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Abstract 

 

Due to the environment degradation and threats of the climate change, how to develop the 
technologies to use renewable energy and improve current energy systems to meet the 
increasing demand of human activities instead of using fossil fuels are amongst hot issues 
that being discussed nowadays. Due to the specific weather condition, district heating, which 
contains space heating and domestic hot water, is needed in Sweden. Solar energy is the 
most potential and environmental friendly energy resource. It can be utilized in many 
different aspects. The profitability of building solar heating plant for producing heat to supply 
the district heating in Sweden was discussed in the thesis. In order to achieve the result, 
central solar heating plant and solar combisystem were discussed. Information was collected 
from “Sciencedirect”, some related companies and institutions websites, and etc. Very few 
solar radiations are available during winter in Sweden, while the demands of district heating 
are the highest. During summer time, a lot of cities in Sweden can use the industrial waste 
heat to cover the district heating load, and in some cities where there is no industrial waste 
heat can operate biomass combined heat and power (CHP) plant to cover the heating load. 
Combined solar-biomass heating plant could improve the efficiency of biomass heating plant 
and reduce the unnecessary heat losses. Solar combisystem has a relatively high cost and 
complex system. The system which is able to supply some hot water for washing machine 
may have a good future, due to the possibility that the price of electricity in Sweden 
increases.  

 

Large-scale solar heating plants are less attractive in Sweden due to the existence of 
industrial waste heat and CHP plant that supplied by biomass. Combined solar-biomass 
heating plant would be a good system to build if there is no available industrial waste heat 
and biomass heating plant is used to supply the district heating. Due to the current electrical 
price and the cost of combisystem, it is not that attractive to build this system. In the coming 
future, if the transportation cost and the price of biomass itself become too high to make the 
CHP plant no longer cost effective, and the price of the electricity become high, the solar 
energy will make more contribution to the district heating in the coming future.  
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Introduction 

 

 

1.1 Background 

Energy is a must for the survival of mankind and social development. If the world 

were out of energy, all the modern civilizations would disappear. With the growing of 

population and industrial development, the demand of energy keeps increasing. 

However, natural resources such as oil, coal and natural gas are limited. Based on the 

BP‟s statistical data, approximately, 33.1% of the year 2011‟s world‟s total primary 

energy consumption was covered by oil, 23.7% was covered by natural gas, 30.3% 

was covered by coal, 4.9% was covered by nuclear energy, 6.4% was covered by 

hydroelectricity, and only 1.6% was covered by other renewable energies. 

Non-renewable energies still play a major role as the supply-energy, however, the 

world coal reserves would be used up in about 118 years, oil could still be used for 

about 40 years, and natural gas would be used up in about 60 years. [1]Although 

Nuclear power and hydroelectricity are extensive used, they have their own 

weaknesses too. For example, the existing hydropower station could cause irreversible 

damages to the surrounding ecosystem; a total safe way to dispose the high 

radioactive nuclear waste has not been discovered yet; and the nuclear meltdown, 

which would cause long term harm to the human beings and environment, could also 

happen.From the environmental aspect, combust fossil fuel would cause the 

greenhouse effect, acid rain, and ozone layer depletion. World Bank has published the 

climate change report in November 2012, as written in the report: The temperature of 

earth may increase by 4
0
C early in the year 2060 if enough further efforts could not be 

done. And as a result of temperature increasing, the sea-level will rise about half to 

one meter. [2] Base on these facts, to increase the contribution percentage of the 

renewable energy to world primary energy consumption and improve the technology 

of using renewable energy become more and more significant.  

Renewable energies are the energy that could be naturally replenished. Renewable 

energies mainly include biomass, wind power, hydropower, biofuel, solar energy, 

geothermal energy, and etc. The advantages of using renewable energies include that 

less or even zero amount of waste would be produced, which therefore would greatly 

contribute to reducing CO2 emissions; they are sustainable; and as concluded 

byKalogirou S.A., that the development of renewable energies can generate jobs.[3]In 

the year 2007, European Council has set up the EU‟s 20/20/20 target, which said that 

the share of renewable energy in total energy use shall be equivalent to 20% by the 

year 2020 for the European country. While in 2009, the Swedish Parliament approved 

the policy of climate and energy, which said the share of renewable in total energy 
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useshould be about 50% by the year 2020.[4] In the year 2011, the share of 

hydroelectricity to the total energy consumption in Sweden was about 29.7%, and the 

share of other renewable energies to the total energy consumption in Sweden was 

about 8%.[op. cit.] 

