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Abstract

Solar heating in Storvreta

Wasan Hussein, Emma Ivarsson

The aim of this project was to analyze two model 
solutions for connecting solar heating system to the 
district heating system in Storvreta in order to obtain 
the largest solar heat potential. The two model 
solutions were either households that was considered 
as a decentralized model, or solar plant that was 
considered as a centralized model. In addition to the 
technical aspects, there were also economical aspects 
that were considered to find the most economical 
feasible connecting solution. The conclusion was that 
a decentralized connection would be used were the 
households uses mortgage loans. This would 
generate a total amount of heat of  4300 MWh where 
2800 MWh would be used for seasonal storage. After 
27 years the total income would have exceeded the 
total cost for the system.
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1. Introduction    

The sun has always been one of man's primary energy sources, but it has not been fully 

utilized due to the lack of technical solutions to store solar energy. In the last few 

decades, a lot of focus has been on the increasing environmental problems and the rising 

energy prices. This resulted in search for alternative cheap and environmentally friendly 

energy sources to reduce the effect of these problems. 

The main advantages from solar energy are that it is environmental friendly and has 

only a fixed cost during the depreciations period. When the facility cost is paid, the fuel 

will become completely free [1]. Thanks to this, solar energy has become one of the 

most attractive options for homeowners as well as large energy companies. Since the 

1990’s the demand of solar energy in the market rose and many companies as well as 

the governments were interested in making investments and developing the solar 

energy. 

From the year 2000 to the end of year 2011, the Swedish government provided grant for 

installing solar heating system in houses, apartment buildings and other buildings. The 

purpose of the grant was to promote the use of solar heating technologies [2].  

In May 2005, the Swedish government started a new program to support the 

investments in energy efficiency and conversion to renewable energy sources in 

buildings used for public services. The support was in terms of 30 % of the labor and 

material costs until the year 2008. Between the years 2006 and 2011, there was an 

additional solar heat support of a maximum of 10 million SEK per year for commercial 

premises, decided from the Swedish parliament. There were several other policy 

instruments aimed to support solar energy that the Swedish government contributed 

with over the preceding years. Today there are many proposals for changing the 

instruments to support the future of solar energy. For example, a national goal of 

installing solar collectors equivalent to 0.4 TWh in 2020 has been proposed. Another 

proposal is a structured model for a 10 000 SEK support to house owners for 

exchanging electrically heated boilers with solar heat. Besides the financial support to 

house owners, information campaigns about solar technology should be particularly 

directed to the experts who prepare energy assessment [2].  

All the support from the government made solar energy an attractive option for many 

businesses. Vattenfall AB is one of the energy companies that have observed the 

possible savings that can be made both economically and environmentally using solar 

energy. They are now interested in investigating the solar potential in Storvreta. 

Particularly they want to know how much energy that can be produced from solar 

collectors placed on roofs, and the connection possibilities to the existing district 

heating system. In this study two solar thermal systems are compared; one where solar 

collectors are dispersed on villa roofs, within the district heating network of Storvreta 

and one with a centralized solar thermal field.[3]  
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1.1 Aim 

The aim of the project was to study and analyze the technical potential of solar energy 

in Storvreta, and the possibilities to connect solar heat, provided from solar collectors 

on roofs, into the existing district heating system. Mainly, the focus was on finding the 

best connection solution between solar collectors and district heating, whether it would 

be a centralized- or decentralized connection. Another aspect was to evaluate the 

economical profitability for the investors, which would show whether the model was 

feasible or not. 

This leads us to the following questions: 

1. Which amount of district heating can be produced from solar collectors, and 

what is the most suitable connection solution? 

2. Is it economically profitable for residents to invest in solar thermal connected to 

the district heating network in Storvreta? 

1.2 Limitation 

The limitations in this report were both technical and economical. The model contains 

only households in Storvreta that were connected to the local district heating system. 

Assumptions were made about the solar access on the roofs in Storvreta. In reality some 

houses are in the shadow of other buildings or trees, but this was not included in the 

model. There were only two types of solar collectors that were considered in this 

project, vacuum and flat solar collectors. Economical limitations were made, in the 

sense that no repair costs of the system were considered and the life span of a solar 

collector was estimated. Besides the solar collectors themselves, the investment cost of 

the solar system was estimated to an amount of money that was calculated for the most 

essential parts of the system. In reality this cost would depend on the size of the system, 

the household and roof construction and personally taste of the investment. The interest 

rate for a mortgage loan was set to be fixed, in reality it differs during the repayment 

period. 

1.3 Project Outline 

Besides the introduction, aim and the limitation section, this project  includes a 

Background in chapter 2 where the two connection solutions is presented, centralized- 

and decentralized connection solution. The solar heat history in Storvreta, solar heat 

potential and the different types of solar collectors are also introduced in the 

background section. That is followed by a Methodology section in chapter 3 which 

consists of how the radiation data was provided, how the solar heat efficiency was 

calculated and how the two main models of the project works. This section also includes 

the economical models used in the project. In chapter 4, Data, all the resources for the 

data of the project is described. In chapter 5, Result, the results of the project is 

presented and then followed by chapter 6 where the Sensitivity analysis is made. The 

sensitivity analysis examines how the solar heat outputs changed with different solar 
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collector temperatures. Last but not least, chapter 7 represents the Discussion followed 

by the Conclusion in chapter 8.  

