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Abstract 

This thesis was a part of the master program in renewable energy engineering at Halmstad 

University. The aim of the thesis was to investigate the viability of smaller and bigger sized 

solar PV system in Sweden. For the simulations, two systems were considered, a 31,5-square 

meter system for both companies and consumers were the production and the profit was 

simulated for Gotland, Malmö, Lidköping, Östersund, Kiruna, Halmstad and for an average of 

the mentioned cities.  

 

The selected load for the system to cover is set to be equal to the household electricity for an 

average Swedish house, 5000 kWh/year. 

For the second simulation, the system will be designed to use the transformer and cables from 

a wind turbine to reduce the investment cost. The simulation is based on the conditions in 

Halmstad since it is where the wind turbine is located and 1113 square meters of solar panels 

will be simulated. 

 

The project also aims to give the reader more information about the different subsidies that 

can be used together with solar PV systems in Sweden to make the investment more 

appealing. 

 

It will also include a short briefing on what might be needed to be fulfilled before the system 

can be built, for example building permit and/or an environmental impact assessment. 

In the end, a comparison between polycrystalline and monocrystalline PV panels was made to 

see which one is the best choice in terms of revenue. 
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Sammanfattning 

Detta examensarbete är gjort som en del av magisterprogrammet i förnybar energi på 

Högskolan i Halmstad. Målet med arbetet var att undersöka lönsamheten för mindre och 

större solcellssystem i Sverige. För simuleringarna togs två system i beaktande, ett på 32,5 

kvadratmeter för både företag och privatpersoner där produktion och lönsamhet beräknades 

för Gotland, Malmö, Lidköping, Östersund, Kiruna, Halmstad och för ett medelvärde av de 

nämnda städerna. Den energianvändning som systemet är beräknat att täcka är satt till den 

genomsnittliga hushållselsanvändningen för en svensk villa, 5000 kWh/år. 

 

För den andra simuleringen är systemet utformat efter att använda transformator och kablar 

från ett vindkraftverk för att reducera investeringskostnaden. Simuleringen är baserad på de 

förhållanden som råder i Halmstad då det är där vindkraftverket är lokaliserat. Storleken på 

systemet som simulerats är 1113 kvadratmeter. 

 

Det andra målet med projektet är att ge läsaren mer information om de olika bidragen som 

kav fås vid investering av solcellssystem i Sverige. Rapporten innehåller även en kort 

beskrivning på vad som behöver uppfyllas innan ett system får lov att byggas, till exempel 

bygglov och/eller en miljökonsekvensbeskrivning. I slutet gjordes även en jämförelse mellan 

polykristallina och monokristallina solceller för att se vilken av dem som är bäst sett till 

ekonomisk vinst. 
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1. Introduction 
Since the middle of the 19:th century the level of carbon dioxide in the atmosphere has 

increased with about 35 percent. Because of the increased level of greenhouse gases, the 

average global temperature has increased by 0,7 degrees Celsius since the beginning of the 

20:th century. The reason for the increase of greenhouse gases in our atmosphere is our usage 

of fossil fuels such as gas, diesel coal, nature gas etc. 

  

Our forests also influence the level of carbon dioxide (CO2) since the trees absorbs it during 

photosynthesis. By lumbering the forests, the “buffer” capacity is lowered and therefore the 

carbon dioxide levels are going to be higher. (Vad händer med klimatet?) (Klimatarbete och 

koldioxidavtryck, u.d.) 

 

To reduce the consequences of the emissions the European Union has set a “goal” that the 

average temperature can increase by two degrees Celsius. To reach the target of a maximal 

average temperature increase of two degrees Celsius, the emissions must be reduced by 50 

percent by 2050 compared to the levels in 1990 and by the year 2100, be close to zero 

according to the EU. Since the 1970’s the carbon dioxide emission shows an increasing trend 

without any signs it being broken. There are however some indications that it would be 

possible with today’s technology to reduce the emissions enough. (Vad händer med klimatet?) 

(Klimatmål för att stoppa global uppvärmning, 2016) 

 

To reduce the global warming the European Union (EU) has set some climate targets. The EU 

has set four climate targets till the year 2020, called the 20-20-20 target, which aims to: 

 

• Reduce the greenhouse gas emissions by 20 percent compared to the levels in 1990. 

• 20 percent of all energy consumption shall come from renewable sources. 

• Reduce the energy consumption with 20 percent. 

• Increase the usage of biofuels in the transport sector to 10 percent. 

 

 

With the solar energy that hits the earth being 10 000 times bigger than our current needs. 

(Andrén, 2011) Knowing this solar energy seems like the best investment option, especially 

with declining prices, but are they a good investment for the Swedish households and for 

companies?  
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1.2 Purpose 
The purpose of this thesis is to evaluate if it is economically profitable to invest in solar PV 

cells for consumers and companies as well as describing what needs to be fulfilled before the 

system can be constructed.  

 

1.3 Limitations 

• Only one size wind turbine will be a part of the analysis. 

• Solar collectors will not be a part of this project. 

• An environmental impact assessment will not be done on any of the theoretical 

systems. 

• The calculations will not consider off grid systems. 

• The losses in the DC cable will not be a part of the simulations, nor will the losses in 

the 10 kV distribution cable be calculated. 

• Only poly- and monocrystalline PV panels will be considered for the calculations. 

• The project will only consider the economy of the system, therefore, the installation 

cost will not be included. 

 

 

1.4 Question formulation 
Solar PV cells generates electricity at a low efficiency but with the decrease in prices during 

recent years, are they a profitable investment for companies and consumers? There are 

multiple factors that have an impact on if a solar PV system is profitable or not. The 

efficiency of the components and the orientation and angle of the PV panels are examples of 

that, but how much do they affect the profit of the system? Depending on how much of the 

yearly electricity consumption the system is designed to cover, it could result in an 

overproduction during summer. If the system is grid connected the overproduction could be 

sold to generate extra revenue but will it decrease the pay-off time or will the feed in tariffs, 

make the system an expense? 

 

1.5 Method 
For this project, a pilot study done to get deeper knowledge on solar energy and how grid 

connected solar PV system works. Data for solar radiation, type of solar cells, prices etc. were 

gathered from various websites and used for the production and economic analysis. The 

analysis was made in Microsoft Excel to link all the parameters together so a sensitivity 

analysis could be done in the end to see how each part affects the entire system. To check the 

reliability of the calculation, the systems were simulated with the PVGIS (Photovoltaic 

Geographical Information System) calculator and with PVsyst which is a photovoltaic 

software. 
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1.6 Systems 
The first system will consist of 31,5 square meters of PV panels and is simulated for six 

different cities in Sweden to get a rough average of the production and economical aspects in 

Sweden. This model will then be used for the sensitivity analysis. 

 

The second theoretical system will be simulated with a wind turbine in Halmstad. 

The benefits from this system is that it would use the same cables as the wind turbine, which 

means that the investment cost will be lower. Because there is a slight negative correlation 

between wind and solar power, the solar cells would be producing more electricity on a cloud 

free day while the wind turbine would produce less and vice versa. 

 

The location that will be used for this theoretical solar PV system is Kistinge, since there is 

one wind turbine left standing with a building next to it on a big field. Both the roof of the 

building and the field could be suitable for solar PV cells. The size of the system will not only 

be limited to the land area but rather to the dimensions of the transformer between the wind 

turbine and 10 kV grid.  
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2. Theory 
2.1 Swedish electricity market 
The Nordic countries have a common marketplace for electricity trading, Nord Pool Spot. 

Sweden, Denmark, Norway, Finland, Estonia, Latvia and Lithuania are the countries that are a 

part of this exchange market. Nord Pool was created in Norway in 1993 and Sweden joined 

the market when the Swedish electricity market was deregulated in 1996. The shared market 

is owned by each of the member countries transmission grid owners, which in Sweden is 

Svenska Kraftnät. (Swedish Energy Markets Inspectorate, 2017) The reason to have a 

common market place was to make the electricity cheaper due to competition as well as 

making better conditions to use recourses more effectively. Some of the operators on the 

electricity market are producers, trading companies, balance responsible companies, grid 

operators and end users. However, the end users cannot choose to buy their electricity from 

other Nordic countries, they only have the option to buy their electricity from producers 

located in their country. (Energimarknadsbyrån, u.d.) (Elin Brodin) 

 

When it comes to the price of the electricity there are several factors that are involved. The 

weather can have a significant impact on the prices, during mild winters less electricity is 

needed for heating. If the demand on the electricity decreases the price will follow and get 

lowered as well. (Så här fungerar elnätet, u.d.) In Sweden, hydro power is used as both as a 

base together with nuclear as well as being use for regulating the power since the water flow 

to the turbines is easy to control. During dry years when the temperature can be higher than 

normal and with very little rain and snowfall, the water in the dams will be lower than normal 

which will result in higher prices for the electricity. Wind and solar power are also dependent 

on the weather, at low wind speeds the production from the wind turbine will decrease which 

also could affect the prices. (Så utvecklas elpriserna under 2017, 2017) (Elmarknaden just nu 

- Elavtal vi rekommenderar, u.d.) 

