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Abstract 

For the sustainable development of society it is crucial to find a way to decrease dependency on 

fossil fuels. Buildings today are big energy-consumers making this sector an important one to 

examine and develop further. This thesis investigates the possibility of using solar energy in 

Liljeholmskajen, a district in Stockholm, by considering technical, economic and environment aspects 

of its implementation. 

This report analyses different technologies for solar energy, with its focus on thermal collectors, thin 

film panels and monocrystalline cells. The analysis covers factors such as the efficiency, longevity, 

and specific constraints for the system. Further the area of Liljeholmskajen is studied, with a focus on 

the energy requirements. The analysis is based on three different buildings, which are chosen to be 

representative for the district. Based on this analysis, the total energy demand that could be met by 

each type of solar energy can be assessed, and their respective costs of implementation calculated.  

Based on these results conclusions are drawn, including how solar energy could be used in the area 

in the most effective way. This report suggests that the best solution today would be a combination 

of solar thermal collectors and thin film panels, although this also depends on the size of the possible 

investment. 

Furthermore for the future, if the existing rock-caverns in the area were converted into heat storage 

facilities, the heat storage wouldn’t be a limiting factor for thermal collectors anymore, and an 

increased usage of thermal collectors would therefore be recommended.  
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Sammanfattning 

För att uppnå en hållbar samhällsutveckling är det i dagsläget mycket viktigt att försöka hitta en 

lösning på hur man ska minska beroendet av fossila bränslen. En av de stora energiförbrukarna i 

dagens samhälle är alla byggnader, vilket gör denna sektor till ett viktigt föremål för vidareutveckling. 

Denna rapport undersöker möjligheterna för en eventuell användning av solenergi i Liljeholmskajen, 

en stadsdel i södra Stockholm, genom att ta i beaktning både teknik, ekonomi och miljöaspekter.  

Rapporten analyserar olika teknologier för användning av solenergi, med tyngdpunkten på termiska 

solfångare samt tunnfilms- och monokristallina solceller. Analysen omfattar områden såsom 

verkningsgrad, livslängd och systemspecifika begränsningar. Vidare studeras även Liljeholmskajen 

och dess energibehov. Analysen baseras på tre olika byggnader som kan anses vara representativa 

för stadsdelen. Detta leder sedan till att det totala energibehovet i Liljeholmskajen som kan täckas 

med hjälp av respektive teknik, samt deras investeringskostnader kan beräknas.  

Utifrån de erhållna resultaten har en slutsats dragits, vilken påvisar hur man på bästa sätt skulle 

kunna använda sig av solenergi i Liljeholmskajen. I dagsläget vore en kombination av solfångare och 

tunnfilms celler att rekommendera, men det är även beroende av hur stor investering man kan göra. 

Om man i framtiden skulle omvandla bergrummen som finns i området till värmelager så skulle inte 

längre lagringsmöjligheterna vara en begränsande faktor för solfångarsystem. Detta skulle innebära 

att en ökad användning av solfångare vore att rekommendera.  
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1 Introduction 

The introduction-section contains a general background to why this thesis threats an important 

subject. Furthermore the introduction also includes the aims and objectives with the project, as well 

as the constraints of the project. 

1.1 Background 

The City of Stockholm (Stockholms Stad) has a vision that by 2050 Stockholm shall be completely free 

from fossil fuels, which would be a significant step towards a more sustainable way of living. To 

achieve this goal, the City of Stockholm is focusing considerable resources into five main areas: 

energy use, environmentally efficient transports, adaption to a changed climate, recycling of 

different materials and people’s living habits.  

Stockholm today is a city with slightly more than 2 million inhabitants (suburbs included). The city is 

constantly growing and it is in a real need of more housing, which has recently led to the 

development of several entirely new districts. During the development of these areas, there has 

been an increased focus on sustainability, which complements the vision of the city, since buildings 

are traditionally big energy-consumers. One of these districts is Liljeholmskajen, which is currently 

undergoing a transformation in order to house about 10 000 new habitants in 4 000 new residences 

by 2019. 

The critical factors affecting the sustainability of housing are the energy supply and energy use. The 

move away from fossil fuels means that energy must be provided by other sources. This paper 

examines the possibility of providing the district of Liljeholmskajen with energy through solar energy 

systems. 

Solar energy is one of the most appropriate forms of renewable energy to supply a residential area. It 

runs silently and provides both heat and electricity without the need of a transformation. Solar 

energy systems have existed for many centuries, with the emergence of solar thermal collectors in 

the 19th century and the discovery of the photovoltaic effect in 1839. Combined with other 

technologies and applied on energy-efficient houses today it is already possible to design houses 

with a positive net energy result. The problem to be addressed is if these prototypes can be applied 

to an entire district. 

 

1.2 Problem specification 

For the City of Stockholm to reach its vision of a fossil-fuel free city by 2050 major changes will need 

to be undertaken which will in turn introduce new problems to address. One of these problems is 

how the rapidly growing city with its need of more houses, shall be able to decrease energy 

consumption in the building-sector, while also using energy produced from more sustainable 

sources. Therefore the purpose of this project is to investigate the possibility of using solar energy in 

urban environments, in a way, which contributes to a sustainable development of Stockholm. 
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1.2.1 Aims of the project 

The aims of the project are to analyze how solar energy could contribute to a more sustainable 

energy supply in the district of Liljeholmskajen, and also to study the different technologies for 

utilization of solar energy and the costs related to an implementation of them. 

 

1.2.2 Objectives 

The main objective of this thesis is to present a solution of how to use solar energy as heat and 

electricity supply to the buildings in Liljeholmskajen, in the most effective manner. The solution will 

take into consideration economical, technical and environmental aspects. 

This objective will be achieved by adopting the following process: 

 Complete a comparative study of different solar energy technologies 

 Complete a systematic survey of the situation in Liljeholmskajen to determine how much of 

its energy demand could be covered by solar energy 

 Complete a smaller study of the rock caverns and how, by a conversion into heat storages, 

they could contribute to a more efficient way of using solar energy in the area. 

 

1.2.3 Constraints 

First a short overview of a selection of different solar energy systems will be given, including their 

efficiencies and outputs. This analysis will exclude some technologies on the basis of their lack of 

efficiency or applicability.  

The analysis of the buildings in Liljeholmskajen will be limited to three different buildings, which are 

considered to be representative for the district. The chosen buildings are the project Kajen 4, 

Sjövikskajen and Sjövikshöjden 3. Kajen 4 is one of the multi-storey buildings on the quay, 

Sjövikskajen is an average sized building close to the shore and Sjövikshöjden 3 is one of the buildings 

on the hillside. Because of a limited amount of time, the calculations will be performed only 

considering the roof as an available surface. 

The complications related to connecting the district to the power grid are beyond the scope of this 

thesis. If it were possible to use the rock-caverns in the district as facilities for heat storage, during 

periods when the energy production is higher than the demand in the area the surplus of energy 

could be stored in the rock-caverns. If this is not possible the energy is assumed to be wasted. 
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2 Literature review 

This section contains the performed literature review and the literature review is divided basically 

into four parts. The first part includes different types of solar energy systems and the second part 

includes the constraints for using solar energy in Sweden and in Stockholm. The third part is an 

analysis over the area of Liljeholmskajen and the fourth part presents a couple of already conducted 

projects, where solar energy has been used in a successful way. 

2.1 Solar energy systems 

A significant proportion of the world’s economy depends upon fossil fuels. Not only the omnipresent 

plastic, but also various kinds of moving, transporting, heating or running electric devices rely to a 

greater or less extent on usage and energy retrieval from oil, coal and gas. 

The use of these energies entails certain inherent risks. The infrastructure, such as power plants, 

distribution networks and storages are vulnerable to both natural disasters and human acts of 

destruction. For example the Tsunami, which hit Japan in 2011 seriously damaged a nuclear power 

plant. The limited amount of fossil fuels available is also a threat; these are finite resources and given 

the growing worldwide consumption, they are most likely to run out sooner rather than later. How 

then will energy be retrieved and provided? It is better to address these questions while the need is 

not urgent. 

There is an emerging trend, towards the use of renewable energies, such as wind energy, bio fuels, 

hydropower and solar energy. Of these renewable energy forms, solar energy in particular shows a 

high potential to satisfy future energy demands to a high extent. The exploitation of solar energy can 

be divided into two categories. It is possible to transform the ultra violet rays emitted from the sun 

directly into electricity, using photovoltaic panels. The electricity is generated from the panels by 

charge carrier separation due to doped semi-conductors. The second method to harness solar energy 

is to employ thermal collectors. These provide energy by collecting the heat emitted by the sun in the 

form of infrared rays. 

To define the received amount of solar energy, the term of irradiance or insolation is introduced. It 

signifies the amount of solar radiant energy, measured per unit area and per unit time. The sun emits 

3.8x1023 kW, from which only 1.8x1014 reach the Earth’s atmosphere. Reflection and absorption of 

smaller particles in the atmosphere then means that only 60% of this amount of energy actually 

reaches the Earth’s surface. Nevertheless, this energy easily exceeds the world’s energy demands. 

Concerning Stockholm, the yearly irradiance is around 1150 kWh per square meter  

(Institute for Energy and Transport, 2012). Half of this reaches the Earth directly, while the remainder 

arrives through reflection, refraction and diffusion (Renewable Energies, 2012).   

The Earth orbits the sun, which is cause of the change in the seasons. The axis between the North 

and South Pole is tilted, leaving the South Pole more exposed to sunlight than the North Pole. As a 

result of this, northern countries like Sweden receive only a little solar energy from the low sun in the 

southern skies during winter (Practical Action, 2011), whereas these countries receive high amounts 

of insolation during summer. From this, several contradictions emerge. The winter seasons are cold 

and dark creating a high demand for energy, yet solar energy is not available. Comparatively, during 

summer high amounts of solar energy are available, but the demand is low. Consequently, the 

potential of solar energy in Sweden rises with the possibilities to store this energy.   

The two categories of using solar energy mentioned above will now be further developed and 

explained in the following paragraphs.  
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2.1.1 Solar panels 

Solar panels, belonging to the first category of solar energy systems, are an accumulation of 

connected solar cells. A single solar cell’s output is small, both considering voltage and current. For 

silicon, the average voltage produced is about 0,5 V. With an irradiation of 1000 W/m2 the resulting 

current would be about 2 A (SolarServer, 2010). From Figure 1, it can also be seen that attempting to 

exploit more than this voltage results in a steep drop in current. 

 

Figure 1. Current-voltage line of a Si-solar cell (SolarServer, 2011) 

  

By connecting these cells serially, the exploitable voltage rises, while by connecting them in parallel, 

the strength of the current rises. This flexibility is one of the great advantages of solar cells, meeting 

demands both in microwatt-scale and megawatt-scale. A solar cell consists of two semi-conducting 

layers, contacts, which pick up the current, a cover and an anti-reflection layer (Solar Cell Center). 

Solar cells may be divided into subcategories: dye-sensitized solar cells, thin film solar cells and 

silicon p-n junction solar cells (National Renewable Energy Laboratory, 2003). 

The solar panels can either be installed directly on the roof of a building or supported by a frame to 

allow for following of the sun’s path. The efficiency of a solar panel depends on the temperature in 

the panel, the amount of insolation and the angle at which the rays strike the panel. 

