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Abstract

How bright does the sun shine over Storvreta IK?

Viktor Dahmén, Martin Holgersson, Aron Larsson, Joel Norman

In 2011 Storvreta IK installed two solar collector systems in order to reduce the
club’s electricity demand for domestic hot water. However, electricity use from 2012
to 2015 shows that the expected reduction in the electricity demand has not
occurred. This project investigates the solar collector systems and the heat demand
of Storvreta IK’s buildings in order to explain the “failure” in electricity savings. The
results of the simulations show that the heat production of the solar collectors is
lower than Storvreta IK’s expectations. This could be explained by that the domestic
hot water is not used as much as Storvreta IK thought and the system is therefore
over-dimensioned for their need. The rebound effect could be another reason to why
the electricity saving is lower than expected.
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List of occurring terms 

Direct-acting electricity: Electricity used for heating. For example a radiator connected to 

the electricity grid. [1] 

Domestic hot water: Hot water that is used in a building for domestic purposes, such as 

showering and washing. [2] 

Solar radiation: The amount of energy that is being emitted from the sun and hits a given 

area during a given time. Commonly measured in kWh/m2. [3]  

Heating carrier medium: A liquid or a gas that absorbs the heat and transfers it to the 

wanted area with the work from a pump. Often used to heat water in a tank. [4] 

Solar collectors: Collect solar radiation to heat a carrier medium. [4]  

Accumulator tank: A storage tank where hot water is stored for a longer time when it is not 

used. [5] 

Immersion heater: An electrical heater located inside the accumulator tanks to heat the water 

inside. [6]  

Water heating: Hot water based in-house heat distribution system. [7] 

Air-to-air heat pump: A device that extract heat from the outdoor air and transfers it indoors 

for heating. [8] 

Building envelope: What keeps the heat inside the house. A building envelope consists of its 

walls, floor, roof, windows and its doors. [9] 

U-value: A heat transfer coefficient that is a value of how well insulated walls and windows 

are. A low U-value equals smaller heat losses. Measured in W/m
2
K. [10]  

Rebound effect: When an energy saving resource is installed leading to a change in the 

behavioral pattern and the energy use increases. [11] 
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1. Introduction 

In Sweden, two of the largest parts of the energy use are space heating and heating of 

domestic water. These factors often contribute to large electricity costs for different 

kinds of clubs, for example local sports clubs. [9], [12] Since the space heating is such a 

large part of the energy use, it is important that the buildings’ energy conservation is 

well-functioning. There are multiple ways to reduce the energy use and one alternative 

is installing solar collectors on walls or rooftops of buildings. Solar heating can supply 

part of the demand for domestic hot water and space heating. [13] 

Storvreta IK is a local sports club just north of Uppsala, Sweden, which in 2011 made a 

change regarding their electricity consumption. Prior to 2011 Storvreta IK used direct-

acting electricity both for space heating and to heat domestic water. According to a 

board member of Storvreta IK, the club made an active choice to reduce the costs of 

their electricity use for water heating by installing solar collectors. In Storvreta IK’s 

systems, the solar collectors only heat the water for domestic use. Although solar energy 

does not always reflect the heat requirements during the year, it was considered that the 

solar systems would cover Storvreta IK’s need even during the colder seasons. For 

better energy conservation, they also installed air-to-air heat pumps in the following 

years. [14]  

1.1 Aim of the report 

The aim of this study is to investigate if the installed solar collectors and the heat pumps 

have reduced Storvreta IK’s electricity consumption. The study also examines the heat 

demand in Storvreta IK’s facilities and presents a few suggestions on how to reduce the 

club’s energy use. The reason for examining the electricity use and the heat demand is 

to see if the club’s electricity cost can be reduced. The following questions are answered 

in the report to achieve this goal. 

 How has the electricity use changed since the solar collectors were installed? 

 How large is Storvreta IK’s heating demand and how can it be reduced?  

1.2 Limitations 

The examinated system throughout the report is Storvreta IK’s solar collector systems 

with its geographical situation. Storvreta IK’s facilities and their use of these are 

examined in this project. Since data about the heat production from the solar collectors 

have been unavailable, both assumptions and approximations have been made for 

different parameters. This also regards the U-values. These assumptions and 

approximations will be further discussed in section 4. 
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1.3 Delimitations 

The environmental aspect is not examined since the study is mainly focusing on the 

energy demand and the investigation of what financial effects this has for Storvreta IK. 

The financial aspect is analyzed since Storvreta IK expected a reduced electricity cost 

when they decided to invest in the solar collector system. In this study we only 

examined the most frequently used buildings on Storvreta IK’s grounds. The pattern of 

the club’s energy use is studied from the start of 2009 to the end of 2015. This timeline 

is chosen because the solar collector systems were installed in 2011. The timeline gives 

an insight in how the electricity consumption was before and after the installation of the 

solar collector systems. The heat demand reduction will be examined in regard to 

adding insulation to the building with the least insulation in order to get an overview of 

how that would affect the heat demand. The indoor temperature will also be examined 

in this building to see how it affects the heat demand. 

1.4 Report outline 

This report contains a background in section 2 where Storvreta IK, solar collectors, 

space heating, air-to-air heat pumps and the concept of the rebound effect are presented. 

In section 3, Storvreta IK’s solar collector systems are presented along with the sports 

site and buildings where the solar collectors are mounted. In section 4, the methodology 

and data used to simulate the system will be addressed along with the calculations 

made. This chapter will end with a sensitivity analysis being discussed and shown. In 

section 5 the results from the simulations and calculations will be shown together with 

an analysis of the results. In section 6, a discussion including suggested actions for 

Storvreta IK and a validity part is presented and in section 7, the conclusions of the 

study are presented. 