The sun is considered as the largest energy resource on earth. As one of the renewable 

energies, solar energy is the most potential and environmental friendly energy resource 

to be used. International Energy Agency had summarized:“Solar energy offers a clean, 

climate-friendly, very abundant and inexhaustible energy resource to mankind, 

relatively well-spread over the globe”[5]. Solar energy can be used into different 

fields, such as solar heating, solar thermal electricity, solar photovoltaic, solar 

buildings, and etc.Briefly, the advantages of solar energy are free to use, no pollution 

will be produced by solar energy, 20 to 30 years assurance of the solar based 

apparatus could be guaranteed, and so forth. One of the disadvantages is that the price 

of installing the solar heating system that shall be paid in advance could be relatively 

high.  

District heating in Sweden plays a very important role in the daily lives for majority 

of the Swedes. Since 1950s, District heating has been making contribution to the daily 

lives of Swedes. District heating is a system that heat generated from the power plant 

is transferred to the residential and commercial buildings by pipes, and to feed the 

space heating and hot water demands. In Sweden, approximately, 67TWh/year of heat 

was supplied by district heating in the year 2010 [op. cit.]. Present policy has been 

made to encourage increasing the percentage of renewable energies as the supply 

energy. Since 1990, biofuels, waste and peat (a good choice for the unexpected cold 

winters) have started to make a greater and greater contribution to the district heating 

system. Figure 1 showed the energies that used to supply the district heating between 

the year 1970 andthe year 2010 in Sweden. 

 

Figure 1: Energy supplied to the district heating (TWh)  

Source: Swedish Energy Agency and Statistic Sweden [op. cit.] 
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As shown in figure 1, the fossil fuels are less used nowadays, while biofuels, waste 

and peat have taken the major role of being the supplied energy in the latest years. 

Even though using biofuels as the supply energy in the district heating system fits the 

concept of environmental friendly well, the different potential energy resource that 

can be used as the supply energy to the district heating system still shall be taken into 

consideration.  

As the Solar Heating & Cooling Programme, International Energy Agency (IEA) 

concluded: By the end of year 2010, in the 55 recorded countries by IEA, the total 

amount of production per year by the operative water-based solar thermal system was 

162,126 GWh (=583,649 TJ), which equaled to consume 17.3 million tons of oil and 

emitted 53.1 million tons of CO2.[6] Using solar energy would not only benefit in 

reducing the consumption of fossil fuels, but also would make a great contribution to 

the emission reduction of greenhouse gases. District heating is a must for a country 

like Sweden. Large amount of district heating is needed, which results a huge amount 

fuelsare needed to be consumed. If the district heating is all entirely supplied by 

renewable energies, then the remarkable and positive effects to the environment 

would appear. As one of the available approaches, using solar energy to product heat 

to supply the district heating is absolutely interesting. One of the ways to utilize solar 

energy to produce heat is to build the large-scale solar heating system (>100 m
2
 solar 

collector area). Sweden is one of the first countries that utilize solar energy 

throughlarge-scale solar heating plantto produce heat, and has made a great 

contribution to the large-scale solar heating system.Some other possible ways would 

be discussed in the coming sections. 

 

1.2 Purpose 

The purpose of the thesis is to discuss, based on the limitations for utilizing solar 

thermal energy in Sweden, if it is profitable to utilize solar energy into district heating; 

and if it is profitable, what conditions shall be taken into consideration. Two possible 

ways to achieve the goal of engagingsolar energy into district heating in Sweden will 

be discussed. The two ways are: 

 Central Solar heating plant 

 Solar Combisystem 

Depending on the size of the combisystem, it could be included in solar central 

heating plants if the size of the solar collectors is large.In addition, the advantages and 

disadvantages of those systemswill be discussed. A simulation program calledWinsun 

will be used to help with the discussion. Through the discussion, a better 

understanding of the systems themselves and how the district heating network could 

be combined with the solar technology shall be achieved. 



7 

 

Method 

 

 

2.1 Introduction 

The objective of the thesis can be divided into three parts as shown below: 

1) Introduce the solar thermal systems that can be used for supplying district 

heating in Sweden. 

2) Discuss the advantages and disadvantages of those systems based on the 

Swedish geographic location and weather condition. 

3) Predict the future impact of solar energy on the Swedish district heating 

supply chain. 

By introducing some possible solar thermal systems that can be used for supplying 

district heating, a prediction graph of the future impact of solar energy on supplying 

district heating could be drew. The most important aspect of the thesis work is about 

discussing the advantages and disadvantages of each applied system. Different factors, 

such as the cost of the system, the comparison with the current using Swedish district 

heating supplying systems, and so forth, will be taken into consideration. The 

objective 1 and objective 2 will be addressed in the parts of „Description of the 

System‟ and „Discussion and Results‟. The thesis work is mainly collecting data from 

the related literatures, running a simulation program named Winsun, and analyzing 

the collected data.  

The methods part will focus on introducing the research strategy and how the data 

were collected. What is more, the software Winsun will be introduced also. 

