
  

 

 

 

POTENTIAL ROOFTOP PHOTOVOLTAIC ENERGY PRODUCTION 

CALCULATION FOR RESIDENTIAL BUILDINGS IN VISBY----- 

CASE STUDY ABOUT GOTLANDSHEM 

 

Dissertation in partial fulfillment of the requirements for the degree of 

 

BACHELOR OF SCIENCE WITH A MAJOR IN SUSTAINABLE ENERGY 

TRANSITION 

 

 
 

Uppsala University 

Department of Earth Sciences, Campus Gotland 

 

 

Xiang Li 

 

 

2022.06.18 

 

 

 



  

 

 

 

POTENTIAL ROOFTOP PHOTOVOLTAIC ENERGY PRODUCTION 

CALCULATION FOR RESIDENTIAL BUILDINGS IN VISBY----- 

CASE STUDY ABOUT GOTLANDSHEM 

 

Dissertation in partial fulfillment of the requirements for the degree of 

 

BACHELOR OF SCIENCE WITH A MAJOR IN SUSTAINABLE ENERGY 

TRANSITION 

 

Uppsala University 

Department of Earth Sciences, Campus Gotland 

 

Approved by: 

Supervisor, Dr.Karl Nilsson 

 

Examiner,  Dr.Ola Eriksson 

 

 

 

2022.06.18 

 



 iii 

ABSTRACT 

 

Solar energy is one type of the most commonly used renewable energy sources. It can 

produce electricity and heat without creating any Greenhouse Gases (GHG). Sweden has 

set up the goal of 100% electricity generated by the renewable energy source by 2040 

and chosen Gotland as a pioneer project for self-electricity supply by renewable energy 

sources by 2030. Taking the year 2017 as an example, the total electricity production of 

Gotland in 2017 was about 1080 GWh, a share of 621GWh imported from mainland 

Sweden, 457GWh produced by Gotland's local wind energy, 1.6GWh produced by local 

photovoltaic energy and a very small fraction produced by local hydropower. Gotland 

has a high potential for photovoltaic power. This quantitative research case study used 

data to collect and a building model to measure the potential electricity production by 

photovoltaic power at three locations in Visby, Höken, Castor and Skalbaggen. Further, 

an analysis of the current value of installing photovoltaic panels for a public housing 

company to increase the capacity of renewable energy to stimulate the target towards 

100% electricity from renewable energy sources by 2040. The result indicated that the 

ratio of production/Consumption at Höken, Castor and Skalbaggen were 73%, 52% and 

1000%. According to the calculation, the LCOE of Höken is around about 0.74 to 1.17 

SEK/kWh. For Castor, it is from 0.73 to 1.16 SEK/ kWh due to the range of interest 

rates. For Skalbaggen, it is around 0.70 to 1.11 SEK/ kWh. However, since the current 

limitation from both technical and legislative sectors were not allowed to transfer 

electricity between the adjacent building. Further research is required on how to 

facilitate tenants' use of renewable electricity produced by public housing itself, as well 

as how to maximize the penetration of smart grids. 

 

 

Keywords: Photovoltaics, Residential Buildings, Sustainable Energy Transition, 

Sustainable Development, Gotland, Gotlandshem, LCOE 
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AC    Alternating current 

DC Direct current 
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CHAPTER 1. Introduction 

1.1 Background 

Photovoltaic energy is widely used throughout the world. It was predicted that 

photovoltaic PV power generation would reach a record high of 156 TWh by 2020, an 

increase of 23 per cent over 2019. According to the International Energy Agency (IEA), 

photovoltaic PV will contribute 3.1% to world electricity production in 2019 overtaking 

biofuels to become the third-largest renewable electricity technology after hydropower 

and onshore wind (IEA, 2021). The number of photovoltaic PV installations in China 

reached 48 GW in 2020, following a decline in 2018-2019. In addition, photovoltaic 

capacity increased rapidly in the United States, the European Union, and Latin America. 

United States PV capacity increased by 45 per cent to 19 GW, surpassing the previous 

record of 15 GW set in 2015. PV production rose by 15% in 2020 after doubling in 2019, 

as European countries intensified their efforts to achieve climate goals. More than 3 GW 

of photovoltaic PV capacity was installed in Brazil in 2020, an increase of 58 per cent 

over 2019. Residents and small businesses are likely to benefit from generous net 

metering incentives, which will drive the expansion (IEA, 2021).                    

 

Gotland is a province in Sweden. It has over 61,000 inhabitants, of whom 26,000 live in 

Visby, which is the largest city on Gotland. Visby is also a World Heritage Site because 

of its well-preserved medieval buildings (Region Gotland, 2022). A combination of 

reasons contributed to the idea of Gotland as a pioneer project for fully transitioning 

Sweden's electricity supply system to a zero-carbon system by 2040. Firstly, the Swedish 

Government aimed to eliminate carbon emissions by 2045. Secondly, Gotland is an 

island located in the central Baltic Sea that has unique environmental conditions. Overall, 

Gotland is seen as a suitable place for the development of a pioneer test on 

transformation to a renewable energy-based system (Energimyndigheten, 2019). 

 

In the region Gotland, the plan of Our Gotland 2040 (Vårt Gotland 2040), was a regional 
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development strategy for Gotland that was adopted by the Regional Council on 22 

February 2021. It has stated that a transition to a sustainable and reliable renewable 

energy grid is necessary. Gotland will maximize its resources by building an economy 

based on circular and renewable resources. Climate and energy change were mentioned 

in the plan as possibilities for improving the competitiveness of Gotland's businesses. It 

is anticipated that this effort will result in rapid reductions in climate-altering emissions, 

an increased percentage of renewable energy, more efficient energy use, and the 

promotion of sustainable development and consumption. Increasing local sources of 

electricity generation from renewable energy allows the energy industry's value to 

remain within the local economy and provides a more reliable energy supply. Since there 

will be a newly constructed grid between Sweden's mainland and Gotland, which will 

allow an increase in energy flexibility and send the superfluous clean electricity back to 

the mainland (Region Gotland, 2021). 

 

Currently, Gotland's electricity supply system consists of several different energy 

sources. According to Länsstyrelserna (2019), the total electricity production of Gotland 

in 2017 was about 1080 GWh, which was a combination of 621GWh imported from 

mainland Sweden, 457GWh produced by Gotland's local wind energy, 1.6GWh 

produced by local photovoltaic energy and a very small fraction produced by local 

hydropower. Obviously, the production of photovoltaic power is lower than wind power. 

The data in Figure 1(Länsstyrelserna, 2019) indicates that there has been a gradual 

increase in photovoltaic energy production in Gotland over the past five years. While the 

growth of photovoltaic electricity production was rather slow, photovoltaic energy 

production can be potentially improved to restructure the entire energy system. Figure 2 

(World Bank, 2020) shows information about the distributed photovoltaic power in 

southern Sweden. Gotland was deemed a red zone, which means that it has a high 

photovoltaic potential. Thus, it became an ideal place to install photovoltaic energy, 

compared to other regions. It is clearly indicated in Figure 3 (Swedish Meteorological 

and Hydrological Institute, 2017 cited in Region Gotland,2016, p5) 
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that Visby has the most solar radiation hours (536 hours) among all other cities in 

Sweden. This data comes from SMHI, which measured hours of sunshine at various 

locations around Sweden over a seven-week period in the summer since 1990. To 

achieve the target of converting Gotland's energy system to zero-emission in 2040, it is 

meaningful to take advantage of the potential photovoltaic power production in Gotland.  