 

The prices for fossil fuels such as oil and coal will also affect the prices even though they are 

not used to a bigger extend when producing electricity in Sweden or in the other Scandinavian 

countries. In other parts of Europe that do not have the same resources as for example 

Norway and Sweden when it comes hydro power or other renewable sources, fossil fuels are 

used to a bigger extent. With underwater cables the Nordic countries can both sell and buy 

electricity from other European countries when there is a demand for it, which is why the 

prices of fossil fuels could affect the prices in countries that do not use it to a bigger extent in 

their production. (Så här fungerar elnätet, u.d.) 
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2.1.1 Consumption 

The end usage of the supplied energy can be divided into three groups: 

 

1. The industry sector which mostly uses bio fuels and electricity for different processes. 

2. Transport sector which includes cars, trains, ships, air traffic etc. which run on 

electricity, bio fuels, fossil fuels such as gas, diesel, jet fuel etc. 

3. Housing and services which uses electricity, fossil fuels, district heating etc. 

(Energiläget 2015, 2015) 

 

The electricity usage in Sweden is rather high compared to other countries, 15000 kWh per 

year per citizen. The reason that the electricity usage in Sweden is so high is due to the 

electricity intensive industry as well as the need for heating during the cold winter months due 

to Sweden’s locations. (Lindholm, 2017) 

 

During 2016 the total electricity usage in Sweden was 140 TWh where the industry sector 

stood for 50 TWh, the transport sector for 3 TWh and the housing and service sector for 72 

TWh. (Holmström, 2017) 

 

 

 
Figure 1. The electricity usage in Sweden during 2016 divided by category. (Holmström, 2017) 
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The reason for why the sectors housing and services and industries has such big shares of the 

total usage is mostly because the cold Swedish climate and that the industries uses electricity 

intense processes. One of the reasons to why the industries have been getting more and more 

electrified is because of the prices of fossil fuels have increased. In both housing and services 

and industries the electricity usage has also increased due to the increased use of computers 

and automation. (Holmström, 2017) 

 

 

 
Figure 2. Variation in the electricity usage in all three sectors from 1970 to 2016. 

 

 

2.1.2 Production 

In Figure 3 below, with data from Energimyndighetens Excel file “Energiläget i siffror 2017”, 

the electricity production by source is described. The production is dominated by hydro and 

nuclear power which are the base power in Sweden. Besides being used as base power, hydro 

power is also used to regulate the power. The data also show that during the last couple of 

years, wind power has shown the biggest increase in energy production. The total production 

from solar PV cells in Sweden during 2015 was 0,1 TWh with a total market share of 0,1 % 

(Lindahl, 2016), however, this is not shown in the graphs below. 
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Figure 3. Sweden’s electricity production per source from 1970 to 2014. 

In the beginning of the nineties, off-grid PV installation where the more common type of 

system compared to grid connected ones. After 2010, grid connected systems started to take 

over the market, showing a yearly increase of about 50 – 100 % from year to year according 

to Figure 4. 

 

 
Figure 4. The increase of peak power from solar PV cells divided into four markets. 
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2.2 Solar energy 

2.2.1 Energy from the sun 

Our sun, which is our closest star, was formed 4,6 billion years ago. It has a mass of about 

1989 * 1030 tons and consists of 71 %, 27 % and 2 % of hydrogen, helium and some other 

elements. The energy that is emitted from the sun is a result of fusion, a process where 

hydrogen and helium are fused together. After this process, the helium atom becomes lighter 

and the difference is emitted as electromagnetic radiation.  

 

 

The power if the radiation that is emitted is 

3,8*1026 W but even though only a fraction 

of the radiation hits earth (170 * 1012 W), it is 

more than 10 000 time of the worlds energy 

consumption. (Andrén, 2011) (Chandler, 

2011) 

 

The amount of solar radiation that hits the 

outer rim of the earth’s atmosphere is called 

the solar constant and is around 1366 W/m2. 

This value is however just an average 

because the earth rotates around the sun in an 

elliptic course with a distance difference of 

1,5 percent. Of the 1366 W/m2, about 1000 

W/m2 reaches the ground, the rest is reflected 

into space or absorbed by ozone, carbon 

dioxide, oxygen and water vapor in the air.  

 

The intensity of the radiation varies by 

season which is not determined by the 

distance between the sun and the earth as one 

might think. Instead it depends on the angle 

of the earth’s axis that it spins around in 

relation to the axis it rotates around the sun. 

In Sweden, it is summer when the north pole 

is the closest to the sun and winter when it is 

the furthest from the sun. During winter the 

sun will stand low during the day which 

means that the energy will spread over a 

larger surface and it will stand higher during 

summer. (Andrén, 2011) (Solstrålning, 2007) 

 
 

Figure 5. Yearly solar radiation in Sweden 

 (source: SMHI, with their permission to use the image). 

 (Normal globalstrålning under ett år, 2017) 
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2.2.2 Direct and diffuse radiation 

The solar radiation that reaches the surface can be divided into either direct or diffuse 

radiation. Direct radiation is when the sun rays travels directly to the surface. About 45 to 65 

percent of the solar radiation in Sweden is diffuse which occurs when the sun rays get 

reflected in clouds for example and reaches the surface at an angle that deviates from 90 

degrees. Even though there are less energy in diffuse radiation compared to direct, electricity 

or heat can still be produced on a colder cloudy day. 

 

Some maps that shows the global radiation over a geographical area, show the global 

radiation which is divided into the two components mentioned above, direct and diffuse 

radiation. (Solstrålning, 2007) (Solinstrålning, u.d.) 

 

 
Figure 6. Direct and diffuse radiation (Design: Jonathan Wollein inspired by Kondrad Mertens). 

 
2.3 Solar PV cells 
Solar PV (photovoltaic) cells has been used since the 70´s in Sweden and has during the last 

couple of years shown a significant increase in terms of installed power. In the beginning, off-

grid systems where the most common ones to use but have lately slipped behind grid 

connected systems. The reason for the shift is that the technology has become cheaper as well 

as economical support given from the state. (Solceller, 2016) 

 

2.3.1 Types of solar PV cells 

There are different types of solar cells with different properties. The most common types of 

solar cells used today are polycrystalline or monocrystalline PV cells and thin film cells. 

 

2.3.1.1 Monocrystalline solar cells 

This type of solar cell has the highest efficiency and is the most developed since it is the 

oldest technology of the three types mentioned above. The wafers of the solar cells consist of 

multiple single crystal structured bars which creates more room for the electron to move 

which gives it a higher efficiency than polycrystalline cells. Because of the higher efficiency, 

monocrystalline cells are also more space efficient. The structure of the silicone also gives the 

panels a longer life cycle as well as the degradation of the cell being lower compared to 

polycrystalline cells. In practice, this difference is rather small. 

 

A disadvantage of this type of panel is that a lot of the silicon becomes waste during the 

manufacturing process, which is why prices for this type of cells are generally higher than 

their polycrystalline counterparts. (Sidén, Förnybar energi, 2009) (Sendy, 2016) (Mono vs. 

Poly solar panels explained, u.d.) 
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2.3.1.2 Polycrystalline solar cells 

The wafers in polycrystalline cells are made of many silicon fragments, instead of one, that 

are melted together. Each cell consists of several crystals which reduces the room for the 

electrons to move, giving this type of panel a slightly lower efficiency than monocrystalline 

ones. In the beginning, polycrystalline cells were seen as inferior to monocrystalline due to 

the lower efficiency but have become the most used type of cells on the consumer market. 

The reason for this is the efficiency being just slightly lower in conjunction with lower prices 

because of the manufacturing process. The efficiency of this type of panels are typically 14 – 

16 percent. (Sidén, Förnybar energi, 2009) (Sendy, 2016) (Mono vs. Poly solar panels 

explained, u.d.) 

 

2.3.1.3 Thin film solar cells 

Thin film panels are a newer type of solar panels compared to the two mentioned above. This 

type of solar cell consists of a thin light sensitive material attached to a piece of glass. 

Compared to the other two, thin film cells have a much lower efficiency, which means that 

they need a bigger area to generate the same amount of energy as the other two. The price for 

thin film cells are however lower which mean that they could be economically efficient. The 

temperature and shading does not affect the production as much as with crystalline cells, 

which is another advantage with this type of cell. (Sidén, Förnybar energi, 2009) (Sendy, 

2016) 

 

2.3.2 Function of a solar PV cell 

Some materials absorb photons when they are struck with light and then release electrons, this 

is called the photoelectric effect. This effect was discovered in 1839 but it was not until 1954 

the first PV module was created. Because of the price to create a PV module was too high, 

they did not gain much use until the 1960´s. In the 1960’s solar cells became more interesting 

to use in space crafts as the technology got better the prices got lower. Even though PV cells 

maybe where most recognizable in space programs they gained recognition outside of it in the 

70´s during the oil crisis. (Knier, 2008) 

 

A solar cell consists of five “layers”: 

 

• Covering glass with or without anti-reflective coating that reduces reflections. 