The dependence on the temperature can be seen in Figure 2. When the semi-conductor heats up, 

the electrons move faster. Due to this, fewer electrons are captured and separated in the depletion 

zone. Put simply, the semi-conductor conducts better as the temperature rises. 

  



-5- 
 

 

 

Figure 2. Dependance of power output of a solar cell from the cell’s temperature (Photovoltaik, 2005d) 

  

Solar cells work due to the photovoltaic effect, converting radiation energy directly into electricity, 

without the use of a heat machine. The semiconductor inside the panel is doped, which means that 

other chemical elements are injected. Due to these chemical elements, either the density of positive 

or negative charge carriers is increased. A pure silicon crystal forms a grid of equal silicon molecules. 

Adding molecules with a different number of valence electrons changes the charge carrier density. 

When a semiconductor material with a high density of positive charge carriers, called a p-layer, and a 

semiconductor material which shows a high density of negative charge carriers, the so called n-layer, 

are combined, between them a p-n junction will then establish. The irradiation absorbed by the 

metallic layer liberates charge carriers. These are separated in the electric field, which establishes 

between the p-layer and the n-layer. This field can be seen in Figure 3. The term depletion zone 

refers to the area where no charge carriers remain, due to the p-n-junction. The resulting electrical 

current can be extracted from the two semiconductor material halves (SolarServer, 2011). 
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Figure 3. A p-n junction between two differently doped semiconductor materials (PN Junction, 2007) 

 

2.1.1.1 Silicon solar panels 

Silicon as a material for solar cells has several features. Not only is it a natural semiconductor, but 

also the silicon deposits in the Earth’s crust are plentiful, thus it is cheap to mine (Hiroaki Takiguchi, 

2011). 

Under optimal circumstances, silicon cells may reach up to an efficiency of over 20%, far exceeding 

the efficiency of semiconductors made from organic materials. These silicon cells are produced from 

monocrystalline silicon crystals. They feature a very regular atomic structure, thus enabling a 

smoother separation of charge carriers. The production of these cells, on the other hand, is very 

expensive. The silicon monocrystalline is laboriously manufactured and then cut into thin slices. A lot 

cheaper are polycrystalline solar cells, which are produced by pouring silicon into blocks and then 

cutting it into slices. This results into many disturbances in the crystalline structure, which 

downgrades the charge carrier separation, resulting in a low efficiency (Solar Cell Center, 2010).   

 

2.1.1.2 Excitonic solar panels 

The main difference between silicon and excitonic cells is the semiconductor material. Excitonic cells 

are cells build from organic semiconductors instead of crystals. Organic material differs slightly from 

silicon in the charge carrier separation process. Instead of separating charge carriers in the depletion 

zone, charge carriers are separated at generation through the sunlight. Furthermore, there is a huge 

difference in lifetime and efficiency. Excitonic cells are featuring short lifetimes of about 5 months 

and low efficiencies of around 5%. The greatest advantage of organic cells over inorganic cells is their 

production costs. They are considerably cheaper, hence are more suitable for large-scale usage. They 

are commonly referred to by the abbreviation XSC (National Renewable Energy Laboratory, 2008). 
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2.1.1.3 Thin film solar panels 

Another type of solar panels are the thin film solar panels, as for example cadmium telluride (CdTe), 

or copper indium gallium diselenide (CIGS). These are cheaper to produce than conventional silicon 

cells, due to the very low material usage. The material, mainly rare metals, is applied to the collector 

surface in an evaporation process (Linz Institute for Organic Solar Cells, 2004). 

The cross section of a typical silicon thin film cell can be seen in Figure 4. Beneath a glass cover lays 

the contact grid, coated with an antireflective film. Under the contact grid are the different doted 

silicon layers, which are protected by the metal backing.  

These thin film cells were proven to have efficiencies of up to 39.3%, which is nearly double of that 

provided by silicon cells (World Energy Council, 2010). 

 

 

Figure 4. Thin film silicon solar cell (HowStuffWorks, 2008) 

 

2.1.2 Solar thermal collector energy systems 

In the second category of solar energy systems, a variety of different devices can be found. All of 

these are generically called solar thermal collectors. Depending on location, energy use and climate, 

they can meet up to 70% of domestic hot water demand and up to 30% of heating requirements 

(Echomaterico, 2008). The United States Energy Information Administration identifies three main 

kinds of solar thermal collectors, according to their function. The first kind of thermal collectors are 

low-temperature collectors, termed flat-plate-collectors, which provide low temperature heating, 

favorable to heating, for example, swimming pools. These are usually metal plates without any 

supplies, thus rather cheap in production. The second type of thermal collectors is medium-

temperature collectors. They too are flat-plate-collectors, which provide about 70°C of heat. 

However, the plate covering the collector is glazed. The third type of collectors is high-temperature 

collectors, which are large parabolic devices that collect and concentrate solar energy. They are 

primarily used to generate electricity (U.S. Energy Information Administration, 2009). 

All of them share the same working principle, being the heating of a liquid, such as water, air, or any 

kind of solution, by the sun’s infrared rays. The liquid can then be used to transport the energy 

before being converted into other forms of energy, or the liquid itself is directly used. This latter form 

is the case for space heating or the provision of domestic hot water. 
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2.1.2.1 Low temperature solar thermal collectors 

Low temperature collectors are mostly simply pipes or plate constructions through which a liquid 

flows. A good example can be seen in Figure 5. This liquid is usually water or air and can be used to 

heat a hall, swimming pool water, or in large volumes of liquid which only require a relatively low 

temperature. Due to their low productivity and effectiveness requirements they often made of 

synthetics, such as polypropylene or polyethylene (SolarServer, 2011). 

Accumulating collectors are a variation of traditional low temperature collectors. These combine a 

collector and an accumulator in one device. 

 

 

Figure 5. A typical low temperature solar collector (City of Santa Monica, 2004) 

 

2.1.2.2 Medium temperature solar thermal collectors 

Medium temperature collectors are more expensive to manufacture than low temperature 

collectors.  

The structure of a typical medium temperature solar collector is shown in Figure 6. The glass, which 

covers the pipes, not only minimizes the convectional heat loss, but also improves the harnessing of 

energy due to its transmission characteristics. Usually, the plate glass is low in iron and thus has 

especially high transmissivity values. Short-waved radiation passes easily through each kind of glass, 

with only a small percentage is reflected. Hence sunlight, which is energy intense and short-waved, 

passes almost completely. On the contrary, the long-waved heat radiation, emitted by the pipes, is 

nearly totally reflected and only a small quantity passes the glass cover plate.  

Normally, the glass is also glazed, which means that a coating is applied. This coating amplifies the 

intake and conversion of solar radiation. It can be applied mechanically, galvanically or in vaporized 

form. In particularly a relatively new form of titanium-nitride-oxide, this is vaporized and then 

applied as a coating, features a low emitting ratio as well as an emission-free, energy sparing 

fabrication process.  

The fluid is often an anti-freezing solution, so that the collector is not damaged when the 

temperature drops below 0° Celsius. The temperature provided is well adapted for average use of 

domestic activities and applications.  
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Figure 6. Scheme of a typical medium temperature collector (Missouri Department of Natural Resources, 2007) 

 

A special type of medium temperature convector is the evacuated-tube collector (SolarServer, 2011). 

This is the most efficient collector to produce domestic hot water and space heat by the use of solar 

energy. It works with an accumulation of smaller tubes made of annealed glass, arranged at a certain 

degree. At their bottom end is the metal plate, which absorbs the sun’s energy. The glass tubes are 

each filled with a special liquid, which vaporizes at low temperatures. In Figure 7 the collector’s 

design is displayed. The heat is transferred to the fluid running through the collector, through which 

the steam condenses and flows down the tube again. The pipes may either be connected through a 

“wet connection”, which means that the pipe extends into the liquid, or through a “dry connection”, 

which means that the heat is transferred via heat conduction. This last method offers the advantage 

of exchanging individual collector pipes without the need to evacuate the whole collector’s liquid.  

 

 

Figure 7. Scheme of an Evacuated Tube collector (SolarServer, 2011) 
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2.1.2.3 High temperature solar thermal collectors 

Even higher temperatures than by direct irradiation absorption only can only be achieved by focusing 

the incoming radiation from a larger area to a smaller receiving surface. To achieve this, reflectors 

and mirrors are used.  

A common arrangement of the mirrors can be seen in Figure 8. The parabolic trough houses the 

actual pipe, through which the liquid flows. The absorber tube is orientated in parallel to a north-

south axis. The maximum attainable temperature is 550°C. Heat exchangers convert the heat from 

the liquid running through the pipes into hot steam, which then drives conventional turbines and 

generators. Parabolic trough power plants may, under optimal conditions, reach 100 MW of power, 

with a minimum of 10 MW of power. 

 

Figure 8. Parabolic trough heat collecting principle (Electropaedia, 2005) 
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Dish-Stirling-Systems are high temperature solar thermal collectors for which allow for decentralized 

solar power generation, providing from 5 kW to 50 kW of power (Dish-Stirling-Systeme, 2002). 

The parabolic dish concentrates incoming direct radiation onto the solar receiver, which is connected 

to the stirling engines, after which the collector was named. A scheme can be seen in Figure 9. As this 

type of solar energy system works with direct solar radiation, the parabolic dish concentrator needs 

to track the sun’s path continuously and thus can be rotated freely around two axes  

(The Solar Dryer, 2010). 

The receiver absorbs the concentrated solar radiation and carries it over as high temperature heat to 

the stirling motor, which transforms the heat into mechanical energy that runs a generator to 

produce electrical energy.  

A specific example is the receiver employed in the EuroDish, a project to minimize the plants cost 

which run with Dish-Stirling systems. It is comprised of 78 small pipes with 3 mm outer diameter, 

reaching temperatures up to 900°C and an averaged pressure of 150 bar 

(Dish-Stirling-Systeme, 2002). 

 

 

Figure 9. Dish-Stirling-Systems Heat Collecting Principle (The Solar Dryer, 2010) 
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2.1.3 Solar pond 

A solar pond is a lake or a water reservoir, which has characteristics from both fresh water and salt 

water and manipulates these in order to collect energy.  

 

Figure 10. Solar pond (Solar Ponds, 2009) 

 

It works in a sophisticated way. The different water layers, which are shown in Figure 10, each 

contain a different amount of salt, thereby preventing the water from mixing and forming 

temperature equilibrium, as water becomes heavier with increasing salt content. The heating is 

considerable, especially in the lower convection protected layers, with temperatures comparable to 

medium temperature solar thermal collector. By siphoning the hot water, a solar pond may be used 

as natural solar collector (Solar Ponds, 2009). Technically speaking a solar pond is a solar collector. It 

is classified as its own system though because the resulting temperature is higher, depending on the 

location, than usual thermal collectors. In unfavorable conditions, the usage is rather limited. 

Potential problems for the application of solar ponds in Sweden are numerous. They may only work 

during summer, although during winter they could be used as ice-skating locations, enhancing the 

attractiveness of the building area. Nevertheless, it is questionable how much of the year the pond 

could actually contribute energy to the system. 

 

  



-13- 
 

2.1.4 Storage  

One of the greater problems with solar energy is the aforementioned problem concerning storing the 

energy produced during periods of sun exposure in order to meet the peaks in energy demand, and 

in general be able to meet the basic demand at all times. 

Today power plants provide the basic load, and peaks in demands are covered by activating extra 

plants, which are more expensive and often also operated on fossil fuels with higher ratio of 

CO2-emission. 