2. Background 

2.1 Storvreta     

Storvreta is an urban area of Uppsala Municipality located 15 kilometers north of the 

city of Uppsala. The area has a population of more than 6000 residents and was earlier 

regarded as an agricultural society.  In the 1980’s, large areas of Storvreta was built, 

including the two residential areas Adolfsberg and Lyckebo. “Ställ om Storvreta” is a 

project that was started in line with the overview and detailed planning work for a more 

sustainable residential area in Storvreta. Reduced energy consumptions, environmental 

and climatic smarter consumption, enterprise, jobs and integration are the key words for 

the project. A solar energy group is included in “Ställ om Storvreta”, to inform the 

residents about solar energy and to increase the interest in installing solar collectors in 

households. Starting this project is an important step towards increasing awareness and 

interests in solar energy in Storvreta. [4] 

2.1.1 Seasonal storage in Lyckebo 

In the 1980’s, the local energy company  ppsala  raftvärme A  built a test plant for 

solar energy with seasonal storage in a concrete cavern in Lyckebo. This cavern was 

connected to a field of solar collectors and also connected to the district heating network 

in Storvreta. The Swedish Building Research Council was the main financier. The 

ground water filled cavern was intended to provide district heat to the newly built 

residential area Lyckebo, which consists of about 550 apartments.  

Unfortunately, the solar heat plant was a subject to continuous vandalism. The cost of 

repair adversely affected the project and was, together with energy losses in the cave, 

due to cracks in the wall, the main reason that the solar heat plant closed down in 2000. 

Today there is no solar heat plant in Storvreta, instead there is a biofuel plant connected 

to the district heating network which supplies Storvreta with energy. [5]   

2.1.2 Solar heating potential 

The cavern is currently owned by Vattenfall AB. Due to the progress over the last few 

decades in developing solar collectors, Vattenfall AB are now considering to explore 

the technical and economical possibilities for an optionally relaunch of the solar heating 

project in Storvreta. The main difference from the previous project was that the solar 

collectors would be placed on roofs instead of in a centralized solar heat plant. This 

solution requires a new economic model to estimate the profitability of the project and 

technical solutions for the connection between the solar collectors and the district 

heating system. There are 358 houses connected to the district heating system in 
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Storvreta; in the optimum case every one of them should have solar collector connected 

to the district heating system. One key issue in this solution was to decide whether the 

decentralized connection could be designed in a more efficient manner than the 

centralized connection. This decision will depend partly on technical but mainly on 

economical considerations. [3] 

In 2010, a solar heating power plant connected to the district heating system in Alvesta, 

a locality in Småland, was opened [6]. It was collaboration between Albohus Fastighet 

AB and Alvesta Energi and the idea of the project were to replace worn-tiled roofs with 

solar heating system to create renewable energy in Alvesta.  Instead of using an 

accumulator tank to store energy, the surplus from the solar heating plant was 

distributed to the district heating system for supplying other customers in Alvesta with 

district heat. The annual heat production from this power plant was estimated to 140 

MWh. This project is a good example that shows the technically and economically 

possibility to build a solar heat plant connected to the district heating system.  Project 

like Alvesta’s solar heat plant is a big step towards a more environmental friendly 

energy usage. There are many similarities with the case in Storvreta where solar energy 

has a great potential to be one of the leading energy sources that supplies the residents 

with heat. [7] 

2.2 Solar heating 

The interest for solar heating in households has increased significantly in recent years. 

Since 2000, the villa market has been tripled in Sweden and at the same time the 

technology of the solar heating systems has become more standardized. This simplifies 

both purchase of the solar collectors and the installation work. The standardization have 

also resulted in a cost reduction and increased the reliability of the solar collectors. 

Today solar heat can be combined with any heating systems, from traditional fire 

boilers to integrated solutions with district heating, water heaters and heat pumps.  

Solar heating is a good way to provide a household with heat; it is renewable and does 

not contribute to the greenhouse emissions when used. This is what makes solar heating 

the least environmentally sensitive heating option because it basically does not release 

any emissions to the air at all, only when manufactured. At an early stage of the year, 

the sun can start to deliver heat and hot water. Depending on the geographic location 

and the consumption patterns, the solar heating system can for a period of four to six 

months, account for the majority of a normal households total heating and hot water 

use. 

Solar heating system must always be practically combined with another heat source to 

provide heat and hot water when there is not enough solar radiation. 

The installation of the solar heating system requires investment capital but afterwards 

when the facility is in use, the operational cost will be minimal because the solar 

radiation is free. The investment is repaid during the time that the solar heating system 
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is in operation, as the proportion of the energy that needs to be purchased will decrease. 

[8] 

2.2.1 Solar collectors 

Solar energy can be utilized in several ways. Solar cells produce electricity and solar 

collectors produce heat by heating up water/air. The two most common types of solar 

collectors in Sweden are vacuum solar collectors and flat solar collectors. 

There are P-labeled solar collectors which mean that the solar collectors are quality 

checked regularly and it guarantee to meet specified requirements for functionality and 

durability. The Technical Research Institute of Sweden (SP) is responsible for the P 

labeling. According to the Swedish Energy Authority, every solar collector should be 

tested in a similar manner by an independent testing lab in order to simplify for the 

customer when choosing a product. [9]  

2.2.2 Types of solar collectors                                                                      

Vacuum solar collectors are very effective and provide a high seasonal exchange which 

means that even at a low solar insolation during spring and autumn, a consistent effect 

remains. They are also more efficient than flat solar collectors when the work 

temperatures for the solar collectors increase. Work temperature is the mean 

temperature for a solar collector, i.e. the inlet temperature to the solar collector plus the 

outlet temperature of the collector divided with two. The annual production for a 

vacuum solar collector is according to Energimyndigheterna 450-800 kWh/m2 [9]. The 

reference area for a vacuum solar collector is the total area of the tubes and not the 

space between them. Since the building area is much larger than the reference area the 

annual production per building area is less than the annual production per reference area 

[10]. The life span for a vacuum solar collector with good quality is 25 year [11]. 