• Front contact. 

• N-doped semi-conductor, for example silicon. Silicone has four valence electrons and 

by substituting an atom with five valence electrons, there will be one free electron to 

move around since the valence shells of the atoms in the crystals are full. If enough 

atoms in the crystal are substituted, it will become conductive. 

• P-doped semi-conductor. When P-doping silicon, atoms with three valence electrons 

are added to the crystal. Since there are only seven electrons in the valence shells, the 

atoms will attract electrons to fill the hole to acquire an inert gas structure. Just as the 

N-doped material, the P-doped will also become conductive. 

• Back contact. 

 (Knier, 2008) (Solcellfakta, u.d.) 
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Figure 7. The parts of a solar PV module. (Design: Mikael Holmberg with permission to use the image) 

 

As stated above, silicone on its own is not a very conductive material, therefore it needs to be 

“doped”, adding impurities, which makes it conduct a current. For the N-doped side, 

phosphorus is usually used and boron for the p-doped side giving the sides a negative and 

positive charge respectively. The resulting surface between the two is called P-N junction 

which only makes it possible for electrons to move from the P to the N side. When the cell is 

exposed to sunlight, electrons gets knocked loose in both the P and N side. The loose 

electrons then want to move from the N to the P side, however the junction prevents this from 

happening. Connecting a load to the front and the back contact will allow the electrons to 

flow from the N to the P side while work is accomplished. (How Solar Panels Work, 2015) 

 

Since a solar cell made of crystalline silicone only produce around 0,5 - 0,6 V, multiple cells 

can be connected in series to get a higher output voltage, this is called a module. For a 12 V 

module 33 or 36 cells can be connected and voltage under load for a 12 V module is around 

15 V.  The current output of a solar cells depends on its size where a cell made of crystalline 

silicone can have an output of around 25 to 30 mA/cm2. Depending on the needs in terms of 

voltage and the size of the current, multiple modules can be connected either in series or 

parallel in an array. (Knier, 2008) (Solcellfakta, u.d.) (Andrén, 2011) (Sidén, Förnybar energi, 

2009) 

 

Crystalline solar cells are said to have a life length of 20-30 years; however, they are most 

likely to continue to work and generate electricity after their claimed life span. The 

production from the module will however get lower since the solar cell is degraded and the 

performance is reduced with about 1 percent per year. (Drift och underhåll av 

solcellsanläggningar, u.d.)  
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Figure 8. Efficiency decrease of crystalline solar cells. 

As illustrated in the graph above, the degradation of a solar cell during its lifetime is almost 

linear. By calculating the equation for the trend line, the formula can be used to give a close 

estimate on what the efficiency will be at a certain year. Looking at the graph, the production 

of the solar cell after 20 years is about 81,8 percent of original performance and about 74 

percent after 30 years. 

 

The linear equation for calculating the efficiency can be described as in equation 1 below. 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  −0,8457𝑥 + 99,975 

(Eq. 1) 

x = the specific year of which the efficiency is calculated for. 

 

The efficiency of a solar PV cell also depends on the ambient temperature as it will affect the 

operating temperature of the solar panel. It could be reasonable to think that the efficiency of 

a solar cell would be higher during a warm summer day than during winter, however it is the 

opposite. As the temperature in the panel rises, the efficiency will decrease and wise versa. 

How much the efficiency will decrease depends on the type and material used since they have 

different properties. In the datasheet for the solar panel, the manufacturer includes a value of 

how much the efficiency decreases by a temperature increase of 1 degree Celsius starting at 

25 degrees Celsius, which is the Standard Test Condition (STC) temperature. This 

temperature coefficient of PMax, is usually given in a negative percentage and for both mono- 

and polycrystalline PV cells the coefficient is between -0,45 percent and -0,5 percent per 

degree Celsius. For thin film PV cells the coefficient is between -0,2 and -0,25 percent per 

degree Celsius. (The Impact of Temperature on Solar Panels, u.d.) (Waco, 2011) (David L. 

King, 1997) 
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Figure 9. How the performance of three different solar PV modules changes depending on the operating temperature of the 

module. 

 

 

Since the technology is the same for solar panels mounted on the roof of a normal house and 

those used in bigger plants with thousands of modules, the efficiency will be the same. 

However, more of the electricity that is produced by the solar panels on the residential home 

can be used for useful work since the production will be closer to where the electricity is 

consumed. The reason for this is that a production further away requires longer cables to 

transfer the electricity, which means that the resistance will increase and so will the heat 

losses. (Sidén, Förnybar energi, 2009) 
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2.3.3 Shading 

Where and how the solar cells are installed could have a negative impact on the systems 

performance which will make the investment less profitable. When the intensity drops, the 

current output of the cell drops with it which reduces the performance. In the data sheets for 

the solar panels, characteristic curves can be found that describes the power reduction of the 

module at different intensities by an I/V-curve. 

 

 
Figure 10. Example of how the intensity affects the current. 

To avoid production losses, the panels should be installed, if possible, to avoid shading from 

trees, other buildings etc. The panels could also affect each other if they are installed in rows, 

because of this, the distance between each row should also be considered to avoid the panels 

shading each other. 

 

 
Figure 11. Solar panels shading each other due to short distance between them. 

 

 

Figure 12. With a larger distance between the modules, the shading problem can be minimized. 

 

During times when the sun stands lower in the sky, the angle between the sun rays and the 

horizontal plane will decrease which increases the shading the panels can cast on each other. 
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2.3.3.1 Bypass and blocking diodes 

To reduce the power losses due to shading, the cells in a module can be equipped with a 

parallel bypass diode (usually a group of cells share a blocking diode due to cost). Current 

flows from a higher voltage to a lower voltage and taking the path with less resistance. When 

a cell gets shaded, the current must flow through the cell with a lower voltage causing it the 

heat up resulting in power losses. By using a bypass diode, the current can then be routed 

around the cell, taking a path with less resistance. 

 

If multiple modules are connected in series, external bypass diodes can be used to prevent the 

current from being led back through the shaded panel which would cause it to lose power due 

to overheating. (Bypass Diodes in Solar Panels, u.d.) (Beaudet, 2016) 

 

To prevent the current flowing from in from one string to another and to reduce losses due to 

shading, blocking diodes are used. In off-grid system they also serve another purpose, to 

prevent the current flowing from the batteries to the solar panels, discharging the batteries. 

(Bypass Diodes in Solar Panels, u.d.) (Beaudet, 2016) 

 

 
Figure 13. Connection with bypass diodes (purple) and blocking diodes (gray) (Design: Jonathan Wollein inspired by 

ElectronicTutorial – Bypass Diodes in Solar Panels). 

 

2.3.4 Types of installations  

How the solar PV systems are installed and used can be divided into two main categories and 

four sub categories. The first main category is grid connected systems which means that the 

electricity produced by the solar PV cells that are produced at location A are distributed via a 

grid to the user/users at location B. If the electricity is sold on the grid to different users, it is 

called a distributed grid connection and a centralized grid connection if the electricity is 

produced and distributed to a specific user.  

 

Compared to off-grid systems, grid connected ones are a cheaper investment by 30 – 40 

percent since there is no need for any batteries to store the energy. Depending on the location, 

for example a field, a smaller grid from the solar panels may have to be built so the electricity 

can be distributed, which will drive up the costs.  

 

The second group is off-grid systems, which as the name suggests, are not grid connected. 

Instead the electricity can either be used directly when it is produced or stored in batteries. 

This type of system can for example be used in cabins or trailers that are not grid connected. 
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Usually the electricity is stored in batteries in various sizes depending on the usage and/or to 

have enough capacity to store electricity for a few days of usage if the production is lower due 

to bad weather. 

 

Off grid systems can also be divided into two sub categories, domestic and non-domestic. 

(Lindahl, 2016) (Woofenden, 2009) 

 

 

 

 
Figure 14. Categories and sub categories of solar cell systems. 

 

2.3.4.1 Grid connected systems 

Solar PV modules 

A solar PV system can consist of one or more modules that can be connected in arrays, either 

in series, parallel or a combination of both to generate the desired voltage and current. 

(Installationsguide - NätanslutnaSolcellsanläggningar) 

 

Cables 

A solar PV system can generate high current and with increased current the resistive losses 

increase which means that it is important to keep the distances between components as short 

as possible. The size of the cables between the modules and the inverter are dimensioned so 

that the losses do not exceed three percent at standard load. (Installationsguide - 

NätanslutnaSolcellsanläggningar) 

 

Since power output of a component can be described as the voltage times the current and the 

resistance can be described as the voltage divided by the current, the losses over a component 

can be described as the voltage drop over the component times the current. 

