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Abstract

Solar Heating in Uppsala

Emelie Blomqvist, Klara Häger, Malin Wiborgh

The housing corporation Uppsalahem has installed a 
solar heating system in the neighbourhood Haubitsen, 
which was renovated in 2011. This report examines 
how much energy the solar heating system is expected 
to generate and which factors could improve the 
efficiency. Simulations suggest that the solar heating 
system can to cover about 22 per cent of the domestic 
hot water demand in Haubitsen, which corresponds to 
50 MWh for a year. If some factors, such as the tilt of 
the solar collectors would have been improved, the 
system efficiency would increase according to the 
simulations. To evaluate how solar heating in a scaled 
perspective affect the existing energy system in 
Uppsala, district heating simulations have been 
performed. District heating simulations indicate that 
the district heating production do not decrease with 
the same amount of energy that the solar heating 
generates.
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1. Introduction 
The worldwide energy usage is constantly increasing. Since 1960 the energy usage has 

doubled, and today 80 per cent of the energy comes from fossil fuels. To prevent 

continuous usage of fossil fuels, other alternatives that are more environmentally 

friendly need to be considered. The European Union has decided that 20 per cent of the 

total energy usage in Europe must be obtained from renewable energy sources by 2020. 

In Sweden, the government has decided to apply stricter regulations with an aim to 

reach 50 per cent renewable energy sources by 2020 [1]. 

In order to achieve these goals solar energy could be utilized as a source of energy. 

Solar radiation represents a huge energy potential. Ten minutes of insolation on Earth 

corresponds to the same amount of energy as mankind use in an entire year [2]. The 

energy from the sun equals about 10,000 times the present total energy use. This shows 

that there is a great unused potential within solar energy, the only problem is efficiency 

in conversion [3]. If the issue with conversion losses in solar heating and solar cell 

systems were resolved there would be no need for other energy sources other than the 

sun. This would result in less coal and oil power plants and thereby decreased emissions 

of green house gases. Solar heating systems are a renewable and unlimited energy 

source which can be used for domestic heating and hot water [4]. 

An example of an application of solar energy is the renovation of the 126 flats situated 

in the neighbourhood Haubitsen, owned by the municipal housing corporation 

Uppsalahem. Uppsalahem has environmental and energy saving demands that need to 

be implemented when renovating existing houses or when new houses are built. These 

demands had to be accommodated during the renovation of Haubitsen. This required a 

number of arrangements such as changing all the windows to triple-glazed windows, 

extra insulation and installation of a solar heating system for water heating. The solar 

heating system is connected to the district heating system, which is the main heat source 

during winter [5]. 

  



 5  

1.1 Aim 

The aim of the project is to evaluate the solar heating system installed in Haubitsen, 

from an energy generating perspective. This is possible by simulating the system and 

assessing the amount of energy the system is expected to contribute. A sensitivity 

analysis is performed to find which parameters could be improved, and suggest possible 

arrangements to make the system more efficient. Furthermore, the effect of solar 

heating is investigated from a system perspective and its effect on the total energy 

system in Uppsala, which mainly consists of district heating. 

The project report discusses following questions: 

 How much energy is the solar heating system in Haubitsen expected to deliver, 

both in terms of solar fraction and absolute values, and how could it be 

improved? 

 If simulated for all residences owned by Uppsalahem and subsequently 5 per 

cent of the total roof area in Uppsala, how do solar heating systems influence the 

district heating system in Uppsala? 

1.2 Limitations 

The project is focused on the energy saving aspects of the solar heating system in 

Haubitsen and therefore the evaluation does not include economic aspects. The energy 

system in Uppsala mainly consists of district heating and therefore the evaluation is 

limited to solar heating and district heating. Moreover, the report does not include 

aspects such as material production emissions from solar collectors. The only 

environmental aspect included is emissions in the heat production. Furthermore, the 

report only includes the effect on the total district heating system in Uppsala, not 

specific parts.  
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2. Background 
To be able to evaluate the solar heating system in Haubitsen, it is necessary to study 

solar heating, district heating and the solar heating system installed in Haubitsen more 

closely. This is presented in section 2.1-2.4.  

2.1 Solar Heating 

There are two technologies to collect solar energy, namely solar collectors and solar 

cells. The solar cells convert insolation into electricity and solar collectors convert 

insolation into heat. In Haubitsen there are solar collectors installed, and this technology 

is discussed further in following sections [6]. 

Solar collectors can be used to heat domestic hot water as well as the house through 

radiators. The solar system’s function is to absorb solar energy as efficiently as possible 

and transfer the heat to a storage tank with as little loss as possible. The heat is 

transported with a so-called heat carrier, which usually consists of glycol-mixed water, 

but it can also be air depending on solar collector type [7]. 