 
Figure 1 Distribution of electricity supply sources in Gotland 2013-2017 

(Länsstyrelserna, 2019) 
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Figure 2 Photovoltaic Power Potential Southern Sweden (World Bank, 2020) 
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Figure 3 Sunshine Table in seven weeks in summer in 2016(Swedish Meteorological and 

Hydrological Institute, 2017 cited in Region Gotland, p5) 

1.2 Previous Research  

During the previous decade, Ekström carried out research on photovoltaic energy in 

Gotland in 2012. Ekström's (2012) research data originates from Statistics Sweden's 

(SCB) quantitative assessment of various building types. Building statistics were 

provided by Swedish Statistics and the Gotlands Energy AB (GEAB) for non-residential 

and industrial buildings (Ekström, 2012). According to his research, all Gotland 

buildings excluding protected buildings such as World Heritages generated 231 GWh of 

photovoltaic energy based on the radiation and energy consumption data calculation in 

2010 (Ekström, 2012). 

Additionally, Zaar (2016) researched photovoltaic energy potential in Gotland. The 

theoretical PV capacity of Gotland was calculated by Zaar (2016) to be 667 MW from 

2010 to 2012. About 37% of the photovoltaic power production capacity is attributable 

to residential buildings, 27% to dwelling buildings, 9% to multi-dwelling buildings, 7% 

to industrial buildings, and 56% to other buildings (Zaar, 2016).  

In Sweden, Yang et al., (2020) concluded that photovoltaic energy on building surfaces 

has a large potential in the municipality of Västerås. The photovoltaic panels on building 
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roofs cover approximately 5.74 km2. The PV power generating capacity of Västerås 

municipality is estimated to be 626 GWh - 801 GWh per year, which represents 55 per 

cent - 70 per cent of Västerås' annual electricity demand (Yang et al., 2020).  

In Spain, a study by Ordóñez et al., (2010) found that rooftops in Andalusia, a region of 

Spain, are suitable for installing photovoltaic panels. Andalusia's energy consumption 

for residential housing was calculated to be 12,320 GW/year in 2006. For a total roof 

area of 265.52 km2, the potential photovoltaic energy for residential buildings in 

Andalusia was calculated to be 9.73 GW/year. This is if photovoltaic arrays were 

installed on all roof surfaces. It would be possible to meet 78.89 per cent of the region's 

energy needs by reducing dependence on external energy sources to 21.02 per cent. This 

figure can be substantially improved if both energy efficiency and consumption are 

increased. The results of this study indicate that the proposed energy production can 

ensure the energy sustainability of Andalusian households (Ordóñez et al., 2010). 

 

1.3 Aim of Study 

Given that there have been many research studies highlighting the potential and 

importance of photovoltaic power in Gotland and worldwide, including some that 

addressed non-residential buildings, this report will primarily focus on the potential for 

photovoltaic power generation in residential buildings that are managed by Gotlandshem. 

Gotlandshem is the largest owner of public housing in Gotland. Their houses and 

apartments are located in most parts of Gotland, from the north in Fårösund to the south 

in Hemse. The majority of their apartments are in Visby (Gotlandshem, 2022). Based on 

the previous studies, the potential for photovoltaic energy has been demonstrated and 

rooftop PV panel technologies have progressed, therefore it is feasible to conduct a study 

on particular photovoltaic production in three specific locations and estimate the 

feasibility of incorporating the Gotlandshem flats into the island's smart energy system. 

In addition, according to information from Gotlandshem, the company has contracted 



 7 

with GEAB (Gotlands Energi AB) to assess the possibility of installing photovoltaic 

panels on roofs, and the three locations selected were recommended by the company and 

GEAB. To support the national strategy of transforming electricity supply from 100% 

renewable energy, the purpose of the project is to estimate the theoretical electricity 

production from PV systems for existing residential buildings in Visby by modelling the 

rooftop PV panels system for selected residential buildings and apartments in Visby, as 

well as to determine the potential social benefits and Levelized Cost of Energy. 

1.4 Research question 

To determine the potential energy production of photovoltaic energy on the buildings at 

Gotlandshem, the location of the building sample was crucial; the azimuth, direction and 

tilt were equally critical. The following two research questions were established to guide 

the investigation: 

1. How feasible is it for selected buildings to generate self-sufficient electricity using 

rooftop photovoltaic systems? 

2. What are the social benefits and LCOE of photovoltaic power generation for 

Gotlandshem? 

1.5 Research scope and limitation 

There are a number of limitations to be taken into account. Considering the limited 

timeframe for completing the thesis work, the case study only focused on the three 

location that were selected for conducting simulations of photovoltaic panel installation. 

It will also focus on energy production estimates. Considering that Gotlandshem's 

houses have several types of structures, the research mainly focused on the gable roof 

which is the most common type of roof in the residential sector in Sweden (Yang et al., 

2020). It may not be very applicable to other locations. Also, Residential roofs with 

complex structures or obstructions will not be considered in this study since the available 

rooftop space is rather limited due to occupants like chimneys and drainage In addition, 

the annual sunshine days for photovoltaic energy production and weather will be 
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computed using historical statistics. Therefore, statistically, research results may be 

influenced by uncontrollable factors such as the effects of climate change in recent years. 

1.6 Ethical Perspective 

In this study, several ethical issues will be addressed. The acknowledgement of 

Gotlandshem will be mentioned as a means of certifying that the apartment's data can be 

accessed for students. Since this is technical and statistical analysis, the attitude of 

society may not be taken into account. As an example, this study did not examine the 

attitudes of tenants toward photovoltaic rooftop installation within the apartments. 

Additionally, Visby's old town is one of the most famous heritage sites in the world. No 

buildings within the old town will be examined.  

 

The integrity of research depends on maintaining data confidentiality. The University of 

Nevada provides information about this. Information regarding confidentiality 

protections and restrictions should be provided to participants. The potentially sensitive 

information obtained by Gotlandshem should be protected if it is not disclosed and if 

researchers are permitted to use it for analysis and study purposes. During an informal 

conversation, these steps can be discussed (Creswell and Creswell, 2018). Researchers 

are required to adhere to the level of confidentiality specified in the consent materials. 

As part of this study, the purpose of data use is for learning purposes, and this 

information must be conveyed to the data provider. It was also crucial to establish who 

would be eligible for the data. Researchers, supervisors, and examiners will have access 

to the data in this study and must ensure that they are also aware of the non-disclosure 

agreement (University of Nevada, 2019). To be more precise, an Institutional Review 

Board should be approved before a study is conducted at a university (Creswell and 

Creswell, 2018). As a student, the author of this study is responsible for making sure all 

research information is allowed to be used and ensuring the data will be protected at all 

times.  
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CHAPTER 2. Theoretical background 

This chapter will primarily illustrate relevant concepts and theories for this study. A 

definition of a residential building, as well as the type of building mentioned in this 

study, will be included. This chapter also provided information regarding Solar Energy 

and the technology related to photovoltaic panels system’s operation mechanism. 

 

2.1 Residential Buildings 

An apartment building may be classified as a residential building when half of its floor 

area is devoted to living quarters (OCED, 2002). Throughout the European Union, the 

majority of the floor area is occupied by residential buildings. For example, in 2013, the 

percentage of residential buildings compared to all types of buildings was. The data in 

Italy was 89% and in Sweden, it was 66.59%. In the EU, the average ratio of residential 

buildings of all types of buildings was 75.82% (European Commission, 2016). Since the 

number of residential buildings is huge in most countries, it will have potential to put 

more photovoltaic panels on the rooftop. The purpose of this paper is primarily to 

examine the potential photovoltaic energy production potential of the multi-dwelling 

buildings. 