 

𝑃𝑙𝑜𝑠𝑠 = 𝑈 ∗ 𝐼 =
𝑈2

𝑅
= 𝐼2 ∗ 𝑅 

(Eq. 2) 

 

The resistance, and there for the losses, do not only depend on the material, area and length of 

the cable, it also depends on the temperature of the cable. The higher the temperature gets the 

higher the losses will be which is described for copper and aluminum in equation 3 below. 
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𝑅2 = 𝑅1 ∗
235 + 𝑇2

235 + 𝑇1
 

(Eq. 3) 

(Sidén, Formelsamling ELKRAFTSYSTEM FK, 2001) 

 

The temperature of the cables depends on its surroundings. For overhead cables, the 

temperature gets affected by the weather and cables in the ground depend on the composition 

of the soil. The losses for buried cables could also increase over time since the heat from the 

cables could dry out the soil which would lead to the thermal conductivity being reduced. 

(Munther) 

 

 

Junction box 

If there are multiple strings, or in other words, several parallel panels, they are connected in a 

junction box before the inverter. The junction box also contains fuses, blocking diodes and 

overvoltage protection. If there are more than three parallel strings, each of them should 

contain a blocking diode so the system can run if one of the strings would malfunction. 

(Installationsguide - NätanslutnaSolcellsanläggningar) 

 

AC inverter 

Before the AC (Alternating Current) inverter a DC (Direct Current) switch is installed so the 

solar panels can be disconnected for service etc. It is important that the switch is not operated 

under load since it could result in a fire caused by sparking. 

 

A solar PV system can consist of one or more parallel connected inverters and they have two 

jobs. The most important one is to convert DC current to AC current, during this conversion 

some of the energy becomes heat losses. The Swedish energy agency has reviewed nine 

different AC inverters and the efficiency tend to be around 95 percent. 

 

The second most important task that the inverter has is to put an optimal load on the solar 

cells so the production becomes as high as possible. By choosing the wrong inverter the solar 

panels could end up under performing so it is a good idea to consult with the seller or 

manufacturer of the parts or system. 

 

The frequency of the current is decided by the frequency on the electrical grid which is 50 Hz 

in Sweden. Because the inverters contain non-linear components, for example diodes and/or 

thyristors, the AC current that it produces will deviate from sinus. This means that the output 

will contain harmonics. The harmonics are reduced by a filter so the output gets as clean as 

possible. 

 

When projecting a solar cell system, it could be wise to choose a larger inverter if the system 

is planned to be expanded in the future with more modules since the inverter decides the size 

of the system. The life span of an inverter is about half of that of a solar cell, 15 years which 

means that it probably needs to be exchanged once during the solar panels life time. For 

service and maintenance, a AC switch needs to be installed after the inverter so it can be 

disconnected from the grid. The inverter usually has a built-in transformer so the output 

voltage is the same as the grid voltage. (Installationsguide - NätanslutnaSolcellsanläggningar) 

(Drift och underhåll av solcellsanläggningar, u.d.) (Solceller växelriktare, 2015) 
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Transformer 

Transformers are an important component in the electrical distribution system that can 

increase or decrease the voltage so that losses in the grid can be reduced or to fit a certain 

application. Transformers come in various sizes depending on what it will be used for. High 

power transformers are usually rated over 1 kVA for single phase transformers and above 5 

kVA for three phase transformers. (Alfredsson, 2011) 

 

Electricity meter 

An electricity meter is installed in the system to measure the production of the system. Even 

though the inverters can register the energy, the electricity gives the total production and most 

of them can also remotely show the production. (Sidén, Förnybar energi, 2009) (Drift och 

underhåll av solcellsanläggningar, u.d.) 

 

2.3.5 Installation and operation 

This subchapter will focus on installations on buildings, for bigger installations on fields, see 

chapter 2.5 “Environmental impact assessment”. Before the installation can begin, the owner 

needs to get a building permit if needed depending on how the system is mounted as well as 

informing the grid owner. When projecting for a building mounted system, it is important to 

take in to account the extra load the system puts on the building. It is not only the weight of 

the system that can cause problems but also the wind that can create extra stress depending on 

how the modules are mounted. For performance purposes, it is desirable to have an air gap 

between the modules and the mounting surface so the heat from the panels can be ventilated 

away easily. 

 

Depending on the couplings design, the system can produce high voltage and high current 

which means that the installation must be made by an electrician. Because of the high voltage 

and current, the system could be a potential fire hazard and result in injuries. 

When the system is completed, the grid owner needs to give their permission before the 

system can be phased in to the grid. 

 

(Installationsguide - NätanslutnaSolcellsanläggningar) 

 

2.3.6 Electricity production 

The production of a solar cell can be roughly calculated by multiplying the energy per square 

meter from the sun with the area of the solar cell and its efficiency, which gives the simple 

equation: 

 

𝑊𝑃𝑟𝑜𝑑. = 𝑊𝑠𝑢𝑛 ∗ 𝐴 ∗ 𝜂 

(Eq. 4) 

 

According to the relation above, the production is directly proportional with the solar 

radiation. If the solar radiation would be double from the previous day, then the production 

will get doubled as well. 

 

In equation 5 below, some additional factors for the orientation from south (azimuth), the 

angle of the panel, the efficiency if the inverter(s) and a factor for batteries if the system is a 

standalone system are considered. 
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𝑊 = 𝑊0 ∗ 𝐴 ∗ 𝜂 ∗ 𝐾1 ∗ 𝐾2 ∗ 𝐾3 ∗ 𝐾4 

(Eq. 5) 

W0 = The radiations on the site 

A = Area of the PV cell 

K1 = Tilt factor 

K2 = Orientation factor 

K3 = Inverter factor 

K4 = Battery factor 

 
Table 1. Tilt and orientation factors for solar PV modules. 

Tilt factor 
Angle between the 

module and the 

horizontal plane [°] 0 15 25 35 45 55 65 75 90     

Loss factor 0,79 0,9 0,96 0,99 1 0,98 0,94 0,87 0,74     

  

Oriantation factor 

Orientation from south 

[°] 0 20 40 60 80 90 100 120 140 160 180 

Loss factor 1 0,99 0,95 0,88 0,79 0,75 0,7 0,6 0,5 0,43 0,4 
 

 

The inverter factor is the same as the efficiency of the inverter which can be acquired from 

the data sheet for the inverter. For standalone systems that uses battery as a storage, a battery 

loss factor should be considered since the losses could be substantial depending on the battery 

type since the factor could vary from 0,65 from nickel/cadmium to 0,9 for lithium/ion type 

batteries. (Sidén, Formulas, 2016) 
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2.3.7 The possibilities for solar cells in Sweden. 

Sweden is a long, thin country with its northern parts inside the arctic circle. The map on page 

12 describes the yearly global radiation in Sweden and depending on the location the energy 

from the sun varies from 1050 kWh/m2 down to 750 kWh/m2. In the table below, a few cities 

where chosen to compare the conditions between them with data retrieved by the PVGIS 

calculator. The table and graphs below shows the energy from the sun per square meter that 

hits a plane at the optimal fixed angle which are 41°, 41°, 43°, 43°, 49° and 42° for Gotland, 

Malmö, Lidköping, Östersund, Kiruna and Halmstad respectively. For Kiruna, the PVGIS 

calculator do not give any December value which will have a smaller influence on the result 

later. 

 

 
Table 2. Solar radiation per square meter and month for a few cities in Sweden obtained by PVGIS's calculator. 

  

Gotland 

[kWh/m2] 

Malmö 

[kWh/m2] 

Lidköping 

[kWh/m2] 

Östersund 

[kWh/m2] 

Kiruna 

[kWh/m2] 

Halmstad 

[kWh/m2] 

Average 

[kWh/m2] 

Jan 26,5 34,4 23,3 18,7 19,4 33,5 25,9 

Feb 44,2 51,2 45,4 54,0 56,8 52,4 50,7 

Mar 124,9 132,4 123,1 101,4 113,8 129,6 120,8 

Apr 163,5 173,1 151,8 128,7 159,9 166,5 157,3 

May 191,6 186,6 170,8 159,3 163,1 183,2 175,8 

Jun 186,9 185,1 166,5 157,5 154,2 179,7 171,7 

jul 172,1 184,5 154,1 148,2 142,9 177,9 163,3 

Aug 151,3 164,3 140,4 118,1 111,6 159,3 140,8 

Sep 118,8 136,2 115,2 81,9 79,8 125,4 109,6 

Oct 66,7 88,4 71,3 53,6 46,8 77,5 67,4 

Nov 31,2 37,5 32,7 27,3 16,0 37,2 30,3 

Dec 22,3 22,5 21,0 10,6 0,0 25,4 17,0 

Total 1299,9 1396,1 1215,5 1059,4 1064,3 1347,6 1230,5 

Map 1050 1025 1000 900 800 1000  

 

 
Figure 15. Monthly solar radiation per month in six Swedish cities. 
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As previous stated, the production is directly proportional to the solar radiation and with the 

yearly average between the cities with the highest and lowest (Malmö and Östersund), the 

yearly production will be about 24 percent higher in Malmö. 

 

During winter, the production will be lower due to the intensity of the irradiance and the 

number of hours the sun is up. In the graphs below, the average daily irradiance for Halmstad 

during January and June is shown, obtained by the PVGIS calculator. 