Solar energy works differently, in that the energy is provided and it is up to the exploiter to store it at 

this time, which means that if the storage is too small, energy will be wasted. Consequentially, the 

question becomes how to store the energy. Even if the geographic conditions were favorable, it 

would still be rather difficult to install an appropriate amount of water reservoirs.  

Currently, the “fuels of the future” are discussed. One interesting part of this discussion is the 

utilization of hydrogen as energy storage. The energy produced but not immediately demanded 

could be used to produce hydrogen by splitting up water into its chemical constituents. Due to the 

low efficiencies and the uncertainties concerning storing hydrogen, this method seems unprofitable, 

at least for the moment, although it may become more attractive with an increased efficiency in 

solar panels.  

Medium temperature collectors located on the roofs of apartments seems to be a very promising 

system, but as electricity from such solar collectors cannot be gathered efficiently, the conceptual 

idea is would be to store the hot liquid itself. In this way, the hot water produced during summer 

may be used during winter. There are different ways to store hot liquid, some more favorable than 

others. 

Ignoring mass flow bound heat changes, heat is lost in three different mechanisms: convection, 

radiation and conduction. To minimize heat losses, the effects of these mechanisms must be 

minimized. Generally, heat loss in these terms is defined as heat flowing over the system boundaries. 

In this case, the system is the tank holding the liquid to be stored, the boundaries obviously being the 

tank’s outer casing. Using this analysis, the first solution is to minimize the proportion between 

volume and surface, implying that one large tank is more favorable than multiple smaller tanks. 

However even if the surface of the tank is proportionally small, heat will still be lost. This could be 

overcome by installing the water tank in the center of the building. The radiated and the conducted 

heat would each heat the apartments around the tank, reducing the need to heat them separately. 

The heat loss through convection would then be reduced to the heat loss through outer walls and 

windows, where it happens in any case. Clearly, installing the tank at the core of a building has 

distinct advantages. A favorable place could be next to the elevator shaft, which naturally crosses the 

whole building (Das 100%-solar beheizte Mehrfamilienhaus, 2007). 

This leaves the challenge of finding a water tank, as big as possible, close to the building area. From 

the geographical conditions, the potential for Liljeholmskajen is promising. The hill of Årstaberget fits 

the requirements and will be examined as a possible storage later on. 
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2.2 Utilization of solar energy systems in Sweden and in Stockholm 

In this section the economic, political and environmental conditions for installation of solar devices in 

Sweden and Stockholm is presented. The economic aspect considers support from different Swedish 

agencies and the political aspect includes building permits as well as the two certification systems 

P-certification and Solar Keymark. The environmental aspect shows the problematic with the limited 

solar irradiation during the periods of the highest energy demand.  

 

2.2.1 Economic support 

When installing solar devices there has during the last decennium been a lot of economic support 

given from the government and organizations like the Swedish Energy Agency (Energimyndigheten), 

the Swedish Environmental Protection Agency (Naturvårdsverket) and the Swedish Board of Housing, 

Building and Planning (Boverket). The reason has been that they want to encourage companies as 

well as other actors to invest in the technology. The economic support is decreasing at the moment 

though, probably as a result of the technology is getting more widespread. Three big financial 

contributions that are, or already have disappeared are the following: 

 The support of solar panels from the Swedish Energy Agency. This financial aid was from the 

beginning only planned to exist in 2009-2011, then it turned out so popular so it has been 

modified and extended until the end of 2012. The support of solar panels can be used by 

both private persons and companies. In the original version the private persons got up to 

60 % reduction on the invested amount, and the companies got 55 % reduction. After the 

modifications everyone can get 45 % cost reduction, with a maximum of 1,5 million SEK and 

also a maximum of 40 000 SEK per installed kW. At the moment there are no plans of 

another extension or of a development of other similar supports. It has been discussed 

though to set off generated electricity with purchased electricity. This proposition isn’t 

welcomed by the Swedish Tax Agency (Skatteverket) since they would lose a source of 

income (Gustavsson, 2012).  

 The economic support to installations of thermal solar devices from the Swedish Board of 

Housing, Building and Planning. It was possible to apply for between 2009 and 2011 and 

handed out both to individuals as well as companies when the projects were accomplished. 

A maximum of 3 million SEK per project was given (the Swedish Board of Housing, Building 

and Planning, 2009).  

 KLIMP; the Climate Investment Program from the Swedish Environmental Protection Agency. 

This economic support was handed out in 2003-2008, to municipalities, companies and other 

actors who contributed to a more sustainable environment in a long-term perspective. In 

other words it wasn’t only focusing on solar. The last projects funded by KLIMP will be 

realized during 2012 (the Swedish Environmental Protection Agency, 2011). 

Both the support  from the Swedish Energy Agency and from the Swedish Board of Housing, Building 

and Planning were more adapted to individuals though, since it was given afterwards and for many 

companies who construct projects in a bigger scale it became too expensive to take the extra 

investment required by them first (Henriksson, 2012). 
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2.2.2 Building permits 

To install solar devices a building permit is sometimes required from the local City Planning 

Committee. In Stockholm building permits are required when installing solar devices on roofs or 

facades as they affect the appearance of the building. A permit is not required for smaller 

installations on the ground or on buildings like garden sheds, which don’t need building permits 

themselves (City of Stockholm, 2011).  

 

2.2.3 P-certification 

When installing thermal solar collectors in Sweden it is strictly recommended that they are classified 

with the P-certification. The P-certification is a Swedish classification of solar thermal collectors 

developed by SP Technical Research Institute of Sweden. The P-certification verify that the product 

fulfill the standards set by SP and to get the certification, quality-controls are made including tests of 

amongst others thermal performance, the production site, durability towards rain, wind, freezing 

temperatures and snow pressure. The P-certification is valid for 5 years (SP Technical Research 

Institute of Sweden, 2008). 

 

2.2.4 The Solar Keymark 

The Solar Keymark is also a certification of solar thermal products, but valid in the whole Europe and 

increasingly outside as well. In general the Solar Keymark is similar to the P-certification, with only 

small areas of differentiation. The classification is developed by the European Solar Thermal Industry 

Federation (ESTIF) and the European Committee of Standardisation (CEN). Today it exist certification 

bodies in 8 countries, where Sweden is one of them (the Solar Keymark, 2010). 

 

2.2.5 Solar irradiation and energy demand 

The most significant disadvantage for the utilization of solar energy is that in general there is less or 

no irradiation during the periods of increased energy demand. This problematic increases the closer 

to the poles it gets, so in Sweden and Stockholm it is quite significant. To demonstrate the extent of 

the problem, two different diagrams are shown on the next page. The first diagram, Figure 11, is 

representing the global solar irradiation in Stockholm during a normal year. The second diagram, 

Figure 12, shows the energy demand during a normal year, for the buildings in focus for this thesis. 

A normal year, which the diagrams are based on, is a calculated year based on statistics from a 

period of 30 years. A normal year is defined by the World Meteorological Organization and it is used 

to compare climate behavior (SMHI, 2012b).  

The energy-usage in a building today is indicated by a parameter called the Specific Energy Usage and 

it is measured in kWh/m2/unit time. A typical building not recently constructed or reconstructed is 

classified as a “normal building” and they have a Specific Energy Usage of 200 kWh/m2/year 

(Lindman, 2011). A “Low-Energy Building” is a construction standard which JM is applying and it will 

be further explained later. The “Low-Energy Building” has a maximum Specific Energy Usage of 75 

kWh/m2/year (Lindman, 2011). This implies that the values in Figure 12 are considerably lower than 

they would have been for a “normal building”. 
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Figure 11. Variations in global solar irradiation during a normal year in Stockholm (SMHI, 2012a) 

 

 

Figure 12. Variations in energy demand for the projects in the study (Henriksson, 2011) 

 

When first looking at the diagrams it might seems like there is no problem to cover the energy 

demand by solar energy since the values of the insolation are a lot higher than the values for the 

demand. Important to remember though is that all energy that are received by the solar devices 

won’t be possible to use. To which extent the energy could be used are heavily dependent on the 

type of devices and on the configuration of the system. This implies that the difference between the 

insolated energy and the energy required isn’t as promising as it first might seem.  
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Another important factor to consider is that the global solar irradiation and the energy demand are 

given in kWh/m2/month. The installed solar devices won’t cover as much surface as the total area in 

need of energy in a building. 

Furthermore the diagrams highlight the fact that during the months with the highest demand for 

energy there is almost no solar irradiation, but also that during the summer there is a higher solar 

capacity than energy demand. Therefore it is desired to find an efficient way to store the solar energy 

from the summer season to later during the year.  
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2.3 Liljeholmskajen 

In this section the district of Liljeholmskajen is presented. The section contains the history of the 

area, the current plans for the area, the different types of buildings which will be built here, and also 

a short overview of the rock-caverns situated inside the hill. 

2.3.1 History of the area  

The district of Liljeholmskajen, which belongs to Liljeholmen, is situated in the southern part of the 

city, south-west of Södermalm, on the other side of Liljeholmsbron. To Liljeholmskajen it is 

approximately accounted the area circled with red in the Figure 13 below. The district reaches 

between the bridge Årstabron in the east, to the road Årstaängsvägen in west, and the water 

Årstaviken in the north, up to the hill Årstaberget in the south.  

In the old days Liljeholmen was amongst the nobility 

of Stockholm, a popular place for vacation. In the 

middle of the 19th-century it was transformed into a 

huge industrial area and the part that today is named 

Liljeholmskajen was transformed into a port. On the 

hills the labors of the factories lived during harsh 

conditions and at times during extreme poverty. One 

of the most famous factories was “Liljeholmens 

stearin-factory”, which operated here during a 

couple of years (the City Planning Committee, 2002). 

During the last century, the area became a lot better 

connected to the central parts of Stockholm, when 

both the railway and the two bridges Liljeholmsbron 

and Årstabron were constructed. During 1952-1998 

the liquor company “Vin & Sprit” operated in 

Liljeholmskajen, where they amongst others stored 

large quantities of alcohol, which resulted in a 

construction of 5 rock-caverns (the City Planning Committee, 2002). Since the beginning of 2000 and 

until 2019 Liljeholmskajen is again undergoing a transformation in order to house about 10 000 new 

habitants in 4 000 new residences and offer new offices with a capacity for 7 000 persons  

(JM, 2010b), (the City Planning Committee, 2007a). 

 

2.3.2 Current plans for Liljeholmskajen 

Liljeholmskajen is by the City of Stockholm included in the development area of Liljeholmen, which 

means that it will be transformed from the industrial area it has been to a multi-functional and 

densely built-up area. The new buildings will consist mainly of apartment buildings, multi-family 

houses and offices, all with public facilities in the ground-floor. In Figure 14 on the next page a photo-

montage shows how the district is planned to look in the future. 

Figure 13. The district of Liljeholmskajen 
(the City Planning Committee, 2002) 
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Figure 14. Photo-montage of the future Liljeholmskajen (JM, 2010b) 

 

When the regulation-plans for Liljeholmskajen have been laid out, they have especially taken the 

following elements into consideration (the City Planning Committee, 2002), (the City Planning 

Committee, 2006): 

The harmony in the area; the area is surrounded by hills and tall constructions, i.e. the 2 bridges and 

the buildings in Tantolunden. Of this reason 4 taller buildings were proposed, in order to create a 

balance. These buildings will also increase the desired feeling of city in the area.   

