compensation for expected inflation to 6%, the 

net present value after a studied period of 15 years is 426317 SEK. 

 

 

3.3.3 Preheating and heating the reactivation air with district heating 

 

For the calculation of Preheating and heating the reactivation air with district heating, first of all 

the load of both district heating and electric heating (the number of hours that work each heater 

system) have to be determined. For this commitment the following data of the Table 2.5 (section 

2.5.1 district heating) will be used. 

 

Calculation and results 

In this case, as it has been calculated in the previous section (Section 3.2.1) the total power 

required by the electrical heater preheating the reactivation air is 11.55 kW. The target of the 

proposal is to use district heating for heating the reactivation air in the cases that are possible in 

order to reduce the electrical heater consumption. Notice that in this occasion the reactivation 

air in temperature is not equal to the outdoor temperature, but this air flow has been already 

preheated. The reactivation air (TRI) have to be heated in total 95ºC (if the reactivation in 

temperature is -2ºC the reactivation air heated (TRH) would be 93ºC). The next step is to 

calculate the temperature portion that the district heating and the electrical heater increase.  
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It is known that the dehumidifier works 72% of the time, so considering that the ice hockey rink 

operates only during the colder seasons; the 28% of the total hours with higher temperature have 

been eliminated. 

However, the reactivation air temperature after been heated (TAPH) has to be calculated. In 

Section 3.2.1, the power calculated for the heat exchanger that preheats the reactivation air in 

was 6.23 kW (17.78 kW-11.55 kW). It is also already determined the constant mass flow of the 

reactivation air (0.15m
3
/s) and the CP and the density of the air are assumed to 1.005 Kj/Kg∙K 

and 1.2 Kg/m
3
 respectively. Knowing so, the outlet temperature of the reactivation air after 

being preheated (TAPH)can be determined by using the equation 2.69. 

 

Table 3.41:  Outlet temperature of the reactivation air after being preheated compared with its initial 

temperature 

TRI (⁰C) T APH (⁰C) 

-13,0 21,4 

-12,0 22,4 

-11,0 23,4 

-10,0 24,4 

-9,0 25,4 

-8,0 26,4 

-7,0 27,4 

-6,0 28,4 

-5,0 29,4 

-4,0 30,4 

-3,0 31,4 

-2,0 32,4 

-1,0 33,4 

0,0 34,4 

1,0 35,4 

2,0 36,4 

3,0 37,4 

4,0 38,4 

5,0 39,4 

6,0 40,4 

7,0 41,4 

8,0 42,4 

9,0 43,4 

10,0 44,4 

11,0 45,4 

12,0 46,4 
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It will be considered that the minimum temperature difference between reactivation air heated 

and district heating (TDH) to make the heat exchange possible is 10ºC.  

Consequently, we have two ways of working: 

 Only district heating 

Only district heating will be used if TRI+95ºC≤TDH-10ºC. Notice that the district heating will 

increase the temperature of the reactivation air in after being preheated.The reactivation air 

temperature increase by district heating (ΔTDH ) is the difference between district heating 

temperature (TDH) -10ºC and the reactivation air in after being heated ((TRI) + 95ºC- TAPH).  

 

Table 3.42:  District heating energy required.Results 

T RI (⁰C) TDH – 10 

(⁰C) 
ΔTDH (⁰C) Hours PDH (kW) EDH (kWh) 

-13,0 94,2 60,6 1,0 11,0 11,0 
-12,0 91,2 60,6 5,0 11,0 54,8 
-11,0 84,5 60,6 2,0 11,0 21,9 

         Total 87,6 

 

 District heating & electrical heater in parallel 

District heating and the electrical heater will be used if TAPH ≤TDH-10ºC. The district heating 

will heat the reactivation air until TAPH = TDH-10ºCand the rest of temperature will be increase 

with the electrical heater untilTAPH=TRH. The reactivation air temperature increase by district 

heating (ΔTDH ) is the difference between district heating temperature (TDH) -10ºC and the 

reactivation air in after being heated ((TRI) + 95ºC- TAPH). If extra temperature increase is 

needed it is carried out by the electrical heated (ΔElec). 
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Table 3.43:  District heating and electricity energy required.Results 

T RI (⁰C) TDH – 10 

(⁰C) 

ΔTDH (⁰C) ΔElec 

(⁰C) 

Hours PDH 

(kW) 

PElec(kW) EDH 

(kWh) 