In order to reach the objectives, the overall research strategy was chosen to be case 

study. John Biggam has cited: „„the case study researcher typically observes the 

characteristics of an individual unit – a child, a class, a school or a community.‟‟[7] 

Based on Biggam‟s citation, the strategy of case study will focus on a specific case, 

which in this thesis work would be about using solar energy in supplying district 

heating in Sweden. By doing the case study, a better understanding of how the solar 

thermal system works and how they could be used in combination with other power 

heating plants would be achieved. Objective 1 would be accomplished by describing 

the solar heating plant, combined solar-biomass heating plant, and solar combisystem. 

What is more, some existing heating plants would be introduced. By summarizing the 
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existing solar heating plant, a prediction of the future impact of solar energy on the 

Swedish supply chain would, therefore, be more reliable. However, the limited 

number of selected samples may affect the coming result. Economic factors were less 

taken into consideration which will also affect the conclusion. The selected samples 

would somehow have something in common with the Swedish system or could be 

used in Sweden. Because of the long Swedish winter and limited solar radiation, the 

samples would be mainly selected from Denmark, Austria, and Sweden itself. 

 

2.2 Data collection  

Collecting data occupies an important position among the thesis work. Collected data 

will be mainly about the current energy consumption percentage by different energy 

resources, fossil fuels‟ reserves,solar radiation in Sweden, and the monitor results of 

solar heating plants. Through introducing the primary energy consumption percentage 

that contributed by different energy resources, a clear picture of the current status of 

renewable energy could be drew. After indicating the fossil fuels‟ reserves, the 

awareness of the natural resource scarce and the importance to develop the renewable 

energy technology could be improved. The data were collected from some related 

literatures, the webpage of company BP which isa British based multinational oil and 

gas company, the website of International Energy Agency, and so forth. Few solar 

heating plants will be used as samples to introduce and discuss. Those samples are 

mainly located in Denmark, Austria, and Sweden itself. Denmark is also a Nordic 

country, which has the similar geographic distribution as Sweden. The simulation of 

how much solar radiation could be absorbed by 1m
2 

solar collector in the Swedish city 

Stockholm will be done by Winsun. Winsun is a simulation program which indicates 

how much solar radiation could be absorbed by a specific type of collector. The 

system will have the constant operating input temperature, and month production and 

annual production will be given as results.Stockholm locatesat the south-central of 

Sweden which makes Stockholm could be more representative among the Swedish 

cities. 

The statistical data from BP were used in the introduction part. By indicating the 

primary energy consumption percentages by different energy resources and the fossil 

fuels‟ reserves, the importance of using the renewable energy and developing the 

renewable energy technology could be shown. The selected solar heating plants will 

be introduced in the Description of the System part, and the result data from Winsun 

will be discussed in the Discussion part. 

However, only a brief discussion of direct use active solar energy will be done. Few 

economic factors will be taken into consideration, which actually is an important issue 

to be taken into consideration when it comes to build a new plant. Lacking of relevant 

knowledge will also affect the thesis work.  



9 

 

Description of the System 

 

 

3.1 Solar Heat 

The sun is a sphere of intensity hot gases matter with the diameter 1.39*10
9
m, and the 

distance between sun and earth is about 1.5*10
11

m. The sun has an effective 

blackbody temperature of 5777 K, and the temperature varies from8*10
6 

K to 40*10
6
 

K in the center. Solar radiation is radiated from the sun and has the wavelength from 

0.3 to 3 μm. [8] 

Because sun itself is a hot body, there will be lights radiated. The sunlight will warm 

up the earth, and part of the energy carried by sunlight will be absorbed. Furth more, 

the absorbed energy will be converted into biofuels, wind energy, and so forth. Solar 

energy can be utilized directly and indirectly. Directly use means collecting solar 

energy through technologies by collectors and photovoltaic modules, while indirect 

use means using the energies that naturally convertedby solar radiation, such as wind 

power and bioenergy. The direct use can be divided to passive solar heating and active 

solar heating. Passive solar heating can be expressed like the sunlight enters in the 

well tight building, and then the building and indoor air will be heated by the emitted 

energy from the sunlight. Active solar heating can be described as the mounted solar 

collector absorbs solar radiation, and the collector will convert the solar energy into 

heat to supply the space heating and hot water.Only direct use active solar energy to 

produce heat would be discussed in the thesis. 
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Figure 2:Solar radiation and photovoltaic electricity potential for Sweden (European 

Commission, Institute for Energy and Transport) [9] 

 

As shown in the figure 2, the sum of yearlysolar irradiation in Sweden equals to or 

less than 1000 kWh/m
2
. With the latitude increasing, the annual sum of solar 

irradiation keeps decreasing. Boyle G. had written: “Five kilowatt-hours is enough 

energy to heat the water for a (rather generous) hot bath.” The radiation in Sweden 

can be considered relatively low. What is more, the solarradiation is much lower in 

winter than in summer. In January, the sum of solar radiation per day in northern 

Europe is about 0.5kWh/m
2
. [10] 
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3.2 Winsun 

Winsun was used to simulate the result of the mounted one square meters flat plate 

collector in the city Stockholm. The city Stockholm locates in south-central of 

Sweden.  