Flat solar collectors are the traditional solar collectors and the most tested type in 

Sweden since the 1980’s.  nlike vacuum solar collectors, flat solar collectors have a 

lower seasonal exchange which means that it requires a larger space for the same annual 

production. The production during the summer is however higher for the flat solar 

collector than the vacuum solar collector. The annual yield is estimated to 300-530 

kWh/m2 and the life span is 30-50 year [9], [11]. In comparison to vacuum solar 

collectors, flat solar collectors have almost half the annual yield per reference area. This 

is compensated with lower investments cost, longer life span and smaller building area 

for the same reference area [10]. 

2.3 District heating 

In district heating several households are linked together in a culvert network. These 

culverts contain hot water that is produced by a central heat and power plant. Each 

house has their own district heating substation where the heat is transferred into the 

house. The substation includes two different heat exchangers, one for tap water and one 
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for heat. Besides this substation, no other heating systems are required in the house. 

This is more effective and environmentally friendly than using small heat boilers in 

each house. The environmentally impact of the system depends on losses and the type 

of fuel that is used. Biofuel produced by waste products from sawmills and forestry is 

often used in Sweden. From a carbon dioxide emission perspective, this makes district 

heating almost ten times better than oil-fired domestic boilers. [12] 

2.4 Connecting solar heat to the district heating system 

Solar heating can advantageously be combined with the district heating net. The water 

flowing through the solar heating system stores solar energy. This water is mixed with 

an anti-freeze for avoiding the water to freeze in the winter, resulting in that the solar 

collectors function more efficiently throughout the year. A heat exchanger transfers the 

heat from the solar plant to the return water from the district heating system. Then a 

biofuel plant heats the water up to required temperature. The design of the connection 

between these two systems can be constructed in two ways, centralized or decentralized. 

[13] 

2.4.1 Decentralized connection 

In a decentralized connection between the solar collectors and the district heating 

system each house has its own connection from its own solar collectors. In this case the 

solar collectors first provide heat to the house, and if there is any surplus it is sold to the 

district heating system. [14], [15] 

One advantage with connecting solar heating provided from solar collectors on roofs to 

the local district heating system is that no accumulator tank in the household is needed, 

the district heating system itself works as an accumulator tank. Another advantage is 

that the share of solar heating easily can be expanding by connecting more households 

to the system. It is important that the solar heating system does not affect the district 

heating system negatively. This specifies that the temperature from the solar heating 

system must be adjusted to the district heating system. [15]                                             

2.4.2 Centralized connection 

In a centralized connected system the solar heat is provided by a centralized solar plant. 

This plant contains a large number of solar collectors which together supplies Storvreta 

with solar heating. Thanks to this design, the systems technical artifacts are also 

centralized and it is easier to have full track of the whole system than the case with 

decentralized system. The connection between the solar heating system and the district 

heating system occurs at one point which makes the connection less complex. [3], [15] 
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2.4.3 The principles of connecting solar heating to district heating 

The way the solar heat is connected to the district heating net has a key role in the 

system, if the temperature is not right when connected to the district heating net it can 

have a negative impact on the district heating system. But the solar collectors are also 

temperature sensitive and lose efficiency with increasing work temperature. The best 

way of connection depends on the system and it is important to do a proper evaluation 

of the system before deciding connection principles. The two main ways of connection 

is however return/return and return/supply. 

Return/Return 

The connection return/return means that the solar heating system takes water from the 

return pipe of the district heating net and heats it up before it is let out in the return pipe 

again (Fig. 1b). The temperature let out on the return pipe is variable as it is not 

dependent on the temperature supplied by the district heating system. One disadvantage 

with this type of connection is that some district heating system can be very sensitive 

when heating up the return water. If the heating plant is optimized for working at low 

temperatures, the efficiency will decrease if the return water is too hot. The solar 

collectors are however more efficient if they work at low temperatures, so the maximum 

output will be in a system with low work temperature. [16], [17]   

 

 

Figure 1. The connection principles Return/Supply (a) and Return/Return (b) 

 

 

Return/Supply 

Return/supply is the connection principles where the water is taken from the return pipe 

of the district heating system, heated up to a specific temperature and then let out on the 

supply pipe (Fig. 1a). This requires that the solar heating system heats up the water at 

the same temperature as the supply temperature in the district heating system, because 

the water will not be heated up by any other plant like the case with return/return-

connection. This means that the work temperature of the solar heating system will be 

decided by the district heating system, it will also be higher than the work temperature 
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in the return/return-system. The efficiency will therefore be lower for the solar heating 

system but the efficiency of the district heating plant will not be affected. It is important 

to consider the district heating system when connecting solar heating to it. If the 

connection does not suit the district heating system right it can have a bad impact at the 

whole system. Therefore the return/supply principle is the best way to connect if it is 

not clear that the district heating plant can work at higher temperatures than the usual 

return temperature. [16], [17] 

3. Methodology 

In order to get a deeper understanding about solar heating, district heating and the 

connections principles between them, a literature study was made. By studying different 

books and scientific articles, required information and understanding in the subject was 

found. The main features of the methodology are illustrated in figure 2.  

 

Figure 2. Schematic illustration of the methodology. 

3.1 Radiation on the tilted plane 

To do the calculations of the solar heating potential, a simulations program was needed. 

A Matlab program was provided by Joakim Widén, Uppsala University, which 

simulates the insolation on the tilted plane [18]. The insolation is divided into three 

contributions; beam radiation, radiation reflected from ground and diffuse radiation. 