 

 
Figure 16. Irradiance in January for Halmstad. 

 

 

 
Figure 17. Irradiance for June in Halmstad. 
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2.4 Economy 

2.4.1 Subsidy from the state 

In Sweden, companies, public organizations and consumers can apply for subsidy from the 

Swedish state when investing in solar cells that are grid connected. The first of January 2015, 

the government set a roof for the subsidy to 30 percent of the total investment for companies 

and 20 percent for public organizations and consumers. During the period 2016 – 2019, the 

government decided to invest 1395 million SEK for the subsidy, 225 million in 2016 and 390 

million per year from 2017 to 2019. However, with falling prices for solar cells, the interest 

for solar cells have grown so large that the subsidy will not be enough for everyone. Because 

of this it will only be given if there is capital left for it. 

 

To avoid the problem that a few gets it all, another roof is set so the maximum capital that one 

can get is a maximum of 1,2 million SEK. For others than companies that applied for the 

subsidy before the first of January 2015, the older rules apply, which means an investment 

cost reduction of 35 percent instead of 30 percent. 

 

Companies that applies for the subsidy from the state need to do it before the construction of 

the system and for consumers, maximum six months after the construction has begun and it 

cannot be used together with the ROT subsidy. 

 

To apply for the subsidy, a form needs to be filled and sent the county administrative board 

which can be found on their webpage.  (Stöd till solcellssystem, u.d.) (Solceller, u.d.) (Stöd 

till solcellssystem, u.d.) (Solcellsbidrag, u.d.) (Gustafsson, 2015) 

 

2.4.2 ROT subsidy 

Unlike the subsidy from the state which is based on the investment cost, the ROT subsidy is 

based on the job needed to install the system. The ROT subsidy is not applied for, instead, the 

company that does the job gives the discount directly on the invoice. For the performed work, 

a maximum of 30 percent can be given and a maximum 50 000 SEK per person and year. 

Since the subsidy depends on how high taxes a consumer has payed and what other subsidies 

that have been used, not everyone is entitled to the subsidy. (Stöd till solceller, 2016) (Rot- 

och rutarbete, u.d.) 

 

2.4.3 Tax reduction 

Those who produce more electricity with solar, wind or hydro power than they use can, if 

they sell the over production to the grid, get a tax subsidy. For every kWh of electricity that is 

distributed to the grid the producer of the electricity can get 0,6 SEK per kWh. However, the 

system has two restrictions. The producer can only get a maximum reduction of 18 000 SEK 

per year and will not get subsidy for an overproduction that is higher than the bought energy. 

For example, if a consumer buys 10 000 kWh of electricity and distributes 15 000 kWh, the 

reduction will only apply for the 10 000 kWh and not for the overproduction of 5000 kWh. 

(Stöd till solceller, 2016) 
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2.4.4 Electricity certificate 

Sweden and Norway has, since the first of January 2012, a common market based support 

system that aims to increase the production of renewable electricity. The target set by the 

common market is to, from 2012 to 2020, increase the renewable electricity production with 

28,4 TWh. Some of the energy sources that are covered by the electricity certificate are, solar, 

wind and to some extent hydropower and bio fuels. 

 

After a plant gets approved for electricity certificate it gets one certificate per produced MWh 

of electricity and can later be sold to generate an extra income. Seeing as it is a market based 

system the demand will vary and therefore the price and in turn, the profit. 

(Elcertifikatsystemet, 2017) (Elproducent, 2015) 

 

Svenska Kraftmäkling is one of the oldest brokerage companies acting on the Nordic market. 

With data from their site skm.se, the average price for an electricity certificate from the year 

2005 to 2016 was calculated to 168 SEK. (Svensk Kraftmäkling, u.d.) 

 

 
Figure 18. Yearly average price for an electricity certificate. 

  

2.4.5 Selling electricity 

To generate income, both companies and consumers can sell their electricity to either the grid 

owner or electricity trading companies. The prices for the electricity depends on the terms that 

the grid owner has and the prices that they usually have are around 0,1 to 0,5 SEK per kWh. 

To sell electricity to the grid, one must VAT (Value Added Tax) register but if the revenue is 

lower than 30 000 SEK per year the sold electricity is VAT free. If the revenue exceeds 30 

000 SEK than a VAT of 25 percent will be added. (Stöd till solceller, 2016) 

 

The price of the electricity depends on the demand and varies from hour to hour. In daytime 

during work days the electricity price is usually higher because of the higher demand from 

industries. The prices go down during the evening when the industries are closing for the day 

and the demand decreases. Nord Pool sets the electricity price and the average spot price 

during the time period 2007 to 2016 is 0,35 SEK per kWh. As seen in the graph below, the 

prices can vary a lot with the lowest price being 85 SEK per MWh in July 2015 up to 932 

SEK per MWh in February 2010. (Historiska spotpriser på el, u.d.) 
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Figure 19. Yearly average spot prices for electricity. 

 

 

 
Figure 20. Example of how the total usage can vary by the hour plotted from the data in Svenska Kraftnäts .xls- file 

"förbrukning och tillförsel per timme i normaltid". 

 

For the second analysis, the price for the sold electricity will be set to 0,359 SEK/kWh since 

Halmstad Energi och Miljö buys the electricity for the spot price minus 0,02 SEK/kWh. 

(Josefsson, 2017) Adding the compensation for the fed in electricity (See chapter 2.4.6 

Tariffs). 
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2.4.6 Tariffs 

The tariffs for selling electricity to the grid varies between the grid owners, for micro 

producers (<43,5 kW). Most grid owners take a fixed cost per year or charge nothing for 

selling electricity. For those who have a fixed yearly fee, the price varies 384 SEK/year and 

20 000 SEK/year. (Gåverud, 2014) 

For Halmstad Energi och Miljö, the tariffs are as following. 

 
Table 3. Feed in tariffs for Halmstad Energi och Miljö. (Inmatningsabonnemang, 2017) 

Voltage 400 V 400 V 10 kV 10 kV 

Tariff Max 43,5 kW >43,5 kW Max 1,5 MW >1,5 MW 

Fixed cost  1500 SEK/year 1500 SEK/year 16 000 

SEK/year 

Subscription 

cost 

   78 

SEK/kWh,year 

Compensation 

for the 

electricity 

(nätnytta) 

0,05 SEK/kWh 3,1 SEK/kWh 2,9 SEK/kWh 2,9 SEK/kWh 

 

A system that sells electricity to the gird can get a compensation from the grid owner for the 

fed in electricity since it will reduce the losses in the grid. The compensation usually 0,02-

0,07 SEK/kWh, for Halmstad Energi och Miljö the compensation is 0,029 SEK/kWh. 

(Nätnytta- Ersättning Från Elnätsföretaget, u.d.) 

 

2.4.7 Economy calculations 

Before investing in a system, it could be beneficial to calculate whether the investment will be 

profitable and when. 

 

2.4.7.1 Interest 

For larger investments, a loan may be needed if the company or consumer do not have the 

capital to pay for the investment right away. Companies that take interest in to account for 

their calculations usually use an internal interest which take several factors in to account, such 

as the type of investment and its risk. Because of this the internal interest should be higher 

than the interest given by the bank. (Munther) 

 

2.4.7.2 Pay-back 

Before making an investment, it is good to know if it will pay off or not and how long it 

would take before the investment starts to be profitable. The easiest way to see if the 

investment will be good or not is to make a pay-off calculation. By dividing the total 

investment with the yearly savings will give the time it will take for the investment before it 

starts making a profit. The disadvantage of using this method is that it will not take the 

interest into account. To calculate the pay-back with interest a list can be made that includes 

the interest for every year, however, this list could end up being long or infinite depending on 

the level of the interest. (Pay-Off-metoden, u.d.) 
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𝑃𝑎𝑦 − 𝑜𝑓𝑓 =
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑆𝑎𝑣𝑖𝑛𝑔𝑠
 

=
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 ∗ 𝑆𝑢𝑏𝑠𝑖𝑑𝑦 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑡𝑎𝑡𝑒

𝐴𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒 𝑝𝑟𝑖𝑐𝑒 ∗ 𝐶𝑜𝑣𝑒𝑟𝑒𝑑 𝑢𝑠𝑎𝑔𝑒 + 𝑆𝑜𝑙𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 + 𝑇𝑎𝑥 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 +
𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒 − 𝑦𝑒𝑎𝑟𝑙𝑦 𝑐𝑜𝑠𝑡𝑠

 

 

(Eq. 6) 

 

Equation 6 follows the conditions given in the text and can be used to calculate the pay-off 

time, the yearly costs include maintenance and the cost for a new inverter on every 15 years 

could be spread out to be included here. The first problem with using the formula straight as it 

is, is that it does not include the degradation of the panels which will result in a lower pay-off 

time. The second problem is that it does not include interest. 

 

To circumvent the two problems, the calculations were made in lists in Microsoft Excel with 

an economical life length of 30 years. The calculations were made so the degradation was 

calculated in the production part that then got linked to the savings. The savings was then 

subtracted on a yearly basis from what was left of the investment. By adding the interest for 

every year, it could also be included in the calculations as an expense together with the yearly 

tariff costs and with a new inverter every 15 years.  