2. Background 

2.1 Storvreta IK 

Storvreta IK is a sports club that was established in 1933 in Storvreta, which is located 

just outside of Uppsala, Sweden. There are several sections within Storvreta IK, the 

biggest are football and cross-country skiing. The sports field Skogsvallens IP was 

opened in 1935 and is the place where Storvreta IK manage and own football pitches, 

locker rooms, offices and a cafeteria. [15] Storvreta IK has about 1 500 members that 

can use the locker rooms and the cafeteria all year round. They also have one full-time 

clerk and one half-time janitor, according to a representative of Storvreta IK. [14] 

In 2011 Storvreta IK’s largest expense was the cost for electricity, and a large part of 

the electricity cost was, according to a former board member of Storvreta IK, related to 

hot water use since direct-acting electricity was used to heat the water. The club decided 
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to invest in solar collectors in 2011. In cooperation with Skyttorps Mek and Bioenergi 

AB they installed two solar collector systems on the rooftops of two buildings for a cost 

of 400 000 SEK, with funding from the energy company E-on, the Swedish Football 

Association and the county administration of 80 000 SEK in total according to the same 

former board member in Storvreta IK. The idea was to use the system to heat water for 

domestic hot water use, mainly showering. The estimated electricity consumption 

reduction was 40 000 kWh per year and the estimated pay-off time for the system was 

6-8 years. [16],[17] 

2.2 Solar collectors 

Solar collectors are used to heat water and can therefore potentially reduce electricity 

consumption. The solar collectors are often placed on roofs or on walls for maximum 

collection of solar radiation. The efficiency of a solar collector depends on various 

parameters, including the amount of solar radiation it is exposed to. This amount 

depends on both geographic location, orientation and the angle to the horizontal. [4] The 

efficiency of a solar collector system depends also on how much of the solar heat that is 

being used (telephone interview with Effecta). 

2.2.1 Technical background 

There are two types of solar collectors: there are vacuum tubes, where the tubes are 

shaped to keep the heat and to heat a floating medium consisting of a mix of glycol and 

water, and the flat plate collectors, which use water as its floating medium but do not 

have a covering layer of vacuum. The principle for the two types are the same, there is a 

flowing heat carrier medium between the solar collector and the accumulator tank where 

the heat is transferred to the water that later is used in showers and faucets. [4] 

In the vacuum collector, glycol is used to decrease the risk for frost damages because 

the freezing point of glycol is low compared to the freezing point of water. The heating 

medium circulates the system by the help of an external electrical pump. The 

accumulator tank is used for storing the hot water. Insulation and stratification of water 

at different temperatures in the accumulator tanks are important to keep the efficiency 

high, because the heat absorption capacity of the medium is higher if the medium in the 

solar collector is kept low. [4] A schematic figure of Storvreta IK’s solar system is 

shown in section 3.2. 

2.3 Space heating 

Approximately 30 percent of the total energy use in Sweden today goes to heating of 

buildings [9]. It is therefore important to have well-insulated building envelopes to keep 

the heat demand at a low level and thereby also reduce the cost for heating [18]. In 

Swedish conditions the insulation is primarily used to keep the heat on the inside and 

the cold on the outside but in the hottest days in the summer also to keep the heat on the 

outside and the cold inside. [9] 
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The U-value is a measurement of the heat transfer through different components of the 

building envelope. A low U-value is preferable and it is measured in W/m
2
K and 

depends on the ability to transfer heat for a certain material and the thickness of the 

material. Older buildings are normally less insulated than modern buildings. Since the 

1970’s continuous improvements on the building envelopes have been made. These 

improvements have reduced the U-values and contribute to keeping the heat inside the 

buildings. [9] 

2.3.1 Direct-acting electricity 

Direct-acting electricity is electricity used in radiators to produce heat. There are two 

types of radiators that can be used for direct-acting electricity, oil-filled and oil-free 

radiators. The difference between these two is that the temperature in the oil-filled 

radiators does not oscillate as much as the oil-free do, but the electricity consumption in 

the different radiators are similar. [7] 

This kind of heating has historically been the second most expensive method for heating 

of buildings, but this depends on the electricity price. The advantages with using direct-

acting electricity heating are that the installation cost is low and the need for 

maintenance is low. The disadvantages are that electricity is purchased from the grid 

which might vary significantly in price, both between seasons and between years. [7] 

2.3.2 Water heating 

Electricity can also be used to heat water for space heating. By typically using an 

immersion heater or an electric boiler the water is heated and then distributed to 

radiators or used in floor heating systems. The water heating has a lower demand of 

electricity than the direct-acting electricity does. [19] Immersion heaters and electric 

boilers are not the only options to heat the water, other kinds of boilers like for example 

pellet boilers or solar collectors can also be used for this purpose [20].  