EElec 

(kWh) 

-10,0 79,3 54,9 5,7 8,0 9,9 1,0 79,4 8,2 
-9,0 79,5 54,1 6,5 14,0 9,8 1,2 136,9 16,5 
-8,0 78,4 52,0 8,6 34,0 9,4 1,6 319,6 52,9 
-7,0 77,7 50,3 10,3 45,0 9,1 1,9 409,2 83,8 
-6,0 76,0 47,6 13,0 52,0 8,6 2,4 447,4 122,3 
-5,0 74,8 45,4 15,2 79,0 8,2 2,7 648,3 217,2 
-4,0 75,1 44,7 15,9 130,0 8,1 2,9 1050,3 373,9 
-3,0 71,9 40,5 20,1 161,0 7,3 3,6 1178,4 585,4 
-2,0 70,8 38,4 22,2 232,0 6,9 4,0 1610,0 931,7 
-1,0 68,9 35,5 25,1 319,0 6,4 4,5 2046,4 1448,4 
0,0 67,9 33,5 27,1 569,0 6,1 4,9 3444,2 2789,5 
1,0 67,0 31,6 29,0 719,0 5,7 5,2 4105,1 3771,9 
2,0 65,4 29,0 31,6 535,0 5,2 5,7 2802,9 3058,3 
3,0 65,5 28,1 32,5 531,0 5,1 5,9 2695,5 3121,9 
4,0 64,4 26,0 34,6 411,0 4,7 6,3 1930,2 2572,5 
5,0 63,6 24,2 36,4 311,0 4,4 6,6 1359,3 2047,9 
6,0 63,5 23,1 37,5 326,0 4,2 6,8 1360,0 2211,5 
7,0 63,4 22,0 38,6 351,0 4,0 7,0 1394,4 2450,9 
8,0 63,4 21,0 39,6 327,0 3,8 7,2 1239,9 2342,5 
9,0 63,6 20,2 40,4 349,0 3,6 7,3 1272,9 2550,6 

10,0 63,2 18,8 41,8 335,0 3,4 7,6 1136,9 2533,1 
11,0 63,3 17,9 42,7 299,0 3,2 7,7 966,1 2309,6 
12,0 63,2 16,8 43,8 316,0 3,0 7,9 958,1 2503,8 

             Total 32591,3 38104,5 

 

So, by this proposal the district heating will produce 46% of the energy required and the 

electrical heater 54%. 

In the following graphic the district heating, electric heater temperature and preheating inputs 

are represented: 
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Figure 3.3: District heating, electrical heater and preheated temperature inputs 

 

Economic savings 

With the current dehumidifier the total electrical energy required by the electrical heater was 

112142 kWh (17.78 kW∙0.72∙8760 h). Conducting this new proposal the total electrical energy 

required by the electrical heater is 38104.5 kWh.  

Considering the electricity prices (see section 1.2.4) the total economic saving in electricity is 

73237.9 SEK each year. 

Meanwhile, the total district heating energy required with this new proposal is 32591.3 kWh. 

So, considering the district heating prices (see section 1.3.2) the total amount of district heating 

payment if this new proposal is developed is 11081 SEK. 

On the other hand, the obligatory fee per year has to be considered. The average power of the 

three coldest months of the years for district heating is approximately 7.3 kW, so the obligatory 

fee to be paid increase in 6730 SEK (7,3 kW∙922 SEK) per year. Moreover the power required 

by the electrical heater decrease, considering the new power required in high load season 2.5 

kW and the new power required in low load season 6.5 kW, in approximately 6126 SEK per 

year (5∙62 SEK/kW ∙ (17.78kW-2.5 kW) + 7∙17.6 ∙ (17.78 kW-6.5 kW)) (See section 1.2.3). 
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Summarizing, the total economic savings in energy is 61553 SEK per year ((73237.9+6126)-

(11081+6730)). 