 

2.5 Environmental impact assessment 
For some investments, authorization for operations that is or could be harmful to the 

environment may be needed and how to apply for it is described in the Swedish 

environmental code. In these cases, an Environmental impact assessment (EIA) needs to be 

done before authorization can be given. An EIA is used to give a comprehensive view on the 

environmental impact a planned operation could have during its life cycle. There are also 

requirements to do a EIA in many countries for some operations and planned projects. 

Operations that counts as harmful to the environment are those who uses land, buildings or 

facilities that has emissions to water, land, air or that has other negative impacts on the nature 

and on humans. 

 

The following points describes what needs to be included in an EIA. 

 

• Description of the operation or the project. 

• The conditions of the area where the project or operation will take place. 

• The impact on the environment if the planned project become a reality. 

• If the impact on the environment could be reduced. 

• Environmental impacts that are inevitable. 

• Alternative to the project which includes a zero-alternative. 

• An analysis that describes how the short-term environmental impact relates to improve 

the environment in the long run. 

(Anders Hedlund) (Fredrik Gröndahl) 
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Figure 21. The elements and the process of an EIA. (Anders Hedlund) 

 

2.5.1 Selected location 

The last simulation of this project will simulate a solar PV system nearby an existing wind 

turbine in Fyllinge in Halmstad, so that existing cables could be used. An existing EIA for the 

location does not exist since it was not mandatory when the turbine was constructed. (Sidén, 

2017) 

 

2.5.2 Description of the area 

The wind turbine is the last one left out of three after the other two were sold. It is located on 

a large field with an area of about 19 000 m2 which could be suitable for solar panels. 

 

 
Figure 22. The field where the wind turbine is located. (Photographer: Jonathan Wollein)  
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Using the field for solar panels could render it futile for growing crops or using it for other 

purposes. If the field were to be used for solar energy, an IEA could be required to determent 

its impact on the environment and the animals since there is a protected area for animals and 

plants nearby. Using the map tool on the Swedish environmental protection agency’s website, 

protected areas that are not allowed to use for construction or certain operations can be found. 

 

In figure 22, the field where the wind turbine is located is circled in red. The yellow striped 

area is an animal and plant protected area, the blue area is the species and habitat directive (a 

natura 2000 area), state park (naturreservat) is the green area and the brown part shows the 

area dedicated to the protection of the landscape (landskapsbildsskyddsområde). 

 

 
Figure 23. Protected areas near the selected location. 
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Another possibility if the field would be unsuitable for solar panels is to install them on the 

roof of the building next to it. The useful area of the roof is about 320 square meters which 

could limit the production as the roof is about 51 times smaller than the field. 

 

 
Figure 24. The building near the wind turbine which could be used for the solar PV system. (Photographer: Jonathan 

Wollein) 
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2.6 System description and data for the analysis 
In the result chapter three simulations will be made to cover the production and economical 

aspects for investing in grid connected solar PV systems for companies and consumers. For 

the consumer side, the average household will be simulated to evaluate if it would be 

beneficial to invest in solar PV systems.  

For the second simulation, the same system will be simulated to show the profitability for 

companies. 

 

Since building solar PV systems near wind turbines could reduce investment cost by using the 

already existing distribution cables from the wind turbine, the third simulation will be based 

on that. 

 
Table 4. Electricity usage for the average Swedish household with direct electric space heating. 

  

Energy/year 

[kWh] 

Household 

electricity 5 000 

Domestic hot water 6 500 

Space hating 15 000 

Total 26 500 

 

Since the price for electricity varies, an average of the highest and the lowest fixed prices for 

five years is used for the economical calculations. 

According to the price comparison site for electricity, Elskling, the lowest and the highest 

prices in 4/5-2015 are 0,776 SEK/kWh and 0,8732 SEK/kWh respectively (average: 0,8242 

SEK/kWh). (Elskling, u.d.) 
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2.6.1 Solar panels 

Since the values differs between the manufacturers, average values for the efficiency, size and 

price are going to be used for the analysis.  

 
Table 5. Data and prices for different solar PV modules. (Solceller, u.d.) (Solcellsmoduler, u.d.) (Solcellsmoduler, u.d.) 

Brand Type 

Cell area 

[m2] 

Module area 

[m2] 

Peak 

power [W] 

Efficienc

y [%] 

Price 

[SEK] 

Rensola virtus 

II 

Polycrystall

ine 1,46 1,63 250 15,4 1999 

Astroenergy 

Polycrystall

ine 1,75 1,94 315 16,3 2290 

Luxor Solar 

Polycrystall

ine 1,46 1,63 265 16,3 2080 

Einnova 

Solarline ESP 

Polycrystall

ine 1,75 1,94 320 16,5 2750 

Seraphim Solar 

SRP 

Polycrystall

ine 1,46 1,63 260 15,98 2200 

Trinasolar 

Monocrysta

lline 1,46 1,64 270 16,5 2080 

Amerisolar 

Monocrysta

lline 1,46 1,63 260 15,98 2250 

Luxor Solar 

Monocrysta

lline 1,46 1,63 270 16,63 2720 

LG Neon 2 

Monocrysta

lline 1,47 1,64 300 18,3 3290 

Einnova 

Solarline ESM 

Monocrysta

lline 1,75 1,92 330 17,3 2900 

Seraphim Solar 

SRP 

Monocrysta

lline 1,46 1,63 260 15,98 2350 

              

Average poly.   1,58 1,75 282,00 16,10 2263,80 

Average mono.   1,51 1,68 281,67 16,78 2598,33 

Average total   1,54 1,71 281,82 16,47 2446,27 

 

Looking at the table above, the difference in average price and performance between poly- 

and monocrystalline solar PV panels are not that big. Using equation 4, the best type of solar 

panel in terms of pay-off can be calculated.  

 

 
2263,7

1,58

16,1
;

2598,3
1,51

16,78
→

𝑃𝑎𝑦 − 𝑜𝑓𝑓𝑚𝑜𝑛𝑜

𝑃𝑎𝑦 − 𝑜𝑓𝑓𝑝𝑜𝑙𝑦
≈ 1,15 
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For the two types of panels in list above, polycrystalline will have a slightly lower pay-off 

time than monocrystalline per square meter of solar cell. Polycrystalline cells will therefore be 

used in the analysis. It should be noted that the difference might be larger if more modules 

was considered with a larger price range. 

 

2.6.2 Wind turbine, substation and wind data 

The wind turbine that are going to be used in the calculations for the second design is a Vestas 

V27-225 kW. It is a pitch regulated turbine with a hub height of 30 meters and a rotor 

diameter of 27 meters. The output from its asynchronous generator is 225 kW, 400 V with a 

Cos(phi) of 0,72. After phase compensation the Cos(phi) has been improved to 0,94. The 

transformer in the substation next to the wind turbine is rated at 500 kVA. 

 

The size of the PV system will be calculated to use the same transformer as the wind turbine. 

Using the power triangle, the apparent power of the wind turbine can be calculated. 

 

𝐶𝑜𝑠(𝜑) =
𝑃

𝑆
→ 𝑆 =

225

0,94
≈ 239𝑘𝑉𝐴 

 

The capacity that is left in the transformer would then be about 261 kVA. To have some head 

room, the PV system will be designed to have a capacity of maximum 70 percent the avalible 

capacity, which would be around 180 kVA. 

 

The average production of the wind turbine is about 400 MWh per year. Since the average 

production is proportional to the wind speed in cube accordin go equation 6, the monthly 

productin can be calculated. (Sidén, 2017) (Wallin, 2017) (Kuphaldt) 

 

 

  

Figure 25. Power triangle to calculate True, reactive and 
apparent power. 
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𝑃𝑡𝑢𝑟𝑏 =
1

2
∗ 𝑘3 ∗ 𝐶𝑝 ∗ 𝐴 ∗ 𝑣3 

(Eq. 7) 

k3 = Cubic factor 

Cp = average cubic factor 

A = Area 

V = Wind speed 

(Sidén, Formulas, 2016) 

 

The exact wind speed for the location where not used, instead the average wind speed from 

Halmstad airport was used and recalculated to the same height. The wind turbines height is 30 

meters and the wind speeds are measured 10 meters above the ground at the airport. Using 

Google Earth, the lands height over sea can be found which gives the wind turbine a height of 

38 meters and the sensors a height of 31 meters. 

 

Using the following equation, the wind speeds can be recalculated. 

 
𝑉ℎ𝑢𝑏

𝑉0
= (

ℎℎ𝑢𝑏

ℎ0
)𝛽 

(Eq. 8) 

vhub = Wind speed at the hub 

v0 = Reference wind speed 

hhub = Hub height 

h0 = Reference height 

β = Experimental height exponent (open water: 0,12; plain area: 0,15; forest: 0,2; average: 

0,14) 

(Sidén, Formulas, 2016) 

 

 

 

The average wind speeds in Halmstad varies between 3,2 m/s and 4,7 m/s during the year 

with a yearly average of 4,1 m/s. (Alexandersson, 2006) 
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Table 6. Wind speed at Halmstad airport and recalculated wind speeds for the hub height. 