 

Figure 3: The input to the Winsun software 

 

As shown in figure 3, time duration shall be input in the simulation parameter section. 
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At the choose location for the solar thermal system section, a specific city shall be 

chosen and the climate data of the chosen city were set already when the program was 

made. In the solar collector, PV module or window orientation section, the style of 

tracking shall be decided. The solar tracker is used to maximize the contacted area 

between the sunlight and the collector to increase the amount of absorbed solar 

radiation. Tracking mode 1 means the mounted collector will not be able to track the 

sunlight, and this type of mode will have a relatively lower cost. Tracking mode 2 

represents the vertical tracker which rotates with the sun‟s moving track and is 

perpendicular to the ground. Tracking mode 3 represents the horizontal tracker. The 

ground reflectance is for calculating how much solar radiation is reflected from 

ground to the tilted surface.  

“Month of simulation”started at January, and“Length of the simulation” was one year. 

Stockholm was chosen to be the simulation location which has the latitude of59°17N .́ 

The tracking mode was set to 1, and ground reflectance was set to 0.2. The flat plate 

collector was mounted toward south with slope 40 degrees. (Based on previous 

experience, the collector with the slope of a surface equals to 40 degrees would have 

the best performing result in Stockholm.) Plane solar collector 1 glass was chosen to 

be the absorber to absorb solar radiation and convert to heat. The area of the collector 

was 1m 
2
. System 1 was set for heating pool, system 2 was chosen to provide hot 

water, system 3 was set for combi, and system 4 was chosen for providing heat 

only.The “Average Operating Temperature for System 6” was input as 20 °C for every 

month. 

 

 

3.3Central Solar Heating Plants 

 

3.31 The history of central solar heating plants 

Since the 1973 oil crisis, the world realized the importance to use other energy 

resources more frequent instead of using oil. Oil was the main supplied energy 

resource for heating, however, the supply chain has changed since the oil crisis 

occurred. Large-scale heating plants has been using since then. Sweden is one the first 

countries that built large-scale solar heating plants, and played a very important role 

in the development of large-scale solar heating plants. Since 1980s, the large-scale 

solar heating plants have had been building in Sweden, Denmark, Germany and etc. 

Some of the first built central solar heating plants are still in using. 
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3.32 The technical description 

The figures below showed the schematics of the central solar heating systems. The 

large-scale solar heating plant can be divided into three types, which are large-scale 

solar heating plant without storage,large-scale solar heating plant with short-term 

storage, andthe system with seasonal storage. 

 

Figure 4: Solar district heating system without storage [11] 

Figure5: Schematic of a solar district heating system with short-term storage [12] 
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Figure 6: Schematic of a solar district heating system with seasonal storage [Ibid.] 

 

Dalenbäck J.O. had concluded: “The majority of the large-scale plants supply heat to 

residential buildings in block and district heating systems. Typical operating 

temperatures range from low 30°C to high around 100 °C (water storage).”[13] 

Available solar radiation is the key factor need to be taken into consideration when it 

comes to build a new large-scale solar heating plant. Energy that converted by solar 

collectors shall be transported to the network, in order to achieve this, different 

components are needed. The main components of the large-scale solar heating plant 

are solar collector, valves, pumps, storage (storage is not compulsory), heat exchanger, 

auxiliary boiler (Depend on the system, one or two extra oil boilers are needed as the 

backup). Figure 4 showed the solar heating plant without storage, the converted 

energy will be transferred through the pipes to the heat exchanger, and supply the 

network afterwards. This type of system will have a lower cost because the storage is 

not needed. However,the over produced heat cannot be saved. The converted energy 

will be fully supplied to the network even the demand is low. And this type of central 

solar heating plant could only supply the network instantly when there is available 

solar radiation. If the weather is cloudy, then probably the solar plant will not be able 

to contribute any heat to the district heating system. Figure 5 showed the solar heating 

plant with short-term storage. The short-term storage will be able to cover the daily 

heat demand, and normal is built twice bigger than the demand size. The short-term 

storage will have relatively low heat losses. Figure 6 showed the solar heating system 

with seasonal storage, which could cover the long term heat demand. However this 

type of storage has a relative high cost, and prefers to be built with the large-scale 
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solar heating plant. The coming sub sections will discuss more about the solar 

collectors and seasonal storage.  

 

3.321Solar collector 

Duffie J.A. and Beckman W.A.concluded: “A solar collector is a special kind of heat 

exchanger that transforms solar radiant energy into heat”. [op. cit.] The solar 

collectors are the device that absorbs radiant energy and heat can be converted then, 

finally the heat will be transferred by a fluid. 

