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Abstract
In Sweden there are about 350 ice rinks in operation today which consume approximately 300 GWh
per year. The average energy consumption for a Swedish ice rink is approximately 1000 MWh per
year. Ice rink dose not only consume energy it also rejects heat. The rejected heat comes from the
refrigeration system that cools down the ice floor. The refrigeration system rejects heat around 700 to
1000 MWh per season. The reason for this study is because of the rejected heat which leads to the
question how the rejected heat can be used.
The object is to find a heat pump concept that can use the rejected heat or another heat source in an
ice rink. Three different heat pump concepts were evaluated. The first heat pump concept use the ice
floor as a heat source (called BHP), the second concept use the rejected heat as a heat source (called
CHP) and the third concept use the rejected heat to charge an energy storage (called GHP).
To accomplish the objective a heat analysis of two ice rinks were made to be able to simulate the heat
pump concepts. With the simulation results a life cycle cost was made for a better evaluation. The
results from the heat analysis were used for simulating the heat pump concepts. The two ice rinks that
were analyzed were Järfälla ice rink and Älta ice rink. The main heat source the two ice rinks uses
today is district heating and electricity. Järfälla only use district heating (DH) as a heat source and Älta
ice rink use recovery heat, electricity and district heating.
The heat analysis of the two the ice rinks showed that the highest district heating consumer was the
domestic hot water at 47% of the DH followed by the dehumidifier at 32% of the DH and last the
space heating at 22% of the DH. This shows how the heat is used in a general ice rink in Sweden. The
temperature levels for the dehumidifier is around 65 °C (only DH part), the domestic hot water at 55
°C and last the space heating at 20 °C. However the heat demand for the ice rinks resulted in 443
MWh for Järfälla and 192 MWh for Älta. To know the size of the heat pump used for the heat pump
concepts a heat profile for the ice rinks were made. The result of heat profiles lead to a heat pump
size of 105 kW in Järfälla and 45 kW in Älta. The rejected heat for one season in Järfälla is 1000 MWh
and 780 MWh in Älta.
With the results from the heat analysis the evaluation the heat pump concepts was possible. The COP1
for the CHP resulted at 3,8 and the COP1 for the GHP was assumed to be the same as for the CHP. The
COP1 calculations for the BHP concept resulted at 2,5. COP was calculated with collected data from the
respective ice rinks refrigeration system. The simulations results were that the BHP and the CHP
concept could fulfill the heat demand up to around 79% and the GHP up to around 84% in both ice
rinks. The rest of the heat demand is heated with supplementary heat. The life cycle cost (LCC)
showed that the CHP concept had the lowest cost followed by the GHP concept. The BHP concept had
the highest LCC, because of the low COP. The LCC model dos not include the running cost, the
maintenance cost and the energy tariffs for the district heating.
The recommended solution is the GHP concept. This is because it is a good investment for the future
since other buildings can be connected to the energy storage. The GHP concept is also the solution
that fulfills the heat demand best and has the lowest annual energy cost.
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1 Introduction
1.1 Background
In Sweden ice hockey is a very popular sport which leads to a large number of ice rinks. On average
the ice rinks consume approximately 1000 MWh per year and today there are about 350 ice rinks in
operation in Sweden. However, a lot of these ice rinks are built with a rule of thumb which often leads
to an inefficient building in energy point of view. The solution of these energy consumption ice rinks
was to start a project called Stoppsladd or, in English, Power break. Stoppsladd is cooperation
between the company Energi & Kylanalys (EKA) and the Swedish Ice Hockey Association (SIHA).
According to EKA energy savings of 20 – 40% can be made in ice rinks without being unrealistic. This
high energy consumption in ice rinks also has a negative economic effect and to reduce the cost for ice
rinks energy improvements are required (Stoppsladd, 2013).

1.2 Objective
The objective of this thesis is to evaluate different heat pump concepts together with proposed
system solutions. To achieve the objective in the best way sub-objectives are set. The sub-objectives
are; to make a heat analysis on ice rinks, find the energy loads and temperatures levels for the
different systems in an ice rink.

1.3 Scope and limitations
This thesis will discuss the heating and refrigeration system in indoor ice rinks located in Stockholm.
The research is divided in two parts: find general solutions for connecting seasonal thermal energy
storage in an ice rink and create a model for evaporation during an ice resurfacing.
The limitation for this study is that the climate data is limited to Stockholm, Sweden. In the calculation
part some of the parameters had to be assumed but this is mentioned and the best possible
assumptions are made. The research is limited to the heating system and for some extension the
refrigeration system for the ice rink.

1.4 Methodology
A literature survey was initiated as a first step in this thesis work including general information about
ice rinks and seasonal thermal energy storage. After the literature survey a heat analysis on two ice
rinks is made. The heat demand analysis will result in a heat profile for an ice rink and reveal
temperature levels for the different systems. The results from the heat analysis will be used for the
simulating the different heat pump concepts and system solutions. With the simulation result a life
cycle cost analysis will be made. The life cycle cost and the simulation results is then evaluated and
analyzed to see which heat pump solution is the most suitable for an ice rink.
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1.5 Literature survey
Here the basics of ice rink, heat pumps and seasonal energy storage will be described.
1.5.1 Ice rink information
An ice rink can be seen as a very large freezer with an ice floor area of 1800 m2. This is a lot of ice to
prevent from melting and keep at a constant low temperature. This demands a system that can run
the building with a low indoor temperature, preventing the ice from melting and deliver comfort to
the spectators and the players. The energy consumption in an average ice rink in Sweden mainly
consists of five parts; heating, refrigeration, lighting, dehumidification and ventilation. Figure 1
illustrates the relative energy consumption from each category. The energy that is not included in the
five categories is illustrated in Figure 1 as miscellaneous.

Figure 1 illustrate the percentage of how much energy each category consume in an averages ice rink in Sweden

1.5.1.1 Heating
There are several ways to heat a building and in Sweden the most common way to heat an ice rink is
with electricity and/or district heating and recovery heat. It is difficult to estimate how much energy
there is in the heat recovery systems. The most ice rinks use heat recovery in some form but the heat
recovery system does not always operate at 100% and in some case it does not always work at all. The
heat from the electricity and/or district heating is distributed throughout the building with ventilation,
ground heating, radiators, etc.
1.5.1.2 Ice Resurfacing
The ice quality mainly depends on the ice temperature, air temperature, the moisture content and the
ice surface. The ice surface is worn and damaged after ice activity and to restore the ice quality an ice
resurfacing must be done. Ice resurfacing is made by an ice resurfacing machine as illustrated in Figure
2. The machine smoothens/flattens the ice by removing a few tenths of a millimeter of ice and putting
a layer of warm water on top of it. The water has a temperature of 35 to 50 °C in Sweden and in some
countries the temperature can be up to 90 °C. The water is warm to be able to melt small uneven ice
particles on the ice surface and interact better with the old ice (Stoppsladd, 2013).
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Figure 2 shows an ice resurfacing machine

1.5.1.3 The refrigeration system
The most important system for an ice rink is the refrigeration system. The refrigeration system is
providing cooling to the ice floor. The design of the refrigeration system is either indirect or direct,
described briefly/in detail below. The most common types of design in Sweden are indirect or partly
indirect systems.
An indirect system uses a secondary fluid to distribute the cooling whereas a direct system uses the
refrigerant to distribute the cooling. With a secondary fluid there is need of a pump and a heat
exchanger between the refrigerant and the secondary fluid. This result in a less efficient system
compared with a direct system but on the other hand direct system requires a larger amount of
refrigerant which means higher risk of leakage and a larger refrigerant unit size for the same cooling
capacity. The basic system schematics for a partly indirect and a direct system are show in Figure 3. In
indirect systems, a commonly used secondary fluid is brine such as CaCl2 and in Sweden ammonia is
often used as refrigerant. Before ammonia was declared dangerous to use in public it was used in
direct systems (Nguyen, 2011).
a)

b)

Condenser

Condenser

Evaporator

Ice Floor

Ice Floor

Figure 3 a) shows a basic system solution for a partly indirect system and b) shows a basic system solution for a direct system

-10-

The ice temperature is normally kept between -3 and -7 °C and this is made possible by the
distribution system. The distribution system is located below the ice and is formed in a special pattern
to provide a constant ice temperature (Stoppsladd, 2013). The schematics for the tubes transporting
the fluid are shown in Figure 4. The first schematic (a) in Figure 3 shows two ways distribution tubes
which is the simplest and cheapest distribution system. However, with this model there will be an
unbalance in pressure of the system because of the difference in length the fluid will be transported.
This can be neutralized if using a three way distribution system ((b) in Figure 4) where all tubes have
the same length or installing a pressure restrictor (orifice) in the tubes (Månberg, 2010).

Figure 4 The picture shows two examples of how the cooling tubes can be located in the floor. a) Shows two way distribution
tubes. b) Shows three way distribution tubes for the refrigerant (Månberg, 2010).

The refrigeration system does not only deliver coldness but it also delivers heat as a rest from the
condensation side. This heat can be used to heat up different systems in the ice rink. The most
common way to use the heat is to connect it to the ventilation system and heat the air.
1.5.1.4 Lights
The light in an ice rink is very important because the skaters need a good line of sight and the media
and spectators must be able to get pictures, video recording in high quality and of course have a good
view of the activity on the ice. With high intense lights that is required to fulfill the requirements
discussed above the heat radiation on the ice increases and this results in a higher cooling demand
from the refrigeration system (Karampour, 2011).
1.5.1.5 Ventilation system
The ventilation system of an ice rink is important for the indoor climate such as thermal, humidity and
air quality. Ventilation is needed in the ice rink especially in the dressing rooms where the ice hockey
players are changing. The spectators also need ventilation for thermal comfort and fresh air. The airhandling unit can not only heat and bring fresh air to the building but it can also be used for
dehumidification in the ice rink (IIHF, 2013).
1.5.1.6 Dehumidifier
The role of the dehumidifier in the ice rink is to protect the building from humid air that can damage
the building. There are several different ways of how to process the moist air in an ice rink and the
most recommended is Active adsorption system (ASHRAE, 1999). Active adsorption system is using a
desiccant wheel with a rotation speed of 10 to 30 rph. The material used in the desiccant wheel is
normally silica gel because of it absorbent properties. How to process the humid air can be seen in
-11-

Figure 5. The humid air in the ice rink is passing through one portion of the desiccant wheel which
adsorbs the moister in the air and releases sensible heat. After the desiccant wheel the air
temperature has increased and this air must be cooled consequently before it is delivered back to the
ice rink. On the other portion of the wheel the regeneration air passes through. The regeneration air
temperature is increased before it enters the desiccant wheel. The warm regeneration air causes the
moisture in the regeneration sector of the desiccant wheel to evaporate. When the regeneration air
leaves the desiccant wheel the air is warm and moist.