 The program simulates hourly over a year and then gives the total produced heat as an 

output. Four arguments were taken as inputs in this program; location, tilt, azimuth and 

albedo. Azimuth is the direction of the solar collector counting from the south, tilt is the 

angular of the solar collectors depending on the slope of the roofs and size is basically 

the size of the solar collectors constructed on the roofs. Albedo value describes the 

incident light reflected back by the surface of the earth and was considered constant for 
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the whole year. By using these arguments and depending on the time of the year, the 

solar insolation on a tilted plan could be calculated. Further on, that was the key factor 

for calculating the efficiency of the collectors. [19], [20] 

3.2 Solar collector efficiency 

The choice of the solar collectors matters when the calculations of the efficiency for the 

solar heating system are done. The type of the solar collectors can be either based on 

economic benefits or based on quality benefits which are decided by the consumer. In 

this project the main focus laid on finding the solar collectors with high technical 

qualities and high efficiency and at the same time keep it economically feasible. The 

efficiency rate of the solar collectors is depending on the operating temperature of the 

collectors. By choosing different mean temperatures for the solar collectors, there will 

be different effect output. [21] 

In summary, considerations for the mean temperature must be taken into account in 

order to choose solar collectors with high quality.   

The efficiency of the solar collectors decreases with increasing mean temperature at the 

solar collectors. The mean temperature corresponds to the difference between the inlet 

temperature and the outlet temperature of the fluid in the solar collector. The efficiency 

is also depending on the outside temperature and the amount of radiation at the solar 

collectors. This means that the efficiency varies momentary. The last thing that affects 

the efficiency is the characteristics of the solar collector itself (Fig.2). The actual 

efficiency of the solar collector can theoretically be calculated through Equation (1) 

[21].  

       
        

 
   

        
 

 
  ,    (1) 

where  

                 – The efficiency rate 

                – The efficiency rate without losses 

                  – Work temperature 

                – Outside temperature 

                – Global tilted radiation 

            – Constants     

 

3.2.1 Karlssons formula 

The heat production (Q) provided from the solar collectors depends on the amount of 

radiation and losses, and can be theoretically defined. To determine the heat production 

over a period the azimuth, global radiation, tilt and efficiency of the solar collector must 

be defined. The main concept of the calculation is that the heat production is the 

difference between absorbed solar radiation and heat losses. A formula developed by 
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 jörn  arlsson at Vattenfall’s Älvkarlebylaboriatiorium is used for simulate the heat 

production (Eq. 2). [22] 

    
                 

 
 ,     (2)

    

where  

                – The efficiency rate 

               – The momentary produced heat 

                  – Work temperature 

                – Outside temperature 

                – Global tilted radiation 

              – Solar collector area 

            – Constant 

  

Equation (2) enables comparisons between different types of solar collectors. Effect is 

never used as a quantity to compare solar collectors since the solar radiation is constant 

changing, the annual average production is rather used when talking about performance 

of the solar collectors. [22] 

3.3 Household models 

An important part in creating the decentralized model was to decide the characteristics 

of the houses. The solar heat provided from the solar collectors is depending on the roof 

properties, like azimuth, tilt and size.  

To decide which value these components should have, a literature study about building 

construction was made. The houses were placed in different groups depending on which 

decade they were built. Each decade group was given their own facts about the roofs 

and the size of the house depending on typical construction types from that decade. The 

idea was to build as large solar collectors as possible for each household so the 

maximum possible heat output could be reached. Some limitation has to be made 

because not all the roof area could be utilized for the construction of solar collectors. 

Some area losses due to the existence of a chimney and the fact that the solar collectors 

had certain sizes when sold had to be taken into account. In cases where the roof angle 

was less than 15 degrees, an assumption was made that the solar collectors was mounted 

with a frame into optimal angle which is 45 degrees. [23] 

The azimuth was randomly selected by a Matlab script so the houses got different 

direction for the roofs. The script was to choose between a certain number of angles 

between -45 degrees and 45 degrees. These angles were -45, -30, -15, 0, 15, 30 and 45 

degrees so the azimuth would have angles that vary between southeast and southwest. 
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 This was done in order to make a realistic simulation because all the houses were built 

in different directions. 

 

Figure 3. To the left, Solar heated residential area in Anneberg, Sweden. To the right, 

Azimuth for households. 

 

3.4 Solar plant model 

Corresponding to the household model, the constructing of a solar plant was considered 

to demonstrate a centralized model of the solar heat system. The main differences is that 

all the solar collectors was connected to one point which make it easier to control the 

system and makes a less complex connection to the district heat system. All the solar 

collectors was tilted to 45 degrees by using  frames to optimize the utilization of the 

collectors.  

After discussions with Vattenfall AB, the area of the solar heat plant was set to 5000 

m
2
.  

The idea was to compare the household model and the solar plant model to see which 

one that has the largest solar heat potential and which one that is most economically 

favorable. [3] 

3.5 Economical calculations 

Depending on the costs of the investment and the efficiency of the entire solar heating 

system, a price per produced MWh was calculated for the investor. If there was surplus 

or deficit in the solar heating system, the investor would either buy or sell solar energy 

to the district heating system. These prices were depending on the market price. There 

was also a limit set by Vattenfall AB that the smallest amount of heat stored in the 

cavern is 300 kW. This means that not all the produced heat could be used since the 
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households first provided themselves with heat and then sold the remaining part to 

Vattenfall AB. This resulted in that all the overproduced heat that did not exceed 300 

kW was to no use. In the main calculations Vattenfall AB was estimated to buy the 

produced solar heat for the pellet price which today is, owing to them, 330 SEK per 

MWh. [3] The Swedish Energy Authority has developed forecasts for the pellet price 

trends from which the annual increment is calculated to be 2.2 %, read more about this 

in Appendix 1 [24]. Conclusions are made that the price for district heat has the same 

annual percentage change that the pellet price since pellet is the main fuel in the district 

heating system. In order to show more detailed calculations of the economics of the 

solar heating system, Appendices 2 and 3 was made. 

3.5.1 Households 

Each household had to buy their own solar heating system thus the whole cost for the 

system was their own. Assumptions were made about the purchases of solar collectors. 