Solar collector can be divided into three types which are flat-plate collector, tracking 

collector, and vacuum tube collector. Flat-plate collector is the type that absorbed 

radiant energy is transferred to a fluid by the black solar energy-absorbing surface, 

convection and radiation heat losses to the ambient are reduced by the transparent 

envelopes above the absorber, and conduction heat loss is reduced by the back 

insulation. A tracking collector is the combination of tracker and solar collector, 

which the tracker will orient the collector towards the sun to maximize the absorbing 

potential. Heat pipes are installed in the vacuum tube collector, and heat from the hot 

pipes will be transferred to the system through the heat exchanger. Because of the 

existed vacuum, the heat losses will be reduced. 

Solar collectors can be mounted both on the roof and ground with an optimized 

orientation. In the northern countries, the most economic location to mount the 

large-scale solar collector fields is next to the central heating plant, such as combining 

with combined heat and power plantor combining with biomass heating plant. In other 

countries, most of the collectors are mounted on the roofs. Nowadays, the large 

prefabricated collectors are developed in Sweden and Germany, which include rafters, 

roof insulation and solar collectors. This module‟s price is 150- 250 Euro/m
2
 more 

than the ordinary roof mounted solar collector. 

The three types of collectors can all be mounted in the central solar heating plant to 

supply the district heating. H. Zinko had summarized the performing results of these 

three types of solar collectors in Sweden. For the flat-plate collector, based on the 

previous experience, Zinko suggested that the size of 4 m
2
 would be the most 

economical recommendation in the early of 80s. However, a larger size which equals 

to 12 m
2 

single-glazed solar collector was successfully used in the large-scale solar 

heating plant to supply the district heating demand. Depend on the output temperature 

of the solar collector; the price of solar collector varies. The higher the output 

temperature is, the more expensive the solar collector will be. For the vacuum tube 

collector, the output of vacuum tube collector will be higher than the output of 

flat-plate collector. But the price of vacuum tube collector strongly influences the 

attraction to using it. Tracking collector had relatively bad performing results during 

the monitoring period in 80s in Sweden. H. Zinko indicated the reason was because of 
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the Norther climatic conditions which are „„High amounts of diffuse radiation, 

relatively low total irradiation‟‟.[14] 

 

3.322 Seasonal storage 

 

Due to the fact that solar energy is the energy resource that depends on time, energy 

storage is needed in order to supply substantial energy needs. The function of the 

seasonal storage is to store the heat that collected from the summer and support the 

heat demand in winter. Four types of heat storages are shown as the figure below. 

 

 

Figure 7: Four types of seasonal storage[15] 

Hot-water heat store can be widely used. Water is regarded as an ideal material to 

retain the heat in the solar heating system. The system that water-filled tank with 

enhanced concrete almost would not be influenced by the geological condition. Anew 

style of wall of hot-water heat storage is under developing in Germany, which is made 

of glass fibre reinforced plastics and heat insulation layer. Ductheat storedirectly 

stores the heat to the ground. It can be mounted both on the rock and water-saturated 

soils. The verticalborehole heat exchanger, which is mounted 30-100 m under the 

ground, is used to charge or discharge heat. This system can be designed as modular 

system, but this system will be three or five time bigger than the hot-water heat store 

in order to reach the same heat capacity. Gravel-water heat store is constructed by a 

pit with a watertight plastic liner and gravel-water. Compare with hot-water heat store, 
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the gravel-water mixture has a low specific heat capacity. The size of the gravel-water 

heat store approximately will be 1.5 times bigger than the hot-water heat store. 

Aquifer heat store is the system that high hydraulic conductivity ground water locates 

under the ground, which could be sand, gravel or sandstone. 

Seasonal storages are equipped in some of the Swedish large-scale solar heating plant. 

The central solar heating plant in Lyckebo, Sweden could be a typical and important 

case to describe the status of underground seasonal storage in Sweden. 4320 m
2
 

flat-plate collectors were mounted in Lyckebo plant and the rock cavern storage with 

volume of 10
5
 m

3
 was built also. The cavern is with the height of 30m and was 

planted around 30 m below the ground. The temperature range of the cavern is from 

30 
o
C to 80 

o
C.Duffie and Beckman had indicated the monitoring results of this type 

of seasonal storage: thermal insulation layer was not constructed, and the heat losses 

were mainly through the semi-infinite solid and the thermal circulation of water 

occurred in the tunnel. [op.cit.] Another type of seasonal storage that is used in 

Sweden is ground storage. Duffie and Beckan described an example of the ground 

storage type of central solar heating plant which is located in Lulea, Sweden. 120 

boreholes were planted into the bedrock, which is the type that consolidated rock is 

located below the terrestrial planet. The active storage volume is about 10
5 

m
3
. The 

monitoring results showed that about 60% of the added energy was successfully used 

for providing district heating to the supplying buildings. [op.cit.] 

 

 

3.33 Thecentral solar heating plants in Sweden and other 

countries. 