Figure 5 shows a basic dehumidification system with a desiccant wheel (IIHF, 2013)

1.5.1.7 Ice rink system summary
All the systems described above are affecting each other and this is illustrated in Figure 6 with the
heat flows from the different systems. The most negative heat flows are those who affect the ice floor.
The higher heat loads on the ice floor the more the refrigeration system needs to work. In Figure 6 the
ice resurfacing and the dehumidifier are missing, so it should be a heat flow on the ice floor from the
ice resurfacing. There should also be a heat flow to the dehumidifier because of the heat needed to
dehumidify the moist air. The systems that are affecting the ice floor are the lights, ventilation, heating
for spectators and the ice resurfacings.

Figure 6 shows the systems for a general ice rink, how the heat is located and distributed in the ice rink (Stoppsladd, 2013).
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1.5.2 Heat pump technologies
Since the mid 1970-ties heat pump techniques have developed rapidly and in Sweden the market
started develop in the beginning of 1980-ties with focus on larger heat pumps. The large heat pumps
were used in the district heating systems and were replacing the oil (because of the oil prices). At the
end of 1990-ties the large heat pumps contributed to about 40% of total annual demand in district
heating systems. The reason for large heat pumps used in the Swedish district heating system is
because of the load management of the electric system. The market for smaller heat pumps has not
being as great as the market for large heat pumps but after the new millennium the heat pump
market expanded considerably (Palm, o.a., 2011).
The two most common heat pumps that are used today are the vapor compression heat pump and
the absorption heat pump. These two heat pumps techniques are well known in the industries. The
vapor compression heat pump is driven by a mechanical compressor with external energy. The
absorption heat pump is a thermodynamic cycle which requires thermal energy such as combustion
heat.
The purpose of a heat pump is to transport heat from a low temperature stage to a higher
temperature stage. However this is not possible according to the second law of thermodynamics
without an energy source that is driving the process. The high stage temperature in the heat pump
contains more energy than the energy that is driving the process. This means that the temperature in
the high stage is higher than the temperature in the source that is driving the process. With this
process the heat pump can compete with conventional combustion device, because a combustion
device always has a higher supply heat than the heat delivered (Palm, o.a., 2011).
Figure 7 is showing the different in the schematics between a basic vapor compression and absorption
heat pump system.

Figure 7 a) is the vapor compression cycle for a refrigerator with a T-S diagram on the right side (Refrigerator, 2013), b) is the
absorption cycle for cooling in a P-T diagram (BIT, 2013)

1.5.3 Seasonal thermal energy storage
Seasonal thermal energy storage (STES) is the name for several technologies for storing cold or heat
for a time period up to several months. The principle of the STES is very simple, heat or cold energy is
stored for a later use. The most common way of using STES is to store heat during the summer and
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use the heat for heating during the winter. During the winter the coldness is stored and used for
cooling during the summer.
1.5.3.1 Aquifer thermal energy storage
Aquifer thermal energy storage (ATES) is a technique where the heat and cold is stored in the
groundwater in an aquifer. This technique is relying on the geothermal conditions which limit the area
of usage. If there is not enough groundwater in the aquifer the ATES system won’t be able to operate
efficiently. In Europe there are over 1000 sites using ATES technologies and the technology is mostly
used in Scandinavia and the Netherlands. Figure 8 illustrates the basics of the ATES system layout and
how the system store energy during the summer and winter.

Figure 8 shows an example of an ATES layout in summer and winter time (Wikipedia, 2013)

1.5.3.2 Borehole Thermal Energy Storage
Borehole thermal energy storage (BTES) is a technology where the energy is stored in boreholes. To
start with, the technology of the borehole must be described for a better understanding of how BTES
works. A borehole is drilled and the depth is between 30 – 300 meters depending on the size of the
energy storage. Then the borehole is filled with a fluid and a pipe is inserted inside of the borehole
containing a second fluid. The pipes function is to transfer the energy in the borehole fluid for other
usage. These systems are called a Borehole Heat Exchanger (BHE) and when using a pipe it is a closed
system, see Figure 9. An open system works as a closed system but instead of having two fluids only
one is needed. The open systems fluid has direct contact with the surrounding soil or rock. The pipe
used has several designs which but the most common design are the u-pipe.
Boreholes/
Energy storage

Heat
exchanger

Ground/Soil

Boreholes

Figure 9 shows a basic schematics of an closed Borehole heat exchanger system
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2 Heat analysis
The data is collected from two ice rinks; Älta and Järfälla. These two ice rinks are chosen because the
measurement equipment is already installed. There have been several projects in these ice rinks
before and the ice rinks are two different typical ice rinks in Sweden. The work flow of the heat
analysis is illustrated in Figure 10 and the results will be used for the Heat pump solutions in section 3.

Climacheck
data

District
Heating

Base Load
For heating

Rejected
Heat

Heat Pump
solutions
Figure 10 describes the work flow of the heat analysis

Älta and Järfälla ice rinks are being analyzed to see how much heat the two ice rinks need. The analysis
will result in finding the base heat load and a heating profile of the ice rinks. The heat load for the ice
rinks are found by plotting the district heating against the outdoor temperature. The heating profile
and the base heat load will be used for the evaluation of using a heat pump connected to the ice rink.
The base heat load is the lowest heat the ice rink need for operating. To have a reference value for the
district heating data the area of the building is multiplied with the average value for heat per square
meter (138,9 kWh/m2, season) for ice rinks in Sweden (STIL2, 2009). This will also reveal how much the
ice rinks are deviating from the average heating demand.

2.1 Järfälla and Älta ice rink information
2.1.1 Järfälla Ice rink
Järfälla ice rink is constructed as a practice arena and activities that requires few spectators. The
estimated area of Järfälla ice rink is 3550 m2 and has been calculated by using Google maps. Järfälla ice
rink uses district heating to fulfill the heating demand of the building, which is plotted in Figure 11.
The heat load of Järfälla ice rink is different depending on the time of the year. At lower outdoor
temperature more heat will be needed to fulfill the heat demand, as illustrated in the colder months
in Figure 11. The total district heating for Järfälla in season 2011-12 is 443 MWh. The reference values
results in 493 MWh per season and comparing this with the real district heating the difference is 10%.
The reference value illustrate that the district heating data is accurate and reliable.
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Järfälla District Heating 2011-12
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Figure 11 describes the district heating for Järfälla ice rink

2.1.2 Älta ice rink
Älta ice rink is built for higher hockey leagues and activities with spectators. Älta does not only have
changing rooms and an ice rink, there are also a few offices, workshop and a small restaurant. The
area of Älta ice rink is calculated with blueprints of the building. The area is calculated to 3753 m2 and
this give reference value of 521 MWh/Season. The total district heating is 192 MWh/Season in Älta ice
rink and the total electricity in Älta ice rink is 408 MWh/Season. In Älta the reference value compared
to the total energy (district heating and total electricity) has a difference of 10%. The difference is
higher than 10% in the reality because the electricity is not only used for heating. The district heating
and total electricity are plotted in Figure 12. The district heating is lower compared to Järfälla district
heating. The reason for this can be that Älta uses a better controlled energy system and has modern
insulation.

Älta 2012-13
80

MWh

60
Älta District Heating

40

Total Electricity

20
0
Okt

Nov

Dec

Jan

Feb

Mar

Figure 12 Älta ice rinks district heating and total electricity for season 2012-13

Älta heating system is more complicated compared with Järfälla heating system. In Älta the heating
system uses recovery heat from the refrigeration system, district heating and electricity. This makes it
much more difficult to decide the heating demand. It will be difficult to find out how much heat
recovery there is, because there is a shortage of data in the heat recovery. It is known that the heat
recovery is working but not how efficient. There was a leakage in the heat recovery system in 201201-01 and this resulted in a reduction of heat recovery. After the leakage there is only heat recovery
to the ventilation system. The reduction of heat recovery will be investigated to see if it has an impact
on the heat energy.
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2.2 Heat demand
2.2.1 Base heat load
To find the base heat load for Älta and Järfälla ice rink the district heating is plotted against the
outdoor temperature for the respective ice rinks. The base heat load for Järfälla and Älta is illustrated
in Figure 13 and Figure 14 as a red line.

Järfälla: 2012-13 District Heating vs Outdoor Temperature
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Figure 13 Järfälla district heating plotted against the outdoor temperature at Järfälla ice rink, the red line represent the base
heat load

Älta 2011-12: District Heating vs Outdoor Temperature
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Figure 14 shows Älta district heating plotted against the outdoor temperature

The base heat loads reveals that at warmer days the heat demands flats out and this is when energy
can be stored. In Järfälla the base heat load flats out at 10 C° and in Älta it flat outs at 0 °C. The
difference between the plots is because of how the district heating data is logged. Älta district heating
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data is logged every minute at the exact kW and the data for Järfälla is logged every hour and is
rounded up or down to the nearest fifth.
2.2.2 Heat Profile
With the district heating data the heat profile of Järfälla and Älta can be made. This is done by plotting
the district heating and the outdoor temperature against the operating hours as illustrated in Figure
15 and Figure 16. The heat profiles will later be used to determine the size of the heat pump to the
respective ice rink.

Järfälla: Heat Profile
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Figure 15 shows the heat profile for Järfälla ice rink

Älta: Heat profile
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Figure 16 shows the heat profile for Älta ice rink
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3000

Outdoor Temperature

70

The heat profile also reveals the annual heating demand. In Järfälla the operating hours for the annual
heating demand is between 1000 to 4500 hours. In Älta the operating hours for the annual heating
demand is between 100 to 3000 hours. The energy in the annual heating demand in Järfälla is 355
MWh and in Älta 150 MWh. This is the district heating for the respective ice rink and Älta also using
heat recovery as mentioned before. This means that Älta will have a higher annual heating demand.
The energy from the heat recovery system in Älta has not been included. The heat recovery system is
being analyzed in section 2.3 and is also explained why it is not included in the heat profile.