Solar heating systems can be constructed in various ways. The most common structure 

usually consists of a storage tank as the centre component. An additional source, such as 

a buffer tank, a warming pan or an immersion heater is often required to maintain the 

temperature demand. In order for the circuit to work there are many components that are 

necessary. In addition to components described there are pipelines, fitting and filling 

equipment, and safety equipment [8]. 

2.1.1 Solar Collectors 

The solar collectors absorb the sunrays and heat up the heat carrier. The most 

commonly used collectors in Sweden are the flat-plate collector but the vacuum 

collectors have become more common [8]. 

A solar collector absorbs solar radiation and converts it to useful heat. The useful 

energy Qsol is the difference between the absorbed solar energy Qcoll and the losses from 

the solar collector. The losses are mainly associated with the heat transfer mechanisms 

such as convection Qconv, conduction Qcond, and radiation Qrad. The useful energy, Qsol, 

can be described with the equation 

                                   ,   (1) 

where Qinert represents the loss due to thermal inertia of the collector. The energy from 

the system can also be presented in solar fraction, SF.  
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The solar fraction can be described with the equation 

   
    

         
 ,     (2) 

where Qsol + Qaux represents the total energy used for tap water heat. Hence Qaux is the 

total energy delivered from other energy sources than the solar heating system. 

Methods for reducing losses vary depending on loss type. For example, for convection 

losses a cover glass is put on top of the collector, for conduction losses the collector box 

is insulated, and for radiation losses the absorber material is modified [9]. 

There are mainly four types of solar collectors [10]: 

 Flat plate solar collector is a flat metal box with a glass cover containing an 

absorber plate, which mostly is copper or aluminium [11]. 

 Vacuum tube collector is built of glass tubes with vacuum and copper pipes 

where the heat is absorbed [12]. 

 Concentrating collector is a parabolic mirror that reflects the sunrays to a focus 

pipe, which is mostly a glass tube with a copper pipe where the heat is absorbed 

and transported [12]. 

 Unglazed collector is the simplest type of collector. Often built of rubber and/or 

plastic with water pipes. It is also known as a pool solar collector [13]. 

2.1.2 Components in the Solar Heating System 

The following components are central in the solar heating system: 

Heat storage: There is often a heat storage tank included in the solar heating system. It 

is difficult to extract the amount of energy needed, because the energy demand peaks 

are located to the mornings and evenings when the solar energy collection is low. This 

is a problem due to the fact that the sun is mainly generating energy during midday. A 

solution to the problem is to install heat storage to the system. 

Buffer storage: Buffer storage is also included in the solar heating system, as a buffer 

tank. The purpose is to complement the heat storage and extend its service life. The 

buffer storage volume differs relative the size of the system.  

Heat carrier: The heat carrier is a transport medium in the solar heating system which 

transports the heat from the solar collector to the heat storage.  

Circulating pump: The circulating pump’s purpose is to circulate the heat carrier 

around the system.  

Control centre: The control centre controls and regulates the system to obtain 

maximum gain by for instance start and stop the pump. The control centre is connected 

to sensors that measure temperature and radiation in the system. 
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Heat-exchanger: The heat-exchanger transfers the heat from the heat carrier to the 

storage tank [7, 14]. 

2.2 District Heating 

District heating plants were built during the 19
th

-century all over the world and in the 

middle of 20
th

-century it was introduced in Sweden [15]. From the beginning the idea of 

district heating was to improve the air in the cities. This was accomplished by reducing 

the number of heat incineration and moving these outside the city. When the fossil fuels 

were replaced with renewable energy the emissions decreased further [16]. On average, 

the carbon dioxide emissions for oil-fired domestic boiler are about ten times higher 

than district heating [17]. 

District heating systems take advantage of resources that would otherwise be wasted. It 

is an environmental friendly and energy efficient heating system. The system utilizes 

the heat produced when electricity is generated in a combined power and heating plant, 

heat from waste incineration and excess heat from local industries. The fuel consists of 

for example garbage, waste from forestry, and other biomass [16]. 

The environmental effects caused by district heating depend on the fuel used in the 

district heating plant and the extent of energy loss in the local district heating network. 

Every district heating system is unique with its own mix of fuels and that makes it hard 

to make a general environmental assessment that covers all systems [17]. 