When changing heating system from a direct-acting electricity system to a water heating 

system, water-filled radiators or floor heating would have to be installed including a lot 

of pipe work in the building [7]. The initial cost for this is relatively high compared to 

other heating systems but when the installation is done the cost of the operation is lower 

compared to the operation of a direct-acting electricity system. [19] 

2.4 Air-to-air heat pump 

An air-to-air heat pump uses the outside air and electricity to supply heat for space 

heating. A heat pump works like a reversed refrigerator, instead of moving the heat out 

of the refrigerator, the heat is moved from the outside to the inside of a building. The 

energy can be moved thanks to the pressure differences in the components of the heat 

pump. Profitability and the output of the heat pump are measured in coefficient of 

performance (COP). If the COP is 3, it means that if the input is 1 kW of electricity the 
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output of heat is 3 kW. The difference between the amount of input energy and output 

energy is what can be seen as “free energy”. [21] 

2.5 The concept of the rebound effect 

By developing new technologies the equipment used in households, cars and factories 

become more energy efficient. This means that the same process requires less energy 

when used which leads to the fact that the running of the equipment costs less. This cost 

reduction often leads to increased consumption of electricity, fuel etcetera because of 

behavioral responses. [22] A common behavioral response is driving your car more 

often and longer than before because of the new more energy efficient car. Another 

factor that contributes to the energy use is the level of awareness that consumers have. 

Consumers are often aware of the surrounding indoor temperature and they will 

therefore adjust their thermostat to a comfortable level, this is not the case in areas 

where the consumers do not live or work, like in unused areas. [11] 

The loss in the saving of the energy is named the rebound effect. The rebound effect can 

be expressed as a ratio, if the rebound effect is 100 percent, it means that the actual 

resource savings equals the increased energy use. [22] Studies have shown that the 

potential rebound effect is 10-30 percent for space heating in a household and 5-12 

percent for residential lighting [11].  

3. System view 

3.1 Buildings 

Three of Storvreta IK’s facilities are considered. The positions of  building 1, building 2 

and building 3 are shown in figure 1.  

 Building 1 consists of four locker rooms and a larger hall that among other 

things is used for gymnastics, table tennis, meetings, parties etcetera.  

 Building 2 includes two locker rooms, a few storage rooms and a meeting room.  

 Building 3 consists of a cafeteria and offices. 

According to a representative of Storvreta IK, the locker rooms in building 1 and 2 are 

used primarily during the football season between April and October. The younger 

teams use the locker rooms in building 1 while the men’s team and the older youth team 

use the locker rooms in building 2. Two of the locker rooms in building 1 are also 

available for cross country skiers in the winter. To heat all buildings Storvreta IK use 

direct-acting electricity and air-to-air heat pumps. [16] 
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Figure 1: Each building marked with the respective number. 

3.2 Storvreta IK’s solar collector system 

In 2011, Storvreta IK installed two separate solar collector systems, one in building 1 

and another in building 2. Building 3 has no solar collectors of its own and is not 

connected to the solar collector systems. It still has a heat demand which must be 

considered.  Both systems include vacuum solar collectors, accumulator tanks, 

immersion heaters and circulation pumps. What differs between the systems is the 

orientation, the angle towards the horizontal plane, the collector area, the number of 

immersion heaters and collector tanks, which is presented in table 1 below. Figure 2 

provides a schematic overview of the system components. The maximum possible 

efficiency of this type of solar collectors is 70 percent with the right conditions, 

according to Effecta, the manufacturer of the systems (telephone interview). The 

domestic hot water consumption also varies between the systems, this will be further 

explained in section 4.1.2.   

Table 1: Shows a specific overview of system 1 and system 2. 

 

 

 

 

 

 

Properties System 1 System 2 

Orientation (south = 0 degrees) 34 degrees 145 degrees 

Angle to horizontal plane 25,1 degrees 21,6 degrees 

Collector area 18 m
2
 9 m

2
 

Accumulator tank 2 á 750 liters 1 á 750 liters 

Immersion heaters 2 á 6 kW 1 á 6 kW 
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Figure 2: Shows a schematic overview of the solar systems.  1. Solar collectors            

2. Accumulator tank 3. Immersion heater 4. Pump 5. Domestic hot water use. 

4. Methodology and Data 

This section will present the method and data used to evaluate the solar collector 

systems, heat demand with belonging U-values and the calculations for the heat pumps. 

How the sensitivity analysis was conducted will also be presented. 

4.1 Solar collector systems 

4.1.1 Simulation software – Polysun 

To simulate the solar heating systems at Skogsvallens IP a program called Polysun is 

used. Polysun is made by Vela Solaris, and can be used to design and simulate 

renewable energy systems [23]. By visiting Skogsvallens IP, reading the systems’ user 

manuals, contacting Effecta (supplier of the system) and Skyttorps Mek and Bioenergi 

(installer of the system), the properties of the systems are collected and presented in 

table 1. These properties are used to define the systems in Polysun. The coordinates of 

Skogsvallens IP was implemented in Polysun to get the specific weather conditions for 

the location. In an email correspondence with a representative of Vela Solaris, it is 

described that Polysun uses weather data from a test reference year which is an average 

of several years. Polysun obtain these data from a database called Meteonorm. The 

domestic hot water use in the simulated solar heating systems could not be below 20 

liters per day because in that case the system could not achieve the demanded electricity 

use to heat the water. Also, when simulating the maximum efficiency of the systems the 
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hot water demand was set to the point where the systems could still meet the energy 

demand. When simulating in Polysun the electricity price 0.80 SEK/kWh was used.  

4.1.2 Domestic hot water profile 

In order to investigate the solar collectors’ ability to supply the need for domestic hot 

water, the hot water demand must be approximated. This approximation did not include 

tap water but only hot water from showers since the tap water was considered a 

negligible amount. Each shower is assumed to last for 3 minutes in average based on the 

fact that there are few showers available and many people waiting to use them. This 

equals a hot water consumption of 36 liters. [24] By making assumptions and 

approximations based on interviews with the people responsible for the football and the 

cross-country skiing sections and by studying the schedule for these activities the 

domestic hot water profile was mapped. An explanation of how the profile was made 

follows below but for further explanations and calculations, see Appendix A.  