The skyline; The 4 tall buildings as well as the expansion of the quay will have a significant impact on 

the skyline, so their design is of great importance. 

Sun light; Tall buildings will impact the amount of light reaching the streets, which has led to that the 

main street is going in an east-west direction and that the buildings themselves will have the taller 

parts north of their lower parts.  

The nature; The area of Sjövikshöjden will be developed regarding the existing environment on the 

hill and therefore with less focus on the “city-feeling”. The regulation plan for Sjövikshöjden also 

include special restrictions about protection of the nature, so the vegetation with old pines and 

birches, and the animal-life can be preserved. 

The noise; the railway close to Liljeholmskajen is very noisy, so the Brohus will be working as a noise-

barrier for the rest of the buildings on the quay. The size of the Brohus depends on the need of 

noise-reduction.  
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Some important statements made in the regulation-plans are the following (the City Planning 

Committee, 2002): 

 The rock-caverns (which after Vin & Sprit moved from Liljeholmskajen stand empty), they are 

now planned to be used as garages or to other public facilities. 

 There are no plans at the moment of building infrastructure for electric-cars (Landing, 2012). 

 The area will be provided by distant-heating and electricity from Fortum (Landing, 2012). 

 The City of Stockholm’s program for Green Construction shall be implemented when 

possible. 
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2.3.3 Building Regulations 

All buildings when constructed need to follow the current Building Regulations (BBR) from the 

Swedish Board of Housing, Building and Planning. These Building Regulations consist of guidelines 

and requirements for everything from efficient energy-usage to fire-protection and accessibility for 

disabled persons. In general the Building Regulations concerning energy include different levels for 

permitted heat losses, cooling demand, efficiency of heat-, cooling- and electricity usage. 

(The different factors affecting those levels, such as ventilation and thermal comfort, have separate 

chapters in the Building Regulations, but they are not further developed here, since it is outside the 

objectives for this report.) The permitted levels are conducted in order to limit the energy usage in 

the buildings, but they also have to be adapted to the variations in climate in Sweden. Since there are 

significant differences between the southern and the northern parts of Sweden, the Swedish Board 

of Housing, Building and Planning have divided Sweden into three climate-zones. The region of 

Stockholm belongs to zone 3, which consists of all regions in the southern part of Sweden  

(the Swedish Board of Housing, Building and Planning, 2011). 

The 1 of January 2012 the newest edition was released including amongst others stricter levels of 

energy-usage. The old levels in the edition from the 2 of May 2011 will still be valid for projects 

started between these dates (Hallmans, 2012), and for projects started before the 2 of May 2011, the 

even older edition from 1993 named BFS 1993:57, is valid (the Swedish Board of Housing, Building 

and Planning, 2011). For Liljeholmskajen this means that most of the area will have to implement the 

newer regulations, but some buildings have been constructed according to the older Building 

Regulations. In Table 1 it is shown the permitted levels of Specific Energy Usage in new buildings 

according to the new regulations from 1 of January 2012 as well as the older regulations from the 2 

of May 2011. In the previous Building Regulations from 1993 the parameter of Specific Energy Usage 

didn’t exist. 

Table 1. Permitted levels for Specific Energy Usage in new buildings (Hallmans, 2012), (the Swedish Board of 
Housing, Building and Planning, 2011) 

Specific Energy Usage for Residences not 
heated by electricity [kWh/m2/unit time] 

 
Zone 

Edition I II III 

1993 x x x 

2011 150 130 110 

2012 130 110 90 

 

2.3.4 Buildings of JM 

In addition to the restrictions described above, JM started in 2008 with the “Low-Energy Buildings” as 

a construction standard in their projects. In these buildings there are for example better insulated 

walls and windows, heat-recovery in the ventilation-system, and individually measured domestic hot 

water usage. By this amelioration the energy-usage decreases by 35%, which implies reduced 

CO2-emissions and a decreased energy-bill of 2 500 SEK/year for an average family-residence  

(JM, 2011c). The company is since the summer of 2011 also applying their own energy-classification, 

where the Specific Energy Usage parameter isn’t permitted to exceed 70-75 kWh/m2/year  

(Hallmans, 2012). With the combination of the “Low-Energy Buildings” and the new energy-

classification the insulation of the buildings are getting so good, so the next significant step towards a 

decreased energy usage will be when the people change their behavior.  
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Then to meet the requirements of a more sustainable energy usage, the solution is to use more 

sustainable sources, like for example solar energy (Henriksson, 2012). 

 

2.3.5 Representative projects for Liljeholmskajen 

In this section the three projects are presented which has been the focus for this study. The 

information presented is the one relevant to the calculations of the energy demand for the projects 

and also the one relevant to the installation of solar devices. 

 

2.3.5.1 Kajen 4 

Kajen 4 is the first of the four tall buildings that will be built on the quay. It consists of a tall section 

with 24 floors and a lower section with 6-8 floors and in total there will be 183 apartments. The sizes 

of the apartments vary between 2 rooms of 55 m2 up to 5 rooms with 146 m2 (JM, 2012a). In the 

following table the exact numbers and sizes of the apartments are shown: 

Table 2. Distribution of apartment-types (JM, 2011a) 

 Size [m²] 

Type 55 62 63 84 89 90 99 100 146 

2 rooms 11 7 31       

3 rooms    47 6 35    

4 rooms       40 5  

5 rooms         1 

Total : 183 

 

Kajen 4 has a “gross floor area” of 24 229 m2. In this it is included 6 stairhalls, condominium- 

facilities, a “residential floor area” of 15 605 m2 and a “non-residential floor area” of 632 m2 

(Hallmans, 2012). The “non-residential floor area” is situated in the ground-floor, where the height is 

increased and in the future there is planned to be commercial facilities. When developing Kajen 4 it 

was divided into two different production-units and condominiums and it was done in order to 

facilitate the sale-process of the apartments. As the project has sold well, it was decided during 

February in 2012, to merge the two parts into one production-unit and one condominium (Hallmans, 

2012). As a result, the project now has two different Specific Energy Usage constants, but they are 

very close, as shown in Figure 15 below: 

Figure 15. Specific Energy Usage part 1 and part 2 (JM, 2012b, 2012c) 
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In Kajen 4 there is almost no inclination of the roof. On the tall section it varies, but only between 

1,5⁰-3,0⁰ and on the lower section the inclination is 1:10 (JM, 2010a). This means that to be able to 

use solar devices on the roof, they have to be installed on racks. Other factors in the close 

environment to Kajen 4, which could affect the solar irradiation on the block, are the water 

Årstaviken north-east of it and the other tall buildings in south-east. There are also the houses in 

south-west and north-west, which will have the same height as the lower section of Kajen 4 and the 

hill in south-west. From the drawings (JM, 2010a), the roof surface is measured and calculated. The 

value is shown in Appendix B. 

 

2.3.5.2 Sjövikskajen 

Sjövikskajen will be a more traditional building with 8 floors, built on the west side of the square 

Sjövikstorget, close to the quay. The block contains of 6 stairhalls and 131 apartments that varies 

between 1 room of 41 m2 up to 6 rooms of 135m2 (JM, 2011b). The project has a “gross floor area” of 

19 867 m2, where the “residential floor area” is 10 579 m2 and the “non-residential floor area” is 

1 137 m2 (Hallmans, 2012). In Table 3 the numbers of apartments of a certain size-interval are shown: 

Table 3. Distribution of apartment-types (JM, 2011b) 

 Size [m²] 

Type 40-49 50-59 60-69 70-79 80-89 90-99 100-109 110-120 135 

1 room 1         

2 rooms 1 38 5       

3 rooms    13 19 8    

4 rooms      13 16 1  

5 rooms       6 9  

6 rooms         1 

Total : 131 

 

Except for apartments in the building there are also prepared on the ground floor for a kinder-garden 

and commercial facilities. The Specific Energy Usage constant is calculated to the following: 

  

Figure 16. Specific Energy Usage (JM, 2012d) 
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The inclination of the roof of Sjövikskajen is 5,7 ⁰ (Hallmans, 2012), which is the minimum inclination 

allowed for this type of roof. This implies that racks would be necessary for an installation of solar 

devices on the roof. Factors in the close environment, which will affect the solar irradiation on the 

block are the buildings in south-west, north-west and north-east, they are all about the same height 

as Sjövikskajen. From the drawings (JM, 2010c), the roof surface is measured and calculated. The 

value is shown in Appendix B. 

 

2.3.5.3 Sjövikshöjden 3 

Sjövikshöjden 3 is one of several buildings that will be constructed on the hillside, in a quieter 

environment than the two other projects in the study. The building is constructed by JM, but it is 

owned by the company Stockholmshem, who rent out the apartments. The building will have 153 

apartments, distributed between 6 floors and 9 stairhalls. The projects’ “gross floor area” is 21 439 

m2, where the ”residential floor area” is 11 215 m2 and the “non-residential floor area” is 952 m2 

(Hallmans, 2012). In the following table the numbers of different types of apartments are shown: 

Table 4. Distribution of apartment-types (Stockholmshem, 2011) 

 
Size [m²] 

   Type 46-60 74-88 95-105 107-120 

2 rooms 67 
   3 rooms 

 
28 

  4 rooms 
  

54 
 5 rooms 

   
4 

Total : 153 
    

On the ground floor of the building there will be a restaurant of 100 m2 and a kinder-garden of 

600 m2. The Specific Energy Usage for Sjövikshöjden 3 is between 80-85 kWh/m2/yr (Hallmans, 2012), 

which is higher than for the other two projects. The reason for this is that the project was started 

earlier, where either the Building Regulations or JM’s own restrictions were as strict as they are 

today. JM’s classification system, which results in the pictures shown above for the other projects, 

didn’t either exist. 

The inclination of the roof of the building is 5,7 ⁰ (JM, 2010d). This implies that racks would be 

necessary for an installation of solar devices on the roof. Factors in the close environment that will 

shadow or in another way impact the solar irradiation on the building are the rest of the buildings in 

Sjövikshöjden, which will be built east of this project and have about the same height. Then there are 

already existing buildings on the north side, but these buildings will probably not affect the solar 

irradiation that much. The reason is that Sjövikshöjden 3 is situated on a hillside where the building’s 

north side lies about 13 meters below its’ south side (JM, 2010d). Of the same reason the green area 

on the south and western side will probably shadow the building more than if the area had been flat.  

From the drawings (JM, 2010d), the roof surface is measured and calculated. The value is shown in 

Appendix B. 
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2.3.6 The rock-caverns 

There are 5 rock-caverns in the hill of Årstaberget that together contain a volume of 197 160 m3 

(Landing, 2012). These rock-caverns were built by Vin & Sprit during the second half of the last 

century, and they have been used as storage-facilities for alcohol. The rock-caverns are therefore 

painted on the inside and they are clean in comparison to rock-caverns which have been used to 

store for example oil. This implies that a usage of these facilities would be less expensive than a 

usage of old oil-reserves, since there wouldn’t be the same need of sanitation. A disadvantage of 

these rock-caverns from a storage point of view is that they are built in horizontal direction. The 

horizontal design makes it more difficult to get a distinct separation between the different layers of 

tempered water, which is crucial for a successful storage (Henriksson, 2012). 