The district heating plant is odourless, quiet and seldom need supervision due to the 

simple and reliable technology. When the hot water has been used in the building, the 

cooled water is brought back to the district heating plant where it is reheated. While 

between the buildings and the district heating plant the return water can be used for 

heating the pavements or soccer fields. The circulating water temperature is between 70 

and 120 degrees Celsius depending on season and weather [18]. 

District heating is the most common form of heating in Sweden. A district heating plant 

produces hot water by incineration, which is used to heat most local communities. The 

hot water is delivered through well-insulated pipes to the building’s heat-exchanger 

which ensures that the radiators transfer heat and that the tap water is heated [16]. 

2.3 Solar Heating and District Heating Combined 

Solar heating systems are often connected to an already existing heating system, such as 

district heating. There are different kinds of connections between solar heating and 

district heating depending on the conditions of the existing system. Even if the 

connection is specific for all buildings there are three generalized connection solutions 

[19, 20]. 
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2.3.1 Primary Facility 

Primary facility connection solution results in a system with limited regulation and 

control possibilities. Heat is delivered through a heat-exchanger, which is connected 

directly to the culvert of the district heating. This results in a nearly unlimited system, 

since the excess heat can be delivered to other operators, when insolation is available in 

surplus [19, 20]. 

2.3.2 Secondary Facility - Minimum Alternative 

District heating is the primary heating source in this solution, where the solar heating 

system is dimensioned to accommodate the hot water demand in the building during the 

sunniest days of the summer. When the solar heating does not accommodate the 

demand the district heating is used as a complement. There are no long time storage 

possibilities for produced heat [19, 20]. 

2.3.3 Secondary Facility - Maximum Alternative 

Secondary Facility with maximum alternative works the same way as the minimum 

alternative, though it includes a storage tank as well. It is possible for short time storage 

of heat in the tank and therefore the solar heating system is dimensioned to 

accommodate the hot water demand in the building during summer months. Hot water 

produced during the sunniest days is stored and can later on be used during cloudy days. 

The storage capacity makes it possible to cover the hot water demand for the entire 

summer [19, 20]. 

2.3.4  Combined Systems 

It is important that the temperature of the return water to the district heating plant is not 

too high, since most district heating plants require cold return water so that the 

efficiency of hot water production is as high as possible. A connection to the secondary 

facility makes the district heating system return temperature rise. However, if the solar 

heating system is connected to the primary facility, the temperature of the return water 

is not affected, because the water is regulated within the house before let out to the 

pipes [21]. 

2.4 The Solar Heating System in Haubitsen 

Haubitsen is a neighbourhood situated in Uppsala, south of the city centre. A solar 

heating system was installed when the 126 flats were renovated during the end of 2011 

[5]. Figure 1, shows a map over the neighbourhood. The maintenance centre (MC) is 

situated in house 8 and the solar collectors are installed on the roof in the same house. 



 10  

 

Figure 1. Overview of Haubitsen where MC stands for Maintenance Central, which is 

the striped box above 8A. The red area shows where the solar collectors are installed in 

2 rows of 11 pairs. The arrow points to the north [22]. 

The solar heating system in Haubitsen includes vacuum tube solar collectors. In 

northern Europe, heat pipe and U-system are the two primary kinds of vacuum tube 

solar collectors. The vacuum tube consists of two glass tubes, one inside the other. 

During manufacturing, the air between the glass tubes is emptied out to create a 

vacuum, which acts as insulation. The heat pipe has a copper piston that contains a 

liquid which is vaporized when heated. It then rises to the top of the vacuum tube where 

the heat is transferred through a heat-exchanger and the gas condenses to a liquid which 

can flow back [23]. The liquid is mostly water, ethanol or ammonia but the medium 

used in Haubitsen is a liquid based on 1.2-propylene glycol and is frost-resistant to -28 

degrees Celsius [24, 25]. 

In the U-system there is a U-shaped copper pipe containing a medium of glycol-mixed 

water. The U-system is more effective than the heat pipe and it can also be placed 

vertically on the wall to shield it from snow, which could be beneficial during the 

winter [23]. Copper has high absorption of solar radiation and low emission of heat 

radiation. The solar collectors used in Haubitsen are called “Vitosol 200-T SD2A”, 

which is a vacuum tube solar collector of heat pipe type. The system includes 22 

collectors and each collector has an active surface area of approximately 3 m
2
, which 

makes a total absorber area of approximately 66 m
2
 [26]. There are 2 heat storage tanks 

and 8 buffer tanks installed in the maintenance central. A schematic overview of the 

system is presented in appendix A. 
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3. Methodology 
To examine the relationship between solar heating and district heating, a literature study 

has been used. Different books and scientific articles about solar heating, district 

heating are the underlying research material for the study. 