 

2.1.1 Residential building information in Gotland 

Based on the Apartment Register, a national register of residential apartments in Sweden, 

the statistics were compiled. Lantmäteriet, which is also the responsible agency, 

manages the register. Statistics Sweden receives apartment data from Lantmäteriet to 

provide current household, housing, and housing statistics. These statistics include 

dwelling houses, multi-dwelling buildings, other dwellings, and special dwellings 

(Länsstyrelsen, 2020). 
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Table 1 Number of different types of Residential Buildings in Gotland 

(Länsstyrelsen,2020) 

 Number of 

multiple-

dwelling 

buildings in 

2019 

Number of 

single-

dwelling 

houses in 2019 

Number of 

dwellings in 

special 

dwellings 

2019 

Number of 

dwellings in 

other houses 

Region 

Gotland 

9,683 17,400 1,475 627 

 

As shown in Table 1(Länsstyrelsen.2020), the overall housing stock of Gotland is 29,195 

residences (including special houses and other dwellings), with single-family homes 

accounting for about 60% of the total. The majority of the buildings that the public 

housing company owns are multi-family buildings. This type of building will be the 

focus of the study. 

 

2.1.2 Multiple Dwelling Buildings 

A multiple dwelling is defined as a building containing three or more separate dwellings 

for separate households (Brisbane city council, 2021). There are about 2,585,221 multi-

dwelling buildings in Sweden, representing about 51% of all buildings. There are 

approximately 42% of multi-dwelling units owned by housing cooperatives, 27% by 

municipal housing companies, and 22% by Swedish joint-stock companies.  Individuals 

own the remaining 9% of multi-family buildings. As shown in Figure 4(SCB, 2020), the 

number of multi-dwelling apartments is rising rapidly. 
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Figure 4 Number of started dwellings, first three quarters, 2000–2020 (SCB, 2020) 

2.2 Sustainable Development 

Sweden is a highly developed country in the world and one of the EU members states, 

The Government of Sweden has been committed to promoting sustainable development. 

In 2015, the United Nations proposed the 2030 Agenda. There are 17 Sustainable 

Development Goals (SDGs) proposed to create a sustainable world. Sweden is 

committed to reaching higher standards in environmental goals (Naturvårdsverket, 2020). 

The Swedish government's integration of business and sustainability keeps the country 

in a green mode. In addition to its Nordic neighbours, Sweden has emphasized the 

potential of sustainable growth to drive industry transformation through technological 

innovation. Green mode does not pose a risk. The goal is to adapt society to the 

environmental changes that have occurred (Swedish Institute, 2021). Sustainable 

housing has also been incorporated into the development goals. These houses will no 

longer rely on conventional electricity but clean and renewable sources of energy, such 

as biogas generated from garbage and PV systems (Swedish Institute, 2021). 
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As mentioned in SDG7, “Clean and Affordable Energy” will be a crucial target for 

achieving the 2030 Sustainable Development Agenda (United Nations, 2015). One such 

form of clean energy is photovoltaic energy. Sweden has set ambitious targets for 

addressing climate change and energy. Sweden aims to achieve a 50% increase in energy 

efficiency by 2030 and 100% electricity generated by renewable energy generation by 

2040. (Lindahl, Westerberg, and Vanky (2020) report that there is no formal objective 

for future PV installations in Sweden. While to replace nuclear power, Sweden must 

phase out its ageing nuclear reactors while promoting the development of renewable 

energy sources. Several of the next legislative reforms are believed to be derived from 

this political accord, and the Swedish PV sector will undoubtedly benefit. 

 

As stated by the EIA (2022), solar energy can reduce carbon emissions and air pollution 

if it can complement other energy sources that have a more significant impact on the 

environment. Approximately 30% to 65% of the world’s total energy supply will be 

renewable in 2100, according to projections by EIA. As solar energy is the most 

abundant form of renewable energy because it is free of charge from the sun, is 

inexhaustible, and is capable of generating electrical power, it becomes the most 

significant source of energy demand for future generations (Güney, 2021). Research 

indicates that ready-to-install solar energy systems are capable of meeting nearly all of 

the world's energy requirements, making them an excellent energy alternative (Güney, 

2021). Therefore, to achieve the target of 100% electricity generated by renewable 

energy sources by 2040, it is meaningful and crucial to conduct the capacity of 

photovoltaic production in Sweden. Furthermore, Figures 2 and 3 already indicate that 

Visby has the most solar radiation hours about 536 hours in about seven weeks in 

summer period. About six hours more than the second location called Öland Norra. The 

research on photovoltaic panels installation that is being carried out in Visby, Gotland 

will be of great help to Sweden in helping to change the whole national energy system in 

the future and to better follow sustainability. 
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2.3 Solar Energy 

Statistical data from the US Department of Energy indicates that the amount of sunlight 

that strikes the Earth's surface in an hour and a half is large, which can supply the energy 

consumption of the entire world for an entire year (Solar Energy Technologies Office, 

2022).  

 

Scientists are therefore more willing to investigate this energy for generating electricity. 

Over the past decade, the cost of generating electricity from renewable energy has 

significantly decreased due to continuous technological advances, the development of 

economies of scale, an increase in competition in the supply chain, and the increasing 

sophistication of developers. The cost of grid-connected large-scale solar PV declined by 

85% between 2010 and 2020 (IRENA, 2021). 

 

The availability of sunlight depends on a number of factors, including the location, time 

of day, season, and weather conditions. Furthermore, due to the limited amount of 

sunlight that strikes a square foot of the earth's surface, a large area is necessary to 

absorb or collect a useful amount of energy (EIA, 2021). Likewise, solar energy presents 

some challenges. It is imperative to address the intermittent nature of low-carbon energy 

sources such as solar as a first step. Most renewable energy sources produce the majority 

of their energy during certain times of the day. During these times, demand is not at its 

peak. As a result of sunlight, on-demand power is not available 24 hours a day 

(Damsgaard, Fabra, and Khokhlov, 2021).  

 

The following section discusses the factors that affect the number of solar rays that reach 

the earth; information on photovoltaic panels; and how to improve the efficiency of 

photovoltaic panel systems. 
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2.3.1 Direct and diffuse solar irradiation 

The solar radiation that reaches the Earth's surface is usually divided into two types: 

direct and diffuse. Direct sun irradiation 𝐺𝐺𝐷𝐷 reaches the Earth's surface without being 

dispersed or absorbed by the atmosphere, whereas diffuse solar irradiation 𝐺𝐺𝑑𝑑 reaches 

the surface as scattered radiation. Then the equation for total irradiation𝐺𝐺𝑇𝑇 is: 

𝑮𝑮𝑻𝑻 = 𝑮𝑮𝑫𝑫 × 𝐜𝐜𝐜𝐜𝐜𝐜𝜽𝜽 + 𝑮𝑮𝒅𝒅                                    (1) 

(1) Equation for calculating total irradiation (Sala Lizarraga and Picallo-Perez, 2020). 

𝑮𝑮𝑻𝑻 is the total irradiation,𝐺𝐺𝐷𝐷 is direct sun irradiation, 𝐺𝐺𝑑𝑑 is diffuse solar irradiation and 𝜃𝜃 

is the angle that the radiation forms with the normal to the surface (Sala Lizarraga and 

Picallo-Perez, 2020). 

 

2.3.2 Variation in Solar Energy 

 

 
Figure 5  (a) Earth movement with respect to sun; (b) The solar declination angle of 

47°formed during June- December (or January to June) (Karinka and Upadhyaya, 2022) 
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Figure 6 Daily variation of solar flux for a full tracking surface (Martinez-Gracia, 

Arauzo and Uche, 2019) 

Variations in solar irradiation are influenced by seasonal variations in light availability. 