For the football section the schedule for football practices and games were studied to 

make an approximation of the total hot water consumption for each month. From this 

information and the knowledge of what team using which system, a daily hot water 

consumption could be made for both systems. Approximations of how many players 

from each team that showers have been made based on their age. Only those who are 

older than 13 years are assumed to shower at Skogsvallens IP. The younger players are 

assumed to live in Storvreta IK in a wider range than the players in the men’s team do 

and are therefore more likely to shower at home.  

For the cross-country skiing section; according to a board member of Storvreta IK in an 

email correspondence, the ski tracks were open for skiers from the 10th of January 2015 

to the 15th of March 2015. In a telephone interview with another board member of 

Storvreta IK, the number of skiers using the showers during the winter and a ski 

competition held every January was estimated. 

The full year user profile was controlled with the total cold water amount bought from 

Uppsala Vatten each month to make sure the hot water amount was reasonable and not 

too large. The hot water user profile made is presented in table 3 in Appendix A. 

To calculate how much energy is needed to heat the water for system 1 and 2 equation 1 

was used with the specific heat capacity of the water of 4 190 J/kgK and the density of 

the water of 0.998 kg/dm3 [25]. The temperature of the cold water coming into the tanks 

is 10 degrees Celsius and the heated water has a temperature of 45 degrees Celsius.  

  
         

 
   [25]   (1)  

The results are presented in figure 3. An example of this calculation can be found in 

Appendix A. 
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Figure 3: Assumed hot water profile for system 1 and system 2, the total electricity need 

equals 3 852 kWh. 

4.1.3 Heating time of water in the accumulator tanks 

To calculate the heating time of the water in the tanks from 10-45 degrees Celsius, a 

few parameters were needed. With the total effect from the solar radiation (kWh/m
2
) 

and the number of hours with sunlight between 1983-2014 from the Swedish 

Meteorological and Hydrological Institute (SMHI) an average solar radiation (W/m
2
) 

was calculated per hour for each month [26]. The efficiency of the solar collectors in 

these calculations is assumed to be 70 percent which is the highest efficiency for that 

kind of system and their orientation or angle to the horizon are not taken into 

consideration. These factors are used in equation 1 to calculate the heating time for the 

water in the accumulator tanks. An example of this calculation is made in Appendix B. 

Since system 2 has half the size of the tank and half the area of solar collectors 

compared to system 1 the heating time will be the same for both systems. The average 

solar radiation and heating time of the water in the tanks are presented in table 4 in 

Appendix B. The table also includes the heating time when the water is only heated by 

the immersion heaters. 

4.2 Heat demand 

4.2.1 Building energy balance simulations – MATLAB 

MATLAB is a calculation tool created by MathWorks [27]. The program is in this case 

used to calculate the heat demand for a certain building over one year. In the script, 

outdoor and ground temperature data from Stockholm is used. Since Stockholm is 

relatively close to Storvreta IK these data are assumed to be representative. Areas of 

walls, floors, roofs, windows and doors as well as the thicknesses for walls, floors and 

roofs for the buildings at Skogsvallen have been measured. Information for type of 

materials in the building components have been gathered through interviews with 

Storvreta IK and documentations of typical building materials in Sweden for the time 

the buildings were built. With this information the U-values for the different parts of the 
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building envelopes could be calculated. The number of hours of the year for which 

buildings needs to be heated, and the size of the heat demand depends on the outdoor 

temperature and the heat demand for space heating per month. 

4.2.2 U-values 

The U-values have been calculated using the following model in order to simulate the 

heat demand for all buildings. Depending on structure of the walls, roofs and floors the 

calculations have been made according to the structure below to calculate the total 

thermal resistance. For further and more detailed calculations, see Appendix C. The 

references used in the calculations are [9], [28-31]. 

U-value:    
 

  
   [27],   (2) 

where                            [27]  (3) 

RT is the total thermal resistance of the construction, Rsi is the heat transfer resistance at 

the inner surface, Rse is the heat transfer at the outer surface and R1+R2+...+RN (N is the 

number of layers) are the thermal resistances for the homogeneous layers. These are all 

measured in m
2
K/W. 

Thermal resistance:   
 

    
     [27],  (4)  

where R is the thermal resistance of a homogenous layer, (m
2
K/W), d is the thickness of 

the layer (m) and λber is the calculation value for thermal conductivity (W/mK). 

4.3 Heat pumps 

On Skogsvallens IP there are three air-to-air heat pumps installed to reduce electricity 

consumption and contribute to heating of the buildings. There is one heat pump in 

building 1 and two in building 3. To estimate the electricity consumption of each pump 

the operating hours have been estimated. These estimations are based on that the current 

heat pumps are operated in order to maintain an indoor temperature of 20 degrees 

Celsius, regardless the time of the day. Using the average temperature for each day in 

2015 a schedule of operating hours have been made for each month. It is assumed that 

the heat pumps are activated when the outdoor temperature is below 15 degrees Celsius. 

During the months when the temperature is higher and the demand is lower, the heat 

pumps are only activated during the night when the temperature drops. 

The annual average COP value for a heat pump is called seasonal coefficient of 

performance (SCOP), the value in this model is estimated to 3 [32]. This means that 

when consuming,         , the outgoing energy is           . The amount of 

extracted energy is the difference between the delivered and the consumed electricity, 

                , multiplied with the number of hours the pump being used, 
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                        , where twork = 7 074 hours, per pump. In table 6 in 

Appendix D, the heat pumps’ operating hours are presented.  