To evaluate how the district heating system is affected by solar heating in a large scale 

in Uppsala, the solar heating system results of generated energy has been scaled. This 

has been made through simulations performed in Polysun and MODEST. The solar 

heating simulations in Polysun have been evaluated and the output data has been scaled 

and further on used for district heating simulations in MODEST. 

3.1 Solar Heating Simulations 

The initiator of the project is Uppsalahem and they have, as previously mentioned, 

installed a solar heating system in Haubitsen. Before the renovation project started a 

simulation of the solar heating system was performed in the programme T*SOL. The 

solar heating system has not been evaluated after the renovation was finished, and this 

report examines the evaluation of the installed solar heating system more closely.  

3.1.1 Polysun 

The programme Polysun was used to perform a more thorough simulation of the solar 

heating system. Polysun Simulation Software is a simulation program where different 

input parameters can be varied and as a result get detailed output information from the 

simulation. Polysun uses weather data and other specific data from the selected location 

for the project, which result in a more precise result. There are some predefined models 

with different complexity in Polysun, which can be modified to correspond to the 

system of interest [27-29]. 

To evaluate the simulation made by Viessmann Värmeteknik AB in the programme 

T*SOL, the same parameters were used in a simulation in Polysun. The simulation in 

T*SOL is based on weather data from Stockholm and therefore the validation in 

Polysun includes weather data from both Stockholm and Uppsala. The simulations have 

been compared to each other, to see whether the estimation before the renovation was 

close to the results from the Polysun model. The model and the input parameters in the 

T*SOL simulation do not correspond to the installed system in Haubitsen. 

The second Polysun simulation evaluates the existing system installed in Haubitsen. 

Numbers and data are based on the real system, and for that reason presumed to be more 

precise than the pre-constructed simulation. To get a result that is as accurate as possible 

a sensitivity analysis has been performed. The sensitivity analysis is based on varied 

input values in the Polysun simulation, which is further described in section 3.1.3. 
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3.1.2 Model Description 

The selected pre-defined Polysun model, 8o, is the one closest to the real system and it 

is shown schematically in figure 2. The solar heating system in Haubitsen is connected 

to the district heating system using a secondary facility with a maximum alternative as 

described in section 2.3.3. 

 

Figure 2. The predefined model “8o: Hot water (solar thermal, large system)” in 

Polysun has been modified to correspond to the real system in Haubitsen.  

This is a simplified model based on the real solar heating system installed in Haubitsen. 

A schematic overview of the real system, presented in appendix A, has been used as a 

template to build the model in Polysun. The solar collectors are connected to a heat-

exchanger that leads to storage tanks of a total 1,000 litres. District heating is also 

connected to the system through buffer tanks of a total of 4,000 litres, which is used 

during winter and also works as a buffer system during summer. These two connected 

systems deliver hot tap water to the residential buildings. The solar heating system in 

Haubitsen includes a water heater powered by district heating. An immersion heater that 

generates the same power as the district heating in Uppsala, 120 kW, is used instead to 

simplify the model in the simulations. 

  



 13  

3.1.3 Sensitivity Analysis 

The effect on the efficiency and energy supplied from the solar heating system was 

studied for a selection of input parameters. 

 Number of solar collectors 

 Roof angle 

 Orientation 

 Number and size of heat storage tanks 

 Solar collector type 

 Sun tracking 

The sensitivity analysis was performed to evaluate alternative solutions to the existing 

system. To compare the different simulations SF and Qsol of the system have been used. 

3.2 District Heating Simulations 

To examine how an expansion of solar heating would affect the existing energy system 

in Uppsala, district heating simulations have been performed by Magnus Åberg. The 

Uppsala model, which defines the district heating system in Uppsala, was used for the 

simulations in the software MODEST. 

3.2.1 MODEST 

MODEST is a time dependent model used for energy system optimisation. The model is 

based on linear programming and in this case it was used for the local district heating 

system. The energy system in MODEST is equal to a network of nodes, with several 

characteristics and energy flows. The optimisation is based on energy demands during a 

period of time and the best combination of the nodes and energy flows can be obtained 

[30]. 

3.2.2 Uppsala Model 

To evaluate the district heating system in Uppsala the Uppsala Model by Magnus 

Åberg, Uppsala University, was used. The model is based on flows and nodes that 

describe the input components such as fuels, pumps and chain flows in the district 

heating system in Uppsala. The district heating system in Uppsala mainly comes from 

four sources, an incineration plant, a peat-fuelled combined heat and power plant, a 

peat-fuelled hot water boiler, and a heat pump facility. The modelling in MODEST was 

performed based on these parameters [31]. 
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4. Input Data 
Input data to the Polysun simulations are based on the T*SOL simulation performed by 

Viessmann Värmeteknik AB, presented in appendix B, and data provided from 

Uppsalahem. Some of the data and figures have to be qualified guesses to as far as 

possible receive a correct result. All assumed data are presented in following sections. 