Month Wind [m/s] Wind hub [m/s] 

Jan 4,5 4,6 

Feb 4,7 4,8 

Mar 4,3 4,4 

Apr 4 4,1 

May 3,9 4,0 

Jun 4,1 4,2 

Jul 3,2 3,3 

Aug 3,4 3,5 

Sep 4,6 4,7 

Oct 4,1 4,2 

Nov 4,1 4,2 

Dec 4,2 4,3 

Average 4,1 4,2 

 

 
Table 7. Monthly production of the wind turbine. 

Month Production for the 

turbine [MWh] 

Jan 43,0 

Feb 49,0 

Mar 37,5 

Apr 30,2 

May 28,0 

Jun 32,5 

Jul 15,5 

Aug 18,5 

Sep 45,9 

Oct 32,5 

Nov 32,5 

Dec 34,9 

Year 400,0 
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Figure 26. Production at various wind speeds. 

 

 

 

 

 
Figure 27. Block diagram of the system. 
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3. Results 
3.1 Consumers 
To cover the household electricity for the entire year the system must be dimensioned to 

cover a least the usage during the month with the lowest irradiance. This occurs in December 

for all the cities covered by this thesis. Because the value provided by the PVGIS calculator 

for Kiruna in December is zero kWh, the value for November will be used. 

The area needed for the solar panels can be calculated with equation 5. 

To cover all the usage in Kiruna would require a solar cell area of over 160 m2 and 115 m2 for 

Malmö. 

 

The total needed module area is calculated by multiplying the needed cell area with the 

relation between the module area and the cell area. This will give an average space need of 

155,3 m2 for December to be covered. 

 
Table 8. Panel area needed to cover the usage. 

  

Gotland 

[m2] 

Malmö 

[m2] 

Lidköpin

g [m2] 

Östersun

d [m2] 

Kiruna 

[m2] 

Halmstad 

[m2] 

Average 

[m2] 

Jan 108,3 83,3 123,3 153,4 148,0 85,6 117,0 

Feb 64,8 56,0 63,2 53,1 50,4 54,8 57,0 

Mar 23,0 21,7 23,3 28,3 25,2 22,1 23,9 

Apr 17,5 16,6 18,9 22,3 17,9 17,2 18,4 

May 15,0 15,4 16,8 18,0 17,6 15,6 16,4 

Jun 15,3 15,5 17,2 18,2 18,6 16,0 16,8 

Jul 16,7 15,5 18,6 19,3 20,1 16,1 17,7 

Aug 19,0 17,5 20,4 24,3 25,7 18,0 20,8 

Sep 24,1 21,1 24,9 35,0 35,9 22,9 27,3 

Oct 43,0 32,5 40,2 53,5 61,3 37,0 44,6 

Nov 91,9 76,5 87,7 104,9 179,0 77,1 102,8 

Dec 128,6 127,4 136,2 271,2 0,0 113,1 155,3 

 

 

For a system mounted on the roof of a house, 179 m2 would not be the go to system because 

of the size and investment cost. 

 

If the panels are to be mounted on the roof of a normal house, the area is going to be the 

limiting factor. The following calculations on this subchapter will therefore use 18 modules 

that would require an area of 31,5 m2. For this system size, the inverter SMA Sunny Tripower 

6000 TL-20, was picked for the calculations. 

 
Table 9. Data for the inverter. 

DC input max [W] VDC max [V] IDC max [A] Smax [VA] Efficiency [%] Price [SEK] 

5100 1000 11 5000 98 18 400 
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3.1.1 Production 

For a system installed in Malmö, the production would be estimated to be about 6240 kWh 

during the first year. As the system reaches the end of its life span, the production is estimated 

reduced to 4663 kWh, a decrease of 1600 kWh. For year one and 30, the values for Kiruna 

would be 4757 kWh and 3554 kWh respectively, a decrease of 1203 kWh. The “average 

values for Sweden” ¨shows a decrease of 1391 kWh from the 5500 kWh in year one to the 

4109 kWh in year 30. 

 

 

 
Figure 28. Yearly production and how it decreases. 

 

 

As the production decreases, the ammount of energy that will cover the yearly needs will 

decrease as well as the energy that can be sold to the grid. Looking at the average coverage it 

is estimated to decrease from 3774 kWh to 3490 kWh in year 30 and the overproduction from 

1726 kWh to 616 kWh. 

 

 
Figure 29. The total ammount of electricity that is covered each year. 
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Figure 30. Yearly overproduction from the system. 

 

Because of this degradation, the revenue from the system from the covered energy as well as 

the sold energy will decrease. The effect of this is that more electricity needs to be bought 

from the grid to cover the usage. 

 

 
Figure 31. The energy that needs to be bought each year to cover the need. 
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3.1.2 Economy 

 

A quick pay off shows that none of the systems would be a good investment since the pay-off 

varies between 27 and 30 years between the cities with an average pay- off time of 27 years. 

The average price for the produce electricity during the systems life length would be 0,43 

SEK/kWh. 

 

 
Figure 32. Pay-off during the systems life length excluding subsidies and interest. 

 

 
 

Table 10. Pay-off time for the system 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

27 26 27 29 30 26 27 

 

The above calculations consider a non-grid connected system which means that the 

overproduction won’t be sold through the grid. If the system were to be grid connected the 

breakeven time will be reduced due to the revenue from the sold electricity. 
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Figure 33. Pay-off for the grid connected system without subsidies or interest during the first 30 years. 

 
Table 11. Pay-off time including grid connection. 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

22 21 23 26 26 21 23 

 

By selling the electricity to the grid the return time for the investment reduces on average with 

four years. In the areas with a higher solar radiation, the revenue from the overproduction will 

be higher which leads to a slightly larger decrease in pay-off time compared to more northern 

cities. For the above calculation, the tariff was set to zero SEK per year. 

 

If subsidies are used to reduce the investment cost and increase the yearly revenue, the pay-

off time reduces to reasonable levels of about 7 years for Malmö and 9 years for Kiruna. 

 

 
Figure 34. Pay-off including grid connection and subsidies for the first 30 years. 
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Table 12. Pay-off in years excluding interest. 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

7 7 8 9 9 7 8 

 

If the system is going to be financed by a loan, it could be of interest to evaluate how the pay-

off responds to various levels of interest. The following graphs and table shows the return 

time with an interest of six percent. 

 

 

 
Figure 35. The return of the investment including grid connection, subsidies and six percent interest. 

 
Table 13. Pay-off for the six cities including interest. 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

10 9 15 20 20 10 11 

 

The system calculated for Malmö will be payed off in year 9 and for the northern city Kiruna, 

the pay off will be 20 years due to the lower solar radiation. On average, the system will be 

payed off in 11 years. 
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3.2 Companies 
As the same system is simulated for companies, it will give the same pay-off times for the 

calculations without interest and subsidies. The subsidy for the investment is set to 30 percent 

and the interest to ten percent since the internal interest of the company should be higher than 

the interest given by a bank loan. For production and a pay-off without grid connection and 

subsidies, see chapters 3.1.1 and 3.1.2. 

 

3.2.1 Economy 

With a higher subsidy from the state, the pay-off times reduces by around two years for each 

of the cities. 

 

 
Figure 36. Pay-off times for companies including grid connection and subsidies. 

 
Table 14. Return time for 30 percent investment subsidy. 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

6 5 6 7 7 6 6 
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By using an internal interest of ten percent, the system located in Malmö would pay off in 8 

years and the system in Kiruna would pay off in 20 years. The average pay-off time was 

calculated to 10 years. 

 

 

 
Figure 37. Pay- off including subsidies and ten percent internal interest. 

 

 

Gotland Malmö Lidköping Östersund Kiruna Halmstad Average 

9 8 10 21 20 9 10 

 

 

3.3 Sensitivity analysis 
The purpose of the sensitivity analysis is to determent how much one parameter affects 

another and its effects the entire model. For this analysis, the average values will be used for 

consumers including all the subsidies. 

 

3.3.1 Module area 

Increasing the module area by one square would increase the total production of the system 

with about three percent which corresponds to a profit of 3776 SEK during the systems life 

span. An increase to 41,5 square meters would increase the production by 24 percent and lead 

to a total profit of 37 882 SEK. 
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3.3.2 Interest 

Going from zero to two percent interest would reduce the total profit with 4370 SEK. By 

increasing it to eleven percent, the system would never pay off with the breaking point for the 

interest being just above ten percent. 

 

 
Figure 38. Profit at different interests. 

 

 

3.3.3 Alternative price 

The alternative price, or the price for buying electricity, was set to 0,8242 SEK/kWh and by 

decreasing it by 0,1 SEK/kWh would result in the total profit being reduced by 11 060 SEK or 

about 15 percent. Since the curve is linear, the profit would increase with the same amount if 

the alternative price would increase with 0,1 SEK/kWh.  