2.3 Heat recovery
The analysis of Älta ice rink heat recovery system is analyzed here. The first step was to calculate the
thermal energy over the desuperheater. The result of the calculation could not be used in the analysis
because of lacking data in the heat recovery system. The heat recovery system is mixing heat from the
desuperheater and the condenser. There is no sensor that is measuring how much energy is taken
from the condenser. Because of this the desuperheater cannot reveal how much heat recovery there
is. The second step in the analysis was to use the knowledge that the heat recovery was turned off for
some time. By comparing the total electricity from 2011-12 with the total electricity from 2012-13 an
increase in the total electricity should be expected. The increase in total electricity is represented
mostly by the heating of floodwater. The comparison is illustrated in Figure 17.
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Figure 17 comparing the total electricity between season 2011-12 and 2012-13

The electricity has decreased for season 2012-13 compared with season 2011-12 as illustrated in
Figure 17. This makes it impossible to compare the two seasons with each other. When analyzing the
total electricity from the first of January there is no remarkable increase in the total electricity for
season 2012-13, this can be seen in Figure 18.
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Älta: Comparison of Total Electricity in January

Figure 18 shows a comparison of Total Electricity in January in Älta ice rink

When the heat recovery is turned off the floodwater is heated only with resistant heaters. Figure 19
shows the floodwater tank and the resistant heaters. The resistance heater has a voltage of 400 V and
the maximum ampere is 16 A shown in Figure 19. This give a maximum power for each resistance
heater at 6,4 kW. With two electricity heaters the power is 12,8 kW. This power is very difficult to
identify in Figure 18 and there is no data logged for the time the resistant heaters are on.
The conclusion of this is that the floodwater has not a large impact on the total electricity or there is
not much heat from the heat recovery system here.

a)
b)

Figure 19 a) shows the floodwater tank, b) shows the resistant heater

2.3.1 Älta Electricity usage
To find out if the electricity is mainly used for heating or cooling the electricity usage is analyzed. The
solution for this is to plot the total electricity against the outdoor temperature and this is done in
Figure 20. Figure 20 shows the total electricity for season 2011-12 and 2012-13. The electricity usage
is higher in season 2011-12 and this is because of the dehumidifier. The dehumidifier used only
electricity first but for season 2012-13 the electricity was switched to district heating. The trend line
(black line) in Figure 20 is increasing at higher outdoor temperatures which indicate that the electricity
is used for cooling rather than heating.
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Älta 2011-12: Total Electricity vs Outdoor Temperature
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Älta 2012-13: Total Electricity vs Outdoor Temperature
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Figure 20 shows the total electricity against the outdoor temperature for season 2011-12 and 2012-13

2.4 Heat Loads
2.4.1 Water
An ice rink dose not only need energy for the refrigeration system but it also needs energy for
comfort. For example heat is needed to provide warm water to the showers. The largest heat demand
is the warm water to bathrooms, showers and ice resurfacing. The water volume and energy has been
calculated with equation 1 and 2.

V  V  t  f  ( X 1  M  X 2  F )

Equation 1

Equation 1 gives the volume of water where V is the water flow, t is the time the different facilities
are in use for one season and f is the percentage of how much of the cold water that is being heated
for warm water usage. X 1 and X 2 is the fraction of how often a male or a female use the different
facilities per day, M is how many males there are in the building for one day and F is represents how
many females there are in the building per day.

W  c  m  T

Equation 2

The energy to heat up the water is calculated with Equation 2 where c is the specific heat, m is the
mass of water and T is the temperature difference between the cold and warm water. The set
points for these calculations are shown in appendix 1 and are standards taken from Boverkets Bygg
Regler (BBR) section 6:62. The set point for sink facets and showers are lower than the standards for a
more realistic flow and has been measured. All the set points and result from the water calculations
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are listed in a table in Appendix 1. To get a better view of the results the relevant results are
summarized in Table 1.
The total water usage resulted in 4308 m3 per season and to know if the result is accurate and reliable
a reference is needed. The reference is found in Energimyndighetens report STIL2 where Farsta ice
rink use 4716 m3 of water per year (STIL2, 2009). Energimyndighten calculated the water usage for
one year and in this report the calculation is done for one season. The conclusion from this is that the
calculation is accurate and reliable for a general is rink in Sweden.
The energy for heating the water is different depending on what temperature the water is going to
have. The domestic hot water is heated to 55 °C and the floodwater is only heated to 40 °C. The
energy needed to heat the floodwater per season is 37,5 MWh per season and this is almost 42% of
the energy needed for the domestic hot water. The warm water needed for the floodwater is 1008 m3
per season and the domestic hot water use is 1650 m3 per season.
Table 1: Summary of water usage results for a general ice rink in Sweden.

Summary of water usage per season
Water Temperature from 8 - 55 °C
Water usage for bathroom sink faucets
Water Temperature from 8 - 55 °C
Water usage for showers per Year
Total Domestic hot water
Water Temperature from 8 - 40 °C
Use of floodwater
Total water usage

MWh

Warm water [m3]

Total water m3

1,637

30

60

88,407
90,044

1620
1650

3240
3300

37,4528
127,497

1008
2658

1008
4308

2.4.2 Dehumidifier
A dehumidifier can have several heat sources for regeneration such as electricity (used for heating and
for fans etc.), district heating and heat recovery. The dehumidifier analyzed here is Älta´s dehumidifier.
In season 2011-12 the dehumidifier used electricity as a heat source and for season 2012-13 the
electricity was changed to district heating. This means that the total electricity is higher in season
2011-12 than season 2012-13. The total electricity for the dehumidifier is plotted in Figure 21 to
illustrate the difference between the seasons. The difference between the electricity is assumed to be
equal to the new heat source district heating. The district heating for the dehumidifier is plotted in
Figure 22 and is calculated by the difference in the total electricity. The total district heating for one
season used in the dehumidifier is 60,652 MWh/season.
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Älta: Comparison of Total Electricity
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Figure 21 shows the total electricity for the dehumidifier in Älta ice rink
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Älta: District Heating Dehumidifier season 2012-13

Figure 22 shows the district heating for Ältas dehumidifier season 2012-13

2.4.3 Ventilation and Space heating
The district heating is used for domestic hot water, dehumidifier, ventilation (ice rink) and space
heating in Älta ice rink. Space heating is radiators, floor heating and ventilation for changing rooms
etc. The heat load of the ventilation and space heating is calculated by subtract the dehumidifier and
domestic hot water from the total district heating. The result from the subtraction was 24,3 MWh per
season and this is the heat used for the ventilation and space heating.
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2.4.4 Evaporation analysis (Ice Resurfacing)
The moisture content in the air increase when the ice resurfacing machine has put new floodwater on
the ice. The question is how much of the floodwater is evaporated into the air and how the floodwater
temperatures effect on the evaporation rate. To find out how much floodwater evaporates the
freezing time of the floodwater and the evaporation rate is needed.
The increase in relative humidity (RH) during an ice resurfacing can be seen in Figure 23. This ice
resurfacing was chosen because it is the first in the morning where there is very little disturbance from
activity’s and population in the building is lower than in the evening time. “RH over isen” is a sensor
that measures the RH about 20 centimeters above the ice and “RH ishall” is measuring the relative
humidity about 2 meters above the ice.

Realtive Humidity during Ice resurfacing
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Figure 23 Relative Humidity during an ice resurfacing

The RH can be converted in to water content in the air by knowing the air temperature. The water
content before the ice resurfacing is 2,83 gH2O/kgAir and after the ice resurfacing the water content
has increased to 3,33 gH2O/kgAir. This is an increase of 0,5 gH2O/kgAir which is an increase of 15
liters in to the air. The increase in the RH is almost the same for all early ice resurfacings this time of
the year according to the Climacheck data. In a previous thesis made by Diogo Rodrigues (DR) the
dehumidification in an ice rink were analyzed. To do the analyze RH measurements were necessary.
DR thesis concluded after they had switched one sensor that the RH measurements were accurate at
both measure points (ishall and over isen). The water content was almost the same at “ishall” and
“over isen” which concludes that the measure equipment is accurate. DR thesis also concluded that
the average dehumidification rate is 7,2 liters/hour. The dehumidification has clearly an impact on the
measured data because of the dehumidification rate (Pereira Diogo Bermejo da Silva, 2013).
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The ice resurfacing does not only affect the air quality it also increase the ice temperature. The
temperature of the ice is measured around 15 mm under the ice surface. The ice temperature
increases during the ice resurfacing and when the ice resurfacing is finished the temperature
decreases. The ice temperature during an ice resurfacing is plotted in Figure 24. When there are
several ice resurfacings on a day the ice temperature can increase up to 2 °C. Therefore the recovery
time for the ice temperature will be analyzed.

Ice temperature during an ice resurfacing
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Figure 24 Temperature of the ice during an ice resurfacing in Älta ice rink

From the plot presented in Figure 23 it is obvious that the ice resurfacing is affecting the RH in the ice
rink. A calculation model is made for the evaporation to analyze the water content inside the ice rink
air during an ice resurfacing, the calculation model shown in Figure 25.

5 °C

E

X (ice thickness)

Floodwater
Ice

-3 °C

Q
Figure 25 shows evaporation model

2.4.4.1 Freezing time
The freezing process for the floodwater can be compared with a lake when the surface is starting to
freeze and a thin ice layer is created. But in this case the ice layer starts from the bottom of the new
floodwater instead of the surface. A heat balance for the process is set so that the heat energy that
must be removed from a surface in order to increase the thickness of the ice layer is (Equation 3)
equal to the heat removed during a time increment (Equation 4). The freezing process has a phase
change when water is converted into ice and in order for the freezing process to continue the latent
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heat from the ice layer front must be removed. This is described in Equation 3. The dew point
describes the temperature of the ice at which the water will stop evaporate and in an ice rink the dew
point is between 2 to -1 °C (Stoppsladd, 2013).

dQ  S    A  dx

Equation 3

dQ  k  A  T  d

Equation 4

Equation 5 is expressing the heat transfer resistance from the ice front at depth x to the surrounding.

1 1
 x
  
k 
 

Equation 5

With the heat balance the time increment for the freezing process can be expressed and by
integrating the time increment the time equation will be expressed as in Equation 6.