4.1 Polysun 

The solar heating system has only been in use since the beginning of 2012, which 

makes it difficult to obtain data to validate the simulation model. Simulations in 

Polysun and T*SOL have been compared to each other, to see whether the estimation in 

T*SOL was close to the results of the Polysun model. The simulation of the Polysun 

model is based on data from the previous simulation in T*SOL. Uppsalahem provides 

technical data for the simulation of the real system, such as area of the solar collectors 

and size of heat storage tanks. 

4.1.1 System Parameters 

There are 22 solar collectors, each of the size 3 m
2
, installed in Haubitsen and the total 

absorption area makes about 66 m
2
. Solar collector pairs are connected in series and 

mounted in 11 rows, which are connected in parallel. They are installed directly to the 

roof, which has an angle of 27 degrees. The azimuth of the solar collectors is 35 degrees 

from the south to the east, see figure 1. There are two heat storage tanks belonging to 

the solar heating system; each tank holds 500 litres. The solar heating system in 

Haubitsen includes a water heater powered by district heating. This water heater is in 

turn connected to 8 buffer tanks of 500 litres each, which store both tap water and water 

for domestic heating. In Polysun the 8 buffer tanks are replaced by a 4,000-litre tank. 

The model is simplified by using a 120 kW immersion heater instead of the Uppsala 

district heating network. This is a reasonable simplification since the energy Qsol from 

the solar heating system does not depend on which kind of water heater that is used. Qsol 

represents the energy delivered from the solar heating system and the district heating or 

the immersion heater is just used to maximise the contribution. 

During 2010 the total water-use, both hot and cold water, in Haubitsen was about 

10,900 m
3
. To evaluate the solar heating system in Polysun the hot water demand is 

needed as one of the input parameters. It was assumed that the hot water, at a 

temperature of at least 55 degrees Celsius, accounts for one third of the total water use 

[5]. 
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Table 1. Input parameters for the simulation of the installed solar heating system in 

Haubitsen. 

 Quantity Size / Quantity Total Size Model 

Solar Collectors 22 3.02 m
2 

66.44 m
2 

Vitosol 200-T 

Heat Storage 

Tanks 
2 500 litres 1,000 litres  

Hot Water 

Demand 
365 days 9,971 litres/day 

3,566,415 

litres/year 
 

Hot Water 

Temperature 
 55 degrees C   

Auxiliary 

Heating 
1 120 kW 120kW 

Immersion 

Heater 

Buffer Tank 1 4,000 litres 4,000 litres  

 

4.2 MODEST 

The MODEST simulation is based on the results from the Polysun simulation of the 

solar heating system in Haubitsen. The hourly heat effect obtained from the Polysun 

simulation was used as input to MODEST. In MODEST the Uppsala Model is used to 

simulate the district heating. The nodes such as boilers and turbines are defined with all 

specific properties and local weather data for Uppsala are used as input to the 

simulation. 

4.2.1 Scaling of Polysun Results 

To evaluate the effects on a municipal level of solar heating systems in Uppsala, the 

simulation results have been scaled. The scaling is based on a hypothetical scenario that 

solar heating systems are installed in all neighbourhoods owned by Uppsalahem in 

Uppsala. Uppsalahem manages about 15,500 flats, which among other things differs in 

size, building constructions such as roof area, and number of residents [32]. The scaling 

does not consider whether the buildings are different and also assumes that all flats have 

the same properties and proportions as Haubitsen. There are 126 flats in Haubitsen and 

the absorbing area is 66.44 m
2
, resulting in an installed solar collector area of 0.53 m

2
 

per flat. If solar collectors were installed on the roofs of all residential buildings owned 

by Uppsalahem, the total absorption area would be about 8,200 m
2
. The scaling consists 

of 125 times the solar heating system in Haubitsen, installed in different 

neighbourhoods in Uppsala. This scaling of 125 solar heating systems is further on 

mentioned as scaling 1. 

To evaluate how a further expansion of solar heating would affect the district heating 

system in Uppsala, another simulation has been performed in addition to scaling 1. This 

simulation is mentioned as scaling 2 and involves 5 per cent of the total roof area in 

Uppsala. The total roof area in Uppsala corresponds to approximately 10 million m
2
 and 

the roof area used in scaling 2 corresponds to about 500,000 m
2
. Scaling 2 is also 
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presumed to have the same properties and proportions as the solar heating system 

installed in Haubitsen, and it consists of around 8,000 systems [33]. 
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5. Results and Discussion 
The results along with the discussion are presented in the following sections.  