According to the appendix B, the average price of the heat exchanger per kWh is 544.1 SEK 

before taxes. For installing this proposal a total of 18 kW (6.23 kW+11.55 kW) of heat 

exchanger are needed, so the total amount that have to be paid for such heat exchanger is 9793.8 

SEK. In addition about 80 meters of district heating piping are needed. According to the 

appendix B the price per meter of this type of piping is 130.94 SEK, so the total amount to be 

paid for piping is 10475.2 SEK. Finally for the heat exchanger installation the average hours 

needed are 3.3 hours per kW installed, so the total hours for the heat exchanger installation are 

59.4  and considering a labour price hours of 139 SEK, the total amount to paid of this concept 

is 8256.5. Meanwhile the average hours needed to install each meter of piping is 0.56 hours so 

the total amount to be paid for installing the piping is 6227.2 SEK. As it was said in the section 

3.3.1 the total amount of the preheating configuration is within 40000-50000 SEK. So the total 

investment is approximately within 74752.7 SEK and 84752.7 SEK (34752.7 

SEK+40000/50000 SEK) and within 93440 and 105950 SEK after taxes (25% of taxes). 

According to the equation 2.49, the pay back of this proposal is within 1.52 and 1.72 years. 

 

According to the equation 2.47, and setting the compensation for expected inflation to 6%, the 

net present value after a studied period of 15 years is 533687 SEK. 
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3.3.4 Results of reduction of CO2 emissions with the efficiency measures. 

 

Table 3.44: Reduction of CO2 emissions with the different efficiency measures 

Installation Electricity saves 

(MWh/year) 

District heating 

saves (MWh/year) 

Total CO2 reduction 

(Tm/year) 

Equation   2.69 

Heating with 

condenser option 1 

0 36.65 1.83 

Heating with 

condenser option 2 

0 39.78 1.99 

CTC 85.28
1) 

0 5.03 

CTC & EC 95.88
1)

 0 5.66 

CTC & snow storage 160.77
1) 

0 9.49 

Preheating 

dehumidifier 

39.11 0 2.31 

District heating 

dehumidifier 

72.6 -72.6 0.65 

Preheating & district 

heating dehumidifier 

74.04 -32.59 2.74 

1) The energy saves is the measure between the different the three gap temperature.
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4 Discussion 

The results and the methods used to obtain the results are discussed and the weak points of the 

thesis are exposed. 

4.1 Optimization of the use of refrigeration cycle 

Different efficiency measures are considered for the refrigeration cycle. There are two different 

types of efficiency measures; heating rooms with the condenser and increase the COP of the 

refrigeration cycle. It is not a good idea implant both options because the head temperature of 

the condenser is not enough for heating most of the time. The price of the controlling 

temperature control, evaporate cooling and snow storage are not calculated because it is very 

difficult find the prices of the electronic expansion valve.  

 

On the one hand, there are two options of heating with the condenser, the first option is heating 

the rooms and the ventilation (option 1) and the second option is heating the rooms, ventilation 

and the hot tap water (option 2). The option 1 saves 36.65 MWh and 12464 SEK per year of 

energy of district heating and 1.83 Tm of CO2; the cost of the installation is 38806.9 SEK. The 

payback of this option is 3.11 years. On the other way the second option reduce 39.78 MWh and 

13528 SEK per year of district heating, 1.99 Tm of CO2per year and it is cost 59263 SEK. The 

payback of the option 2 is 4.38 years. But it is possible to separate the option 2 in two parts; one 

has 3.11 years of payback and the other 19.22 years of payback. The first part is the option 1 

and the second part is heating only one part of the hot tap water. Theoretically, these options 

could be installed in different time. The planning could be installing first the option 1 and if the 

prices of district heating raises install the completely the option 2.  

 

The energy calculation of the heating the water with the refrigeration cycle has several 

suppositions that should be taken into account. These suppositions are that the maximum power 

for heating the hot tap water is 20 kW, the temperature of tap water is 8.2 ºC in the whole year 

and it is demand the same hot tap water in every month. The theoretical estimation of demand 

of hot tap water and the real demand could have different results; the demand of hot tap water 

could be different in summer and in winter period because is summer period the hockey rink is 

close and the football field is open  and vice versa in winter period. Moreover the water 

temperature is not the same in winter that in summer.  

 

On the other hand, the other alternative of efficiency measures in the refrigeration cycle is 

reducing the pressure of the condenser. Three possible alternatives are studied in for decrease 
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the electricity demand in the refrigeration cycle. Condensing temperature control is the first 

option of this alternative; the electricity reduction with this measure per year may be between 

54.19 and 116.02 MWh; also, around 5.03 Tm of CO2 per year would be reduced. This measure 

could reduce the invoice of energy between 52607 and 112633 SEK per year. The calculations 

are based that the mean temperature is in the whole month. Obviously, the temperature is not 

constant in every moment of the month but the relation between the condenser temperature and 

the outside temperature are approximately linear. For this reason, the energy saves can calculate 

in that way. 