Winter light levels are lower than those of summer because of variations in dark hours 

throughout the year and the prevailing weather conditions. Figure 5 & 6(Karinka and 

Upadhyaya, 2022) illustrate the types of factors that can affect solar irradiation 

throughout the year. As a result of the earth's revolution around the sun and its rotation 

around its axis, solar irradiation reaches its peak in the northern hemisphere on June 22nd 

or 23rd in summer and December 22nd or 23rd in winter. Therefore, solar irradiation 

varies with the seasons. As it shown in Figure 5(Karinka and Upadhyaya, 2022), at the 

equinoxes1 (March 22nd and September 22nd), the declination is zero, in the northern 

hemisphere summer the declination is positive, and it will be negative in the northern 

hemisphere winter negative. On June 22nd which is the northern hemisphere's summer 

solstice, the declination reaches a maximum of 23.45°, it means the solar radiation strike 

23.5 degrees north latitude at a 90 degrees angle, the angel 𝜃𝜃 in northern hemisphere will 

reach the largest. And a minimum of -23.45° which is the winter solstice in the northern 

hemisphere it means the solar radiation strike 23.5 degrees south latitude at a 90 degrees 

angle, the 𝜃𝜃 in northern hemisphere will have reached the smallest, which will cause the 

decreasing of GT. 

 
1 An equinox is an event in which a planet’s subsolar point passes through its Equator (National Geographic, 2021). 
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Regarding the solar irradiation variation during the day, it is shown in Figure 5&6 

(Karinka and Upadhyaya, 2022) that the solar irradiation will begin to increase from 5 

a.m. and decrease at 8 p.m. in a day in summer. During the spring and autumn, the solar 

irradiation will start to rise from about 6 a.m. and vanished at about 7 p.m. The solar 

irradiation in a day in winter will become much less compared with it in other seasons 

from rising at about 7 a.m. and vanishing after about 6 p.m. Section 2.3.3 also illustrated 

the specific solar irradiation variation in season based on the location of Visby.  

 
Figure 7  Data of and Tilt based in Visby (SRML,2022) 

 
2.3.3 Elevation and Azimuth 

Sun path charts have been established by the Solar Radiation Monitoring Laboratory of 

the University of Oregon. These charts show the elevation angle and azimuth angle of 

the sun as seen from a particular location throughout the day as shown in the Figure 7. 

Essentially, the elevation angle is the complement of (90 degrees minus) the zenith angle 

of the sun; it indicates its height above the horizon. The azimuth angle indicates the 
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direction of the sun in the horizontal plane from a specific location (SRML,2022). These 

two factors can also affect the total irradiation GT. As mentioned in the 2.3.2, the time of 

day can also cause the change of GT. The azimuth angles is 90° at sunrise and 270° at 

sunset. The solar noon will make the azimuth angles to 0°. The elevation is 0° at sunrise 

and 90° when the sun is directly overhead. Since when the angel of incoming radiation is 

90°, the 𝜃𝜃 can reach higher at 90°. When the azimuth angles is 0°, the elevation angle is 

90°, the solar radiation can reach surface directly. 

 

2.3.4 Latitude  

Parallels, which are sometimes referred to as lines of latitude, are imaginary lines that 

divide the Earth. In addition to running east to west, you can also use them to calculate 

your distance north or south. The equator is the most famous parallel. At 0 degrees 

latitude, it divides the Earth into the northern and southern hemispheres equally. From 

the equator, latitude increases, reaching 90 degrees at each pole. Normally, the lowest 

latitudes get the most energy from the sun, the highest latitudes get the least energy from 

the sun (National Ocean Service, 2021). However, there are also some special reasons 

that could influence the performance of solar irradiation around the equator like it shown 

in Figure 8(Meteonorm, 2022). Solar radiation reaching Earth depends on five factors: 

geographic location, time of day, season, local landscape, and local weather (Solar 

Energy Technologies Office, 2019). It has already discussed the influence of time of day 

and season. Even though the equatorial regions receive the greatest amount of solar 

irradiation, their climatic conditions also influence the amount of radiation that strikes 

the surface. Consider South America, for example. The Amazon rainforest lies around 

the equator. As a result of the abundant water vapour and sunlight, clouds will easily 

form, preventing sunlight from reaching the ground. In Southeast Asia and Africa near 

the equator, the same phenomenon occurs. As a result, most solar radiation is difficult to 

reach the surface. In contrast, North Africa and the southwest United States have a desert 

climate, and it is not easy for clouds to form and block sunlight from reaching the 

surface, so greater potential for photovoltaics is available. Also, at higher latitudes, the 
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angle of incoming solar radiation 𝜃𝜃 is smaller, resulting in a distribution of energy over a 

larger surface area and lower temperatures. Only locations lying along one line of 

latitude on the surface of the Earth can receive sunlight at a 90 degrees angle on a given 

day. All other places receive sunlight at lesser intensities. 

 
Figure 8 Yearly Sum of Direct Irradiance (Meteononrm, 2022) 

 

2.4 Photovoltaic Panel 

Photovoltaic technology converts sunlight into electricity through PV panels or through 

mirrors that concentrate solar radiation. The movement of electrons generates electricity 

or is stored in batteries or thermal accumulators (Solar Energy Technologies Office, 

2021). It is precisely because of this that solar energy appears to be the world’s long-

term stable and reliable source of energy. As for PV technology, when the sun strikes a 

PV panel, the energy is absorbed by the PV cells inside the panel. This energy creates 

electrical charges that move in response to internal electric fields in the cell, causing 

electrical currents to flow (Solar Energy Technologies Office, 2021). 

 

As light strikes a PV cell, also known as a photovoltaic panel, it can be reflected, 

absorbed, or passed directly through the cell. In a PV cell, semiconducting material is 

used, which means it conducts electricity better than an insulator, but not as well as a 
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metal. When a semiconductor is exposed to light, it absorbs the light's energy and 

transfers it to negatively charged particles, called electrons, within the material. As a 

result of this extra energy, electrons are able to flow through the material in the form of 

an electric current. This current is drawn through conductive metal contacts (grid-like 

wires on photovoltaic panels) and can then be used to power the rest of your home and 

grid (Office of ENERGY EFFICIENCY & RENEWABLE ENERGY, 2021). Normally, 

there are three types of photovoltaic panels: monocrystalline silicon cells, polycrystalline 

silicon cells, and thin-film cells. According to helioscope, it recommended to select the 

model from company called REC Solar Holdings AS and the type is REC280TP in this 

study. This cell type is polycrystalline silicon. Monocrystalline photovoltaic panels cost 

$1 to $1.50 per watt on average. A basic 250-watt panel can cost anywhere between 

$250 and $375. The cost of a 250-watt polycrystalline photovoltaic panel ranges from 

$0.90 to $1 per watt, or $225 to $250 (Garrison, 2021). Below are some details about 

this particular type of photovoltaic panel: 

 

Polycrystalline Silicon Cell 

A polycrystalline unit cell is not a single uniform crystal structure but contains many 

small crystal grains. They can be made by simply casting a cube-shaped ingot2 from 

molten silicon3, which is then sawn and packed like monocrystalline cells. Another 

method, called edge-defined thin-film fed growth (EFG), involves pulling thin ribbons of 

polysilicon from large volumes of molten silicon. Monocrystalline photovoltaic panels 

have efficiencies ranging from 15% to 20%, while polycrystalline photovoltaic panels 

have efficiencies ranging from 13-16%. As a cheaper but less efficient alternative, 

polycrystalline silicon photovoltaic cells dominated the world market, accounting for 

about 70% of global photovoltaic production in 2015 (Afework et al., 2018). Table 2 