5.1 Solar Heating Simulations 

The simulations in Polysun provided detailed results that made it possible to evaluate 

different parts of the solar heating system. The simulation results for Haubitsen are 

presented using the parameters Qsol and SF, described in section 2.1.1, which signifies 

the efficiency and energy delivered from the solar heating system. 

5.1.1 Comparison of Polysun and T*SOL 

 

Figure 3. The Polysun model similar to the model in T*SOL for validation of the pre-

simulation made in T*SOL. 

The Polysun model shown in figure 3 was used to validate the earlier simulation 

performed in T*SOL, appendix B. The results obtained from the simulation programme 

with this model are presented in table 2. 

Table 2. Results of the validation simulations in T*SOL and Polysun. 

Output Data / Simulation Programme T*SOL Polysun: 8n 

Qsol Stockholm [kWh] 68,940 75,589 

Qsol Uppsala [kWh] - 76,859 

Solar Fraction Stockholm [%] 36.2 37.1 

Solar Fraction Uppsala [%] - 36.9 
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The results show that the calculated solar energy from the system is higher for Polysun 

than T*SOL. Different weather data and choice of model, with varying input 

parameters, could make an impact on the differences in the results. The results of the 

two simulations have the same magnitude, which is an important aspect since it 

indicates that the softwares are comparable. 

5.1.2 Polysun Results 

The simulation results for the real solar heating system installed in Haubitsen are 

presented in table 3. The total energy delivered from the system during a year is about 

50 MWh, with a solar fraction of more than 22 per cent of the total domestic hot water 

demand. 

The solar heating system in Haubitsen has delivered about 9.8 MWh during the first 

months in use (recorded in the 2
nd

 of May 2012). The system was installed in the 

beginning of 2012, but the exact date was not registered, resulting in an ambiguous 

period of time for the evaluation. The measured value 9.8 MWh can be compared to the 

simulation results for February to April 2012, see table 3, which result in an amount of 

energy of 11.4 MWh. The simulation obtains higher amount of energy than the real 

system. Since the running time for the solar heating system is uncertain it is difficult to 

validate the two results in absolute values. However the magnitude of the results are the 

same, which means that the model is close to the real system. Validation of the 

simulation models and the results had been much easier to interpret and evaluate if 

measurements from the real system in Haubitsen had been logged. 

Table 3. Monthly results for Qsol in kWh and SF in per cent for simulation of the real 

system in Haubitsen. 

 Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Qsol [kWh] 50,025 731 1,820 3,916 5,579 7,694 7,910 8,018 6,518 4,384 2,278 728 449 

SF [%] 22.1 2.6 9.9 19.2 28.6 39.2 43.4 43.9 36.6 25.4 12.6 4.0 2.3 

5.1.3 Sensitivity Analysis 

The sensitivity analysis was based on varying different input parameters, such as the 

roof angle or the number of solar collectors. By changing these values the amount of 

energy from the solar collectors and the solar fraction of the system is affected, which is 

presented in figures 4-9.  

The sensitivity analysis shows how input parameters affect the solar heating system in 

Haubitsen. If the roof angle changes the system generates less or more energy and the 

solar fraction also becomes different. In Haubitsen the solar collectors are installed 

directly to the roof, which has an angle of 27 degrees. The sensitivity analysis shows 

that the optimal roof angle would be 42-45 degrees, see figure 4. This would generate 

almost 2,000 kWh more than a system with a tilt angle of 27 degrees. To achieve this 

tilt the solar collectors must in this case be mounted on a stand. 
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Figure 4. The difference in solar collector angle affect the energy output and the SF. 

Moreover, the sensitivity analysis shows that the solar heating system in Haubitsen is 

most sensitive for varying number of solar collectors. If the number of solar collectors is 

doubled compared to the 22 collectors actually installed, the solar fraction increases 

with 10 per cent. This is quite a difference since the generated energy increases from 

about 50 MWh to nearly 69 MWh, though this means a larger amount loss due to the 

fact that generated energy is not doubled, only increased. When half the number of solar 

collectors was used in the simulation the amount of generated energy decreased to 

nearly half of the real system. The result of the simulation with the different number of 

solar collector is presented in figure 5. The two graphs do not have the same gradient, 

which could indicate that the solar heating system produces hot water when the demand 

is already accommodated. It could also be an indicator that the heat storage is not 

sufficient for heated water in the system. 