S 1
 b
    b

T 
 

Where

Equation 6

S is the latent heat of water [kJ/kg]

 is the density of water [kg/m3]

A is the area of the surface [1800 m3]
x is the thickness of the ice layer [m]
T is the temperature between the flood water and the ice surface [K]
 the time of freezing process [s]
 is the heat transfer coefficient between the original ice surface and the floodwater
layer [W/mK]
 is the thermal conductivity of ice [W/mK]

 is the thickness of the floodwater layer[m]
b is the floodwater layer thickness [m]

The assumption for Equation 6 is that the ice surface has a fixed temperature. In the reality the ice
surface does not have a fixed temperature, the temperature will instead be determined by the
conduction from the under laying layers of ice. The set points for this calculation revolving Equation 6
is in Appendix 2.
The transient temperatures can be calculated and by means of an energy balance the freezing time for
the floodwater can thus be estimated. This is a method used by Eric Granryd. Granryd calculate the
transient temperatures to be able to calculate the energy during the freezing process, his method is
described further on. The temperature in Equation 7 is calculated in section 2.4.4.3. To calculate the
energy during the freezing process the time is needed, to solve this problem a time vector is made.
The energy during the freezing process is described with Equation 7. Equation 8 gives the total energy
for freezing the floodwater per square meter. The freezing process is finished when Equation 7 and 8
is equal to each other and the freezing time is then read in the time vector.

qn 

ice (t n1  t n )( n1   n )
x

 qn1

Equation 7

qFreezing  S  cpwater (Twater  TFreezing )  m

Equation 8
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Where

n  1 is the previous value in the energy vector and n is the relevant value

qn is the energy removed from the floodwater [J/m2]
qFreezing is the total energy that must be removed from the floodwater [J/m2]
cpwater is the specific heat of water 4200 J/(Kg K)
 is the time

x is the distance from the surface and x mm under the surface

t is the temperature between x

ice is the thermal conductivity of ice [W/mK]

The time will also be measured in a real time experience when an ice resurfacing is made. This is done
to verify the calculated time.

Thickness of the frozen floodwater, m

The freezing process goes faster in the beginning but after the temperature in the floodwater
decreases the freezing process slows down. This is illustrated in Figure 26 where the thickness of the
frozen floodwater can be seen. The freezing time is read in Figure 26 and results in 265 seconds. The
set points for the freezing process with Granryd’s method are in Appendix 3.
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Figure 26 shows the thickness of the frozen floodwater and the freezing time

The freezing time results are listed in Table 2 below where the measured time and calculated time can
be seen. Equation 6 is the closest to the measured time and Granryd’s method results in 115 seconds
longer than Equation 6. The time periods of the results are realistic and when the measurement on
the freezing time was done there was no knowledge of floodwater temperature or the volume of the
floodwater.
Table 2 shows the results for the different freezing time calculations and the measured freezing time

Method
Equation 6
Granryd’s
Measured

Time [s]
151
265
123
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Another important time to know is how long the floodwater temperature is high enough for the
floodwater water to be able to evaporate. In Figure 27 Eric Granryd has calculated the time of how
long it takes for the floodwater to cool down to a few degrees above 0 °C. Two different start
temperatures of the floodwater has been used, one at 50 °C and the other is at 10 °C. The floodwater
volume is 0,33 liters/m2. The floodwater temperature decreases very fast and is around 2-4 °C after 4
seconds. This is important to know for the evaporation rate calculations at section 2.4.4.2. The cooling
process in Figure 27 has been calculated at different depth of the floodwater, surface (L), middle (m)
and at the ice (is). The cooling process has also being calculated whit two different heat transfer
coefficients for the respective floodwater temperature. The heat transfer coefficient used is 1000 and
10000 W/(m2K). In Figure 27 the curves with the lower heat transfer coefficient for the respective
floodwater temperature has a more liner cooling process. The different heat transfer coefficient is
used to see how the heat transfer coefficient affects the cooling process.
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Figure 27 illustrates the time it take for the floodwater temperature to decrease to a few degrees over 0 °C. The time is in
seconds on the x-axel and in °C on y-axel.

2.4.4.2 Evaporation
The evaporation rate of floodwater from the ice resurfacing will be calculated with three different
evaporation equations. ASHRAE uses Willis H. Carrier’s correlation to calculate the evaporation rate in
occupied swimming pools (ASHRAE, 1999). Carrier’s equation is the same as Equation 9 without the
constant 0,73. Since the evaporation conditions in an ice rink are similar to an unoccupied swimming
pool another correlation must be used. For unoccupied swimming pools (Smith, et al., 1998) made a
correlation of Carrier’s correlation. They recommended that Carrier’s correlation should be multiply
with 0,73 for unoccupied swimming pools (Equation 9) . Equation 9 will be used as a first equation to
calculate the evaporation rate. The second equation is a correlation made by Shah. Shas’s correlation
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is based on a density difference rather than the pressure difference and is illustrated in Equation 10
(Shah, 2002). The third evaporation equation used is recommended by Eric Granryd and is illustrated
in Equation 11.

E

0,73(0,089  0,0782V )( Pa  Pw )
hw 3600

Equation 9

E

C   w (  a   w )1/ 3 (Ww  Wa )
3600

Equation 10

E

1520

Pa  Pw 
t
hw



c

Equation 11

Where

E is the evaporation rate [kg/m2s]
Pw is the saturated water vapor partial pressure at the water temperature [Pa]
Pa is the water vapor partial pressure at the air temperature and humidity [Pa]
V is the wind velocity parallel to water surface [m/s]
hw is the latent heat of vaporization of water [J/kg]

Wa is the specific humidity of the air in the ice rink [kgH2O/kgDry Air]
Ww is the specific humidity of air at the ice surface [kgH2O/kgDry Air]
(  a   w ) is the air density difference between the air in the ice rink and the air
density at the ice surface [kg/m3]
C is a constant defined as C=35 for (  a   w ) >0,02 and C=40 for (  a   w ) <0,02

 c is the heat transfer coefficient by convection between the surface and the air
[W/m2K]
t is the temperature between the surface and the air
The amount of floodwater put on the ice is 600 liters and this give an ice thickness of 0,33 mm
(Stoppsladd, 2013). In the reality the ice thickness vary over the ice. At some sectors of the ice there is
more activity than other sectors and this contributes to the difference in the ice thickness. Here the
assumptions are that the new ice layer is the same over the entire ice floor and the amount of
floodwater is 600 liters at 35 °C. According to ASHRAE the wind velocity can be assumed to 0,4 m/s
and is constant over the ice floor (ASHRAE, 1999). The evaporation rate at 0 °C and 90 °C will also be
included in the calculations reference temperatures for the three evaporation rate equations. The
results from the evaporation rate at are listed in Table 3 below.
Table 3 shows the for evaporation rate at different floodwater temperatures, Equations 9-11.

[kg/m2s]
E at 0 °C E at 35 °C E at 90 °C
Equation 9
4,1E-6
1,3E-4
1,9E-3
Equation 10 1,1E-6
2,1E-4
9,6E-3
Equation 11 4,6E-6
1,4E-5
7,4E-5
The results reveal the evaporation rate is very low at all the temperatures. Equation 9 and 10 deviates
from Equation 11 at around 35 °C, this can be seen in Figure 28. The high evaporation rate at 90 °C is
not unrealistic especially when the surrounding temperature is low and the water temperature high.
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The evaporation rate will only be at 35 °C for a very short time as concluded in section 2.4.4.1 and the
evaporation rate closer to 0 °C is of a higher importance.
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Figure 28 shows how the floodwater temperature affects the evaporation rate

The answer to the question about how the floodwater temperatures affect the evaporation rate is in
Figure 28. The higher floodwater temperature the higher is the evaporation rate.
The 4 seconds it takes for the floodwater to cool down to around 0 °C is very short compared with the
total freezing time. The evaporation time is estimated to be 10 seconds and is based on the plot in
Figure 27. The amount of water evaporated from an ice resurfacing is shown in Table 4.
Table 4 Evaporated floodwater for one ice resurfacing in Liters

Evaporated floodwater (35 °C) for one ice resurfacing in Liters
Evaporating time Equation 9
Equation 10
Equation 11
10 s
0,92
1,39
0,18
Table 5 percent of evaporated floodwater from the 600 at different start temperatures

% of evaporated floodwater from the 600 liters
Floodwater
Equation 9
Equation 10
Equation 11
10 °C
0,10%
0,13%
0,21%
35 °C
0,25%
0,36%
0,22%
80 °C
1,36%
3,11%
0,27%
The conclusion from this is that the evaporation from the floodwater has a very little impact on the air
quality. According to the Climacheck data as written in the beginning of this section the water content
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increases with 0,5 gH2O/kgAir in Älta ice rink. With the calculated water content the increases is around
0,03 gH2O/kgAir which is around 1 liter. Table 5 reveals the % of how much of the floodwater is
evaporated from the total floodwater for one ice resurfacing. This is very low and this concludes the
question of how much the floodwater affecting the air quality. There must be another factor that is
affecting the air quality during an ice resurfacing.
From an energy point of view this means that the higher the floodwater temperature is the higher
load on the ice. Since there is very little floodwater evaporating this means that the energy in the
floodwater transfers to the ice. The energy the refrigeration system needs to remove for cooling down
the floodwater is in Table 6. The energy in Table 6 is calculated by multiplying the floodwater that is
left after evaporation with the COP of the refrigerant system. The COP refrigerant system has been
calculated with Climacheck data and is around 4,5 in both ice rinks.
Table 6 shows the energy the refrigerant system needs to remove to cool down the ice at different floodwater temperatures.

The energy the refrigerant system needs to remove [kW]
Floodwater °C Equation 9
Equation 10
Equation 11
10-0
9,06
9,05
9,05
35-0
26,42
26,39
26,43
80-0
57,05
56,04
57,68
The values in Table 6 are also plotted in Figure 29 to make it easier to see how the floodwater
temperature effects on the energy that has to be removed. Figure 29 also shows the energy for the
freezing of the floodwater from 0 °C of water to (-6) °C of ice. The energy that has to be removed
during the freezing process is around 57 kW.
10-0 °C

35-0 °C

80-0 °C

0-(-6)°C (water>ice)

70.00
60.00

kW

50.00
40.00
30.00
20.00
10.00
0.00
Smith

Shah

Granryd

Figure 29 shows how much energy the refrigeration system has to remove after an ice resurfacing

The total energy that has to be removed is plotted in Figure 30.
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Figure 30 shows the total energy that has to be removed after an ice resurfacing

These results conclude that with higher floodwater temperature the more work must the refrigerant
system do to keep the ice temperature down.
2.4.4.3 Ice temperature analysis
The increase in ice temperature is inevitable to avoid during an ice resurfacing. A calculation model is
made by Eric Granryd to simulate the increase in temperature and predict the time for the ice
temperature to recover to the original sate. The ice temperature at different time and depth is
calculated with Equation 12. In Equation 12 the current ice temperature is calculated by adding the ice
temperature from the previous value, the current value and one step forward in the previous row in
the matrix, shown in Equation 12. The time is a made vector in this calculation and the step length is
decided by Equation 13.