For the utilization of solar energy in Liljeholmskajen, the possibility to store hot water in the  

rock-caverns is of a great interest, as it would increase the extent to which the solar devices were 

used. Assuming it would be possible to use the rock-caverns as water reservoirs, bigger quantities of 

water could be stored than in a normal accumulator. It would then be possible to have a seasonal 

storage of heat from the summer when the generation is higher than the consumption, to later 

during the year when the generation is far less than the consumption. It would also make it possible 

to offset the peak-load on a short-term perspective (Henriksson, 2012). 

When starting up storage-facilities for hot water there is a lot of important factors to consider, but 

the technology for water-storage in rock-caverns won’t be further developed here, since it is beyond 

the scope of the report. 
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2.4 Innovative ways of using solar energy 

In this section four pilot-projects using solar energy in different ways are presented. First there are 

two Swedish projects, one older using a combination of solar cells and heat storage in rock-caverns, 

and one more recent using solar energy to drive a stirling engine. Then there is a Swiss project, which 

also uses solar energy in combination with heat storage, but with a tank in the middle of the building. 

There is also a Californian project, using solar energy in a way that only is possible for regions with 

more solar hours than in Sweden. 

 

2.4.1 Lyckebo-Storvreta, Uppsala, Sweden 

In the middle of the 80’s a solar field of 4320 m2 connected to a rock-cavern of 100 000m3, was 

developed in Lyckebo-Storvreta, just north of Uppsala. The project was built to supply  

550 apartments with heat, and it was able to provide 15% of the demand of 8 000 MWh. The solar 

collectors which were used, were high-temperature collectors and they were installed on the ground 

without any inclination, in 360 modules. The water-solution inside of the devices consisted of 

propylene-glycol in order to prevent freezing during the winter. The rock-cavern was built 30 meters 

below the ground and it is 30 meters deep. It is an open rock-cavern which means that the water 

table reaches naturally a couple of meters from the bottom of the rock-cavern (Åsberg, 2011). 

The project isn’t used in the same way anymore, but it is under investigation how to restart it. One 

mayor reason to why it was shut down, is that the project was a pilot-project realized much to 

investigate the possibilities of the then existing technologies for solar devices, water-storage in rock-

caverns and computer engineering (Åsberg, 2011). 

Nevertheless as the project has been around for almost 30 years, useful knowledge can be achieved 

from it. For example the efficiency of the solar collectors has proved intact over the time, which 

means that the high investment cost will be beneficial in a long-term perspective. As the project was 

realized in an early stage, it has encountered a lot of production problems which don’t exist anymore 

as the market for solar devices has developed a lot. An important problem to consider even today is 

the dimensions of the system. In Lyckebo-Storvreta the water-flow was regulating the temperature in 

the system, but it was too sensitive which resulted in boiling in the system (Åsberg, 2011). 

 

2.4.2 Sege Park, Malmö, Sweden 

Malmö is the city with the highest density of solar energy usage in Sweden. In 2007 the second 

biggest solar-cell installation was constructed in the area of Sege Park. The installation has a size of 

1250 m2 and it is planned to supply Sege Park (which is undergoing a transformation to a residential 

area) as far as possible with renewable energy (Swedish Energy Agency, 2011). The installation 

reaches up to an effect of 166 kW. This is reached through a heavy structure featuring a favorable 

azimuth and inclination. The construction weighs 77 tons and is situated on top of the apartments, 

utilizing the available surface. This project is set up with the goal to provide as much renewable 

energy as possible to the apartment complex and thus transforming it into a sustainable area (Solar 

Region Skåne, 2010). 

Furthermore in 2010 the first solar driven stirling engine was installed in Sege Park. This installation is 

a pilot-project with the aim to show the possibilities of the technology for the public and to 

commercialize the technology. The project is developed by cooperation between the City of Malmö, 
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the Region of Skåne, Kockum Stirling and Ripasso Energy. The solar-stirling technology basically 

works by a parabolic mirror that concentrates heat from solar irradiation to the engine. The 

technology has an efficiency of 30 % which makes it the most effective technology in the world to 

convert solar irradiation to electricity (Solar Region Skåne, 2010). 

2.4.3 Burgdorf, Switzerland 

The company “Jenni Energietechnik AG” realizes several solar energy system supplied houses in 

Switzerland and Germany. The project to be presented is a multi-family house with eight family 

apartments, completely built by autumn 2007. This very house is located in Burgdorf, Switzerland, at 

47,04° latitude and 7,63° longitude (Google Maps Latitude, Longitude, 2012), where the annual 

insolation is in average 1150 kWh/m2 (Renewable Energies, 2012).  

The solar thermal collectors cover 100% of the demand in heat energy. The devices are installed on 

the south-facing side of the roof, covering a surface of 276 m2, supplying enough hot water to fill 

205 m3 of storage volume. This tank forms the center of the house, which leads to a reduction of 

heat radiation caused losses, as the radiated heat warms up the house, which needs to be done 

either way during most time of the year in Switzerland. It later appeared that the energy system was 

even oversized by the factor of nearly two (Jenni Energietechnik AG, 2007). 

The surface which needs to be heated in the multi-family house amounts to 1 282 m2, the interior 

space to 5 170 m3. The stored liquid reaches 95°C maximum. Due to the high amount of stored liquid, 

it is even during winter possible to provide 10 - 12 kW heating power (Jenni Energietechnik AG, 2007). 

This project received the “Energy Globe Award”, was designated as the best Swiss project and was 

amongst the top 15 projects worldwide (Jenni Energietechnik AG, 2009). 

 

2.4.4 Sierra SunTower, Lancaster, California 

The company eSolar runs a project called Sierra SunTower in Lancaster, southern California 

(eSolar, 2003). It is California’s most prestigious project and America’s only solar thermal power 

tower plant. Lancaster is situated in an area with around 7,0 to 7,5 kWh per square meter and day of 

producible solar energy. The project involves two modules, which cover 20 acres of land 

(NREL, 2010).   

Those are covered by 24 000 mirrors, the reflected power comprises 20 000 suns. Two 65-ton natural 

recirculation thermal receivers take in the reflected sunrays to heat up the liquid. The corresponding 

technique is called CSP, concentrated solar power. The steam is heated up to 440° Celsius and 

reaches a pressure of 60 bar, where from it is then processed by a refurbished 1947 GE steam 

turbine generator. The solar plant provides five megawatt to supply 4000 households. The calculated 

spared emissions are 7 000 tons of CO2 per year (eSolar, 2003). 
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Input: Technologies for solar energy 

Different types of devices 

Infrastructure needed 

Power 

Efficiency 

Costs 

Life cycle 

Constructional requirements 

Input: Conditions in Sweden, and in 
Stockholm 

Economic aid 

Certifications 

Solar hours versus demand (in Stockholm) 

Input: Specific data for 
Liljeholmskajen 

Project information (areas, nr of 
apartments etc) 

Geographical possibilities/difficulties 

Demand  of energy (heat/electricity) 

 

 

Technical calculations and analysis 

Energy generation of solar devices and energy demand 
(heat/electricity) 

-roof surfaces 

Capacity of rock-caverns 

 

 
Economic calculations and 

analysis: 

Investment costs and 
profitability 

-the Net Present Value 
method 

 

Result: 

Possibilities for utilization of solar energy in 
Liljeholmskajen 

Profitability for solar energy in 
Liljeholmskajen 

3 Methodology 

In this section the model used in the project is presented as well as its different sub-categories and 

the assumptions and limitations made within them. Furthermore the calculations used for the 

analysis are declared.  

3.1 Model 

The model used in the project is represented by the following flow chart. The sub-categories are 

explained further down. 

3.1.1 Flow chart 

  

System- 

boundaries 
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3.1.2 Project procedure 

To be able to provide a realistic scenario of the possibilities and profitability for solar energy usage in 

Liljeholmskajen, the problem has been approached mainly from two different angles. First of all a 

closer look at the existing technologies for solar energy has been realized. In this study the focus has 

been on parameters such as what different technologies exists, their power, their efficiency, costs 

etc. The objective is to get a better overview of the field and to get an idea of which technologies 

that are suitable for this purpose and for the Swedish climate. Not convenient technologies aren’t 

further discussed in the analysis-section. 

An analysis of the district of Liljeholmskajen was also performed at the same time, and this was done 

by a close collaboration with JM, as they are the mayor actor in the area. Here the focus has been on 

3 different projects and their different types of buildings. Since most of the buildings in the area are 

these types of buildings, the chosen projects are considered to represent Liljeholmskajen in a good 

way. In the analysis focus has been on the number of apartments and living areas, Specific Energy 

Usage coefficients for the buildings, but also on building permits and on the geographical possibilities 

in the district, such as the conditions of the rock-caverns. The objective here is to put together all 

number needed for the later calculations of energy demand and solar capacity, as well as to get a 

picture of the possibilities for using different types of infrastructure. 

In addition a study of the general conditions for solar energy utilization in Sweden and Stockholm has 

been realized. Here aspects such as economic aid, certifications and the problematic of the uneven 

distribution of solar hours in Sweden are treated. 

All three parts above were conducted within the literature review. The literature review then led into 

the analysis-section where the technical and economic calculations were conducted.  Within the 

technical calculations the energy demand and the energy generated by the solar devices have been 

calculated, based on roof surface, building type and irradiation. Within the economic calculations, 

the investment costs for the different technologies have been calculated. Based on those costs and 

by using the Net Present Value method the profitability of the project is determined. The exact 

approach and the formulas used for the calculations are discussed in the next section. 

The outcome of the calculations has further been evaluated by performing a sensibility analysis. 

Everything is then summed up to a result including both the possibilities and profitability for solar 

energy usage in Liljeholmskajen.  
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3.2 Calculations 

For the projects in the study the technical and economic calculations and analyses are performed for 

three different scenarios. In the first scenario solar thermal collectors are studied, both for their 

potential to produce energy in Liljeholmskajen and for their economic viability. In the second 

scenario solar panels are considered. The analysis focuses on the same factors as for the thermal 

collectors, although including both monocrystalline panels and thin film panels. The second scenario 

starts with a small test-simulation, a sensibility analysis, in order to get the optimal orientation and 

inclination for which the panels shall be installed. Once the optimal way of installing the panels is 

achieved, simulations of the total roof surfaces are performed.  

The third scenario is a combination including both types of solar technologies. Due to the 

thermodynamic laws it is not possible to sum up the produced thermal heat and transfer it to a small 

volume of liquid. The amount of energy is bound to a large volume. The available storage volume and 

the daily demand are thus the limitations for the energy production in a solar thermal system. The 

thermal systems are dimensioned based on the daily demand of domestic hot water. Setting up the 

system according to these constraints, the roof surface covered by the solar thermal collectors is 

smaller than the available surface. This leads to the third scenario where the remaining surface is 

used for solar cell systems. Even in this scenario, both monocrystalline and thin film panels are being 

investigated.  

Within the technical calculations the capacity of the rock caverns is also calculated. An economic 

analysis of converting the rock-caverns into heat storage facilities isn’t conducted here. The reason is 

that the costs of the rock-caverns would not be a burden for the buildings but for the municipality of 

Stockholm and for Fortum. 

All calculations also include sensibility analyses. The sensibility analysis performed for the technical 

aspect of the solar devices, aims to study how the energy production and system efficiency are 

affected by variations in azimuth, inclination, and quantity of devices, as well as combinations of 

these factors. Within the economic calculations the sensibility analysis shows how variations in the 

interest rate, the energy price and the operation costs affect the profitability of the projects.  