For calculating the cost of the systems the solar collectors manufacture Svesol was the 

main source [25]. Svesol has a package prices for large solar systems similar to the ones 

in the household model. This price combined with information from the installer firm 

Lindevalls Rör i Enköping AB formed the basis for the calculations [26]. ROT-

discounts of 50% of the work cost can be made when a household makes rebuildings of 

the property. When installing solar collectors the work cost is set to be 30% of the total 

investment for the solar heating system according to Svensk solenergi. [27], [28] This 

gave a reduction of the investment for the solar heating system of 15% which was 

included in the purchase cost mentioned in Table 1. 

Table 1. Cost overview for a household with 7 solar collectors. 

 

As shown in Table 1, the investment for vacuum solar collectors was larger than for flat 

solar collectors. 

When the sun is shining the solar collectors are producing heat to the households, heat 

which otherwise would have been bought from the district heating net. Thus the profit 

of the solar collectors was the same as the cost should have been if the heat was bought 

instead, which was set to the district heating price in Storvreta, 733 SEK per MWh. If 

the solar collectors produced any surplus it was sold to Vattenfall AB for storing in the 

cavern. Vattenfall AB bought all the heat that could be stored in the cavern for the same 

price as the pellet price, 330 SEK per MWh. [3] 
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                     (2) 

                             (3) 

Where  

          – The amount of produced solar heat used by the household itself 

         – The total amount of produced solar heat 

        – The solar heat surplus 

           – The price consumers buy district heating for 

           – The selling price of the solar heat 

 

All the results were presented for a household with 7 solar collectors. Since the 

households had to by the solar system themselves assumptions was made that they 

would have to take a loan for the investment. This loan only included the cost for the 

system, installation of the system was assumed to be paid in cash. To types of loan was 

considered; private loan and mortgage loan.  

Private loan  

A private loan is a loan for a smaller amount of money where the interest rate is fixed 

during the whole repayment period. It is recommended to have as short repayment 

period as possible thus the interest rate is rather high. The repayment period for the 

solar heating system was 6 years and the interest rate was 8.7%. Each month of these 6 

years the household pays a fixed charge, annuity, which consists of the amortization and 

the interest rate. [29]  

Mortgage loan  

A mortgage loan has a real property as security and a mortgage note is required to take 

the loan. This mortgage note secures that the owner will pay the loan back and has a 

charge of 375 SEK plus 2% of the sum of the loan. Since the loan is a part of the loan 

for the real property the repayment period can be much longer and the interest rate will 

be lower. The repayment period is chosen when taking the loan but the interest rate is 

changing throw the repayment period. Thus the interest rate must be secured for a fixed 

period, the length of this period is chosen by the household but a longer period gives a 

higher interest rate. In this model the security period of the interest rate was set to be 5 

years resulting in an interest rate of 3.25%. The repayment period was 30 years resulting 

in a fixed amortization of 333 SEK per month, the interest rate of the resisting loan is 

added to this sum at each payment. A mortgage loan includes that 30% of the paid 

interest rate will be repaid each year before declaration which was considered in the 

calculations.[30] Since the development of the interest rate is hard to predict 

assumptions was made that the interest rate would stay the same the whole repayment 

period.  
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3.5.2 Solar plant 

Two economical solutions was made for the solar plant, one were Vattenfall AB invest 

in the plant and one where an economical association owns the solar plant and sell the 

heat to Vattenfall AB.  

 

Vattenfall AB 

 

Vattenfall AB could make value-added taxes discounts of all equipment used for the 

business since they are a company. The cost for the solar collectors was therefore 

reduced with 20%. [31] Besides the purchase cost Vattenfall would also have an annual 

management cost of 100 kSEK which was added in the calculations. Estimations was 

made that Vattenfall earns 330 SEK per produced MWh solar heat where 330 SEK per 

MWh is the pellet price. [5] 

 

Cooperative solar plant 

 

One alternative to the model with the solar heating plant was to have a cooperative solar 

plant. This means that the solar collectors were owned by a economical association 

which sold shares to members, the number of shares was set to be 350. The produced 

energy was sold to Vattenfall AB for the pellet price and the shares equally shared the 

profit. An economical association has to pay charges and is forced to funding assets 5% 

of the incomes. This costs together with the management cost were added to the cost 

calculations. The law about the value-added taxes discounts of all equipment used for 

the business also applies economical associations. This resulted in the same purchase 

cost of the solar collectors as Vattenfall. The purchase cost of the system divided with 

the number of chares was the investment cost for one share. To facilitate the comparison 

between the solar plant model and the household model all the results was made for one 

share. [5] 

4. Data 

Facts and data about the district heating system in Storvreta were mainly provided by 

Vattenfall AB. Statistics about the households in Storvreta and the number of the houses 

built on different decades were provided by Uppsala kommun and also through 

literature studies of typical house constructing during the decades of the 20
th

 century 

[22].  

The costs for additional materials and the installations was roughly estimated by 

contacting  the subcontractor, Lindevalls rör i Enköping AB which also assembles solar 

collectors. There were no additional materials for the solar heat plant simulation 

because it was estimated that Vattenfall AB already have all the materials needed for the 

plant. 
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5. Results  

The result of the simulations is presented in the following section.  

The vacuum solar collector is more efficient than the flat solar collector. The simulation 

of the household model gave that the vacuum collectors produced 7% more heat than 

the flat solar collector and the annual mean efficiency rate was 67% higher for the 

vacuum collector than the solar collector (Tab. 2). 

Although the mean efficiency rate during the whole year was higher for the vacuum 

solar collector, the highest momentary efficiency rate belonged to the flat solar collector 

(Tab. 2). The produced heat is also more evenly spread over the year for the vacuum 

solar collector; this resulted in that the flat solar collectors could store more heat in the 

cavern than the vacuum solar collector despite that they produced less heat during the 

whole year.  