 

For implanted evaporative cooling and snow storage efficiency measures, the condensing 

temperature control must be installed because it is necessary that the condenser temperature 

changes in other to those measures are effectives.  

 

Installing evaporate cooling, the electricity and CO2 emissions reduction are between 128.41 

and 61.62 MWh per year and around 5.66 Tm of CO2/year. The marginal reduction of electricity 

for installing the evaporative cooling is between 7.43 and 12.39 MWh per year and the marginal 

invoice reduction could be between 7214 and 12029 SEK per year.  The efficiency of evaporate 

cooling depends on the relative humidity of the air; It is higher when the relative humidity is 

lower.  

 

For calculating the energy saves with this measure, it is supposed that the relative humidity is 60 

% every time; also, evaporate cooling is not working when the outside temperature is below 

zero. The result could be slightly different with these assumptions because there are months 

when the mean temperature is below zero and it is assumed that evaporate cooling does not 

work but this month could have time with temperature above zero and vice versa. Moreover, the 

relative humidity is not 60% in every moment; typically, the relative humidity is higher in the 

winter months because there is snow and lower temperatures but in the autumn months, it is 

lower. According to what has been said before, the energy saving can present variations 

between the different months but the total energy saving will be similar. 

 

The snow storage is the last study of reducing the condenser temperature; it could reduce the 

invoice of electricity between 143.40 and 188.68 MWh per year. Around 9.49 Tm of 

CO2emissions could be reduced per year. The marginal electricity and money reduction are 

between 34.21 and 103.04 MWh; 29312 and 86608 SEK per year respectively. Moreover, it is 

necessary to use around 1876 m
3
 of snow. In that calculation it is not included the cost and the 

energy for transporting the snow to the storage. As has been said before, the refrigerate 

condenser with snow is working when the outside temperature is higher than 13ºC; the energy 
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salving is calculated with mean temperature per month. The outside temperature changes 

throughout the month; it is supported that the month with the mean temperature higher than 

13ºC, the condenser is refrigerated with melting snow every moment that the cycle works. Also 

the months with the mean temperature lower than 13 ºC, it is supported than the condenser is 

refrigerated with the conventional refrigeration. It is only a supposition for making the 

calculations; in reality the system works in that way independent of the month. For that reason, 

the result in each month could change but the total result shall be similar. The melting snow for 

losses, the cost for transporting the snow, the cost for installing the insulation in the snow 

storage and the energy for the pumps are not considered.  

 

4.1.1 Discussion about the condensing temperature control installation cost 

 

Due to there is not information about the cost of the controlled temperature control installation, 

the decision of taken this option or not is calculated with the following way. Condensing 

temperature control will be more profitable than the option 1 if the net present value of 

condensing temperature control is higher. 

As it is said before, it is considered 6% of interest and 10 years of the amount for the 

refrigeration cycle. With this data, the net present value of the option 1 is 57436 SEK. The 

present value according to the equation 2.46 in those ten years of condensing temperature 

control is 406703 SEK. If the option 1 and condensing temperature control has the same net 

present value, the profitable is the same for both options. For that reason, the maximum cost of 

condensing temperature control is the different between the present value of the condensing 

temperature control and the net present value of the option (see equation 2.47). The maximum 

cost that condensing temperature control could cost for being more profitable than the option 1 

is 349266 SEK. 

 

 

4.2 Optimization of the dehumidifier  

 

The calculations and results of the dehumidifier are detailed in section 3.3. Three main 

possibilities have been studied. In this chapter the results and calculation of the three 

optimization proposals for the dehumidifier will be compared and discussed. 

 

The first proposal was preheating the reactivation air of the dehumidifier with the exhaust 

reactivation air by using a plate heat exchanger, see section 3.3.1. This proposal was previously 

discussed with Ohr Mathias, sales engineer of Munters Europe AB. This improvement was 
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previously studied by Munters Europe AB, the company that manufactured the Kastvallen 

pavilion dehumidifier. According to Mathias the estimated budget for the implementation of this 

option is around 40000 to 50000 SEK, so this approximately budget was assumed for 

economics savings calculations. On the other hand the energy saving calculations was also 

based in the data provided by Munters Europe AB.  