4.4 Sensitivity analysis 

In order to evaluate how the ingoing parameters influence the system and to analyze the 

possibility to lower the heat demand for Storvreta IK by different kinds of actions, a 

sensitivity analysis is performed for insulation and change in temperature. 

4.4.1 Insulation 

An important factor for the energy balance of a building is the insulation. The impact 

that insulation have on the energy use is investigated with focus on U-values. The 

analysis is made for building 1, because of the all-year round usage of the building and 

the fact that it is the building on Skogsvallen that has the highest heat demand. 

Simulations of the building’s energy balance with different insulation thickness are 

performed. Windows and doors are simulated with different U-values because 

additional insulation is not possible for these building components. 

4.4.2 Temperature change 

Another parameter that is investigated is the indoor temperature of the facilities on 

Skogsvallen. Building 2 and a part of building 1 (two locker rooms) are not used during 

the winter season, October to March, and the indoor temperature can therefore be 

changed from 20 to 12 degrees Celsius during this period. 

5. Results and Analysis 

When Storvreta IK installed the solar collectors and the heat pumps they expected a 

reduction in their electricity cost. As shown in figure 4 the electricity cost decreased the 

first year after the solar collectors and an air-to-air heat pump were installed but slowly 

increased again despite installing two more heat pumps. The years 2010 and 2012 

shows the difference from before and after installing the solar collectors (2011) and the 

difference is just short of 8 400 kWh which is less than 14 000 kWh, which was the 

maximum electricity production on both simulated solar systems as seen in table 2. The 

heat pump installed in 2011 should also have contributed to reducing the electricity 

consumption with a reducing capacity of 14 000 kWh. An explanation to why the 

electricity reduction only shows 8 400 kWh could be increased electricity use, it could 

also be weather variations from the years investigated. This means that if it is a cold 

year the heat demand is higher. Another explanation for this could be that the heat pump 

and the solar collectors are not functioning as well as expected. 
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Figure 4: Yearly energy use versus estimated reduction after installation of solar 

collectors in 2011 and heat pumps in 2011, 2012 and 2014.  

Heat pumps were also installed in 2012 and 2014 but there are no visible reduction in 

the electricity consumption from the grid in these cases either, rather a smaller increase. 

In figure 4, the calculated reductions that could have been achieved if the solar 

collectors had produced energy at their maximum efficiency, if the heat pumps would 

have performed as expected and if there had been no change in electricity use by 

Storvreta IK are shown.  

What is the reason for the energy savings not affecting the electricity use then? 

According to a representative of Storvreta IK, prior to 2011 the indoor temperature was 

lowered during times when the buildings on Skogsvallens IP were not used. But after 

2011 the indoor temperature has been constant in all buildings, all year round. It can be 

speculated that it has occurred a change in Storvreta IK’s behavioral pattern. Perhaps 

the club unintentionally thought something like “if we have installed solar collectors 

and heat pumps we do not have to turn down the temperature anymore”, which is the 

basic principal of the rebound effect. This kind of change in behavior would have 

contributed to higher electricity use. The rebound effect could explain the gap between 

the two lines in figure 4 and it equals 88.5 percent. In this calculation, weather 

variations and other factors are not being considered. If these other factors would have 

been considered the rebound effect would most likely not be the same. If the rebound 

effect would have been zero, the yearly electricity consumption would follow the 

estimated reduction. 
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5.1 Results from Storvreta IK’s solar collectors  

As seen in figure 3 in section 4.1.2 Storvreta IK’s domestic hot water use is 

approximated to 3 800 kWh which is the same as 7.2 showers each day for a whole 

year. This is far from the 14 000 kWh, or 26.1 showers per day for a year, which was 

the total possible heat production from the solar collectors. The pay-off times with our 

simulations are 32 and 35 years for the systems based on Storvreta IK’s domestic hot 

water profile. The funding is not included in the pay-off time calculations, but only 

what Storvreta IK paid themselves, which was 320 000 SEK. If the domestic hot water 

consumption would have been higher than it is at Skogsvallen the efficiencies would 

have increased and could have reached 52.9 percent for system 1 and 46.0 percent for 

system 2. If the efficiencies had been higher the pay-off times would have been shorter. 

The numbers in table 2 strengthen the argument that the solar collector systems have not 

been working as well as they could have been. The low amount of produced heat, also 

simulated in Polysun, probably depends on that the solar collector systems are over-

dimensioned for Storvreta IK’s needs.  

Table 2: Results from the simulated systems in Polysun. 

 Simulated properties in Polysun  System 1 System 2 Total 

Solar radiation onto collector area [Esol] (kWh) 

 

20 403.7 

 

6 926.1 27 329.8 

 

Solar collectors heat to the system [Qsol,1] (kWh) 

 

3 791.5 

 

1 569.9 5 361.4 

 

Maximum heat to the system [Qsol, 2] (kWh) 

 

10 80.5 

 

3 182.8 13 985.3 

 

Collector efficiency [Qsol, 1]/[Esol] (%) 

 

18.6 

 

     22.7 - 

 

Maximum collector efficiency [Qsol, 2]/ [Esol ] (%) 

 

52.9 

 

     46.0 - 

Consumed electricity by immersion heaters and 

pump [Etot] (kWh) 

 

1 208.0 

 

 1 022.0 2 230 

 

Pay-off time (years) 

 

32.0 

 

      35.0 - 

 

Figure 5 visualizes that the time of the year when the solar collectors produce the most 

energy is in the summer. To be able to make more use of the collectors and to receive a 

higher efficiency Storvreta IK could install water heated radiators or floor heaters. In 

that way the solar collector systems would be used to higher extents and therefore have 

higher efficiencies. This would also lead to reduced electricity consumption from the 

grid and would decrease the electricity costs for Storvreta IK.  
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Figure 5: Simulated heat demand versus produced heat from the solar collectors over 

one year. 