(Helioscope, 2022) illustrated the general information about the polycrystalline silicon 

 
2 Ingot manufacturing comes in between the transformation of silicon to solar-grade finished solar cells (PCMag, 
2021). 
 
3 Molten silicon is thermally isolated from its environment until such energy is demanded, when this occurs, the heat 
stored is converted into electricity (Engineers Australia, 2020). 
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cell that was used in this study. The detailed information and parameters were listed 

below: 

 

Table 2 REC Photovoltaic PV Modules (REC280TP) technical parameters. (Helioscope, 

2022) 

 

Characteristics of a PV module (REC Solar REC280TP) 

STC Power Rating 280W 

Type Polycrystalline Silicon 

Module size (Width × Length) 0.991*1.665m2 

STC Power per unit of area 15.8W/ft2 (169.7W/m2) 

Number of cells 120 

Max. power point voltage 31.9V 

Max. power point current 8.89 A 

Power temper. coefficient -0.39%/K 

Peak Efficiency 16.97% 

 

2.4.1 Photovoltaic Inverters 

 

In a photovoltaic energy system, an inverter is one of the most crucial components. It's a 

component that transforms direct current (DC) electricity generated by photovoltaic 

panels into alternating current (AC) electricity used by the electrical grid. Electricity is 

kept at a constant voltage in one direction in DC. As the voltage in the circuit changes 

from positive to negative, electricity flows in both directions. Inverters are part of a 

category of devices known as power electronics that regulate the flow of electricity 

(Solar Energy Technologies Office, 2020). 
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2.4.2 Direction 

Generally, photovoltaic panels should face due south in the northern hemisphere. As 

mentioned in 2.3, when the PVs face the equator, it is usually the optimal orientation 

since the PV panels will receive direct sunlight throughout the day. Still, there is a 

difference between Magnetic South and True South. The "south" displayed on a compass 

is magnetic south, which corresponds to the Earth's South Pole. In contrast, photovoltaic 

panels must face either the sun or geographical south, i.e., the South Pole. Depending on 

how the photovoltaic panels are used, it may also be beneficial to rotate slightly away 

from due south. Depending on the application, photovoltaic panels for homes may want 

to be angled slightly southwest. When facing directly south, these panels capture more 

energy, but the energy is more useful later in the day. Due to this adjustment, 

photovoltaic panels can produce more electricity when it is needed. By orienting the 

panels slightly southwest, towards the setting sun, the panels can create more energy 

near evening, when more people are at home and use more appliances. The decline in 

total production is offset by the availability of power when it is most needed. Most 

locations can get enough power from other sources in the vicinity (J.M.K.C. Donev et al, 

2018). 

 

2.4.3 Inclination (Tilt)  

The closer a photovoltaic panel is to the equator, the more it should face upwards. As 

mentioned in 2.3, when the surface is 90° facing the sun, it will absorb the most solar 

irradiation. Thus, the tilt can help the PVs to increase the possibility of facing sun at 90 ° 

In general, the closer the panels are to the poles, the more equator-facing they should be. 

Depending on the climatic and environmental conditions, the angle of the photovoltaic 

panel may affect energy production. Throughout the winter, snow on low-slope 

photovoltaic panels in northern climates can reduce or completely block the sun's rays 

from reaching the panels. Although the effect varies by region, one research in 

Edmonton, Alberta, Canada found that annual energy loss from snow buildup ranged 

from 1.6% at an optimal tilt (53°) to 5.3% at a low tilt (15°). Furthermore, dirt and debris 
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are more likely to "soil" low-tilt photovoltaic panels, which can partially block the sun's 

rays (J.M.K.C. Donev et al, 2018). Yang, Campana, Stridh and Yan (2020) have 

proposed the formula to calculate the optimal tilt angle of PV module. The equation is 

given below: 

𝜷𝜷𝒐𝒐𝒐𝒐𝒐𝒐 =  −𝟎𝟎.𝟏𝟏𝟏𝟏𝟎𝟎𝟏𝟏 × Ø𝟐𝟐 + 𝟏𝟏𝟏𝟏.𝟎𝟎𝟎𝟎𝟎𝟎 × Ø − 𝟏𝟏𝟎𝟎𝟏𝟏.𝟕𝟕𝟕𝟕                                               (2) 

 

(2) Equation for calculating optimal tilt angle (Yang, Campana, Stridh and Yan,2020) 

 

The 𝜷𝜷𝒐𝒐𝒐𝒐𝒐𝒐 is the optimal tilt angle of PV module and Ø is the latitude and it used in 

section 3.2. 

 

2.4.4 Racking types of Photovoltaic panels 

In order to enhance the efficiency of photovoltaic panels that are installed on different 

types of roofs, different types of ranking have been developed that suit different roofs. 

The following ranking types are included: Fixed Tilt Racking, Flush-mount Racking, 

East-West Racking, and Single-Axis Tracker (Helioscope, 2022). In this case study, the 

Flush-mount ranking was used because the PVs will directly stick on the roof 

(Helioscope, 2022). 

 

Flush-mount Racking 

Recessed shelves on sloped roofs presume that the modules are in the same plane as the 

roof and so do not shade each other as shown in Figure 9 (Helioscope, 2022). However, 

this has the potential to cause issues, such as flush-mounted modules having less 

ventilation and hence running hotter, resulting in increased temperature losses.  
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Figure 9 Picture of Flush Mount Racking Type of Photovoltaic Panel (Helioscope, 2022) 
 
2.4.5 Shading Influence 

Because the sun's position changes all the time, it will create varied angles with the 

photovoltaic panel. As a result, there may be shadows and other occlusions that reduce 

the photovoltaic panel's power production efficiency. As a result, one of the most 

significant issues is how to decrease the influence of shadows as much as feasible 

(Helioscope, 2022). 

 

2.4.6 Weather Impact 

Photovoltaic panel s are more effective at low temperatures. The semiconductor 

characteristics alter with higher temperatures, resulting in a minor rise in current but a 

significantly larger fall in voltage. Extreme temperature increases can degrade cell and 

module materials, resulting in reduced working lives. Because majority of the light that 

strikes the cells is converted to heat, good thermal management enhances both efficiency 

and longevity (Solar Energy Technologies Office, 2022).  

2.5 Helioscope 

Helioscope is a photovoltaic installation modelling application aimed at solving specific 

photovoltaic industry performance modelling concerns. It is software on a web page that 

helps to estimate the potential photovoltaic energy at a chosen site.  Folsom Labs created 

this software in 2011.  They created Helioscope to solve a very specific performance 

modelling problem in the photovoltaic industry. The software may simulate photovoltaic 

panel installation by importing floor blueprints or using Google Maps or Bing directly. 
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This design will be based on the modelling measurements in the map due to the 

unavailability of some actual building data, it also provides a chance to upload the 

specific structure if the map of the structure is available. (Helioscope, 2022). 

CHAPTER 3. Research Method and Data Collection 

3.1 Methodology 

The research method for this study is the quantitative method and some parts of 

literature review. The data collection and steps will be illustrated after. For the case 

study, the data will come in a suitable from Statistic Sweden (SCB) and Gotlandshem. 