 

3.2.1 Technical calculations and analysis 

For the three different scenarios the programs T*SOL Pro 5.0 (R6) and Polysun Photovoltaic 

Simulation have been used (Valentin Software, 2011), (Vela Solaris AG, 2012). Both T*SOL Pro 5.0 

(R6) and Polysun Photovoltaic Simulation are simulation software used to design and optimize solar 

systems for residential, commercial and industrial buildings. T*SOL Pro 5.0 (R6) is used for solar 

thermal collector systems whereas Polysun Photovoltaic Simulation is used for solar panel systems. 

For both the programs the following factors are required as inputs: 

 Energy demand (DHW heat demand for the thermal collectors and electricity demand for the 

solar panels) 

 Geographical position 

 Inclination of the roof 

 Information about the close environment 

 Number of floors and apartments 

 Other facilities in the building affecting the energy consumption 

 Roof surface  
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The total energy demand of a building is estimated by Equation 1 below. The time dimension of the 

energy demand depends of the time dimension of the inserted value of Specific Energy Usage. The 

Specific Energy Usage can be divided into Specific Heat Usage and Specific Electricity Usage and the 

equation will then generate the required amount of heat and electricity respectively.  Atot is the total 

heated area or the area in need of electricity in the building. 

 

                                        [Eq. 1] 

 

The areas of the roofs are calculated based on measurements taken from drawings with a scale of 

1:400 (JM, 2010a), (JM, 2010c), (JM, 2010d). In most cases the building is divided into different 

sections on the drawings, the areas are therefore given by the formula: 

 

          ∑   
 
        [Eq. 2] 

 

where Ai is the area of the roof in section i. 

A brief explanation of how the programs are used to plan the different solar systems is given in the 

following paragraphs.  

 

3.2.1.1 Design of the solar thermal collector systems 

The designing of a solar thermal collector system proceeds approximately in six steps: 

1. Location; the geographical position is defined and the program generates weather conditions 

including parameters like total annual global irradiation and mean outdoor temperature. 

2. Hot water consumption; the heat load on a daily, monthly and annually basis are specified 

and these values are estimated by Equation 1 above. The desired temperature of the hot 

water is also specified. 

3. Consumption profile; the type of building as well as the consumption by the residents are 

defined. Step 2-3 results in a cold water profile. 

4. System configuration; the components of the system are chosen (like for example the type of 

collectors, pipes, buffer tanks and DHW standby tanks) and their characteristics are set. In 

this step other activities in the building, like for example a restaurant, have an important role 

in order to get an appropriate temperature in the collectors.  

5. Simulation; the program simulates the pre-defined scenario. The simulation is mainly based 

on the following formulas: 

 

   
    

    
      [Eq. 3] 

 

      ̇                          [Eq. 4] 

 

                     [Eq. 5] 

where Equation 3 generates how efficient the thermal collectors are used. Pirr is the amount 

of energy irradiated and Pout is the energy delivered by the collectors.   
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Pirr and Pout can be written as in Equation 4 and 5, where  ̇ is the mass flow through the 

collector loop, cp is the heat capacity of the collector fluid, Tout is the temperature at the 

collector outlet, Tin is the temperature at the collector inlet, Acoll is the collector surface and 

   the solar irradiation/area. The formulas combined transforms into (Johnson and 

Bohdanowicz, 2010): 

 

 ̇                                          [Eq. 6] 

 

6. Output; the simulation of the given scenario results in tables and graphical displacements 

over factors such as the energy production, percentage of the water consumption covered by 

solar energy, pipe losses and daily maximal collector temperature. These values are then 

evaluated and if they aren’t satisfying the system configuration needs to be redefined. 

 

3.2.1.2 Design of the solar panel systems 

The designing of a solar panel system proceeds approximately in four steps: 

1. Location; the geographical position is defined as well as the horizon line (i.e. specification of 

tall-buildings or other objects in the close environment that will have an impact on the 

irradiation). The program generates weather data based on the solar position every four 

minutes.  

2. System definition; the solar panel system is defined by specifying the type of PV-modules, 

the number of them, their azimuth and inclination. Other parameters like the temperature 

limit for the modules, effect limits, and characteristics for the inverter are also set.  The 

program then displaces the electrical limits for the given system, which are evaluated before 

the simulation starts. 

3. Simulation; the program simulates the pre-defined scenario. The simulation is mainly based 

on the following formulas: 

 

   
    

    
      [Eq. 7] 

 

                [Eq. 8] 

 

                        [Eq. 9] 

 

where Equation 7 and 9 are the same as Equation 3 and 5 in the previous paragraph and 

therefore not further declared here. In Equation 8 U represents the resulting voltage for the 

solar panel and I represents the resulting current for the solar panel. The formulas combined 

transform into: 

 

                          [Eq. 10] 
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4. Output; the simulation results in tables and graphs showing the generated electricity (both 

for AC and DC). The program also generates figures over the solar irradiation onto the 

modules and all results are given on both a monthly and hourly basis. If the generated values 

from the simulation aren’t satisfying, the process needs to be redone from step 2 where the 

system is defined. 

 

3.2.1.3 Energy storage in the rock-caverns 

The capacity of energy-storage in rock-caverns is very complex and it depends on several factors such 

as the geometry of the rock-caverns, material, and methodology used when supplying and extracting 

the water. Since this technology is beyond the scope of the report, the capacity is only considered in 

a simplified way. The capacity is calculated by Equation 11, based on the approximation that to 

extract 1MWh from a rock-cavern, a volume of 20 m3 is required (Zinko & Gebremedhin, 2008).  

 

                  [Eq. 11] 

 

Vrc is the volume of the rock-cavern.   
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3.2.2 Economic calculations and analysis 

For all the three scenarios described above, the overall investment costs as well as the operating 

costs and the revenues generated need to be estimated in order to evaluate the projects from an 

economical point of view.  

The initial investment cost is calculated using the following formula: 

  

                                                [Eq. 12] 

 

Cmaterial is the cost of the solar collectors and panels themselves, Cinstallation the cost of installing and 

configuring the devices and Cinfrastructure the costs of modifying surrounding infrastructure in order to 

include the solar collectors and panels.   

In addition to the initial investment cost the solar devices will require reparations and maintenance 

work throughout their service life. These operating costs plus the revenues generated from selling 

the energy produced (or in this case the energy is not sold but consumed, the decrease in energy 

purchases) sums up to the expected net cash flows every year from year 1 to the end of the project, 

N years later. Since the service life for both the solar thermal collectors and solar panels are quite 

long, both the revenues and the operation costs are assumed to increase with the inflation rate. 

Normally the increase of the energy price is a bit higher than the increase of the operation costs, but 

it is neglected here in order to simplify the calculations.  

At the end of the project, a cost to dismantle the devices will occur. If the plant or the equipment is 

still valuable and can be sold this may instead be a revenue. This cost (or revenue) could be included 

in the last cash flow, or as in this case the service life of the project is set so that the rest value of the 

project is equal to 0.  Mathematically the cash flows are written as ∑    
 
    where CF0 is the initial 

investment cost Cinv.  

 

In order to determine whether the project is profitable or not the Net Present Value method is used. 

The Net Present Value is a well-known and accepted approach for economical evaluations of 

projects.  

The Net Present Value is calculated with the following formula (Energideklarationer, 2010): 

 

        ∑
   

      
 
        [Eq. 13] 

 

CF is the cash flows generated from the project, N the project’s duration and i the interest rate 

demanded.  

A positive value indicates that the project will add value and is economically viable. 

The interest rate is the sum of the risk-free interest rate and a risk premium. The risk free interest 

rate is estimated from market data and the risk premium should reflect the risk level of the project.  
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4 Results 

This section contains the results of the study over utilization of solar energy in Liljeholmskajen. The 

results are presented together with the conducted sensibility analyses in order to get a better idea of 

how different factors like for example the orientation of the solar devices, or variations in the 

electricity price would affect the outcome.  

 

4.1 Technical analysis 

The results of the technical analysis for each of the different scenarios are presented in the following 

three subsections. In the fourth subsection the potential of the rock-caverns is discussed. 

 

4.1.1 Scenario 1: Utilization of solar thermal collectors 

The results of the different system designs simulated for solar thermal collectors are shown in  

Table 5 on the next page. The maximal possible heat production and the best system efficiency for 

each building are the numbers high-lighted in green.  

The table shows that the best energy output does not entail the best system efficiency. The best 

energy output is received when using a higher quantity of collectors. This leads to that the collectors 

to a greater extent will shadow each other, and thus the decrease in system efficiency. 

Furthermore, when altering the inclination away from 45°, the total energy output, the efficiency and 

the irradiation onto the collector’s surface drop. When turning the collectors from facing directly 

south, but keeping everything else constant, these values still slightly decline. 

If an alteration in the azimuth is combined with a flatter inclination the decrease of the values isn’t as 

significant. This proofs that a placement directly south with 45⁰ inclination isn’t always the best 

solution. It also implies that there is a relation between the azimuth and the inclination in order to 

get the maximal output. A roof facing south-east could preferably be used to install collectors and 

use them effectively without turning them, it is only necessary to study which inclination that will be 

the best to use.  

The simulations shown in Table 5 are based on a desired temperature for the hot water of 55 ⁰C. 
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Table 5. Potential for differently placed and sized solar thermal collector systems  

Project 
(azimuth, inclination, quantity) 

Energy prod. 
[kWh] 

DHW solar 
fraction [%] 

System η 
[%] 

Irr. onto collector 
surface [kWh/m2] 

Kajen 4     (0, 30, 96) 118 234 31 49 1 163 

Kajen 4     (0, 45, 96) 122 676 32 50 1 175 

Kajen 4     (0, 45, 150) 158 732 41 42 1 175 

Kajen 4     (25, 45, 96) 121 113 31 51 1 152 

     Sjövikskajen     (30, 30, 72) 86 060 29 49 1 134 

Sjövikskajen     (0, 45, 72) 91 952 31 50 1 175 

Sjövikskajen     (0, 45, 108) 116 135 42 45 1 175 

Sjövikskajen     (15, 40, 72) 91 366 31 50 1 169 

Sjövikskajen     (15, 40, 108) 116 054 42 42 1 169 

     Sjövikshöjden 3     (-45, 25, 120) 127 538 33 45 1 089 

Sjövikshöjden 3     (-45, 25, 140) 139 289 36 42 1 089 

Sjövikshöjden 3     (0, 25, 120) 136 530 36 46 1 147 

Sjövikshöjden 3     (0, 45, 120) 144 398 38 48 1 175 

Sjövikshöjden 3     (0, 45, 140) 157 920 41 45 1 175 

 

4.1.2 Scenario 2: Utilization of solar panels 

The Tables 6 and 7 below present the result of the small test-simulation made for both 

monocrystalline and thin film solar panels. The test-simulations are based on an average 

temperature of 7,6 °C, and aiming at a total nominal power of 25 kW. The values which are high-

lighted with green are the energy production and system efficiency for the optimal orientation and 

inclination of the panels. 