The water in the accumulator tanks is heated faster during the summer due to the fact 

that, as seen in figure 5, the solar collectors produce the most heat during this season. 

Since the showers normally are used in the evenings when the sun has set, the 

immersion heaters are probably heating the water during the night. When the sun rises 

in the morning the water in the tanks is in that case already hot. Since the water is 

already hot at that time and the solar collectors keep heating it during the day, there 

would be unused potential which could be used for space heating. At this season of the 

year though, the heat demand is at its lowest. This would demand installations of a 

water heated distribution system as well as radiators or floor heaters. In this case this 

would lead to that the immersion heaters are used also for space heating during the 

winter, when the heat demand is high and this would leave a mark in the electricity 

consumption unless an alternative energy source, like a pellet heater, was used.   
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5.2 Results over Storvreta IK’s heat demand 

 
Figure 6: The simulated heat demand for each building, the total demand is 117 000 

kWh. 

The current heat demand for Storvreta IK and how much heat each building requires is 

shown in figure 6. In this simulation the installed heat pumps are not included which 

means that the total electricity demand is higher in these simulations than in reality. 

Building 1 need the most heat of the three buildings and the main reason for this is 

because it is about 100 square meters bigger than the others. But it does not only depend 

on the area, building 1 is also less insulated than in the other two. Building 1 stands on a 

concrete slab which has a high U-value and therefore is a source of large heat losses. 

The walls of building 2 and 3 are thicker than the walls of building 1, which indicates 

that the insulation is better in building 2 and 3. The roofs of building 2 and 3 have an 

attic and building 1 does not, which in this case contributes to a somewhat better 

insulation for building 2 and 3. Since building 2 and 3 are roughly the same size but 

building 3 is better insulated than building 2, it requires less heat. 
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5.3 Results from sensitivity analysis 

 
Figure 7: Simulated heat demand with additional insulation in floor, wall and roof. 30 

centimeters additional insulation in the floor results in a 33 percent reduction, in the 

walls it results in a 17 percent reduction and in the roof it results in a 13 percent 

reduction.  

 
Figure 8: Simulated heat demand with different doors and appurtenant U-values. The 

existing U-value is 1.2. Note the vertical axis, as it does not start at zero. 
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Figure 9: Simulated heat demand with different windows and appurtenant U-values. 

The existing U-value is 2.7. Note the vertical axis, as it does not start at zero. 

 

In figure 7 it is clear that insulation has a big impact on the heat demand for building 1. 

It is obvious that the biggest difference is received when additional insulation is made 

on the floor. An additional insulation of mineral wool on the floor would lower the heat 

demand from 80 000 kWh to about 60 000 kWh per year, which means an annual 

reduction of 20 000 kWh, or 25 percent of the total demand. The lines for the floor, 

walls and roof in figure 7 have the same behavior. To add insulation of 10-15 

centimeters gives a distinct impact on the demand, but to add even more insulation 

would not give the same impact and therefore not the same energy for the invested 

money.  

In figure 8 the simulations show that changing the U-values does not generate a great 

impact on the heat demand for building 1. A lowered U-value from 1.5 to 0.77 

generates a reduced heat demand of about 500 kWh per year which corresponds to 0.73 

percent of the total heat demand. A reduction that is not near the results from the 

additional insulation for the floor. This depends on the fact that there are only four 

doors in building 1, which is a small part of the total area of the building.  

Windows in older buildings often have high U-values compared to new ones and 

therefore it can be profitable to change to new ones. In Storvreta IK’s case the situation 

is different, compared to the additional insulation for floor, walls and roof the energy 

saving is small. This can be seen in figure 9 where a reduction of 50 percent of the U-

value only corresponds to a reduction of about 0,25 percent of the total heat demand for 

building 1. This compared to a 10 centimeters additional insulation of mineral wool on 

the floor that resulted in a reduction of 25 percent. The small reduction from the 

windows is probably due to the same fact as the doors, their small area. 
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Figure 10: Simulated heat demand with and without lowered temperature from 20 to 12 

degrees Celsius during the time when the buildings are not used. 

Figure 10 shows that a reduction of the indoor temperature from 20 to 12 degrees 

Celsius in the buildings that are not used during the winter season generate a major 

reduction of the heat demand. By doing this simple action it is possible to save 14 000 

kWh every year. With an electricity cost of 0.80 SEK/kWh this equals 11 200 SEK per 

year. Since no people use these rooms during the winter no one is there to decide 

whether it is hot or cold. This result in that no one feels the need to turn the temperature 

down and this could be the behavioral change in Storvreta IK’s pattern that has resulted 

in the high rebound effect.  

Storvreta IK could also reduce the heat demand by lowering the temperature in the 

larger hall in building 1. This could be made if the physical activities like gymnastics 

and table tennis, which want a lower temperature, are held in building 1. The meetings 

and parties, which require a higher temperature, could instead be held in building 3. 

Even though the temperature change is not as big as in the previous paragraph, this 

would lead to an electricity reduction nonetheless. 

6. Discussion 

6.1 Suggestions for Storvreta IK 

As the results showed, the solar collectors do not produce the same amount of energy 

during the winter and instead the immersion heaters take over. Even though electrical 

heating from the immersion heaters is a better option than the direct-acting electricity 

existing in Storvreta IK’s facilities today it might not be worth the investment cost. 