 

Figure 5. The energy generated and the SF from the solar heating system as a function 

of numbers of solar collectors. 
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Another parameter that also affects the system efficiency is the number of heat storage 

tanks. The sensitivity analysis shows that more energy would be generated if the 

number of tanks was increased, but it resembles the case with number of solar 

collectors. If 4 heat storage tanks were installed instead of 2, the energy generated from 

the system would increase, but not double compared to the existing system. When the 

size and number of heat storage tanks were expanded, the increase of energy generated 

and SF fades, which is shown in figure 6. The heat storage tanks have to correspond to 

the amount of energy generated from solar collectors. Hence, a larger heat storage does 

not deliver more energy than the solar collectors generate.  

 

Figure 6. Different size of heat storage results in different SF and amount of energy 

generated. The heat storage tanks installed in Haubitsen are 2x500 litres, which can be 

seen in figure 2. 

Another input parameter that was varied was the orientation, also called azimuth, which 

shows that the system efficiency would have been better if the solar collectors were 

oriented directly to the south. This is quite natural since the sun has the highest 
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Figure 7. Direction, azimuth, of the solar collectors and the resulting energy generated 

Qsol, and SF. 

What is also interesting is the solar collector type. The collectors installed are, as 

previously mentioned, vacuum tube solar collectors and the sensitivity analysis has 

evaluated whether the type installed or flat solar collectors would have been preferable. 

In this case the vacuum tube solar collector resulted in a solar fraction that was almost 5 

percentage points higher than the flat plate collector, see figure 8. 

 

Figure 8. Vacuum or flat solar collector results in different values of Qsol and SF. 
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Figure 9. Sun tracking can be used to increase the efficiency of the solar collectors. 

According to the sensitivity analysis all the optimal input parameters would increase the 

generated energy of the solar heating system. If the optimal input parameters for solar 

collector angle, azimuth and solar collector type used in the simulation of the solar 

heating system in Haubitsen the result would be almost 55 MWh in a year, and the SF 

would increase to nearly 24 per cent. This shows that the installed system in Haubitsen 

could be more efficient, since the amount of energy generated is increased by 10 per 

cent. To improve the solar heating system the least laborious operation is presumably to 

build a stand for the solar collectors to increase the angle to about 45 degrees. 

5.2 District Heating Simulations 

The results from the simulation of the district heating system are presented for the 

scaled system. If the MODEST simulation was performed only for the system in 

Haubitsen the impact of the district heating system in Uppsala would be insignificant. 

5.2.1 MODEST Results 

When the heat production in Uppsala was modelled without the scaled solar heating 

systems, for the large-scale simulation, the total energy output from the district heating 

was 1,643 GWh. When the solar heating system for Uppsalahem’s residences was 

included, scaling 1, in the district heating simulation the produced heat decreased to 

1,637 GWh. This can be compared to the simulation result when the large-scaled solar 

heating system, scaling 2, was included. In that case the corresponding value was 1,500 

GWh. Results are presented in table 4. 
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Table 4. Amount of produced district heating in the three simulations. 

 Solar Heating 

Excluded 
Scaling 1 Scaling 2 

Produced District 

Heating [GWh] 
1,643 1,637 1,500 

 

The difference between the energy delivered from the solar heating system and the 

decreased heat production does not correspond in absolute values. Components included 

in the simulation also produce electricity and the economic profit when selling 

electricity is higher than the profit of selling heat. Hence electricity-producing 

companies benefit more from selling electricity. When production of electricity 

increases the production of heat also increases, even if the heat demand already is 

accommodated. 

Another reason to relatively low reduction in energy production is waste incineration. 

Waste is cost-effective compared to other fuels, and moreover waste incineration also 

qualifies for a reception fee. Even if the heat demand already is accommodated the 

waste incineration continues since companies profit from waste incineration and the 

waste need to be taken care of. 

This part of the discussion will consider scaling 2 since the results of the simulation for 

scaling 1 are not as crucial as scaling 2. The differences in produced heat, cooling load 

and carbon dioxide emissions are presented in table 4 and table 5. 

Table 5. Amount of cooling load and carbon dioxide emissions for the three simulations 

in MODEST. 

 
Solar Heating 

Excluded 
Scaling 1 Scaling 2 

Cooling Load 

[GWh] 
1.18 1.88 160 

Carbon Dioxide 

Emissions 

 [kilo tonnes/GWh] 

432 429 387 

 

When the amount of heat exceeds the demand the surplus energy has to be cooled 

instead of delivered to the district heating system. The total amount of cooling load in a 

year excluding the solar heating systems was 1.18 GWh and for the simulation of the 

solar heating systems the corresponding value was 160 GWh. The monthly values for 

the increased cooling load are presented in table 6 and table 7. 
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Table 6. Amount of cooling load in Uppsala excluding solar heating.  