The data will only be used if they are officially announcing or obtaining approval for use 

for learning and research purposes.  Several steps to achieve the target are listed below: 

 
Figure 10 Research Methodology 
 

i. Select the modelling buildings for the case study. The three locations are Höken, 

Castor and Skalbaggen. 

ii. After selected the buildings, measure the available rooftop area through google 
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maps. 

iii. Helioscope will be used for modelling after the measurement has done 

iv. Remove some yields affected by limitation factors 

v. After the modelling is completed, the area used and the electricity production for 

each area are obtained 

vi. Compared the production data of photovoltaic energy with the electricity 

consumption data of a common area in residential sectors from Gotlandshem 

vii. Discuss and analyze the social benefits and LCOE for Gotlandshem about the 

installation of photovoltaic panels on the rooftops. 

3.2 Utilization of Rooftops  

As it has been interviewed by the energy engineer (Energiingenjör) Karin at 

Gotlandshem, there has been top three locations that were suitable for photovoltaic 

rooftop installation, which were Höken, Castor and Skalbaggen. These choices have 

been proved by the GEAB also, which is a private company that partly owned by the 

region and partly vattenfall. All these three areas are located in Visby. As it mentioned in 

Figure 14 (Meteonorm, 2022), the latitude of Visby is about 57.6348° N. By using the 

formula to calculate the best optimizing tilt for photovoltaic panels, we took latitude 

57.6670°N into Equation (2):                                   

The optimal tilt angle of PV module is  𝜷𝜷𝒐𝒐𝒐𝒐𝒐𝒐 =  𝟎𝟎𝟑𝟑.𝟓𝟓𝟑𝟑𝟎𝟎𝟐𝟐𝟎𝟎𝟓𝟓𝟓𝟓𝟕𝟕. 

As it calculated, the best optimize angel at 57.6348° N is approximately 37 degrees. 

Sweden has a variety of roof shapes, including gable roofs, mansard roofs, flat roofs, 

shed roofs, and butterfly roofs. The most common roof type for residential buildings is 

the gable roof, which has an average slope angle of 24 to 31 degrees (Yang, Campana, 

Stridh and Yan, 2020). Also, a photovoltaic system that is designed to be installed on 

pitched roofs should have the PV modules oriented parallel to the roof plane (Yang, 

Campana, Stridh and Yan, 2020).   
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3.3 Building the Model 

The modelling of this study was primarily focused on residential buildings owned by 

Gotlandshem in three selected locations: Höken, Castor, and Skalbaggen. The research 

object is the gable roof. Thus, it may be possible to apply the results to similar case 

studies in other public housing organizations in Sweden. In Sweden, residential 

buildings make up the majority of all types of buildings, and they have the potential to 

significantly increase the production of photovoltaic power.  

 

The area of Höken (Figure 15) covers a range from Mästergatan 02 to Mästergatan 42. It 

has six buildings with a gable rooftop. According to the satellite maps and field 

observations, there were no high buildings surrounding the location. Thus, there will be 

no shadow from other buildings. According to Gotlandshem, the slope angle of the roof 

at Höken is 20 degrees.  

 

Area of Castor contains Stjärngatan 1 to 5; Stjärngatan 2 to 6; Stjärngatan 9 to15; 

Stjärngatan 12 to 16 and Siriusgatan 2 to 7. Due to there are many barriers on the rooftop 

which cause a rather small useful area to install photovoltaic panels, the following 

locations of this area will not be considered in this study which consists of Stjärngatan 1, 

Stjärngatan 3, Stjärngatan 5, Siriusgatan 2, Stjärngatan 9, Stjärngatan 1, Stjärngatan 13 

and Stjärngatan 15. It could be seen in Figure 17. The slope angle of the roof at Castor is 

28 degrees. 

 

The area of Skalbaggen included Hagstigen 02 to 52, which has a southwest facing gable 

roof in Figure 19 and Myrstigen 21to 99. According to the satellite maps and field 

observations, there were also no high buildings surrounding the location. The slope 

angle of the roof at Skalbaggen is 27 degrees. 

3.4 Modeling in the Helioscope 

Normally, to use the software to calculate the photovoltaic energy in residential sector, 

the basic instruction is given here: 
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Basic Residential design procedure through Helioscope (Helioscope, 2022) 

1. Create a Field Segment 

2. Select PV module 

3. Define Racking 

4. Set Azimuth 

5. Define Tilt 

6. Add setbacks 

7. Shift array to exact location 

8. Make edits to the current module configuration 

9. Set Row Spacing 

10. Select Alignment 

11. Add Keep outs 

12. Remove/restore shaded modules 

13. View in 3D 

14. Optimize shaded modules 

15. Choose Inverter 
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Photovoltaic energy production can be calculated by converting all the information into 

software. As soon as you have created the appropriate project, you will need to map the 

location of the photovoltaic panels. Next, you will need to select the photovoltaic panel 

model, height, orientation angle, roof inclination angle, and mechanical column 

installation angle. Referring to 2.5, several steps must be taken to calculate the 

photovoltaic production at these locations. As shown in Figure 11, the first step is to 

select the roof on which you would like to install the photovoltaic panels. This will result 

in a number of the area of selected rooftop. As shown in Figure 12, next you can use 

“keep out” function to remove any obstacles that may obstruct the useful area of 

photovoltaic panels or that can cause shading or reduce the effectiveness of the panels.   

 
Figure 11Modeling process (Picture of calculating rooftop area at Mästergatan, Höken) 
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Figure 12 Modeling process (Picture of use Keepout to remove obstacles at Siriusgatan 

5, Castor) 

 
Figure 13Modeling process (Picture of DC/AC Ratio at Castor, Visby) 

 

HelioScope will automatically adjust the inverter selection to various inverters after the 

modeling installation, resulting in a DC/AC ratio of around 1.17 DC/AC Ratio as shown 

in Figure 13. After that, use keep out to remove the objects to the rooftop.  
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Based on the information gathered thus far, HelioScope will be used to compute the 

number of installations, installation angles, and final energy production for photovoltaic 

panels in residential buildings in Höken, Castor and Skalbaggen. 

3.5 Solar Source data and weather data of Helioscope 

As illustrated in the Figure 14(Meteonorm, 2022), Helioscope obtains its solar 

irradiation data from Meteonorm. The data provided by meteorological data throughout 

the year provides detailed information regarding the environment of a solar array. The 

standard meteorological files include hourly data on the sun resource (direct and diffuse 

irradiance), ambient temperature, and wind speed. When it comes to weather data, it is 

common for weather files to be based on a "typical meteorological year". Historical data 

of solar radiation was collecting from two-time frames by GEAB, the first time period 

was from 1981 to 1990 and the second period was from 1991 to 2013 as indicated in 

Figure 14 (Meteonorm, 2022). The first step was analyzed to create a synthetic 

perspective of the entire year that represents the typical annual averages and variations. 

The information from Helioscope collects Horizontal Irradiance, Diffuse Horizontal 

Irradiance, Ambient temperature and Wind speed. Many weather files also include other 

variables, including albedo, relative humidity, precipitation, and visibility (Helioscope, 

2022). The data provided by Meteonorm is highly accurate and has long-term 

cooperative relationships with Google, Sharp, Siemens and other companies 

(Meteonorm, 2022). There is a weather station that has been established in Visby, which 

is the source of information about radiation and weather conditions that will be used in 

this case study. The information was listed below: 
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Figure 14 Detailed information about Weather Station (Meteonorm, 2022) 

 

According to the information both from Meteonorm and SMHI, the solar data at this 

station is from GEAB with two measurements period.  