(t n 1  t n ( M  2)  t n 1 ) r 1
M

t r ,n 

M 

Equation 12

D2

Equation 13

k
* 
 ice  cpice

Where

t is the ice temperature
r is the relevant temperature at n position in the material, +1 or -1 is the next or
previous position in the material
 is the chosen time step
D 2 is the chosen layer thickness
k is the thermal resistant for ice
cpice is the specific heat for ice

 ice is the density for ice
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The chosen time step is chosen for the longest time step as possible. The longest time step possible is
when M is equal to 2 and this gives a time step of 0,44 seconds.
The ice temperature calculation is shown in Figure 31 and is calculated 15 mm under the ice surface.
The reason for the 15 mm under the ice surface is because in Älta ice rink the ice temperature is
assumed to be measured around 15 mm under the ice surface. The recovery time for the ice
temperature to decrease to the original stat was calculated to 140 minutes. The plot in Figure 31 is
comparing the calculated ice temperatures against the measured ice temperature in Figure 24 and the
ice surface temperature measured with an IR sensor. The temperature the IR sensor is showing can
have a difference ± 1 °C, however the time is accurate. As can been seen in Figure 31 the time period
for the calculated time and the measured time is quite similar. In the measured data the ice
temperature only increases with 0,6 °C and in the calculation the temperature increase almost 2,2 °C
at 15 mm. The calculated ice surface temperature does not differ very much from the measured
surface temperature in the beginning. After 50 minutes the calculated surface temperature continues
to decrease but not the measured surface temperature.
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Figure 31 shows the calculated ice temperature and the measured ice temperatures

The conclusion from the results is that the model simulates the freezing process accurate. For a better
simulation results the model need some more work. The first thing to do should be to find out exact
how deep the ice temperature sensor is. A second thing is to establish all the air and ice properties
more accurate. With the exact knowledge of the depth of the ice temperature sensor and the air and
ice properties the models faults can be found.
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2.4.5 Summary of heat loads results
To summarize the heat loads a pie plot of the usage of the district heating is made and can be seen in
Figure 32. The largest heat load is the domestic hot water followed by the dehumidifier and the
ventilation.

District Heating breakdown
24,3

Domestic hot water
90,0
Dehumidifier

60,7
Ventilation and Space
heating

Figure 32 shows how the district heating is distributed in Älta ice rink

The floodwater is heated with electricity and is therefore not included in Figure 32. The evaporation
analysis resulted in a very low evaporation rate of 0,38 Kg/s for the hole ice floor and the freezing time
gave two different answers; Equation 6 resulted in 150 seconds and Granryds method resulted in 265
seconds. Both the freezing time results are realistic and to know which equation is the most accurate
one a deeper analysis of this subject must be done.

2.5 Rejected Heat
The systems in an ice rink don’t only demand energy it also produce energy. This produced energy
comes mostly from the refrigeration system as a rest heat. The rejected heat is calculated in Järfälla
and Älta ice rink and this energy will be used for simulating a borehole connection with the ice rinks.
To calculate the rejected heat the mass flow of the refrigerant must be calculated. The mass flow is
calculated with Equation 14 (Palm, o.a., 2011). The total efficiency is assumed to be 90% which is the
heat losses and the compressor efficiency and is taken from a report done on Älta ice rink (Karampour,
2011). The rejected heat is calculated with Equation 15 (Palm, o.a., 2011).

m 

Et t
(h1k  h2 k )

Equation 14

Q rejected  m (h1k  hs )
Where

Equation 15

Qrejected is the heat rejected from the refrigeration system

Et is the total electricity of the compressor

 t is the total efficiency
h1k  h2 k is the enthalpy difference between the inlet and out let of the compressor
h1k  hs is the enthalpy difference between the outlet of the compressor and the inlet
to the expansion valve
The result is shown in Table 7 and gives the rejected heat per month for season 2011-12.
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Table 7 shows the results from the rejected heat per month in Järfälla and Älta ice rink

[MWh]
Sep
Okt
Nov
Dec
Jan
Feb
Mar
April
Total

Järfälla
52,4
187,0
175,4
144,8
135,4
122,3
130,8
111,2
1059,3

Älta
36,6
128,2
121,0
106,2
100,5
86,4
106,7
96,7
782,3
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3 Heat pump concepts and solutions
The heat analysis reveals that the ice rinks have a high heat demand but also rejects heat. To save
energy this rejected heat could be used better. A solution can be to store the rejected heat and use it
when needed. To be able to use the stored heat a heat pump must be connected to the ice rink and
with the borehole, this concept will be called GHP (Geothermal heat pump). A second solution is to
connect the heat pump with cold side of the refrigeration system, this concept will be called BHP
(Brine heat pump). Another concept will be to connect the heat pump with the warm side of the
refrigeration system and this concept will be called CHP (coolant heat pump). These to solutions will
be simulated and compared with each other to see if it is a good energy saving method.
The results from the heat analysis are used in this section to simulate the heat pump solutions. The
work flow for this section is illustrated in Figure 33.
Heat
analysis

HP System
solutions

Borehole

Simulating

System
evaluation
Figure 33 shows the work flow for the heat pump solutions

To get a better understanding of how the energy for heating is distributed in Järfälla and Älta ice rink a
simple energy flow schematics is made. The energy flow is illustrated in Figure 34 where the blue
arrows indicate energy from electricity, orange arrows indicate energy from district heating and the
red arrows indicates energy from the refrigeration system.
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Figure 34 shows how the energy for heat is distributed in Järfälla and Älta ice rink
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Utilities

All the different heating systems in Figure 34 are at different temperature levels. The heat produced in
refrigeration system after the compressor is around 100 °C. The ventilation system needs around 20
°C of heat to be able deliver comfortable air to the building. The domestic hot water for the utilities
needs a higher temperature than the floodwater for the ice resurfacing. The domestic hot water to
the utilities must have a minimum temperature of 50 °C according to Boverket. The floodwater
temperature only needs to be 30-40 °C to fulfill the right temperature for an ice resurfacing. If the
heat pump solution is going to be successful the heat pump must fulfill theses temperature levels.

3.1 Heat pump connections examples
Here the heat pump concepts will be presented and simulated. First the BHP will be presented and
then the CHP concept followed by the GHP concept.
The size of the heat pump is decided by the heat profile in Figure 15 and Figure 16. In Järfälla the heat
pump size is decided to 105 kW which is around 60% of the highest load. In Älta one heat pump size is
decided to 45 kW and is also around 60% of the highest load.
3.1.1 BHP concept
The BHP concept will be using the ice floor as a heat source. For the system to work the BHP must be
simulated as it works in parallel with the refrigerant system. This means that the BHP will be taking
some of the cooling load from the refrigeration system. The system solution for the BHP can be
illustrated in Figure 35.

Heating

Heatexchanger

Condenser

Evaporator

Condenser

Evaporator

Ice Floor
Ice rink Refrigeration
system

Heat pump

Figure 35 BHP system solution

The simulation starts to calculate the COP for the heat pump. The COP is calculated with data from
Climacheck over season 2011-12 in Järfälla and Älta ice rink. The condenser temperature for the heat
pump is set to 65 °C. A condenser temperature of 65 °C is high but this is to be sure that a water
temperature of 55 °C can be reached. The total Carnot efficiency is assumed to be 0,5 and
temperature different between the heat source and the refrigerant in the evaporator is 5 °C (Palm,
o.a., 2011). The COP1 is calculated with Equation 16 (Palm, o.a., 2011). In Climacheck the temperature
for the refrigerant is measured when entering the condenser and the temperature is around 20-25 °C
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when entering the condenser. The COP is calculated over the whole season and the average is shown
as the result.

COP1  1  Ct

T2
T1  T2

Where

T2 is the evaporator temperature
T1 is the condenser temperature

Equation 16

Ct is the total Carnot efficiency

The COP2 for the BHP and the refrigerant system will of course be different from each other. The COP2
is calculated with Equation 16 but the result is subtracted with one. The cooling capacity for the BHP
and the reduction of cooling capacity for the refrigerant system is calculated with Equations 16 to 20.
The cooling capacity of the refrigerant systems in Järfälla and Älta is calculated by subtracting the
compressor power from the rejected heat (Equation 17).

Q 2  Q rejected  Et

Equation 17

When the cooling capacity is known the balance between the BHP and the refrigerant system can be
calculated. First the power of the BHP compressor is calculated by dividing the heating capacity with
COP1 which can be seen in Equation 18.

E BHP 

Q1BHP
COP1BHP

Equation 18

The cooling capacity of the BHP is than calculated with Equation 19.

Q 2 BHP  COP2 BHP  EBHP

Equation 19

Now the new cooling capacity for the refrigerant system can be calculated by subtracting the cooling
capacity of the BHP from the cooling capacity see Equation 20.

Q 2 Re f  Q 2  Q 2 BHP

Equation 20

The cooling capacity Q2 differs depending what time of the year. Q2 is than between 140 kW to 300
kW in Älta and in Järfälla Q2 is between 170 kW to 320 kW. The average for the Q2 for season 2011-12
is in Table 8, also the cooling capacity for the BHP is shown in Table 8.
Table 8 shows the average cooling capacities, compressor power, COP1 and COP2 for the refrigeration system today and BHP.