 

Jan-OlofDalenbäck hadwritten that there exists around 18 large-scale solar heating 

plants in Sweden in the early of 20s, and the total area of the solar collectors of each 

large-scale solar heating plant is more than 500 m
2
. [16] 
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Figure 8: Solar heating plant in Falkenberg, Sweden [Ibid.] 

The solar heating plant in Falkenbergis a large-scale solar heating plant with 5500m
2
 

solar collectors and a volume 1500 m
3
 short-term storage in total. It was built in the 

year 1989, and the plant could supply all the heat that was needed to deliver the 

network during the summer days with good weather. The fluid that used in the plant is 

combined with half water and half glycol. The diurnal storage in constructed by a still 

tank, an insulation layer with 600mm mineral wool, and etc. During the supervisory 

time 1990 to 1994, the plant did not have any major performing problem. 6.58 GWh 

solar radiation was absorbed during the supervisory period. The performance was 

influenced by the minor shadowing from the grass and other vegetations. The 

operation cost was around 9.2 SEK/KWh, which contained the storage tank, solar 

collectors, and pipes. The investment cost was around 2093 SEK/m
2
. [17] 
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Figure9:Solar heating plant in Brædstrup, Denmark [op. cit.] 

The solar heating plant in Brædstrup has the solar collectors mounted on the ground 

and with total area 8000m
2
. The storage type is a steel tank with volume 2000m

3
. The 

plant is operating together with a CHP plant. The total solar radiation that absorbed by 

the collectors is around 3.4GWh/year, which could contribute 8% to the local district 

heating demand. The total investment cost was about 1640000 Euro, and with 660 

Euro per GWh operating cost. 

 

Figure 10: Combined solar-biomass district heating plant in Deutsch 

Tschantschendorf, Autria [op.cit.] 
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The plant in Deutsch Tschantschendorf was built in 1994 with total area 307 m2 roof- 

mounted solar collectors, and a 34m
2
 buffer storage tank was installed to cover the 

peak heat demand. Solar collectors were mounted to support the biomass heating 

plant, and an extra boiler supplied by oil was installed in the system also. The plant 

could cover about 14% of annual heat demand in the district heating network.  

 

 

 

3.4Solar Combisystem 

 

3.41 Brief description  

 

Figure 11: Schematic of a solar combisystem [18] 

A schematic of the solar combisystem is shown as figure11. The collector can be 

either flat plate collector or evacuated tube collector. Compare with flat plate 

collectors, evacuated tube collectors have low ability to loss heat to the ambient 

environment and can be mounted at where the roof space is limited. However the 
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price of the evacuated tube collector is much higher than the price of flat plate 

collector in Sweden, which made flat plate collectors more attractive than the 

evacuated tube collectors. The heat that absorbed by the collectors is transferred to the 

liquid in the tank through the heat exchanger, and supply the network later. A backup 

boiler is needed also. Combisystemprovides both space heating and hot water. 

Depends on the size of the system, it can be divided into two types, which are for 

block heating and central heating. Due to the weather conditions of Sweden, the 

annual demand of block heating will be higher than the annual demand of hot water.  

 

In the year 2002, the Monitoring Project of solar combisystem was undertaken. Three 

systems were monitored for one year. System 1 was built with flat plate collectors, 

heat pump and borehole. The waste heat that produced in the summer time could be 

stored in the borehole and be used for winter. System 2 was built with flat plate 

collectors, storage tank and auxiliary heater supplied by electricity. System 3 was built 

almost similar as system 2, but one more storage tank was installed to guarantee the 

heat during summer is all provided by solar collectors, and the hot water could even 

be used for the laundry to reduce the electric consumption by washing machine. 

[19]Those three systems were built for three single houses, but it could give some 

useful ideas for building up a bigger size combisystem to support a residential district. 

 

3.42 Some improvements 

 

In the year 2002, the task 26 of International Energy Agency was accomplished, 

which aimed to develop the solar combisystem.In order to gain more heat under day 

with the high solar radiation, the capacity of the tank shall be increased. Build a 

bigger tank could reach the goal, but more money would be invested at the same time. 

The method of Phase Change Materials has been developing, which could increase 

the total heat capacity. 

 

The storage makes a big contribution to the heat losses of the system. In order to 

reduce the heat losses from storage, the vacuum insulation materials could be used. As 

Gajbert H., and Fiedler F. written in their report (2003): “The vacuum inside these 

panels has a key function due to the fact that the thermal conductivity of an insulation 

material depends mainly on the heat conduction of the gas inside the material. By 

evacuation the conductivity of the composite structure will be reduced.”[op. cit.] 
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Discussions and Results 

 

 

After the calculation was done by the Winsun, the result was carried out as the figure 

below. 