The peaks for the flat solar collectors are higher than the peaks for the vacuum solar 

collectors. When the conditions are god, such as a sunny day in the summer, the flat 

solar collectors is more efficient than the vacuum. But when the conditions are not so 

god, like in the spring and autumn, the vacuum solar collector is more efficient than the 

flat solar collectors. This gives a more even effect output during the whole year for the 

vacuum solar collectors, but the flat solar collectors is best if searching for high 

production during the summer. 

The total area of the solar collectors in the solar plant is smaller than the total area of the 

solar collectors on the roofs which gives a smaller output for the solar plant. But the 

efficiency rate is higher for the solar plant than for the households, the flat solar 

collectors gave a 5.7% higher efficiency rate for the solar plant while the vacuum solar 

collectors gave a 3% higher efficiency rate for the solar plant (Tab. 2). The amount of 

heat that can be stored is much smaller for the solar plant than for the households 

(Fig.4), (Fig.5). But the ratio between vacuum and flat collectors is about the same as 

for the households, the total production over a year will be 5.4% larger for the vacuum 

collectors than the flat collectors and the mean efficiency over the year is 63% larger for 

the vacuum than the flat collector.  
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Figure 4. The surplus and deficit of solar heat in the district heating system for the solar 

plant model and flat solar collectors. 

 
Figure 5. The surplus and deficit of solar heat in the district heating system for the 

household model and flat solar collectors. 
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Table 2. Results overview 

 

The economic result for the flat solar collectors is presented in Table 3 and Figure 6 

where the economic result is defined as the total result each year. This includes that the 

result of the last year is added when the current result is calculated. Break even occurs 

when the result gets positive, i.e. when the total income have exceeded the total cost. 

The year of break even occurred after the lifespan for the vacuum solar collectors, why 

it is not presented in the economic results.  

 

Table 3. Economic Result overview. 
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Figure 6. Economic result overview for one household and one shareholder  

with flat collectors. 

 

Figure 7 illustrates how the year of break even would decrease if the price Vattenfall 

AB buys solar heat for increases. Worth noting is that the original price is 330 SEK per 

MWh and the district heat is sold to the consumer for 733 SEK per MWh. Table 4 

illustrates the economic result if the price solar heat is sold for increased with 200 SEK 

per MWh. 

 

Figure 7. Year for Break even depending on the selling price increment. 
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Table 4. Economic result if the solar heat price was increased 

with 200 SEK per MWh. 

 
The economic result can also be calculated annually when using the mortgage loan. This 

annual result is the difference between the annual income and the annual cost. If the 

price for solar heat is the originally 330 SEK per MWh the annual result is positive after 

10 years. If the price for solar heat is increased with 200 SEK per MWh the annual 

result is positive after 3 years (Fig. 8). 

 

 
Figure 8. The economic result for a household that have used the mortgage loan when 

only the recent years result is taken into account. 
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6. Sensitivity analysis 

To obtain a sensitivity analysis for the solar heat potential, eight different cases were 

simulated in Matlab, where these cases had several variables as shown below in Table 5. 

The main purpose of this analysis was to see how different temperatures of the solar 

collectors affected the solar heat outputs. There were two different temperatures used, 

the first one where the district heat return water was heated with five degrees, further 

called low temperature, and the second one where the water was heated to the supply 

temperature which is further called high temperature. Of course, the cases were divided 

between the two main models of the project, the household model and the solar plant 

model. Further on, two types of solar collectors were examined, flat solar collectors and 

vacuum solar collectors as made in the result section. 

Table 5. The variables used in the sensitivity analysis. 

 

 

The first four cases considered the household model and the results of the simulations 

was as followed: 

By using flat solar collectors with low temperature, the total amount of heat produced 

was 4800 MWh where 3200 MWh could further be stored in the cavern. The mean 

efficiency for the flat solar collectors was 9.3 % and the maximum efficiency was 72 %. 

The reason why the mean efficiency has a low value was because it was calculated 

during a whole year, thus the nights and winter were included in the mean value. The 

next case was also concerning flat solar collectors but instead they had high 

temperature. The amount of heat generated was 3400 MWh and the amount of heat 

stored in the cavern was 2200 MWh. 7.0 % was the mean efficiency and the maximum 

efficiency was 69 %. 

By using vacuum solar collectors with low temperature, the total amount of heat 

produced was 5000 MWh where 2900 MWh was stored in the cavern. The main 
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efficiency was 15 % and the maximum efficiency was 71%. The last simulation for the 

household model included vacuum solar collectors with high temperature. This 

simulation generated 3900 MWh. The amount of heat stored was 2200 MWh where the 

mean efficiency was 12 % and the maximum efficiency was 69 %. 

The next four cases considered the solar plant model where the total area for the plant 

was 5000 square meters. Firstly, flat solar collectors with low temperature was 

considered. The total amount of heat produced was 1400 MWh and the stored heat was 

390 MWh. 9.82 % was the mean efficiency and the maximum efficiency was 73 %. 

Secondly, flat solar collectors with high temperature was considered and the total 

amount of heat produced was 1000 MWh where the heat stored was 240 MWh. 7.40 % 

was the mean efficiency and the maximum efficiency for the solar collectors was 69 %. 

Instead of flat solar collectors, the next case had vacuum solar collectors with low 

temperature. This generated 1500 MWh where 261 MWh was stored in the cavern, the 

mean efficiency was 15 % and the maximum efficiency was 71 %. Last but not least, 

vacuum solar collectors with high temperature was used which generated 1200 MWh 

and the amount of heat stored in the cavern was 179 MWh. The mean efficiency was 13 

% and the maximum efficiency was 70 %. The technical result of the sensitivity 

analysis is also illustrated in Table 6. 