Ice rink Q2 [kW]
Q2BHP [[kW]
EBHP [kW] COP1BHP COP2BHP
Järfälla 222
65,6
32,4
2,68
1,68
Älta
195
28,7
16,3
2,76
1,76
The operating hours for the BHP is almost the same as the refrigeration system had for season 201112 and is shown in Table 9 and Table 10. However, also the results for the BHP concept are shown in
table 9 and 10. The BHP is calculated by multiplying the operating hours with the BHP size. The
compressor work is calculated by dividing the monthly heat production with COP1. The district heating
is also shown in table 9 and 10 to be able to see how much the BHP can fulfill the heat demand. The
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BHP’s operating hours has been reduced to avoiding an over production of heat. The reduction in the
operating hours is when the supplementary heat is zero. With this data the need of supplementary
heat can easy be calculated by taking the different between the produced heat (Q_1) and the district
heating (DH).
Table 9 shows the result from simulating the RHP concept in Järfälla ice rink

Järfälla [kWh]
sep

Hours
91

E_tot
5124

Q_1
9530

DH
9530

Suppl.heat
0

okt
nov
dec
jan
feb
mar
apr
Total

493
535
567
497
475
517
18
3192

27828
30194
32013
28065
26792
29161
1003
180179

51760
56160
59544
52201
49833
54240
1866
335132

51760
56160
66700
76900
70170
61870
50700
443790

0
0
7156
24699
20337
7630
48835
108658

Table 10 shows the result from simulating the RHP concept in Älta ice rink

Älta [kWh]
sep
okt
nov
dec
jan
feb
mar
apr
Total

Hours
150
540
520
484
455
375
444
408
3376

E_tot
3450
12404
11928
11107
10454
8610
10184
9363
77499

Q_1
6763
24311
23378
21769
20490
16876
19960
18352
151898

DH
16426
25000
28048
33439
24530
24520
19960
20260
192183

Supp.heat
9663
689
4670
11670
4040
7644
0
1908
40285

The results show that the BHP pump can produce 76% of the heating demand in Järfälla and 79% of
the heating demand in Älta. The rest of the heat demand will be heated with supplementary heat. The
electricity the BHP will need for the compressors is very high at 108 MWh in Järfälla and 77 MWh in
Älta. In the beginning of the season the refrigeration system operates more which make it possible for
the heat pump to fulfill the heat demand. The heat pump can fulfill the heat demand in Järfälla for
September to November and in Älta only in March.
3.1.2 CHP concept
The second heat pump concept Coolant connected heat pump is simulated in this section. The CHP is
similar to the BHP concept but instead of using the ice floor as a heat source the rejected heat from
the refrigerant system is used. A basic system layout for the CHP is shown in Figure 36.
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Figure 36 CHP system solution

The simulation procedure is the same as for the BHP concept by starting to calculate the COP 1 for the
BHP. The COP1 is calculated with Equation 16, the compressor work with Equation 18. The results from
Equation 16 and 18 are shown in Table 11.
Table 11 shows the COP1 and electricity calculations results in Järfälla and Älta

Ice rink E [kW] COP1
Järfälla 27,6
3,8
Älta
11,8
3,8
The CHP concepts heat source does only exist when the ice rink’s refrigeration system is operating.
The operating hours is then the same as for the BHP. The produced heat is then also the same as for
the BHP but the different is in the COP1. The COP1 is higher for the CHP concept than for the BHP. This
means that the CHP concept will need less power for operating. The results from the CHP simulation
for the respective ice rink are shown in Table 12.
Table 12 shows the result from simulating the RHP concept in Järfälla and Älta ice rink

Ice rink [kWh]
Järfälla

Hours
3192

E_tot
88193

Q_1
335132

DH
443790

Suppl.heat
108658

Älta

3376

39973

151898

192183

40285

For the CHP concept the electricity consumption is 88 MWh in Järfälla and 40 MWh in Älta. The CHP
concept doses not contribute to the cooling of the ice floor only by cooling the coolant for the
refrigeration system.

-40-

3.1.3 GHP concept
The third heat pump concept Geothermal Heat Pump is simulated in this section. The GHP is different
from the other heat pump concepts because the GHP concept uses the rejected heat to charge energy
storage. The energy storage is then the heat source for the heat pump. A basic system layout for the
GHP is shown in Figure 37.
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Figure 37 shows in the upper schematics the loading of the boreholes and the lower schematics shows when the stored energy
is used for heating.

The program used for simulating GHP concept is Earth Energy Design (EED). For this simulation only
the demo version of EED is used. The demo version of EED can only simulate at Linden in Germany.
The ground conditions at Linden is not the same as the ground conditions in Stockholm but the results
will be good enough to evaluate the GHP concept.
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The input for EED is the heat profile and the rejected heat for the respective ice rinks. The rejected
heat must be reduced, otherwise there will be too much heat inserted to the ground and the cost of
the system will be too high. The rejected heat in to the ground is set so there will be more energy
added to the ground than extracted. The reduction of the rejected heat will be done by reducing the
load step by step until the cost is “low” and energy is still added to the ground. This means that the
fluid temperature will increase over time. However, the basic set points for the simulations are in
Table 13 below. Notice that the seasonal performance factor for the rejected heat is very high, this
means that there are no losses when the energy is added to the ground. The SPF for heating is set to
3,8 and this value is taken from the COP calculation in section 3.1.2.
Table 13 Simulation set points

Set points for Simulation
Cost
250 kr/m
Area
200 m2
Fluid min,max temp -3 and 20 C
Sim period
15 year
Max no. bh
8
Fluid
Ethanol
SPF heating
3,8
SPF rejected
99999
The ground properties simulated with is in Table 14. The ground properties are a preset value and is
representing the location Linden in Germany as mentioned in the text above.
Table 14 shows the ground properties at Linden

Ground properties
Ground thermal conductivity 3,500
W/mK
Ground heat capacity
2,160
MJ/m3K
Ground surface temperature 8,00
°C
Geothermal heat flux
0,060
W/m2
The heat carrier fluid is Ethanol and the properties for the fluid are in Table 15.
Table 15 shows the properties for Ethanol as a heat carrier fluid

Heat carrier fluid, Ethanol
Thermal conductivity
0,440
W/mK
Specific heat capacity
4250
J/KgK
Density
960
Kg/m3
Viscosity
0,0076 Kg/ms
Freezing point
-15
°C
Flow rate per borehole
2
l/s
When all the set points and the energy loads has been set EED calculate several configurations of
borehole systems. The result from EED is the ground load, several boreholes configurations, energy
profiles for the borehole and fluid temperature profiles. For this simulation the cheapest (1) and the
second cheapest (2) borehole configuration will be chosen.
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3.1.3.1 Simulation
The reduction of the rejected heat resulted in 32% of the total rejected heat and in Älta 17% of the
total rejected heat was used. In Table 16 and Table 17 the input for heat load and the rejected heat is
shown for the respective ice rinks. The ground load indicates how much energy there is added or
extracted from the ground. The ground load is calculated by EED when all the inputs are set. The
negative values means that energy is added to the ground and the positive values means that energy
is extracted from the ground. The ground load in Table 16 illustrates that in Järfälla energy is added to
the ground in September to November and in December to March energy is extracted. In Älta energy
is added in September to November, March and April, in December to February energy is extracted
from the ground which can be seen in Table 17. As can be seen in Table 10 and 11 there is no load in
May to Augusts and this is because the season starts in September and ends with April for this
simulation.
Table 16 shows the monthly inputs heat load, rejected heat and the ground load for the simulation of Järfälla

Monthly energy values Järfälla [MWh]
Month
Heat load
Rejected heat
JAN
76,1
43,3
FEB
68,6
39,1
MAR
61,7
41,8
APR
50,6
40
MAY
0
0
JUN
0
0
JUL
0
0
AUG
0
0
SEP
9,6
16,8
OCT
51,8
59,8
NOV
56,1
56,1
DEC
66,7
46,3
Total
441,2
343,2

Ground load
12,77
11,45
3,663
-2,716
0
0
0
0
-9,726
-21,63
-14,76
2,847
-18,11

Table 17 shows the monthly inputs heat load, rejected heat and the ground load for the simulation of Älta

Monthly energy values Älta [MWh]
Month
Heat load
Rejected heat
JAN
24,3
17,1
FEB
23,5
14,7
MAR
20
18,1
APR
20,3
16,4
MAY
0
0
JUN
0
0
JUL
0
0
AUG
0
0
SEP
6,2
6,2
OCT
12,8
21,8
NOV
20,7
20,6

Ground load
0,805
2,616
-3,363
-1,442
0
0
0
0
-1,610
-12,369
-5,348
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DEC
66,7
18,1
2,089
Total
155,2
133
-18,621
When all inputs are set and the ground load is calculated the borehole configuration can be simulated.
EED simulated several borehole configurations and the two cheapest configurations were chosen in
Järfälla and Älta. The cost is only a guide line in this simulation which is only representing the cost of
the borehole. This means that the cost results from the simulation will not be used in the LCC at
section 4. The two cheapest borehole configurations for Järfälla are shown in Table 18 and for Älta in
Table 19. Because of the higher energy loads the cost and the size of the borehole configuration is
larger in Järfälla.
Table 18 Borehole configuration and size results in Järfälla

Borehole results Järfälla
Configuration
Cost
Number of boreholes
Borehole depth
Total borehole length

1
7x2U
28756
9
110,18
991,58

2
2 x 3 rectangle
28721
6
165,06
990,36

EUR
m
m

Table 19 Borehole configuration and size results in Älta

Borehole results Älta
1
2
Configuration
6x2U
3x2U
Cost
15889
16677
EUR
Number of boreholes
8
5
Borehole depth
68,49
115,01
m
Total borehole length
547,9
575,06
m
The temperature in the borehole will increase when energy is added and decrease when energy is
extracted. The temperature profile for the cheapest configuration in Järfälla is shown in Figure 38 and
in Figure 39 for Älta. In Figure 36 and 37 the highest and lowest temperatures can be seen. The
highest temperature is reached in October at 20 °C and the lowest is in May at around 9 °C. Since
there is more energy added to the ground the temperature increases every year which is illustrated in
Figures 35 and 36.
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Figure 38 Mean Fluid Temperature in Järfälla for the simulation period
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Figure 39 Mean Fluid Temperature in Älta for the simulation period