When the heat demand is large the solar collectors produce the least heat, this means 
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that during a significant part of the year, Storvreta IK would be dependent on another 

energy source to cover the amount of heat that the solar collectors cannot produce. 

Since Storvreta IK have a restricted economical situation, installing a water heated 

distribution system might not be financially realistic and therefore not the club’s main 

priority. 

New doors and windows with lower U-values do not reduce the heat demand in the 

same range compared to the investment the club would have to make and is therefore 

not seen as an action that would be worth the investment. This concerns all buildings in 

Storvreta IK’s facilities. From the sensitivity analysis of building 1 it followed that 

additional insulation in the floors saved the most energy compared to additional 

insulation in walls and roofs. To insulate the floor ten centimeters additionally with 

mineral wool is seen as a reasonable action to take for Storvreta IK since it reduces the 

heat demand by 25 percent in building 1.  

To change the indoor temperature during periods when certain buildings are not used 

seems to be the easiest action for Storvreta IK to reduce both their heat demand and 

their electricity cost. A routine could be made to always lower the temperature in rooms 

not used during the winter. This could be made after the football season ends every 

year. 

6.2 Validity of the study 

To be able to evaluate the solar collectors and to simulate the heat demand of the 

facilities on Skogsvallens IP it has been necessary to estimate various parameters used 

in our models. It can be concluded that building 1 is larger than the other two and is less 

insulated and these factors contribute to the fact that building 1 has the highest heat 

demand. This corresponds to our simulations and can therefore be seen as a valid result. 

The calculations for the U-values have been made according to information from 

Storvreta IK regarding material and thickness of insulation which are seen as 

reasonable.  

The results from the evaluation of the solar collectors are hard to validate because of the 

lack of data from the solar collectors. It should be noted that the domestic hot water 

profile had to be adjusted to be able to run the simulations in Polysun. The months set to 

0 liters per day were adjusted to 20 liters per day. This did not affect the performance of 

the system in a negative way, it has rather made the performance of system 2 a little bit 

better. The efficiencies of the systems that were about 20 percent are seen as reasonable 

due to that the max efficiencies were about 50 percent. 

The results from the sensitivity analysis showed a reduced heat demand, which is a 

valid result because of the improved insulations and the lowered indoor temperature. 

The lowered temperature caused a reduced heat demand, which is also credible since the 

lowering of the temperature is made when the heat demand is at its highest and the fact 

that it is a rather big area. 
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7. Conclusions 

Storvreta IK’s investment in solar collectors in 2011 was estimated to reduce their 

electricity consumption with about 40 000 kWh. With this production the pay-off time 

would be about six to eight years long. The estimations of the hot water use that the 

investment was made on seem to be unfortunate and resulted in a higher investment cost 

than needed for an over-dimensioned system for Storvreta IK’s use. This has led to 

lower efficiency and not the electricity reduction expected at the time of the investment.  

The total heat demand of the facilities is just short of 120 000 kWh. The heat demand 

depends on the size and construction of the buildings, where the insulation is a major 

factor. To lower their electricity consumption Storvreta IK could take actions, both 

regarding the facilities and how they are managed. Additional insulation of the roof, 

floor and walls could be made to lower the consumption significantly, this is however a 

big financial investment but would in a few years decrease their electricity cost.  

The potential rebound effect has led to that the reduced electricity consumption is far 

less than anticipated. To make changes regarding the maintenance of the facilities, such 

as lowering the temperature in parts of the buildings that are not being used would 

decrease the electricity consumption in a direct and considerable way. This would be an 

action free of charge and does not require a major effort.  

Even though the solar collector systems did not perform as Storvreta IK expected, they 

are still contributing to a lowered need for direct-acting electricity and have potential for 

further development in the future.  
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Appendix A 

Domestic hot water user profile 

Each shower takes 3 minutes and consumes 36 liters of water. 

Storvreta IK’s men’s team and youth team (home teams) use system 2 and all other 

teams use system 1. The skiers also use system 1.  

The schedule for football is from 2015 but is used for all years simulated. 

Football 

 When the men’s team uses the dressing room at games 8 out of 16 in the home 

team showers and 14 out of 16 players in the away team showers. 

 When the men’s team uses the dressing room at practice 10 out of 20 showers. 

 When the youth team uses the locker rooms at games 6 out of 16 in the home 

team showers and 8 out of 16 in the away team showers. 

 When the youth team uses the locker rooms at practice 8 out of 20 use the 

showers. 

 When all teams older than 13 years except the men’s team and the youth team 

use the locker rooms at games 6 out of 16 showers in the home team and 8 out of 

16 in the away team showers. 

 When all teams older than 13 years except the men’s team and the youth team 

use the locker rooms at practice 8 out of 20 use the showers. 

 Teams with players younger than 13 years of age does not shower on 

Skogsvallens IP. 

Cross country skiing 

From the 10th of January to the 15th of March there are 9 weekends and 46 weekdays. 

There is also a ski event on Skogsvallens IP every January where Angelsiöö estimates 

that 200 people shower. 

Total domestic hot water profile 

The total domestic hot water profile was made when adding football practices and 

games and the skiers’ use from the football schedule and Ulf Angelsiöö’s estimations. 

The total hot water use for each month was divided by the number of days in a month 

(30 days) to get the average hot water consumption per day for each month.  

Calculations for domestic hot water profile 

To calculate how much energy is consumed to heat one liter of water  

                                                    



27 
 

This number will be multiplied with the hot water demand for every month from the 

user profile top get the monthly energy use.  