Table 6. Sensitivity analysis overview. 
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In order to obtain a broader perspective to the sensitivity analysis of the solar heat 

production and storage, a bar graph of the two models was made. When seeing the 

different solar heat production and storage outputs for both models, side by side, a 

better understanding could be obtained (Fig. 9). 

 

Figure 9. Technical result for the sensitivity analysis, total amount of solar heat 

produced. 

Figure 10 illustrates the solar heat production and storage per m
2
 which has a different 

overview than Figure 9. As mentioned before, the total area of the solar plant is 5000 

square meters which is much smaller than the area of all the household roofs which was 

the reason behind the different results. 
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Figure 10. Technical result for the sensitivity analysis, amount of heat produced per m
2
. 

 

An economical sensitivity analysis was also included in order to see how the different 

temperatures affect the economical profit. This also included an analysis if how changes 

in solar energy selling prices would affect the payback time for the solar heating system. 

Another aspect of the sensitivity analysis was to examine how different economic 

models would affect the break even point and the profit made after 40 years. The 

mortgage loan was the most economical favorable for the household model and the 

share owned solar plant was the best economical solution for the solar plant model. 

Thus these two economical solutions was considered in the sensitivity analysis. There 

were no consideration for the vacuum solar collectors since they were not economically 

feasible.  

Figure 11 illustrates the economical results for the sensitivity analysis including the 

break even point and the profit each model could generate after 40 years. The 

economical results was made for four cases, two of them concerned one household 

when the household model used either high or low temperature. The last two cases 

concerned a shareholder. The household model with low temperature were the most 

beneficial since the year of break even occurred after 21 years and after 40 years, a 

profit of 160 kSEK was made (Tab.7). After 31 years, the household model with high 

temperature could pay back the investment costs and made 70 kSEK (Tab 7).    

In the case with the shareholder and low temperature the break even point occurred after 

27 years and the profit made after 40 years was 34 kSEK. The last case where the solar 

plant had high temperature, the break even point occurred after 35 years and the profit 

made was 9 kSEK.(Tab. 7) In order to give a better understanding for the different cases 

all the outputs is presented in Table 7  
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Figure 11. Economic result for the sensitivity analysis. 

. 

Table 7. The economical result for the sensitivity analysis. 

 

Figure 12 shows how the increment of the selling price for the solar heat affect the year 

of break even for the same four cases as mentioned above.  
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Figure 12. Year of break even depending on the selling price increment for different 

temperatures and models.  

 

  



28 
 

7. Discussion 

7.1 Technical related discussion 

Through all the simulations that have been done, it has been proven that the best 

connection principle for solar heating system to the district heating system is 

return/return. Which temperature that should be deliverd to the return pipe from the 

solar collectors is depending on the district heating system. However is the solar 

collectors more efficient for lower work temperatures so it is preferrd to just heat the 

return water a few degrees. The variables mentioned in Table 5 were essential for the 

solar heating potential. Firstly, the type of the solar collectors has been critical since 

each solar collector have different technical qualities and they functions in different 

ways. Generally, vacuum solar collectors functions more efficient at higher work 

temperatures than flat solar collectors and they can provide high seasonal exchange at 

low solar insolation. But these vacuum solar collectors has a short life span and high 

purchase cost which make them economical unfeasible for the investor.  By seeing the 

different values for the amount of produced heat and the efficiency rate, vacuum solar 

collectors had been the optimal choice for the solar heating system if there was no 

economical consideration. 

Secondly, the variation of the solar collector’s area between the household model and 

the solar plant model had a key role for the outputs of the simulations. The solar heat 

plant had a smaller area since the solar collectors were not built on roofs so the size of 

the solar plant was limited to 5000 m
2 

which responds to the area were the plant can be 

built. Technically, the optimal choice for how the solar heating system should be 

constructed would be the household model since it has a larger area and generate a 

much larger amount of heat than the solar plant.  

7.2 Economical related discussion 

The best economical solution for the household model was the mortgage loan solution. 

Even though the total cost of the investment, including interest rates, was higher when 

using the mortgage loan than the private loan, the mortgage loan gave a positive 

economical result earlier than the private loan. The small annual repayment for the 

mortgage loan gave a smaller annual cost for heat than buying district heat long before 

break even. The break even itself occurred at an earlier time than the time where the 

total debt was repaid. The amount of heat that is self used by the households is more 

profitable than the heat sold to the district heating supplier since the price the solar heat 

is sold for is 330 SEK per MWh versus 733 SEK per MWh which is the profit of the 

solar heat self used. However are 330 SEK per MWh an approximated price set in the 

calculations and not the definite selling price of solar heat. Vattenfall AB can choose to 

use a higher price. 

Vacuum solar collectors was not economical feasible at all thus the year of break even 

occurred close to or after the time of the life span period. This was the reason why only 
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flat solar collectors was considered in all economical results. The smaller area of the 

solar plant and the fact that all the amount of heat was sold and not self used made the 

profit for the solar plant model smaller than for the household model. This was 

compensated with a smaller investment cost; both for the whole system and for the 

shareholders. A share owned solar plant would be easy to finance since the shareholders 

can be companies or more wealthy investors. But of course regularly people with an 

interest for renewable energy sources could also be shareholders. The number of shares 

can also be extended for smaller purchase costs. If the price Vattenfall AB buys the 

solar heat for increases the year of break even will decrease faster for the solar plant 

model than for the household model. 

7.3 A few words of criticism 

In reality it is unlikely that all the households in Storvreta would make such big 

investment that the solar heating system requires. Some of the residents may be against 

installing solar collectors on roofs for aesthetical reasons. Others would probably just 

install the number of solar collectors required to cover the own heat need since the 

selling price is not as profitable. More investors would be attracted if Vattenfall AB 

considered to increase this price. It has to be considered that the interest rate for the 

household when using the mortgage loan was assumed to be fixed. In reality this 

interest rate will differ over the repayment period which will have impact on the 

economical result. The decentralized connection solution i.e. the household model, is in 

reality more complex than the centralized connection solution. This probably includes 

extra costs for both the households and Vattenfall AB.  