When comparing Figure 38 with Figure 39 it is clear that Järfälla uses the ground energy much more
than Älta. This can be seen in December and January where the temperatures drops to 4 °C in Järfälla
and only drops to 7 °C in Älta.
The result from the GHP simulation shows that the GHP concept will always have energy. This means
that it will only be the size of the heat pump that decides how much supplementary heat there will be
to fulfill the heat demand. The size of the heat pump for the GHP concept is the same as in CHP and
BHP concepts seen in the beginning of this section 3.1. In Table 20 the operating hours, compressor
energy, produced energy, district heating and the supplementary heat can be seen. The energy
produced Q_1 is calculated from the heat profile. The heat pump can produce energy up to the size of
the heat pump and the energy under the size limit in the heat profile is the annual heat for the heat
pump. However, the heat demand less than 105 kW in Järfälla and less than 45 kW in Älta is the
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energy the heat pump can supply (Q_1). The GHP does not have the limitation that the refrigerant
system must operate to be able to produce heat, since the energy is stored in the boreholes.
Table 20 shows the results for the GHP concept in Järfälla and Älta

[kWh] Hours E_tot Q_1
DH
Suppl.heat
Järfälla 3550 93429 355032 443790 88758
Älta

4036

42483 161434 192183 30749

The GHP heat pump can produce in Järfälla 80% of the district heating and in Älta the GHP heat pump
can produce 84% of the district heating. The rest will be heated with supplementary heat.
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4 Life cycle Cost Analysis
With the results obtained in section 7 an economic analysis of the heat pump concepts can be made.
The analysis is a Life Cycle Cost (LCC) analysis which reveals how much these heat pump concepts will
cost for a time period. The three different concepts in two different ice rinks are compared with each
other to see which concepts will have the highest life cycle cost. The model for the LCC is taken from
Energimyndigheten (Energimyndigheten). The base set points for the LCC is in Table 21. The LCC is
calculated in Swedish kronor (kr). The investment cost, the district heating and the electricity price is
taken from an entrepreneur.
Table 21 shows the base set points for the LCC calculations

Base Set Points for LCC
Life in years
15
Interest rate
5%
Price increase
2%
Real discount rate
3%
Inflation rate
1%
Investment cost GHP
18000 kr/kW
Investment cost RHP
11000 kr/kW
District heating price
0,72 kr/kWh
Electricity price
1 kr/kWh
The data for the heat pump concepts is taken from the results in section 7. The LCC calculation and
results is shown in Table 22 for Järfälla and in Table 23 for Älta. Järfälla DH and Älta DH in the tables
below is what the ice rinks use today, which is district heating. The supplementary heat used for the
LCC is district heating. The district heating used today is compared with the three heat pump concepts
to see which solution has the lowest LCC.
Table 22 shows the LCC inputs and result for Järfälla ice rink

LCC Järfälla

Järfälla DH

Järfälla BHP

Järfälla CHP

Järfälla GHP

Initial investment cost (3*Inv.cost):

1

0

1155000

1155000

1890000

Energy price (present) per kWh:

2

0,72

1

1

1

Heat pump size kW:

3

0

105

105

105

Supplementary heat cost (Heat source DH):

4

0,0

78224

78224

70296

Energy cost/year (Ecomp*2+4)

5

319529

125049

88196

91094

Sum of annual costs (4+5):

6

319529

203273

166420

161390

Present Value of annual costs (8*6):

7

3815174

2427080

1987055

1926997

Present V. factor for const. yearly expend

8

11,94

11,94

11,94

11,94

LCC (1+7)

9

3 815 174 kr

3 582 080 kr

3 142 055 kr

3 816 997 kr

In Järfälla the GHP has the highest LCC and this is because of the high investment cost. The investment
cost for the GHP in Järfälla is 62% higher than CHP. The CHP has the lowest LCC and the BHP concept
has the highest annual cost. The DH and the GHP is almost the same, the different between these two
is under 1%. To make it easier to visualize the difference in the LCC the result for Järfälla is plotted in
Figure 40.
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Järfälla LCC
3 815 174 kr

3 816 997 kr

3 582 080 kr
3 142 055 kr

Järfälla DH

Järfälla BHP

Järfälla CHP

Järfälla GHP

Figure 40 shows the LCC for Järfälla

The LCC for the different concepts in Älta is illustrated in Table 23 and is calculated in the same way as
Järfälla’s LCC. In Älta the highest LCC between the heat pump concepts is GHP and the lowest is the
CHP as in Järfälla. The DH LCC is higher than the GHP LCC and this is because of the high annual cost
for the DH. The annual cost for the GHP is 54% lower compared with the DH annual cost. Also here
Älta’s LCC results are plotted for an easier visualizing in Figure 41.
Table 23 shows the LCC inputs and result for Järfälla ice rink

LCC Älta

Älta DH

Älta BHP

Älta CHP

Älta GHP

Initial investment cost (3*Inv.cost):

1

0

495000

495000

810000

Energy price (present) per kWh [kr]:

2

0,72

1

1

1

Heat pump size kW:

3

0

45

45

45

Supplementary heat cost (Heat source DH):

4

0

28777

28777

11070

Energy cost/year (Ecomp*2+4)

5

138372

55036

40057

46529

Sum of annual costs (4+5):

6

124919

83813

68834

57598

Present Value of annual costs (8*6):

7

1652159

1000724

821874

687723

Present V. factor for const. yearly expend

8

11,94

11,94

11,94

11,94

LCC (1+7)

9

1 652 159 kr

1 495 724 kr

1 316 874 kr

1 497 723 kr
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Älta LCC
1 652 159 kr
1 497 723 kr

1 495 724 kr
1 316 874 kr

Älta DH

Älta BHP

Älta CHP

Älta GHP

Figure 41 shows the LCC for Älta

If the lowest cost is desired the CHP concept is recommended for both the ice rinks. The GHP concept
is the best energy solution where the annual energy cost is the lowest in both the ice rinks.
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5 Discussion
The heat analysis is the base for this study and the heat analysis is based on two typical ice rinks in
Sweden. The heat analysis revealed that Järfälla ice rink has a much higher heating demand than Älta
ice rink. The reason for the difference in heat demand is that Älta is a much newer ice rink then
Järfälla. Älta has a more advance control system and also uses heat recovery. It is difficult to compare
these two ice rink with each other because of the different in how there were built. This is way the ice
rinks heat pump concepts are only compared with in the respective ice rink.

5.1 Heat loads
The heat loads for the district heating shows that the domestic hot water and the floodwater are the
highest energy consumers of the district heating in both Älta and Järfälla ice rink. This was not a
surprise because it takes a lot of energy to heat water. In an ice rink the water consumption is high
because of all the ice resurfacings and the showers after an activity. The total energy for heating water
is 127,5 MWh per season and 42% of this is the energy is for heating the floodwater. The water usage
is calculated without any data from the ice rinks and to get a more accurate result the water usage
must be measured. The third largest district heat consumer is the dehumidifier at 60 MWh per season.
The energy calculation for the dehumidifier is based on Älta ice rinks dehumidifier. The energy
consumption for a dehumidifier can differ a lot depending on the size of the dehumidifier and the
climate inside the ice rink. The lowest district heating consumer is the space heating. The energy for
the space heating is a rest value after the water and dehumidifier have been subtracted from the
district heating. However, to get a more accurate result a more detailed analysis of the space heating
system must be done. The rest value is 24,3 MWh per season and this will represent the district
heating used for the space heating in Älta ice rink.

5.2 Ice resurfacing
Since the high use of floodwater the ice resurfacing was analyzed. This was done to see if the
floodwater affected the climate in the ice rink and if there was an energy optimum of the floodwater
temperature. The ice resurfacing was also analyzed in Älta ice rink which makes it harder to evaluate
the reliability of the results. If the result could be compared with other ice rinks in Sweden the
reliability and the errors would be easier to find. The analysis of the ice resurfacing revealed that the
floodwater distributed over the ice has almost none effect on the climate in the ice rink. The energy
from the floodwater is transported to the ice which can be seen in Figure 24. The expected result was
that some floodwater evaporated in to the air and increased the water content in the air. With only a
evaporation rate of 0,38 kg/s for the hole ice floor at the start with a floodwater temperature of 35 °C
and with a freezing time of 10 seconds the amount of evaporated water is 1,4 liter. This means that
the increase in water content can not only come from the ice resurfacing. To find the other sources for
the increase in the RH and a more detailed analysis must be done. For example the air in the ice rink
may be a little turbulent when the ice resurfacing machine is driving on the ice floor, the doors opens
to the garage to the ice resurfacing machine etc. An example of a measure that can be done is to
measure the RH in the ice resurfacing machines garage, if the wind velocity increases during the ice
resurfacing and if the ice resurfacing machine leak floodwater.

5.3 Heat profile
The heat profiles in Figure 15 and Figure 16 are very accurate for the ice rinks heat demand. The heat
profiles made the simulations with the two different heat pump concepts easier. With a good heat
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profile the simulations results get accurate. The heat profile is accurate because the ice rinks use
almost only district heating. Järfälla ice rinks heat profile is direct proportional against the district
heating and Älta ice rinks heat profile is almost proportional. The only thing that makes the Älta’s heat
profile not proportional to the district heating is the heat recovery and the use of electricity for the
floodwater. The heat recovery system in Älta ice rink must be analyzed to establish a 100% accurate
heat profile.