 

Figure 12: Simulation summary from Winsun 

 

The parameters from Htot-tilt, Hbeam-tilt, and Hdiff-tilt represented the amount of 

solar radiation that could reach the Stockholm city. While the parameters from Qcoll1, 

Qcoll2, Qcoll3, Qcoll4, and Qcoll (T) represented the total solar radiation that could 

be absorbed by each collector. Qcoll2 was set for the system to supply hot water, 

therefore it was chosen as the one to be discussed.The principle of solar collector is 

different compare with solar cells. Even during a grey day with a very low solar 

radiation, the solar cell is still able to produce electricity. However, the solar collector 

works differently. The power per square meters of solar collector is defined ideally as 

P=η*I-U*∆T, where η is the efficiency of the solar collector, I is the solar intensity 

(W/m
2
), U is the U-value (W/m

2
K), and ∆T is the temperature difference between 

system and ambient. A simple calculation could explain it better: If the efficiency of 

one kind of solar collector is 75%, the weather is relatively bad which has the solar 

intensityof 150 W/m
2
, the ambient temperature is 15°C, the system temperature is 

50 °C, and the U-value is 4 W/m
2
K; then the power of 1 m

2
 solar collectorwill be 

-27.5 W/m
2
. The result will be(-27.5) W/m

2
, whichmeansnohot water will be 

produced by the system. During the winter time, the mean temperature will be under 0 
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degree, which will cause a bigger ∆T, and a bigger U*∆T. If the solar radiation is high 

enough, then the power might be able to a positive number, which means there will be 

heat produced. Otherwise the power will remain negative number, which means no 

heat will be produced.  

 

Sweden is one of the first countries that mounted large-scale solar collectors for 

producing heat, and has made a good contribution to the large-scale solar heating 

plant‟s development. Date back from the end 1980s and 1990s,fossil fuels were the 

main energy resources that used to produce heat for district heatingsystem. In order to 

reduce the consumption offossil fuel, the development of large-scale solar heating 

plant was carried out. Since the end of 1990s, the construction of the supplied energy 

to district heating had changed. As shown in the figure 1, biofuels and waste heat have 

been playing more and more important role to supply the district heating since the end 

of 1990s. Basically, the contribution that solar collectors are able to make to the 

district heating network is during summer in Sweden. The chart below showed the 

results from the Winsun.  

 

 

Figure 13: Monthly solar radiation that collected by the Htot-tilt and Qcoll2 (KWh) 

 

Qcoll2 could absorb very less solar radiation from the month October till the month 
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February. However, during this period, the demands of the space heating and hot 

water are the highest during the whole year.However, the solar collector could absorb 

quite much solar radiation from May to September, which means the contribution to 

the district heating that solar collectors could make is mainly during summer time. 

Sweden has a lot of pulp mills, which provide an attractive amount of industrial waste 

heat all year around. For example, the city Gävle, which locates in north east of 

Sweden and with a distance 175km away from the capital Stockholm, has yearly heat 

production to district heating of 780GWh.[20]The combined heat and power plant 

Johannes and the paper factory Korsnäs mainly supply the district heating system. 

During summer time, the CHP plant Johannes is shut down, and the residual heat 

from the Korsnäs is able to feed the heat demand. A new bio boiler is under 

construction in Korsnäs, which means more residual heat would be available during 

summer or all year around. If the solar collectors were mounted to produce heat, then 

the waste heat would have been rushed to the sea. Obviously, it is not a wise idea to 

build the large-scale solar heating plant in a city like Gävle where you have free heat 

to be used. Even if there is not any available industrial waste heat, the district heating 

load can still be handled by running CHP plant supplied by biomass. Running CHP 

plant supplied by biomass is relatively cost effective; meanwhile the electricity would 

be produced by operating the CHP plant. Then the electricity can be sold to the grid. 

 

Solar system can be built in combination with the CHP plant or the biomass district 

heating plant. Denmark first built the combined solar heating plant with CHP plant, 

and the CHP plant is supplied by natural gas. Sweden, however, mainly uses biomass 

as the supplied fuel for CHP plant. The price of producing heat and power by biomass 

is relativelylow; therefore it will not be necessarily needed to combine it with the 

solar heating plant. Solar heating plant is mainly making contribution to the heat 

supplying network during summer time. During the summer, the biomass CHP plant 

can cover the summer heat demand with acceptable price if there is no industrial 

waste heat can be utilized. Howevercombined solar-biomass district heating 

systemcould be more interesting. Biomass heating plant is usually built oversized, 

which could hinderthe plant performance efficiently when the heat demand is low. 