Table 6. Potential for monocrystalline panels facing different directions 

Type of panel 
(azimuth, inclination, quantity) 

Energy production 
AC [kWh] 

System η 
[%] 

Irr. on to module 
[kWh/m2] 

Monocrystalline     (180, 15, 136) 16 973 11,7 814 

Monocrystalline     (90, 15, 136) 20 485 11,8 970 

Monocrystalline     (45, 15, 136) 22 715 11,9 1 071 

Monocrystalline     (0, 15, 136) 23 534 11,9 1 109 

Monocrystalline     (0, 40, 136) 25 809 11,9 1 211 

Monocrystalline     (-45, 15, 136) 22 587 11,9 1 067 
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Table 7. Potential for thin film panels facing different directions 

Type of panel 
(azimuth, incl, quantity) 

Energy production 
AC [kWh] 

System η 
[%] 

Irr. on to module 
[kWh/m2] 

Thin film     (180, 15, 250) 18 246 6,2 814 

Thin film     (90, 15, 250) 21 464 6,1 970 

Thin film     (0, 15, 250) 24 341 6,1 1 109 

Thin film     (0, 25, 250) 25 539 6,0 1 169 

Thin film     (0, 40, 250) 26 367 6,0 1 211 

Thin film     (-45, 15, 250) 23 463 6,1 1 067 

Thin film     (-90, 15, 250) 21 291 6,1 963 

 

The tables reflect the fact that monocrystalline panels are almost twice as effective as the thin film 

panels. To achieve the nominal power of 25 kW, 136 monocrystalline panels are used, whereas with 

the thin film technology, 250 panels are required. 

For monocrystalline cells the maximal energy production and best system efficiency occur for the 

same variation whereas for thin film panels it is two separate cases. For the further analysis only the 

case of the maximal energy production is studied, since the difference in system efficiency is 

negligible.  

After the optimal placement of the panels is found, the total roof surfaces are covered by solar 

panels installed in this way. The resulting energy production for monocrystalline and thin film panels 

are shown in Table 8. This result also reflects the fact that monocrystalline panels are more efficient. 

When the same surface is covered the energy production for monocrystalline panels are almost 

twice as high as for thin film panels.  

 

Table 8. Energy production when the total roof surfaces are covered by solar panels 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 

Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Energy prod. AC [kWh] 219 114 109 617 253 130 126 633 286 603 143 380 
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4.1.3 Scenario 3: Combination of solar thermal collectors and solar panels 

After installing solar thermal collectors on the buildings with the objective to optimize the system 

efficiencies, there are still a roof surface of 1120 m2 left on Kajen 4, 1465 m2 left on Sjövikskajen and 

1610 m2 left on Sjövikshöjden 3. By covering these remaining areas with monocrystalline or thin film 

panels, the generated electricity is shown in Table 9. Compared with scenario 2, the electricity 

production decreases with about 15 %, however considering the amount of heat produced instead, 

the total energy production increases. The combination is especially favorable for the thin film 

panels, where the total increase is 60-90% depending on the project, whereas for monocrystalline 

the increase is about 25-40%.  

Table 9. Electricity production when part of the roof is covered by solar thermal collectors installed after its best 
efficiency 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 

Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Energy prod. AC [kWh] 183 563 91 828 226 470 113 293 242 166 121 145 

 

If instead the design of the solar thermal collector systems were composed with the objective to 

maximize the heat production, the remaining roof surfaces decrease. The result of installing solar 

panels on this area, i.e. the generated electricity is shown in Table 10. Comparing this result with 

scenario 2, the decrease in electricity production is approximately 25%. The total energy production 

is however increasing with 30-50% when using the monocrystalline panels and 75-120% for the thin 

film panels.  

Table 10. Electricity production when part of the roof is covered by solar thermal collectors installed after its 
maximal production 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 

Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Energy prod. AC [kWh] 163 562 81 823 213 135 106 622 234 758 117 439 

 

When combining the two types of solar devices, the total space heat and electricity demand of the 

buildings, which could be covered by using solar energy, is shown in the Figures 17-22 on the 

following pages. 

For both Kajen 4 and Sjövikskajen, which are more recent buildings than Sjövikshöjden 3, the heat 

demand shown in the graphs doesn’t include the domestic hot water. This is why the graphs overlap 

each other, and the surplus of heat which seems to be during the summer months are dimensioned 

to cover the daily demand of domestic hot water. To be able to cover more of the heat demand, the 

problems connected to the limitations in storage capacity, which were discussed in the calculation-

section, needs to be solved. 

In the newer buildings the electricity demand is lower compared to Sjövikshöjden 3. For these 

buildings the demand decreases during the summer, whereas for Sjövikshöjden 3 it is kept on a 

constant level throughout the year.  
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In Figure 17, the heat supply for the building Kajen 4 is shown in blue. The heat demand excluding 

the demand for hot water is represented by an orange curve. It can be seen that the graphs overlap 

each other for the months from May to September. This surplus of heat will be used to cover the 

daily demand in domestic hot water. With improved storage possibilities, a steadier providing of hot 

water could be ensured. 

 

Figure 17. Heat demand of Kajen 4 possible to cover by solar energy 

 

Figure 18 on the next page shows to which extent the electricity demand of the building Kajen 4 can 

be covered. The orange curve marks the electricity demand and the two other graphs show how 

much energy which can be generated by using the different technologies. The green graph 

represents the thin film panels and the brown graph belongs to monocrystalline panels. It can be 

seen that the efficiencies of the two devices differ by a factor of approximately 2. 
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Figure 18. Electricity demand of Kajen 4 possible to cover by different solar panels 

 

In Figure 19 below, the heat demand and the heat supply of the building Sjövikskajen are shown. The 

heat demand is represented by the orange curve, not including the domestic hot water needed and 

the heat supply is shown by the blue curve.  

 

Figure 19. Heat demand of Sjövikskajen possible to cover by solar energy 
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Figure 20 features the electricity demand and supply of the building Sjövikskajen. The demand is 

shown in orange. By filling up the available surface with thin film panels, an amount of energy 

corresponding to the green graph can be provided. By using monocrystalline cells instead, a surplus 

of energy is provided from April to September. This energy could for example be stored and used 

during times without sufficient energy coverage.  

 

Figure 20. Electricity demand of Sjövikskajen possible to cover by different solar panels 

 

Figure 21 on the next page displays the heat demand and supply of the building Sjövikshöjden 3. It 

shows the heat demand in orange and the heat supply in blue. As mentioned before, in this graph 

the hot water is taken into account. As the whole system is now observed, a certain safety marginal 

needs to be ensured to prevent the devices from overheating.  
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Figure 21. Heat demand of Sjövikshöjden 3 possible to cover by solar energy 

 

In Figure 22, the electricity demand and supply of the building Sjövikshöjden 3 are displayed. In 

orange the energy demand can be seen, the brown curve shows the amount of electricity provided 

by a possible setup with monocrystalline devices, and the green curve shows the provided electricity 

with thin film panels. Again, the difference in efficiency can clearly be seen. 

 

Figure 22. Electricity demand of Sjövikshöjden 3 possible to cover by different solar panels 
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4.1.4 The rock-caverns 

Table 11 below shows the capacity of storing energy that the existing rock-caverns would have if they 

were converted into heat storage facilities. The result is presented for each of the three sizes 

separately and also for all five rock-caverns together.  

Table 11. Heat storage capacity of the rock-caverns 

Type Volume [m3] Quantity Possible extraction [MWh] 

1 12 960 1 648 

2 35 100 2 3 510 

3 57 000 2 5 700 

  
Total: 9 858 

 

When comparing the storage capacity with the produced heat in scenario 1, it can be seen that a 

usage of the rock-caverns could increase the heat production considerable in Liljeholmskajen. In 

scenario 1 the solar thermal collectors are only covering about 20-40% of the available roof surfaces. 

With an increased storage the thermal collectors could be installed not only on the remaining roof 

surfaces, but also on several buildings in the district. 
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4.2 Economic analysis 

This section shows the result of the economic analysis performed for the three scenarios.  

The calculations of the Net Present Value, PV, are performed at an interest rate of 7% and the energy 

prices as well as the operation costs are assumed to increase with the inflation rate of 2% (Sveriges 

Riksbank, 2012). In the analysis the electricity price, λel, is set to 1,44 SEK/kWh (Statistics Sweden, 

2012) and the price of district heating, λDHW, is set to 0,71 SEK/kWh (Statistics Sweden, 2012). For the 

values of the other inputs to the calculations, i.e. the costs and the service life of the solar devices, 

see appendix C. 

 

4.2.1 Scenario 1: Profitability of using solar thermal collectors 

In Table 12 the initial investment cost and the Net Present Value of installing solar thermal collectors 

on each of the three buildings are shown. With the normal settings, i.e. in the original scenario, both 

of the system designs are profitable for all of the buildings. Furthermore it can be seen that if an 

increased interest rate is required, the installation of collectors isn’t economically viable anymore. 

With an increased interest rate the project is only profitable for Sjövikskajen and only for one of the 

system designs. A decrease in energy price, even though it isn’t that likely, would also affect the 

projects negatively whereas variations in the operation costs barely affect the profitability.   

Table 12. The initial investment cost and the Net Present Value of installing solar thermal collectors on the 
different buildings 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 
Version best η Max. prod. best η Max. prod. best η Max. prod. 

(azimuth, inclination, 
quantity) 

(25, 45, 96) (0, 45, 150) (0, 45, 72) (0, 45, 108) (0, 45, 120) (0, 45, 140) 

Cinv [SEK] 960 000 1 500 000 720 000 1 080 000 1 200 000 1 400 000 

Scenario 1a; 
Original scenario 345 690 220 910 263 820 170 750 362 700 311 940 

Scenario 1b; 
Interest rate 5% 698 830 686 350 529 910 509 030 785 350 774 960 

Scenario 1c; 
Interest rate 10% -290 -235 100 3 130 -160 670 -51 380 -141 680 

Scenario 1d; 
Increase λDHW +20 % 613 040 571 310 466 810 427 110 681 460 660 550 

Scenario 1e; 
Decrease λDHW -20 % 78 330 -129 490 60 840 -85 620 43 940 -36 660 

Scenario 1f; 
Increase Cop +200% 314 590 189 810 232 730 139 660 331 610 280 850 

Scenario 1g; 
Decrease Cop -50% 361 230 236 450 279 370 186 290 378 250 327 490 
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4.2.2 Scenario 2: Profitability of using solar panels 

The initial investment cost and the Net Present value of instead installing solar panels on the 

buildings are presented in Table 13. The investment cost for thin film panels is about 0,8 EUR/kWp 

whereas for the monocrystalline panels the costs are higher, 1-2 EUR/kWp (Axelsson, 2012). Thus 

within scenario 2a-2g only the thin film panels are economically viable. Within these scenarios, the 

investment cost for monocrystalline panels are set to 1,5 EUR/kWp. When decreasing this cost to 

1 EUR/kWp, even the monocrystalline panels become profitable as seen in scenario 2h. 

Furthermore a similarity with the solar thermal collectors is that the impact on the profitability by 

the operation cost is negligible. 