 

For energy savings calculations the basic heat transfer equations were applied, nonetheless, the 

specific heat transfer at constant pressure (Cp) and air density were set to a constant value for all 

calculations due to its low variability. Obviously, the assumption of those coefficients implies 

slight deviations of the results obtained. 

 

Once the power saved was calculated, the energy saved was automatically obtained by 

multiplying the hour of operation of the dehumidifier. The data of the hours of operation of the 

dehumidifier were obtained from the display the dehumidifier is provided. Newly, by knowing 

the date of dehumidifier installation and its total hours of operation, the ratio hours/year was 

determined.  

 

Finally the economic savings were determined applying the 2010 tariffs for electricity and 

district heating. The total amount of the investment may vary within 40000 and 50000 SEK. So, 

the economic profit is subjected to variations in electricity and district heating prices as well as 

the amount of investment. 

 

The second proposal was to heat the reactivation air by district heating just installing a district 

heating coil where the reactivation air is channelled, see section 3.3.2. This second proposal was 

studied knowing that the price per kWh of district heating is one third of the price per kWh of 

electricity (the current dehumidifier heat the reactivation air with an electric resistance). In order 

to determine the power required by district heating and in the case it is necessary, electric 

heater, the basic equation of heat transfer was used.  

 

In this case the district heating will heat the reactivation air up to district heating temperature 

minus 10ºC. It was assumed that the minimum temperature difference between district heating 

and the air that would make the heat transfer possible was 10ºC; again, this safety range of 

temperature depends on the performance of heat exchanger and on the type of flux involved in 

the heat exchange. Notice that also in this occasion the specific heat transfer at constant pressure 

(Cp) and air density were assumed to certain set values. 
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The data of the relation between district heating temperatures and outdoor temperatures of 

Gävle were obtained form Gavle Energy AB, these data are form 2008, so with update date the 

result can decay. On the other hand, it was checked that the dehumidifier works 72% of the time 

so it was assumed that the time when the Kastvallen drier works was in the coldest hours of the 

year, so for fitting the data 28% of the total year hours were removed and not used. It would 

have been exceptional to know exactly the number of hours that the current dehumidifier works 

at each outdoor temperature to get more accurate results. With all that the energy savings of this 

proposal were determined.  

 

The economics savings were calculated as the same way as the previous option. The total 

amount of investment was determined by knowing the relation of the plate heat exchanger 

(SEK/kW), which is the most expensive element to be installed and adding the installation and 

spare parts costs according with the available data of the appendix B. Obviously, the installation 

costs are only estimated and the amount of the investment can fluctuate. 

 

For the third combines the two previous proposals, the reactivation air is preheat with the 

reactivation exhaust air and also the district heating heats the reactivation air, see section 3.3.3. 

First of all it was needed to calculate the temperature of the reactivation air after being 

preheated for each outdoor temperature. For this commitment the basic heat transfer equation 

was used. Knowing those temperatures, the operative followed was the same as the second 

option. 

 

Comparing the three options, the option that combines preheating and heating with district 

heating is the option that saves more energy and money each year (61553 SEK), almost 20000 

SEK more each year than the two others, this result has completely sense because this third 

option integrates all the optimizations. On the other hand the total investment of the last option 

is much more important than the other (93440.875/105940.875 SEK compared with 40000-

50000 SEK for the first option). In addition, the last option also reduce more the CO2 emissions 

(2.71 Tm/year of reduction), this is normal considering that this last options is the most 

optimized. 

 

As is shown in the Fig. 4.1, the last proposal that combine preheating and heating the 

reactivation air with district heating has the higher net present value after 15 years. Thus making 

this parameter as the main parameter of the final decision of which is the best option to improve 

the current dehumidifier, the last option is the option that has to be chosen (net present value 

after 15 years of 533687 SEK). However the results of the net present value vary by changing 

the period studied (in this case 15 years were assumed as a period of study). Obviously, 
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depending on the customer necessities the decision parameter changes. If the customer cannot 

afford a big investment such as the third option the best option would be the first or the second 

ones, sections 3.3.1 and 3.3.2 respectively, due its lower pay-back. 