5.4 Heat pump concepts
5.4.1 BHP
The most inefficient heat pump concept was the BHP. The BHP had the lowest COP 1 which resulted in
the highest energy user between the concepts. Another negative aspect for the BHP concept is that it
contributes to the cooling of the ice floor. The BHP will contribute with 65,6 kW of cooling in Järfälla
and 27,6 kW of cooling in Älta when operating. This is only a few % of the total cooling capacity but
even then this is not efficient. Since the BHP has a much lower COP2 than the refrigeration system it is
only a disadvantage to have a solution like this. The BHP uses brine which is a corrosive fluid and this
means that the evaporator must be of titanium. An evaporator made of titanium is much more
expensive than a steel evaporator. The BHP will also have the highest wear on the equipment because
of the large temperature difference and the fluid. The high temperature difference wear on the
compressor which will lead to a reduce life time for the compressor. Also the LCC is high for the BHP
concept. In Järfälla the BHP only has a 6% lower cost than the GHP concept which is very little. With
this small difference between the BHP and the GHP concept the recommended choose is the GHP
concept over the BHP. The GHP is recommended because it does not have as much faults as the BHP
concept.
5.4.2 CHP
The lowest LCC was the CHP concept in both ice rinks. This is because of the high COP1 and has a lower
investment cost then the GHP concept. The advantage of the CHP solution is that the rejected heat
from the refrigeration system is used as a heat source, which also increases the efficiency of the whole
system. When using the rejected heat as a heat source the temperature different between the CHP’s
evaporator and condenser decreases. This results in a higher COP1 than the BHP concept where the
temperature difference increases between the condenser and the evaporator. One advantage is that
the CHP solution is the most common solution used today. Since there has been this kind of
installations before in ice rinks there will be easier to find a good system solution. This technic is also
approved to be profitable which will make it easier to “sell”. The CHP concept disadvantage is that the
heat source only exists when the refrigerant system is operating. The dependency of the refrigeration
systems means that when the climate is cold the refrigeration system operates less. This means that
when the heat demand is at the highest the heat pump is limited. The CHP concept is recommended
over the BHP concept and over the GHP concept if the economy has to decide.
5.4.3 GHP
The GHP concept is the best energy solution in both ice rinks. The GHP also has the lowest annual
energy cost compared with the other solutions. The GHP can cover the heat demand better than the
other concepts and this means that the supplementary heat is lower and leads to a lower annual
energy cost. The COP1 for the GHP concept was assumed to be the same as for the CHP concept. To
achieve a more accurate result for the GHP simulation the COP1 must be known. The COP1 assumption
-51-

is a good assumption and the result would not differ so much from the “real” results. The simulation
result for the GHP concept is limited to Linden in Germany. If not the demo version of EED had been
used the simulation would be done in Stockholm. With the right ground condition the results can
differ for the worse or for the better.
The GHP concept also uses the rejected heat from the refrigerant system as a heat source. One of the
advantages with the GHP concept is that the rejected heat is stored and can be used when needed.
This eliminates the dependency of the refrigeration system has to operate to be able to have a heat
source. The GHP will always have a heat source so far the energy storage is loaded with energy. The
refrigeration system rejects so much heat that the rejected heat to the energy storage had to be
reduced. The rejected heat used in Älta was 17% and 32% in Järfälla. This means that there is much
more energy available if needed. The advantage of this is that if there is need of more energy there is
plenty more to be used. A future solution can be to connect other buildings to the energy storage and
someday use all the rejected heat from the refrigeration system.
5.4.4 Summary
To illustrate the difference between the concepts a plot is made which is shown in Figure 42. Figure 42
shows that the GHP concept has a higher energy production than the other two concepts. However
the energy difference is small and this means that the economical aspect is important.

Älta

Järfälla

250000

kWhseason

kWh/season

200000
150000
100000
50000
0

500000
450000
400000
350000
300000
250000
200000
150000
100000
50000
0

BHP

CHP

GHP

40285

40285

30749

Suppl.heat

Produced heat 151898

151898

161434

Suppl.heat

BHP

CHP

GHP

108658

108658

88758

Produced heat 335132

335132

355032

Figure 42 shows an energy comparison of the heat pump concept for the respective ice rinks

Another aspect that is important to mention is the compressor work for the heat pump concepts. The
compressor work for the different concepts is shown in Figure 43. With Figure 43 it is easy to see that
the BHP concept must work much harder than the other concepts to fulfill the heat demand. When
comparing the GHP and the CHP compressor work it is important to have the difference in operating
hours in mind. The operating hours for the heat pump concept is shown in Table 24
Table 24 shows the operating hours for one season for the heat pump concepts

Ice rink
Järfälla
Älta

CHP
3192 h
3376 h

GHP
3550 h
4036 h
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The CHP concept has a lower operating time than the GHP. The longer operating time for the GHP
concept is rewarded by lesser use of supplementary heat.

Järfälla: Compressor work

60000

140000

50000

120000
100000

40000

kWh/season

kWh/season

Älta: Compressor work

30000
20000

80000
60000
40000

10000

20000

0

0
BHP

CHP

GHP

BHP

CHP

GHP

Figure 43 shows the total compressor work for the heat pump concepts

With all the results it is clear that the best energy solution is the GHP concept and the best economical
solution is the CHP. The BHP is the solution that consumes the most energy and has the highest LCC.
The investment cost for the GHP is 7000 kr/kW more expensive than for the BHP and the CHP
concepts. This has a large impact on the LCC and another factor is the maintenance cost for the
concepts which is not included in the LCC. In the reality the GHP will have the highest maintenance
cost. The GHP will still have the lower annual cost then the other two concepts.

5.5 LCC
The LCC model can be improved if the running cost, the maintenance cost and the energy tariffs for
the district heating where added. The prices of energy also changes with the different energy
companies. A LCC calculation was chosen over a potential saving model. The LCC was chosen because
of the long payback time. The LCC accounts for the costs after the investment has been done as well.
For the LCC model in this study the operation cost has been accounted for as well as the investment
cost.
The energy price for the electricity can be more accurate and this will have a great impact on the
results. The energy prices is the key to the annual cost, hence the operational cost is based on the
compressor work and the supplementary heat. The district heating price is also of importance because
the heat pump concept is compared with the district heating. The district heating price is then direct
proportional for the LCC calculation for the DH.
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6 Conclusion
Three different heat pump concepts have been evaluated in this study. The heat pump concept that
where the lowest energy consumer and fulfilled the ice rinks heat demand best was the GHP concept.
The heat pump concept that had the lowest life cycle cost was the CHP concept. The BHP concept had
the higher life cycle cost and consumes more energy than the other two concepts.
To be able to evaluate the heat pump concepts a heat analysis was made for two ice rinks Järfälla and
Älta ice rinks. The results from the heat analysis show that the largest district heat consumer is the
domestic hot water. The domestic hot water stands for 47% of the usage of district heating followed
by the dehumidifier at 31% and last the space heating at 22%. The heat analysis also resulted in a heat
profile for the respective ice rink. The heat profiles can be used in the future for the ice rinks or for
other ice rinks that is equal to Järfälla or Älta ice rink.
The ice resurfacing was analyzed to see how the floodwater affected the air conditions in the ice rink
and if there was an energy optimum for the floodwater. The expected result was that some of the
floodwater was evaporated and reduced the heat the refrigeration system had to remove from the
ice. The results proved otherwise, that the evaporated floodwater was very little. However this means
that there is no energy optimum for the floodwater at higher temperatures. Whit other words the
best floodwater temperature with an energy point of view is as low floodwater temperature as
possible. The changes in the water content of the air during an ice resurfacing must have another
source than the floodwater. The next step for this analysis in the future is to find the other sources for
the disturbance of the air water content.
The conclusion from this study is that the best heat pump solution is the GHP concept. The GHP
concept is a good investment for the future because other buildings can be connected to the energy
storage. In this study the energy storage is only charged to fit the ice rinks heat demand. However the
ice rinks have plenty of excess energy that can be utilized externally from the ice rink. The GHP
concept is an excellent solution to utilize that energy.

-54-

7 Suggestions on future work
From this study there are a few suggestions on future work. These suggestions are suggested to
increase the quality and to improve the analysis that needed more time in this study.


The next step for this project should be to test the GHP concept and see how the concept
operates in the reality.



A more detailed analysis of the ice resurfacing process is suggested; hence the source for the
increase in humidity was not only the evaporated floodwater.



The space heating system and heat recovery should also have a deeper analysis. If the
recovery system is operating it will be of interest to know how efficient the system is.



The recovery time for the ice temperature can also be improved and the model used in this
study is a good model to begin with.
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9 Appendix
Appendix 1

Water Usage in an ice rink
BASIC INFORMATION
Days per year building is occupied:
Number of Male Occupants:
Number of Female Occupants:

240
130
20

TOILETS
Liters per flush:
Flushes per man per day:
Flushes per woman per day:
Water Use (Liters/Day):
Water Use (Liters/Year):

6
1
1
450
93660

URINALS
Liters per flush:
Flushes per man per day:
Water Use (Liters/Day):
Water Use (Liters/Year):

2
1
130
31200

BATHROOM SINK FAUCETS
Liters per minute:
Seconds per use:
Uses Per Day Per Person:
Water Use (Liters/Day):
Water Use (Liters/Year):
Warm water converter %
Warm water use per day (Liters/Day):
Energy bathroom sink faucets (kWh/day):

10
10
1
250
60000
50%
125
7

SHOWERS
Liters per minute:
Average shower duration:
Percentage of athles using showers:
Water Use (Liters/Day):
Water Use (Liters/Year):
Warmwater converter %
Warm water use per day (Liters/Day):
Energy for showers per day (kWh/Day):

10
9
1
13500
3240000
50%
6750
368

Ice Resurfaceing
Liters per ice resurfacing:
Warmwater converter %:

600
100%
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Amount resurfacing per day:
Warm Water Use (Liters/Day):
Water Use (Liters/Year):
Energy for one day of ice resurfacing (kWh):

6
4200
1008000
156

TOTALS
Liters Used per Day:
Warm m3 Used per Year:
Warm Liters Used per Day:
Cubic meters Used per Year:
Total energy for warm water (kWh/Year):

18530
2658
11075
4433
127497
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Appendix 2
Set points
Water fraction
Ice
Air
Temperature
Twater
Tair
Floodwater
Area
Wind speed
Latent heat of water
Volym
S
T_water1

0,0040
0,003

kgH2O/kgAIR
kgH2O/kgAIR

35
3
0,6
1800
0,4
2260
0,72
335000
35

°C
°C
m3
m2
m/s
kJ/kg
m3
kJ/kg
°C

T_water2
T_is
deltaX
denstet
denstet_ice
Thermal cund water
Thermal cund ice
Cp_ice
cp_water
Volume

0
-3
0,000333
1000
916,7
0,56
2,2
2,1
4,2
600
0,455
1,786
0,455
1786,369
61376,480
0,000167
3,178
2,2
0,000655
1041,522

°C
°C
m
kg/m3
kg/m3
W/mK
W/mK
kJ/KgK
kJ/KgK
Liter

k
kis
deltat
b
Temp
α
Bi
Fo

m
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Appendix 3
Freezing of floodwater after ice resurfacing inputs
t_floodwater:
35
°C
cp_H20:
4200
J/(kg
K)
frysentalpi, S
335000
J/kg
Ro
920
kg/m3
(S+cp*t)*Ro
4,43E+08
d_stril
0,00033 m
t_omg
3
B
0,07
t_b
-6
°C (=at b depth under the ice)
h_omg
13
K
2,2
Ro
920
cp_is
2114
Calculated by the inputs
The ice surface temperature at eqvivalent:
t_yta
-3,36656 °C
antal skikt
22
Dx
0,003256
Bi*
0,019239
Bi_tot= 0,413636
A
1,13E-06
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