Table 13. The initial investment cost and the Net Present Value of only installing solar panels on the different 
buildings 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 
Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Cinv [SEK] 5 847 300 1 527 950 6 755 100 1 764 340 7 649 550 1 997 870 

Scenario 2a; 
Original scenario -1 413 220 704 540 -1 623 830 816 940 -1 832 200 926 630 

Scenario 2b; 
Interest rate 5% -386 950 1 168 670 -436 200 1 361 790 -485 770 1 550 930 

Scenario 2c; 
Interest rate 10% -2 476 800 136 590 -2 854 640 165 320 -3 227 570 192 690 

Scenario 2d; 

Increase λel +20 % -515 020 1 111 180 -586 190 1 293 340 -657 340 1 471 680 

Scenario 2e; 

Decrease λel -20 % -2 311 430 212 490 -2 661 470 255 130 -3 007 060 296 190 

Scenario 2f; 
Increase Cop +50% -1 441 690 633 370 -1 652 300 745 770 -1 860 670 855 470 

Scenario 2g; 
Decrease Cop -50% -1 384 760 690 300 -1 595 360 802 700 -1 803 730 912 400 

Scenario 2h; 

Decrease Cinv 535 880  627 870  717 650  

 

4.2.3 Scenario 3: Profitability of combining solar thermal collectors and solar panels 

In Tables 14 and 15 the initial investment cost and the Net Present Value for an installation of solar 

panels on the remaining roof surfaces are shown. The result from scenario 2 shows that it isn’t 

economically workable to install monocrystalline cells to an investment cost higher than  

1 EUR/kWp, thus these combined scenarios won’t be realized for monocrystalline panels if the 

investment cost is higher. The economic analysis of this scenario is thus based on the investment cost 

of 1 EUR/kWp for monocrystalline cells.  

Within the original scenario all variations are now economically viable, but thin film panels can still 

take variations in interest rate and electricity price better than monocrystalline panels. 

The profitability for the solar thermal collectors are shown in Table 12 above and not further 

developed here. In the original scenario, both the solar thermal collectors and the solar panels are 

economically viable separately, thus a combination of them will also be economically viable.   
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The total investment cost will be higher when installing the solar devices according to the thermal 

collectors’ maximal production, and even further increased if using monocrystalline cells instead of 

thin film panels. Otherwise the difference between the results of combining solar panels with 

thermal collectors to its best efficiency or with thermal collectors to its maximal production isn’t that 

significant.  

Table 14. The initial investment cost and the Net Present Value of solar panels, when part of the roof is covered by 
solar thermal collectors installed after its best efficiency 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 
Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Cinv [SEK] 3 266 300 1 280 180 4 029 920 1 579 220 4 309 380 1 687 440 

Scenario 3a; 
Original scenario 439 120 587 720 554 930 728 620 597 180 781 330 

Scenario 3b; 
Interest rate 5% 1 296 740 967 460 1 616 100 1 210 180 1 732 810 1 300 150 

Scenario 3c; 
Interest rate 10% -449 680 107 220 -544 810 142 590 -579 730 156 700 

Scenario 3d; 

Increase λel +20 % 1 191 590 921 440 1 483 280 1 150 330 1 589 880 1 235 230 

Scenario 3e; 

Decrease λel -20 % -313 350 168 590 -373 430 221 500 -395 520 242 030 

Scenario 3f; 
Increase Cop +50% 410 650 516 550 526 460 657 450 568 710 710 160 

Scenario 3g; 
Decrease Cop -50% 467 580 573 490 583 400 714 380 625 650 767 100 

 

Table 15. The initial investment cost and the Net Present Value of solar panels, when part of the roof is covered by 
solar thermal collectors installed after its maximal production 

Project Kajen 4 Sjövikskajen Sjövikshöjden 3 
Type of panel                                      Mono Thin film Mono Thin film Mono Thin film 

(azimuth, inclination) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) (0, 40) 

Cinv [SEK] 2 910 300 1 140 620 3 793 180 1 485 230 4 177 660 1 636 180 

Scenario 3a; 
Original scenario 385 180 522 200 518 350 685 880 577 060 756 640 

Scenario 3b; 
Interest rate 5% 1 147 920 854 470 1 516 260 1 135 800 1 677 550 1 257 870 

Scenario 3c; 
Interest rate 10% -405 290 90 890 -515 830 132 650 -563 430 150 230 

Scenario 3d; 

Increase λel +20 % 1 055 660 814 910 1 392 050 1 080 240 1 539 390 1 195 350 

Scenario 3e; 

Decrease λel -20 % -285 310 144 090 -355 340 206 110 -385 270 232 530 

Scenario 3f; 
Increase Cop +50% 356 710 451 030 489 890 614 710 548 600 685 470 

Scenario 3g; 
Decrease Cop -50% 413 640 507 960 546 820 671 640 605 530 742 400 
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5 Conclusions and Further Research 

Solar thermal energy systems have a high efficiency and the lowest investment costs and are thus 

very interesting when it comes to using solar energy. A usage where the domestic hot water demand 

is covered is recommended. Whether it is beneficial to exceed the daily demand and cover the entire 

surface with solar thermal devices, thus producing more energy, depends on the possibilities to store 

the excess hot water generated. Studies of the rock caverns in Liljeholmskajen suggest they could be 

considered as storage for this excess hot water. Unfortunately a conversion of the rock-caverns isn’t 

in the interest of the owners, especially not considering the high implementation costs.  

The potential to store excess hot water would increase the possibility of using solar energy in 

Liljeholmskajen. If the excess hot water generated could be stored, the sizes of the systems on the 

buildings could be significantly increased not only generating more energy but also creating more 

effective systems. Systems today are often not considered financially feasible as they do not produce 

sufficient solar energy during periods of limited sun to meet demands. Increasing the size of systems 

means devices could be installed in a wider angle and thus capable of collecting solar energy during a 

longer period. This is important in areas like Sweden, where the solar hours are limited during long 

periods of the year. Projects which today are not considered economically viable might actually be 

workable. 

Two different categories of solar panels have been studied: thin film panels and monocrystalline 

cells. Monocrystalline cells are twice as effective as thin film panels although also about twice as 

expensive. This makes an installation of most of the existing monocrystalline cells not financially 

feasible. The employed system consequentially depends primarily on budget, the price of the 

monocrystalline panels and the available surface area. Covering the entire roof surface with 

monocrystalline cells, quite effectively meets the electrical energy demand. However, it does not 

fulfill heat energy demands. As the calculations show, it is not efficient to relinquish the high 

efficiency and profitability of thermal devices in favor of solar panels. It is thus advised to install as 

many thermal collectors as possible and then fill the remaining space with monocrystalline cells or 

thin film panels, depending on the desired output.  

In the scenarios examined in this study, only the roof was considered as an available surface, 

whereas especially thin film panels could also be installed on the facade of the buildings. Considering 

the introduction of “smart grids” and a changing energy market in Sweden which favor private solar 

energy producers, it could become very profitable to sell the surplus energy produced. Already with 

the technology of today, it is possible to cover a significant percentage of the demand. Taking into 

account the development the energy systems will most likely undergo in the near future, their 

efficiency will rise and the production costs are likely to decrease, further increasing their 

profitability. If also taking into consideration the probable increase in electricity price that will occur 

while Sweden is phasing out their nuclear power, solar energy use appears even more favorable.  

The desired output of the “best” scenario is meeting the highest percentage of the total energy 

demand. The most favorable scenario, which meets this requirement is to employ as many thermal 

devices as possible and complement the system with thin film cells. Already this scenario can 

compete with today’s energy prices. Given the high probability of a rise in energy prices, this setup is 

likely to become even more competitive. An increase in energy prices or a decrease in investment 

cost for monocrystalline cells will also make the monocrystalline cells a workable complement to the 

thermal collectors in a close future. 
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Future studies are required to improve the overall effectiveness of the proposed system. When 

increasing the number of collectors, the total energy output rises, whereas the efficiency declines. 

There are minor influences due to the size of the system, but the main factor which becomes 

noticeable here is that the collectors shadow each other. It is thus questionable if it is advisable to 

cover more than a certain surface and how large this surface would then be. Further research on this 

topic would clarify the influence of neighboring collectors, and dictate the optimum number of 

collectors.  

Furthermore, the architecture of the buildings should be taken into account for future project to 

enhance the amount of energy produced.  The buildings investigated in this report haven’t been 

designed with solar energy systems in mind. Such a design would for example include a roof that is 

built independently from the orientation of the outer walls of the building. In addition if the surface 

is plane, it should be orientated towards south. If the roof is partitioned, the different parts should 

possess different dimensions, whereas those which face southeast and southwest should be as large 

as possible and the ones facing northeast and northwest as small as possible. This would allow 

optimal placement of the collectors. To minimize the effect of collectors shadowing each other, the 

angle of every roof area to be equipped with collectors would then optimally be 45° when orientated 

towards south and gradually decreased the further away from south the roof is oriented. Passive 

houses or even net-positive buildings require a more profound planning however.  

Not only individual houses should be examined either; even a whole suburb or city could be designed 

to support an effective collection of the energy provided by solar irradiation. Tall buildings cast long 

shadows, which can block potential usable surfaces, and their placement must thus be carefully 

considered. In fact, there is little advantage to designing densely packed cities; spaces should be left 

between buildings, particularly tall buildings, in order to minimize the effect of shadows. 

The sustainability of the chosen scenario must also be investigated. The production of solar cells 

requires a considerable amount of resources such as rare metals, as well as large quantities of 

potable water. It is thus necessary to examine the corresponding environmental impact. 
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7 Appendix 

The Appendix consists of the Appendix A-C. Appendix A displays the project plan, Appendix B 

presents the roof surfaces for the analyzed projects and Appendix C presents the values used in the 

economic calculations. 

7.1 Appendix A: Project Plan  

 Week 3: Project hand out 

 Week 4: Prepare seminary 1, contact DLR, JM 

    27/1 hand in problem specification 

 Week 5: Seminary 1, meeting with Nenad (end week 5/beginning week 6) 

 Week 6: Research about solar energy devices, start with the literature study 

 Week 7: 14/2 finished with the research about solar energy devices 

 Week 7-10: literature study, prepare seminary 2, 

    7/3: hand in literature study, 9/3 seminary 2 

 Meeting with Nenad 

 Week 12-14: calculations, writing, analyzes 

 Meeting with Nenad 

 Week 15: Results and discussion of results 

 Week 16: Conclusions, Summaries in Swedish and English 

 Week 17: Corrections, disposition, read-through 

      26/4 ready to hand in the final report 

 Week 18: 4/5 official deadline final report 

 Week 19: preparing seminary 3-presentation and go through opponent’s report 

 Week 20: 15-16/5 seminary 3- presentation final report, 18/5 hand in feed-back 

      opponent's- report 

 Week 23: 11/6 hand in final report 2 

 

 

7.2 Appendix B: Roof surfaces for the analyzed projects 

Table 16. Roof surfaces of Kajen 4, Sjövikskajen and Sjövikshöjden 3 

Project Area [m²] 

Kajen 4 1899 

Sjövikskajen 1741 

Sjövikshöjden 3 1972 
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7.3 Appendix C: Costs and service life of the analyzed solar devices 

Table 17. Costs and service life of solar devices (Axelsson, 2012) 

Type: Parameter: Value [SEK]: 

Solar thermal collectors Cmaterial [SEK/coll] 5000 

 
Cinstallation + Cinfrastructure [SEK/coll] 5000 

 
Cop [SEK/yr] 2000 

 
N; Duration of the project [yr] 30 

Thin film panels Cmaterial [EUR/kWp] 0,8 

 
Cinstallation + Cinfrastructure [EUR/kWp] 0,8 

 
Cop [SEK/yr] 1000 

 
N; Duration of the project [yr] 30 

Monocrystalline panels Cmaterial [EUR/kWp] 1-2 

 
Cinstallation + Cinfrastructure [EUR/kWp] 1-2 

 
Cop [SEK/yr] 1000 

 
N; Duration of the project [yr] 25 

 