Even more, there are quite a lot of turning-on and turning-off operations, which 

causes a large amount of heat losses. Through the combination, the total system 

efficient can be surprised by the combined solar-biomass heating plant. During the 

summer time when the heating demand is relatively low, the solar collectors are able 

to cover the load instead of running the biomass boiler with a low efficient.Faninger 

G. (2000) had discussed the combined solar-biomass heating plant in Deutsch 

Tschantschendorf, Austria.  
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Figure 14: Heat production of Deutsch Tschantschendorfcombined solar-biomass 

plant [21] 

 

As shown in figure 14, themonthly heat production of the combined solar-biomass 

heating plant could be read. From May till September, solar collectors share most of 

the heat production. The total yearly heat demand was about 899 MWh/year, which 

was contributed by 14.5% of solar and 85.5% of biomass. The combined 

solar-biomass heating plant also faces the competition from the industrial waste heat 

during summer time. Once again, it will not be necessary to mount solar collectors if 

there is available waste industrial heat. However, it would be a good idea to combine 

solar and biomass for producing heat if there is noavailable industrial waste heat and 

the heating plant is small-scale biomass heating plant. 

 

Combisystem is able to provide both hot water and space heating but with a relatively 

high cost.Perers B. and Carlquist A. had written about the testing results from the 

three combisystems. System one had occurredserious errors in the control system due 

to the complex algorithmic rules itself. System two was ok. System three had a good 

monitoring result, especially, the idea to utilize the hot water for laundry made the 

system more attractive. [op. cit. ] Combisystem itself has some disadvantages: First, it 

is an expensive system; Second, the space heating demand varies with the seasonal 

changes. During winter, there is much less available solar radiation while the demand 

of space heating is high, during summer time, more heat can be produced, but less 

space heating is needed; Third,in order to gain more solar radiation, the combisystem 

is often oversized, which causes overheating during summer time and a higher cost. 

What could be a good idea is tobuild the system based on the mentioned system three, 

during summer time, the surplus hot water can be used for washing machines, which 

could reduce the consumption of electricity. A larger size of combisystem which is 



26 

 

based on the system 3 can be built for a residential district. The system could not only 

supply the district heating, but also could help reducing the electricity consumption by 

the washing machine through providing hot water to the washing machine.Sweden 

has a relatively low electricity price now, so the cost of heating up the water for 

washing will not be so high. However, if the price of electricity increases and the cost 

of the system decrease to be acceptable in the future, then the idea of use hot water 

produced by the combisystem to supply the washing machines would be more 

interesting. 

 

 

 

Conclusions and Future work 

 

5.1 Conclusions 

Solar energy is infinite and considered as the mostenvironmental friendly energy 

resource, and utilizing solar energy would not only benefit the environment, but also 

would be a key solution to the energy scare. Sweden itself has been putting a lot of 

efforts on protecting the environment and developing more efficient and 

environmental friendly ways to produce electricity, heat, and etc. Sweden has 

relatively long winter which the heat is needed most. During the winter, less solar 

radiations will be available, which means solar collectors barely working and 

contributing heat to the system during this time. 

 

In Sweden, the large-scale solar heating plants mainly contribute heat during summer 

time, however, there is a big amount of waste heat from the industries all year around 

and the waste heat is about enough to cover the district heating load during summer in 

a lot of Swedish cities. Based on this fact, there is less attraction tobuild the 

large-scale solar heating plants for supplying the cities‟ district heating demand in 

Sweden. What is more, the CHP plant supplied by biomass itself is cost effective. If 

there is no waste heat from industry, then operating CHP plant to cover the summer 

heat load still will be a better idea than building a new solar heating plant. 
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Combined solar-biomass heating plant could improve the system‟s efficientand reduce 

the unnecessaryon/off operations of the boiler. As mentioned before, there is available 

waste heat from industry to be used in many Swedish cities all year around, and 

summer district heating demand can be covered by the waste heat in the majority of 

Swedish cities. For those small cities and towns, where biomass heating plants are 

used and big industrial plants do not exist, the combined solar-biomass heating plant 

will be attractive and worth trying. 

 

Combisystem has a quite high cost and a relatively complex system, which make the 

system less attractive. In the coming future, if the price of electricity increases to 

relatively high and the price of the solar collectordrop down to make the system cost 

effective, then it will be a good idea to install the Combisystem for the residential 

district, and then the produced hot water during summer can be partly used for 

washing machines to reduce the electricity that consumed by running the washing 

machines.   

 

Besides, the transportation cost of biomass and the price of biomass itself might 

increase to too high to make biomass CHP plant cost effective, meanwhile, the costs 

of solar collectors and other components would fall down to be able to make the solar 

thermal system cost effective in the future, then there may be a big change in the 

district heating supplying system in Sweden, which means the solar energy will play a 

more important role in supplying district heating in the near future. 

 

5.2 Future work 

Very few economic data had been used and analyzed, which was a quite big limitation 

for the thesis itself. The thesis work started late, due to the bad time management and 

lacking of relevant knowledge. In the beginning, some totally different systems had 

been mistakenly considered as similar systems, while some of the wrong ideas got 

corrected within the processing.The suggestions could be offered are: First, choosing 

a topic which relates to your studied knowledge would make the thesis work easier to 

accomplish. Second, a good time management is very much needed, which makes the 

work more efficient.  
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