As an example the calculations for June for system 1 looked like this: 

                                      

Table 3: User profile for domestic hot water. How much water the systems need and 

how much energy the water needs to heat from 10 to 45 degrees Celsius.  

Month Liter/day for system 1 Liter/day for system 2 

January 299 0  

February 98 0  

March 45 23 

April 96   0 

May 295  230 

June 274 173 

Juliy 46 35 

August 339 286 

September 490 209 

October 19 12 

November 67 0 

December 55 0 
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Appendix B 

Calculations for heating time of water in the accumulator tanks 

Total effect from solar radiation in June between 1983-2014: 5 278.93 kWh/m
2
 

Total number of hours of sunlight in June between 1983-2014: 8 430.18 h 

Average solar radiation: 
        

        
             

As an example the calculations for June for system 1 looked like this: 

Heating time:   
          

 
 

                         

          
                    

The other months are calculated in the same way but with different average solar 

radiation depending on the weather data from SMHI. All values can be seen in table 4. 

If the water is heated only with the help of the immersion heater the heating time would 

be (same for both systems due to double power and double size of tank in system 1). 

  
          

 
 

                         

          
                    

Since the immersion heaters have the same power all year the heating time will not 

change during the year. 
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Table 4: The average solar radiation and the heating time for the accumulator tanks 

each month is shown. These values are when the water only is heated by energy from 

the solar collectors except the last row that is when the water is only heated by the 

immersion heaters. 

Months Average solar radiation, kW/m2 Heating time, hours 

January 0.231 20.9 

February 0.352 13.7 

March 0.465 10.4 

April 0.546 8.8 

May 0.587 8.2 

June 0.626 7.7 

July 0.609 7.9 

August 0.580 8.3 

September 0.476 10.2 

October 0.381 10.7 

November 0.255 19.0 

December 0.176 27.5 

Immersion heater - 7.3 
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Appendix C 

Calculations for U-values 

Table 5: Properties for the material used in building 1 

Building parts Rsi Rse 

Walls 0.13 0.04 

Roofs 0.10 0.04 

Floors 0.17 0.04 

 

Windows:  

Double glazed window:            
 

    
.  

Front Doors:  

Standard front door:          
 

    
 

Building 2 

Walls: 

Panel:                     
    

    
     

Plaster:                     
    

    
      

Mineral wool:                      
    

     
       

Chipboard:                     
    

    
        

                                          

      
 

  
       

 

    
.  

Roof: 

Sawdust:                     
    

    
       

Chipboard:                      
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Sheet metal:                    
    

   
          

Wooden panel:                     
    

    
       

Mineral wool:                      
    

     
       

                                                     

      
 

  
      

 

    
.  

Floor: 

Gravel:                   
   

   
     

Wooden plate:                     
    

    
       

Mineral wool:                      
     

    
       

                                   

       
 

  
      

 

    
.  

Building 1 

The larger hall  

Walls: 

Wooden Panel:                     
    

    
     

Plaster:                     
    

    
      

Mineral wool:                     
   

     
        

Chipboard:                      
    

    
        

                                          

      
 

  
       

 

    
.  

Sensitivity analysis: 10, 15, 20, 25, 30 cm mineral wool: 
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Roof: 

Sawdust:                     
    

    
       

Chipboard:                      
     

    
        

Sheet metal                    
    

   
          

                                          

      
 

  
       

 

    
.  

Sensitivity analysis: 10,15,20,25,30 cm mineral wool. 
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Floor: 

Gravel:                   
   

   
     

Concrete slab:                    
    

   
       

Wooden plate:                      
     

    
        

                                    

       
 

  
      

 

    
.  

Sensitivity analysis: 10,15,20,25,30 cm mineral wool. 

                       
   

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       



34 
 

           
 

       

       

            
 

        

       

           
 

       

       

            
 

        

       

           
 

       

       

Locker room 1-2  

Walls: 

Leca:                    
    

   
      

                       

      
 

  
    

 

    
.  
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Roof: 

Same as Building 2. 

Sensitivity analysis: 10,15,20,25,30 cm mineral wool. 

                                                     

                       
   

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       

          
 

       

       

           
 

        

       

          
 

       

       

           
 

        

       

          
 

       

       

Floor: 

Same as the larger hall. 

Sensitivity analysis: 10,15,20,25,30 cm mineral wool. 
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Locker room 3-4 in Building 1 

Walls: 

Same as the larger hall. 

Sensitivity analysis: 10,15,20,25,30 cm mineral wool. 
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Roof: 

Same as Building 2. 

Sensitivity analysis:  

10, 15, 20, 25, 30 cm mineral wool. 
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Floor: 

Same as the larger hall. 

Sensitivity analysis: 10, 15, 20, 25, 30 cm mineral wool. 

                       
   

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       

                         
    

     
       

           
 

       

       

            
 

        

       

           
 

       

       

            
 

        

       

           
 

       

       

Building 3 

The cafeteria and office 

Walls: 

Wooden Panel:                     
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Plaster:                     
    

    
      

Mineral wool:                      
    

     
       

Chipboard:                      
    

    
        

                                        

      
 

  
      

 

    
.  

Roof: 

Half of the building: Same as locker Building 2. 

Half of the building: Same as the larger hall 

Floor: 

Same as locker Building 2. 
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Appendix D 

Table 6: Shows how many hours the heat pumps are active during each month, twork 

Total operating time of the year per heat pump is 7 074 hours.  

Month twork, [Hours] 

January 744 

February 672 

March 744 

April 720 

May 744 

June 360 

July 248 

August 248 

September 360 

October 744 

November 744 

December 744 

  