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 

Cooling 

Load 

[GWh] 

0 0 0 0 0 0 1.18 0 0 0 0 0 1.18 

 

Table 7. Amount of cooling load using scaling 2. 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 

Cooling 

Load 

[GWh] 

0 0 0 19.9 30.5 26.1 28.7 28.8 23.6 2.2 0 0 159.7 

 

The difference between the generated energy in the simulation of scaling 2 and the 

district heating simulation excluding solar heating is 143 GWh, which corresponds to 

the effective value from solar heating. Since 160 GWh out of 1,500 consist of cooling 

load, the actual contribution from solar heating is 303 GWh. In an energy view the 

cooling load of 160 GWh can be seen as a loss, and therefore the gained energy when 

including solar heating is 143 GWh. It is significant to evaluate a larger perspective than 

energy generated in the solar heating system. All factors in the total system have to be 

evaluated since one thing affects another and it is not obvious that a new installation 

only has positive outcome. 

Another important aspect associated with installation of solar heating is carbon dioxide 

emissions. According to the MODEST simulation, the carbon dioxide emissions in the 

local heating production excluding solar heating in Uppsala are about 432 kilo tonnes 

per GWh produced heat. When scaling 2 was included the emissions decreased to 387 

kilo tonnes per GWh produced heat, which is a reduction of more than 10 per cent. This 

is shown in table 5. 
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6. Conclusions 
The Polysun simulation performed of the solar heating system in Haubitsen resulted in 

that the solar heating system is expected to deliver around 50 MWh per year. That 

corresponds to a solar fraction of 22 per cent of the total energy used for heating tap 

water in Haubitsen.  

The sensitivity analysis indicates that the system is not the most optimal, though an 

optimal system is difficult to accomplish due to current conditions. To make the system 

in Haubitsen more efficient a number of arrangements could be performed. The most 

sensitive input parameter is number of solar collectors. If the number is increased, a 

larger amount of energy would be generated but heat losses would also increase because 

of the excess heat produced during summer months. Due to roof area and generated 

energy the number of solar collectors installed in Haubitsen seems fairly optimal.  

Another arrangement to make the solar heating system more efficient would have been 

to modify the solar collector orientation. Sun tracking would have increased the 

efficiency remarkably, however this is a quite expensive method. The best solution, 

considering profit, would have been to place the solar collectors directly in southern 

direction. If the tilt would be 45 degrees instead of the existing roof angle 27 degrees, 

the system would generate almost 2 MWh more per year. The least hard achievable and 

realistic change would be to build stands that change the tilt angle close to 45 degrees 

and also direct them closer to the south. 

Scaling 1 obtains a quite small impact on the district heating system in Uppsala. This 

means that the solar heating systems contribute to fulfil Uppsalahem’s environmental 

demands, which imply that renewable energy sources should be included in the energy 

contribution. However the solar heating does not contribute as much as needed to have 

an impact on the total energy system in Uppsala.  

In the existing energy system in Uppsala a large-scale installation of solar heating, such 

as scaling 2, mostly is competitive to waste incineration. Solar heating systems are 

environmentally friendly and come from an unlimited energy source, though a 

disadvantage is that solar heating mostly contributes with energy during summer months 

and the energy demand is relatively low. A more optimal scenario would be if the solar 

heating could be used during winter during energy demand peaks. Solar heating systems 

would, if so, be able to decrease oil and coal use when the energy demand peaks. 

The MODEST simulation for scaling 2 shows that installed solar heating systems not 

only decreases production of heat in the rest of the system, but also affects other parts of 

the system. The simulation of Uppsala indicates that the amount of cooling load 

increased when solar heating was included in the model. Carbon dioxide emissions 

decreased when solar heating systems were installed, and therefore solar heating can be 

a key to fulfil the environmental goal for Uppsalahem, Uppsala and Sweden. An 
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important aspect is though that the total energy savings in Uppsala not corresponds to 

the generated energy in the solar heating systems. Waste incineration still continues even 

if the heat is not used and resulting in a higher heat production in Uppsala than needed. 
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Appendix A 
A schematic overview of the heating and tap water system in Haubitsen [5]. 
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Appendix B 
The previous simulation performed in T*SOL by Viessmann Värmeteknik AB 2009-10-

29 [5]. 
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