 

3.6 Uncertainties  

According to Helioscope, there are several factors can cause the influence of energy 

production by photovoltaic panel. Those factors with normal range include Shaded 

Irradiance (0-10%), which is happening in the designing process due to the row-to-row 

of PVs, obstructions on the rooftop, and horizon files; Reflection (-1% to -5%) is Based 

on reflection of light from shallow angles. Will be larger for lower-tilt arrays, and 
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locations farther from the equator; The deposition of dust and other micro particles over 

the PV modules is termed as Soiling (-1% to -5%); Output at Irradiance (-1% to -5%) 

describes for non-linear behavior of module I/V curve under low light. For example, at 

500W/m2, a module is not producing exactly half of rated power; Output at Temperature 

(-6 to -15% for flush mount) is used to show all arrays will have temperature-related 

losses. Flush-mounted arrays don’t get as much ventilation as fixed-tilt array, and 

therefore run hotter; Output at Mismatch (0 to -7%), Optimizer Output (0 to -2%) shows 

the accounts for efficiency of DC optimizers, if included in Design. Otherwise, will be 

zero; Optimal DC Output (0 to -2%) accounts for DC wiring losses between modules 

and inverter; Constrained DC Output (0 to -3%) accounts for clipping losses. Typically, 

over-power clipping can be 1-2% in a healthy design, and up to 4-5% in an aggressive 

design., Inverter Output (-2% to -7%) is caused by the efficiency of inverter and Energy 

to Grid (-0.5% to -3%) is determine the AC losses between inverter and grid connection. 

The total performance ratio will from range 68% to 88% (Helioscope).   

 

In determining the potential of a photovoltaic system, shadow and barrier analysis are 

equally crucial. To avoid computation mistakes, shadows cast by surrounding buildings 

and plants, as well as the presence of barriers such as chimneys, HVAC, and elevator 

shafts, should be minimized as much as feasible. According to Yang, Campana, Stridh 

and Yan’s (2020) research, Considering the influence of shadowing from neighbouring 

trees and buildings, investigations of Swedish examples revealed that around 25–30% of 

the total roof surface is conserved for dormers and other uses. For non-industrial 

buildings, the utilization factor is 75% due to shadows and impediments. Due to the 

influence of snow in Sweden, the actual production should also have 5% off of the total 

production (Yang, Campana, Stridh and Yan,2020). 
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CHAPTER 4.  Result 

This chapter will describe the results of roof modelling, including visual and energy 

outputs at specific locations. A summary of the results of photovoltaic installations in the 

three study areas is presented in sections 4.1 to 4.3. Section 4.4 examined the difference 

between the electricity consumption in the common areas in the three locations and the 

electricity generated by photovoltaic systems. The image below illustrates how the 

Helioscope can be used to simulate the aesthetic effects of positioning photovoltaic 

panels on a roof. 

 

4.1 Höken  

In the modeling results of the Höken area, a total of 579 REC Solar, REC280TP (280W) 

photovoltaic panels were used in the area. Under Standard Test Conditions, the DC 

nameplate rating of the system is 162.1kW and the Inverter AC Nameplate is 139.0 kW. 

The total production of the whole year is about 160,000 kWh and Figure 

21(Gotlandshem, 2022) indicates that variation in electricity production in every month.  

According to Gotlandshem's drawings, it is displayed as 20°. The azimuth angle is 

determined according to the orientation of the roof. Detailly, the azimuth angle for  

Mästergatan 02-06, Mästergatan 14-18, Mästergatan 26-30 and Mästergatan 38-42 is 

222°. The azimuth angle for Mästergatan 08-12, Mästergatan 20-24 and Mästergatan 

32-36 is 128°.  Information about each building was shown in Table 3. 
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Table 3 Photovoltaic Data at Höken 

 

Location Area(m2) Frames 

(Photovoltaic 

panels 

amount) 

STC Power Rating 

(kW) 

Mästergatan 02-06 337.1 m2 80 22.4kW 

Mästergatan 08-12 368.3 m2 90 25.2 kW 

Mästergatan 14-18 295.8 m2 83 23.2kW 

Mästergatan 20-24 342.5 m2 80 22.4kW 

Mästergatan 26-30 281.4 m2 84 23.5kW 

Mästergatan 32-36 352.5 m2 87 24.4kW 

Mästergatan 38-42 312.5 m2 75 21.0kW 
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Figure 15 PV Panels modelling at Höken, Visby 

 
Figure 16 3D-view of PV Panels modelling at Höken, Visby 
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4.2 Castor   

In the modeling results of the Castor area, a total of 374 REC Solar, REC280TP (280W) 

photovoltaic panels were used in the area. The amount of Module DC Nameplate is 

104.7 kW in the area, and the Inverter AC Nameplate is 89.8 kW, which provide the area 

with about 106,000 kWh of electricity per year and the production of every month was 

shown in Figure 22(Gotlandshem, 2022).  

The photovoltaic panel s are all set according to the angle of the eaves. According to 

Gotlandshem's drawings, it is displayed as 28°. The azimuth angle is determined 

according to the orientation of the roof. Detailly, the azimuth angle for Siriusgatan 5-7 is 

139°. The azimuth angle for other buildings is 226°. Information about each building 

was shown in Table 4. 

Table 4 Photovoltaic Data at Castor, Visby 

Location Area(m2) Frames 

(Photovoltaic 

panels 

amount) 

STC Power Rating 

(kW) 

Stjärngatan 2 180.3 m2 50 14.0 kW 

Stjärngatan 4 180.3 m2 41 11.5 kW 

Stjärngatan 6 180.3 m2 39 10.9kW 

Siriusgatan 3 105.8 m2 21 5.88kW 

Siriusgatan 4 110.8 m2 15 4.20kW 

Siriusgatan 5 113.6 m2 33 9.24kW 

Siriusgatan 6 114.3 m2 35 9.80kW 

Siriusgatan 7 85.2m2 16 4.48kW 

Stjärngatan 12 206.6 m2 38 10.6kW 

Stjärngatan 14 200.4 m2 42 11.8kW 

Stjärngatan 16 204.8m2 44 12.3kW 
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Figure 17 PV Panels modelling at Castor, Visby 

 
Figure 18 3D-view of PV Panels modelling at Castor, Visby 
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4.3 Skalbaggen 

In the modeling results of the Skalbaggen area, a total of 823 REC Solar, REC280TP 

(280W) photovoltaic panels were used in the area. The amount of Module DC 

Nameplate is 230.4 kW in the area, and the Inverter AC Nameplate is 197.5 kW, which 

provide the area with about 237,000 kWh of electricity per year and the data for monthly 

was shown in Figure 23(Gotlandshem, 2022).    

The photovoltaic panel s are all set according to the angle of the eaves. According to 

Gotlandshem's drawings, it is displayed as 27°. The azimuth angle is determined 

according to the orientation of the roof. Detailly, the azimuth angle for Hagstigen 02-28 

is 250°; Hagstigen 30 - 52 is 255°; Myrstigen 21 – 67 is 161°; Myrstigen 69 – 83 is 165°. 

Information about each building was shown in Table 5. 