8. Conclusions 

After having experimented with different technical and economical varibles, several 

conclusions about the most suitable model were found. When considering the technical 

and economical aspects, the most favorable solution is found to be the decentralized 

connection solution where the households uses a mortgage loan and flat solar collectors. 

This solution generates totally 4300 MWh of solar heat per year and the amount of heat 

stored in the cavern was 2800 MWh per year according to the simulations made. The 

break even occurred after 27 years and the total profit of 120 kSEK was made after 40 

years. After ten years the annual results were positive. However if this solution is 

considered to be implemented in reality, further studies should be made about the 

technical parts of the connection principles. A survey about the interests of installing 

solar collectors in Storvreta should also be made. If Vattenfall AB chooses to buy solar 

heat for a higher price than 330 SEK per MWh it would be an incentive for both 

households and shareholders to invest in solar heat. This would also benefit Vattenfall 

AB since it would give them a good reputation for taking initiative in using 

environmental friendly energy sources.   
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10. Appendix 1 
The price trends for pellet is illustrated in the table below, the fuel category “Förädlade 

trädbränslen” includes pellet. The table is taken from Reference [30].  

By the equation: 

                             

  

        
        

        
      

The annual price change between the years 2005-2020 is calculated to be 102.35% and 

the annual price change between 2020-2030 is 101.99%.  

This gives a mean annual price change of 102.21% according to equation  

                   

  
 =       
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11. Appendix 2 

Economical calculations for the Household model with private loan. 

           -Total annual income for all the households in Storvreta 

       -The amount of heat used by the households themselves 

        -The price of the district heat 

         -The amount of the heat sold to the district heating system 

        -The price solar heat is sold for 

             -The income for one household the first year 

                   -The total number of solar collectors in Storvreta 

                         -The number of solar collector on one household 

      -The total cost for the system and installation for one 

household 

              -The cost of the solar heating system for one household 

             -The cost of installation for one household 

         -The income for a household A years after insatallation  

        -The annual growth of the pellet price 

       -A years after installation 

                  -The economic result for one household A years after 

installation 

         -The annuity for the household 

 

The total income for all the households with solar collectors connected to the district 

heating net in Storvreta is calculated from equation: 

                                      

  

              ,                    ,                   and 
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                    gave that            1,998,000 SEK 

The numbers of solar collectors of one household was 7 and the total number of solar 

collectors in Storvreta was 2900 which gave a income of 4820 SEK for one household 

the first year. 

            
         

                  
                          

                              

The purchase cost for the household was 154000 and the installation cost was 

20000SEK resulting of a total cost of 174000. The income for each year was calculated 

by the equations below, the growth was 102.21%. 

                                

                                

  

  

  

  

                                  

The six first year the household is amortize meaning that a annuity of 2145 SEK is paid 

every month as a payback at the loan. 

                                       

                                    

                                    

  

  

  

                                    

After the loan is paid back the household does not need to amortize any more. 
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The year of break even is defined as the year when the result is positive, thus when the 

total income exceeds the cost. 
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12. Appendix 3 

Economical calculations for the solar plant model when share owned. 

 
            -Total income for the solar plant first year 

       -The amount of heat sold 

        -The price solar heat is sold for 

              -The income for the solar plant the first year 

      -The total cost for the solar plant 

              -The cost of the solar heating system  

             -The cost of installation for one household 

                   -Annual operation cost 

        -Annual association cost 

          -The income for a household A years after insatallation  

        -The annual growth of the pellet price 

       -A years after installation 

                  -The economic result for one household A years after 

installation 

 

The total income for the solar plant is calculated from equation: 

                       

  

               and                     gave that            427,000 

SEK 

                      

The income for each year was calculated by the equations below, the growth was 

102.21%. 
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The result was calucalted for the solar plant each year.  

                                                                    

                                                   

                                                   

  

  

  

                                                       

 

The result for one share was the result for the total solar plant divided with the number 

of share which was set to 350. 

                    
       

              
 

                    
       

              
 

  

  

  

                     
        

              
 

The year of break even is defined as the year when the result is positive, thus when the 

total income exceeds the cost. 
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13. Appendix 4 
Economical calculations for a household which uses the mortgage loan. 

           -Total annual income for all the households in Storvreta 

       -The amount of heat used by the households themselves 

        -The price of the district heat 

         -The amount of the heat sold to the district heating system 

        -The price solar heat is sold for 

             -The income for one household the first year 

                   -The total number of solar collectors in Storvreta 

                         -The number of solar collector on one household 

      -The total cost for the system and installation for one 

household 

              -The cost of the solar heating system for one household 

             -The cost of installation for one household 

         -The income for a household A years after insatallation  

        -The annual growth of the pellet price 

       -A years after installation 

                  -The economic result for one household A years after 

installation 

             -The amortization for the household 

                      -Remaining debt year A. 

            -Interest rate for the mortgage loan.  

       
 

                 -Total cost year A including amortization and rate cost. 
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The total income for all the households with solar collectors connected to the district 

heating net in Storvreta is calculated from equation: 

                                      

  

              ,                    ,                   and 

                    gave that            1,998,000 SEK 

The numbers of solar collectors of one household was 7 and the total number of solar 

collectors in Storvreta was 2900 which gave a income of 4820 SEK for one household 

the first year. 

            
         

                  
                          

                                                    

 The income for each year was calculated by the equations below, the growth was 

102.21%. 
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After the loan is paid back the household does not need to amortize any more. 

                            

                            

  

  

  

                            

The year of break even is defined as the year when the result is positive, thus when the 

total income exceeds the cost. 

 

 