 

 
Figure 39. How the alternative price affects the profit. 
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3.3.4 Sold electricity 

The profit from the sold energy depends on who the electricity is sold to and the graph below 

shows the total profit ranging from 66 602 SEK to 89 824 SEK if the price would be 

increased from 0,05 SEK/kWh to 0,65 SEK/kWh. 

 

 

 
Figure 40. How the profit depends on the price for the bought electricity. 

 

3.3.5 Tax reduction 

If the revenue that one can make from the sold energy with the tax reduction is reduced to 

zero, the profit will decrease to 54 992 SEK. If it were to be increased with 0,6 SEK/kWh the 

result would be a total profit of 101 435 SEK. 

 

 
Figure 41. Profit at different levels of tax reduction. 
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3.3.6 Tariffs 

Since some grid owners has a fixed yearly charge for selling electricity on their grid the 

investment could turn out to be non-profitable if the prices are too high. For this analysis, 

values of 0, 100, 500, 1000, 2000 and 5000 SEK/year where simulated to show the economic 

impacts the tariff could have. 

 

 
Figure 42. How the tariffs influence the profit. 

 

As seen in the graph, a fixed yearly fee of around 2500 SEK would make the system non-

profitable. If fixed part would be 5000 SEK/year, the total economic loss for the system 

would be 71 787 SEK, or about 2400 SEK/year on average. 

 

3.3.7 Inverter 

If the inverter efficiency were to be increased or decreased by one percentage, the profit 

would increase or decrease with 1550 SEK. At 100 % efficiency, the profit would increase by 

3102 SEK and with an efficiency at 90 % the profit would be reduced by 12 368 SEK. 

 

 
Figure 43. How the inverters efficiency affects the profit. 
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3.3.8 Tilt factor 

If the solar panels would be installed on a roof, the tilt factor could end up being the same as 

for the roof and deviate from the “perfect” angle. The graph below shows how the profit from 

the system is affected by the tilt angle and mounting the system on a wall (90ᵒ) would result 

in a reduced profit of 50 percent or 39 049 SEK compared 42ᵒ. 

 

 
Figure 44. The tilt angles effect on the profit. 

 

3.3.9 Orientation factor 

According to the graph below, if the solar panels would face south-west or south-east the 

profit would decrease with around two percent or 1519 SEK. By increasing the orientation 

angle to 45 degrees (west or east), the profit would decrease with about 7584 or 10 percent 

SEK. A deviation of about 150,6 degrees for south would make the system unprofitable. 

 

 
Figure 45. How the orientation affects the economy of the system. 
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3.3.10 Comparison with monocrystalline 
As seen in the graph, the difference in profitability between polycrystalline and 

monocrystalline PV panels is rather small for system sizes of just a couple of square meters. It 

also shows that the bigger the system is, the bigger the gap is going to be between the two. 

For a load of 5000 kWh per year to be covered, the optimal, or most profitable system can be 

found for both types of panels. 

 

 
Figure 46. Residual at different areas and the optimal areas. 

Increasing the area of the system would increase the total profit to a certain point before it 

gets reduced. The breaking point would be the optimal size for the system which would be 46 

and 48 square meters for mono- and polycrystalline PV panels respectively. 

 

When the overproduction is to large, more electricity needs to be sold to the grid for a price 

lower than the alternative price for the bought electricity. This would lead to the ratio between 

the investment and the revenue being lower, which in turn would lead to a smaller profit in 

the end. 

 

  

-140000

-120000

-100000

-80000

-60000

-40000

-20000

0

20000

40000

1 5 10 20 30 50 55 60

R
es

id
u

al
 [

SE
K

]

Module area [m2]

Residual at different areas

Mono Poly



53 
 

3.4 Software comparison 
To check the reliability of the calculations, the PVGIS calculator as well as PVsyst were used 

to compare the results. For this an “average” location could not be used, there for the 

simulations in the programs were used on the conditions for Halmstad. 

 
Table 15. Comparison between the calculations and computer simulations. 

Month Calculations Pvsyst PVGIS 

Jan 150 118 237 

Feb 234 136 260 

Mar 579 383 848 

Apr 744 584 1050 

May 819 662 1120 

Jun 803 622 1090 

Jul 795 631 1070 

Aug 712 508 973 

Sep 561 423 788 

Oct 346 263 512 

Nov 166 96 253 

Dec 113 74 181 

Total 6023 4500 8382 

 

 

 
Figure 47. Calculation and software comparison. 
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between the two software’s are 46 percent and with the calculation being in between both the 

software’s results shows that the results given by the calculations are reliable. 

Additional data given by PVGIS are the losses for the cables, inverter etc. being 16,1 %, PV 

system losses 28,9 %, losses from reflection 2,9 % and losses for low irradiance and 

temperature losses being 12,7 %. 
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3.5 PV panels combined with wind turbines 
With the maximum capacity of the solar panels defined in the previous chapter the maximum 

size of the system would be 638 modules for a total size of 1117 square meters, assuming 

Cos(phi) is equal to zero.  

 

On inverter drive, five different 250 kW/400 V inverters are listed with an average price of 

about 155 000 SEK. (AC Inverter Drives (400V), u.d.) The voltage input varies between 380 

V to 480 V and an input of 396 V would require 12 modules connected in series. 

 

For this system 12 modules in series will be connected in 53 strings to get a total of 636 

modules. Using the roof, nine units of 12 series connected modules could be installed which 

would reduce the number of modules that needs to be installed on the field by 108. 

 

3.5.1 Production 

Since the orientation of the roof deviates about 25 degrees from the south, the production 

from the roof will be calculated separately from the ground mounted panels. Since there are 

no values for 25 degrees in Table 1 for the orientation, linear interpolation was used to get a 

value of 0,981. 

From the 108 roof mounted modules, the average yearly production was calculated to 32 

MWh and its total production for its life time to 962 MWh. The average yearly production 

from the ground mounted system was calculated to 157 MWh and its total production to 4,7 

GWh. The total system production per year would be 47 percent of the wind turbine, or 188,9 

MWh/year. 

 

 

 
Figure 48. Yearly production from the roof and the ground mounted solar panels. 
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3.5.2 Economy 

The total investment for the system is 1,2 MSEK and the subsidy that can be received from 

the state for this system size is 237 kSEK. By year 30 the total revenue from the system will 

be 1,2 MSEK and it will pay in year 11. 

 

 

 
Figure 49. Pay-off calculation PV system including subsidies. 

 

With six percent interest the system will repay itself within 24,5 years. At eight percent 

interest the system will never pay off since the yearly payments would exceed the profit. 

 

 
Figure 50. Pay-off including subsidies and six percent interest. 
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4. Discussion/Conclusion 
For this theoretical analysis, grid connected solar PV systems show that they could be worth 

the investment for both companies and consumers if subsidies are used and they are payed for 

“out of pocket”. If the system were to be financed by a loan, the differences in pay-off could 

be large depending on which city the system is located in. The difference could end up being 

about 10 years between the south and north of Sweden, showing that a system in the north 

might not be the best investment. It should also be noted that the calculations do not include 

the labor for installing the system which could end up adding a few more years in terms of 

pay-off. For companies that are entitled to a slightly higher subsidy from the state, the pay-off 

decreases with about two years for each of the cities. 

 

With the sensitivity analysis in mind, an interest of seven percent and above would make the 

average system unprofitable. For companies that calculates with a higher internal interest the 

system would probably only give a greener image to the company. 

 

There are also some other factors that affects the systems profitability. A few of them are the 

alternative price, the price for the sold electricity which depends on the spot price as well as 

the deal that the grid owners give. After 15 years the inverter might need to be replaced which 

could set the pay-off back for a couple of years. 

 

The tariffs could also play in in the profitability of the system as it could turn the system to a 

yearly expense, especially since the fixed yearly cost could be as high as 20 000 SEK/year. 

However, most grid owners do not have a fixed part for systems under 43,5 kW. 

 

The system of 31,5 square meters where chosen to give some room for further expansion. For 

only covering the household electricity of 5000 kWh per year, a module area of 46 to 48 

square meters did show to be the best option to opt for mono- and polycrystalline respectively 

in terms of revenue. It did also show that on average, polycrystalline cells are a slightly better 

choice, however the differences are rather small between the two. 

 

The system simulated near a wind turbine in Halmstad did also show to be a somewhat good 

investment with a pay-off time of eleven years. As with the smaller system it should be noted 

that labor was not included which could add a few more years to the pay-off time. If an 

interest of six percent were to be taken in to account the system would not pay-off until year 

24. With a set life length of 30 years, it would not be a good investment to make, especially 

since the installation cost is not included. 

 

The conclusion that can be drawn from this analysis is that smaller solar PV systems in 

Sweden that are designed to first and foremost cover a load could be a good investment with 

subsidies. If it were to be financed by a loan the system could still be a good investment 

depending on the location of the system. Bigger systems, will however not be a profitable 

investment if financed with loan, especially for companies that gets a higher interest rate than 

consumers. 
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