 

 

Figure 4.1: Net present value comparison of the three proposals 

  

-100000

0

100000

200000

300000

400000

500000

600000

0 5 10 15

N
e

t 
P

re
ss

e
n

t 
V

al
u

e
 (

SE
K

)

Years

Preheating

Heating with district 
heating

Preheating+District 
heating



Analysis and energy measures of Kastvallen ice hockey rink arena 

114 

 

5 Conclusions 

 

There are two possible ways for installing efficiency measures in the refrigeration cycle; heating 

the rooms with the condenser and reduce the condenser temperature. The energy reduction of 

reducing the condenser temperature is higher than heating the rooms with the condenser. There 

is not data about the cost of the installation of controlling temperature control 

.  

According has said before, it is recommended to install heating rooms with the condenser of the 

refrigeration cycle, if the price of the condensing temperature control installation is higher than 

334726 SEK, see section 4.1.1. In that case the option 1 (heating only the rooms) is the option 

selected. The save costs per year is 12464 SEK and the cost of the installation is around 38806 

SEK. The CO2 emissions reductions could be 1.99 Tm per year. 

 

If the cost of the condensing temperature control installation is lower than 334726 SEK, it is 

recommended to install the condensing temperature control. That measure reduces between 

52607 and 112633 SEK of electricity per year and approximately 5.03 Tm of CO2 emissions per 

year. 

 

It is suggested to record the outside temperature and humidity, the energy that condensing 

temperature control saves and the different condenser pressures in the first year. The efficiency 

measure works for studying if it is profitable to install the snow storage or the evaporate cooling 

options. 

 

After the dehumidifier calculations, the results conclude that installing any of the proposals 

suggested in this thesis the energy savings would be substantial. Especially with the option 

chosen in section 4.2, preheating the reactivation air and then heating it with district heating, IK 

Huge will save 61553 SEK each year with a pay-back within 1.52 and 1.72 years and a net 

present value after 15 years of 533687.1 SEK. On the other hand, the new measure is 

environmentally safer than the current dehumidifier; if this improvement is developed it will 

mean a reduction of CO2 emissions of 2.71Tm each year. 

 

In conclusion, it can be stated that the results are highly satisfactory. The percentage of money 

in the energy invoice could reduce between 8% and 20% per year with those measures. 



Analysis and energy measures of Kastvallen ice hockey rink arena 

115 

 

 

Figure5.1:  Reduction cost of the total invoice with the efficiency measures 
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Appendices 

Appendix A: Refrigeration cycle data 

 

Compressor 

 

The Figure A.1 shows the technical data of the refrigeration cycle: 

 

 

Figure A.1: Refrigeration cycle data [37] 

 

 As it is possible to see, the nominal power refrigeration is 352 kW and the nominal mechanic 

power is 105.6 kW. The nominal heat condenser is thus 457.6 kW. The refrigerant is ammoniac.  
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The refrigeration cycle is indirect cycle; it has two loops, one between the hockey rink and the 

evaporator and the other is between the condenser and the external coil.  The fluid of the first 

loop is 74% of water and 26% of CaCl2 for moving the fluid there is one pump with 120 m
3
/h of 

mass flow and the pump raise the pressure in 76 kPa. 60% of water and 40% of propylengykol 

is the fluid of the second loop; the pump, that moves the fluid, has 63.7 m
3
/h of mass flow and 

66 kPa of pressure.  

 

The fluid of the evaporator loop leaves the evaporator with -10 ºC and return with -7 ºC. One 

the other hand, 27 ºC and 21ºC are the temperature of leaves and return in the condenser loop 

respectively.  

 

Number of hours that the compressors work 

 

The number of hours that the compressors work was recorded for time to time. The Table A.1 

shows the record of the compressors. The compressor 1 has nominal power of 90 kW and the 

compressor 2 has 75 kW of nominal power. 

 

Table A.1: Number of hours that each compressor works [37] 

Date Hours of 

compressor 1 

Hours of 

compressor 2 

25/01/2011 28820 10712 

03/02/2011 28875 10759 

08/02/2011 28901 10779 

15/02/2011 28933 10801 

17/02/2011 28943 10809 

21/02/2011 28955 10817 

22/02/2011 28966 10822 

25/02/2011 28977 10831 

28/02/2011 28995 10843 

07/03/2011 29036 10874 

17/03/2011 29091 10917 

22/03/2011 29119 10940 

01/04/2011 29172 10972 

04/04/2011 29193 10996 

12/09/2011 29341 11094 
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03/10/2011 29744 11198 

24/10/2011 30140 11296 

01/12/2011 30858 11437 

02/01/2012 31060 11562 

01/02/2012 31101 11673 

27/02/2012 31308 11773 

 

According to the table number of working hours for the compressors in one year (28/02/2011 – 

27/02/2012) are 930 hours and 2313 hours for the compressor 1 and 2 respectively. The hockey 

rink is open between end of August and the beginning to April. The number of days that it is 

open is around 230 and the number of hours is around 5520 per year.  

 

Table A.2: Comparison of number of working hours   

 Hours/year % of working 

time 

Average of 

number of 

hours per day 

Energy demand 

(MWh) 

Compressor 1 2313 41.9% 10.1 208.17 

Compressor 2 930 16.8% 4.0 69.75 

 

As it is logical, the hockey rink does not need the same refrigeration every time. The months 

where the outside temperature is lower the chiller works less time than others months. The 

figure A.2 shows the percentage that the refrigeration cycle works in every month. 

 

Figure A.2 Percentage of time that the hockey chiller work 
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The refrigeration cycle works around 80% of the time in the first months because it is necessary 

refrigerating the ice and the pavilion. The month where the refrigeration cycle works less is 

January. It is the only month where the compressor 1 works more time than the compressor 2.  

 

Dehumidifier 

 

The dehumidifier is the type desiccant wheel. The name of the dehumidifier is MUNTERS 

MLT 30. The electric power of the dehumidifier is 21.75 kW. The fans have a power of 3.75 

kW and the heater is 18 kW. The following table has technical data of the dehumidifier. 

 

Table A.3 Technical data of the dehumidifier (Swedish language) [18] 
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Appendix B: Cost of heat exchangers 

 

The following figure has been extracted of one catalogue [30]. This figure shows the price of 

two installations of heating hot tap water with district heating. The heat power of this catalogue 

is 50kW and 80 kW. It is necessary to add in the final price the tax. The tax in Sweden is 25%. 

 

 

Figure B.1: Budget for district heating installation (50kW) 

 

Figure B.2:Budget for district heating installation (80kW) 
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The heat exchangers are Växlarenhet FJV 50 or 80 kW the cost of those are 29644:64 and 

39624:64 SEK respectively without tax. The cost of heat exchanger is proximally 30% of the 

total cost. One approximation for calculating the cost of the installation is dividing the price of 

heat exchanger by the power for obtains the cost per kW. The following table shows the price 

per kW for doing the calculation in the installation.  

 

Table B.1:  Estimation of the cost per kW of the installation 

Type Only heat exchanger 

(SEK/kW) 

Total without tax 

(SEK/kW) 

Total with tax 

(SEK/kW) 

50 kW 592.9 2085.36 2606.7 

80kW 495.3 1614.23 2017.8 

Average 544.1 1849.8 2312.25 

 

The normal pipe of copper is 15x1.0 kopparrör; the cost of 5 meter is 654.70 SEK (without tax) 

and the labor is about 2.80 hours per 5 meters. Therefore, the price per meter is 130.94 SEK and 

the labor per meter is 0.56 hours. These values are estimated. 

The cost per hour of labor is 139 SEK.  
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Appendix C: Kastvallen ice hockey rink pictures 

 

 

 
Figure C.1:Kastvallen ice hockey rink 

 

In the machinery room are located the primary circuit and the evaporator and the condenser of 

the two secondary circuits. In that room we can also find the chiller driver and the two pumps of 

the secondary circuits 

 

 

 
Figure C.2: Chiller of Kastvallen ice hockey rink 
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Figure C.3: Primary circuit pump 

 

 
Figure C.4:Chiller driver 

 
The waste heat of the refrigeration cycle is released with fans as the following picture shows. 

 

 
Figure C.5: Condenser fans 
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Figure C.6:Kastvallen ice hockey rink changing rooms 

 

 

 

 

 

 

 

 

 
Figure C.7:Kastvallen ice hockey rink showers 
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The dehumidifier is located on the top of one corner of the ice rink. 

 

 
Figure C.8: Dehumidifier 

 

 

 

 

 

In the following picture we can see the dehumidifier reactivation air out (the metallic 

pipe on the pavilion wall). 

 

 

 
Figure C.9: Outside pavilion 
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There is a district heating room where the heat exchangers of the hot tap water, ventilation and 

heating of the changing rooms are located. 

 

 
Figure C.10: changing rooms ventilation pipes 

 

 

 

 
Figure C.11: Hot tap water heat exchanger 
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Figure C.12: Heating heat exchanger 

 