 

Table 5 Photovoltaic Data at Skalbaggen, Visby 

Location Area(m2) Frames 

(Photovoltaic 

panels 

amount) 

STC Power Rating 

(kW) 

Hagstigen 02-28 375.6 m2 144 40.3 kW 

Hagstigen 30-52 344.2 m2 119 33.3 kW 

Myrstigen 21 - 35 287.1 m2 112 31.4kW 

Myrstigen 37 - 51 287.1 m2 112 31.4kW 

Myrstigen 53 - 67 287.1 m2 112 31.4kW 

Myrstigen 69 - 83 287.1 m2 112 31.4kW 

Myrstigen 85 - 99 287.1 m2 112 31.4kW 
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Figure 19 PV Panels modelling at Skalbaggen, Visby 

 
Figure 20 3D-view of PV Panels modelling at Skalbaggen, Visby 
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4.4 Comparison between electricity production and consumption 

Since Gotlandshem is a public housing company, they only cover the electricity 

consumption for the public sectors in the area such as laundry rooms, public lighting and 

other facilities. Tenants pay for their electricity consumption. The blue line in the Figure 

21&22&23 only represents the electricity consumption for public area usage. To make 

the comparison more realistic, the consumption quantity and production in 2019 will be 

compared here. The purpose of this is to reduce the impact of Covid-19 on electricity 

consumption. Due to the impact of the pandemic, there will be more stay-at-home 

measures in 2020 and 2021, so there will be a certain amount of increase in electricity 

consumption. In contrast, the data in 2019 can better reflect a daily state. The 

information is aggregated into the Figure 21&22&23(Gotlandshem, 2022) below: 

 

 
Figure 21 Comparison between Electricity Consumption and Electricity Production at 

Höken (Gotlandshem, 2022) 
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Figure 22 Comparison between Electricity Consumption and Electricity Production at 

Castor (Gotlandshem, 2022) 

 

 

 
Figure 23 Comparison between Electricity Consumption and Electricity Production at 

Skalbaggen (Gotlandshem, 2022) 
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Combining all the information above: 

Table 6 General Overview about the comparison between production and consumption 

 Yearly Total 
Electricity 

Production by 
Photovoltaic (kWh) 

Yearly 
Consumption by 

public area (kWh) 

Ratio of production 
by consumption 

Höken 160,000 218,635.90 Approximately 
73% 

Castor 106,000 203,945.30 Approximately 
52% 

Skalbaggen 237,000 23,550.10 Approximately 
1000% 

 

CHAPTER 5. Analysis and Discussion 

In this chapter, two sections are included. Section 5.1 deals with the analysis of the two 

research questions with respect to the benefits of the installation of photovoltaic systems 

from both an economic and social perspective. Section 5.2 presents a general discussion 

of this study as well as an analysis of previous research and limitations.  

5.1 Analysis about the benefits from installing the photovoltaic system 

To answer the first research question about electricity production, the number at Höken, 

Castor and Skalbaggen was approximately 160,000 kWh, 106,000 kWh and 237,000 

kWh respectively. It indicated that the ratio of energy production to consumption by the 

photovoltaic panels located on the roofs of the chosen location is 73%, 52%, and 1000%, 

partially covering the general consumption of the community's common area, shown in 

Table 6. In Figure 21&22&23(Gotlandshem, 2022), the blue column represents the 

electricity consumption, and the orange column represents the potential electricity 

generated by photovoltaic power. There was a significant difference between winter and 

summer consumption and production. During the summer, the production from PVs can 

exceed the consumption of energy. Visby is able to access more solar irradiance in the 

summer than it does in the winter. With the high quality of sunlight, the PVs can 

produce electricity for a long period in summer.  In addition, there is no need for heating 
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during the summer, so consumption is lower than production. Nevertheless, during the 

winter period, the high demand for heating and the short daylight hours result in a higher 

level of electricity consumption than that generated by PVs. 

 

Referring back to the second research question regarding the benefits analysis, there are 

several social benefits for the installation of photovoltaic system for the public housing 

company. 

 

Firstly, public housing company can gain benefit comes from the support of government. 

It is noted in Sweden’s Integrated National Energy and Climate Plan, “The 2040 target is 

100% of electricity generated from renewable sources” will always become the priority 

task for Swedish Government to implement. Also, to increase the flexibility of the 

energy system through the deployment of domestic energy, demand response and energy 

storage will be the main objective. Thus, subsidies and policies have been established 

locally to stimulate the development of converting the distribution of renewable energy 

in different provinces. Since 2015, microgenerators have been reimbursed for the surplus 

they feed into the grid, making it simpler for private individuals and businesses to invest 

in the generation of renewable electricity for their consumption. For extra energy 

pumped into a connection point with a fuse of up to 100 amps in a calendar year, the tax 

discount is SEK 0.60 per kWh. The annual reduction limit is SEK 18,000 (Regeringen, 

2020).  

 

Secondly, removing most of the approval process for photovoltaic installations can 

reduce the time consuming of projects and allow them to be commissioned earlier. The 

Swedish government has removed most of the approval process for rooftop photovoltaic, 

as it would facilitate flexibility in the Swedish electricity system (Regeringen, 2020). 

However, many subsidies that directly support the cost of photovoltaic panel systems 

have been removed since 2020. The reason for that is that too much subsidy will lead to 

market expansion too fast, beyond the rational range. Also, Ekblom and Larsson (2020) 



 44 

indicated that subsidies are cheaper in more mature markets, given the amount of 

renewable energy associated with the cost of government subsidies. The reason is that 

when a market becomes more mature, it becomes more price-sensitive, shown in Figure 

24 (Lindahl, Westerberg, and Vanky, 2020), the cost of installation of photovoltaic 

energy in Sweden has a big descended. (Ekblom and Larsson, 2020). Generally, 

although the direct support of installation of Photovoltaic panel has been removed, it is 

the important measurement for government to ensure the market balance finally to 

stimulate a valuable increasing of the VRE energy. 

 

  
Figure 24 Historic development of the weighted average typical prices for turnkey 

photovoltaic systems (Lindahl, Westerberg, and Vanky, 2020) 

 

Thirdly, the local photovoltaic system can increase the energy security of local energy 

system and help public housing company to achieve sustainability goal. Due to influence 

of the war between Russia and Ukraine, many factors cause a dramatic change in the 

energy market which caused a direct effect among the price of global fossil fuels. The 

rising price of fossil fuels increasing the price of electricity production in some way. In 

order to deal with this factor, The EU has altered European energy policy goals to a 

focus on short-term energy supply security since gas delivery being particularly 

troublesome. This new priority interacts with the decarbonization goals for 2030 and 
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2050, perhaps leading to a strategy shift (Gielen et al., 2022). Recently, the EU 

anticipates that renewables will be able to replace up to 20 billion cubic meters of gas 

this year. This would require an extra 100 GW of capacity, a huge increase from the 37 

GW of photovoltaic and wind capacity added in 2021 (Gielen et al., 2022).  

 

As a public housing company, Gotlandshem has the responsibility to manage the house 

to become more sustainable and environmentally friendly. This is the target mentioned 

by Sveriges Allmännytta. Additionally, self-generated power can help Gotlandshem to 

reduce the cost of buying electricity. As shown in Table 6, the production of three 

locations are 160,000 kWh, 106,000 kWh and 237,000 kWh. With the information from 

Energimyndigheten, it is reliable to use the LCOE calculation that is based on the project 

Investment calculation for solar cells carried out by Mälardalen University in the 

research program E2B2 (Energimyndigheten, 2021). The following equation will be 

used to calculate the LCOE for the project:  

 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + ∑ �𝐴𝐴𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴 𝐿𝐿𝐶𝐶𝐼𝐼𝐼𝐼𝑖𝑖(1 + 𝑅𝑅)𝑖𝑖 � − 𝑅𝑅𝐼𝐼𝐼𝐼𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼

(1 + 𝑅𝑅)𝑁𝑁
𝑖𝑖=𝑁𝑁
𝑖𝑖=1

∑ 𝐿𝐿𝐼𝐼𝐼𝐼𝐸𝐸𝐸𝐸𝐸𝐸 𝐼𝐼𝑒𝑒𝑒𝑒ℎ𝐴𝐴𝐼𝐼𝐸𝐸𝐼𝐼 𝐼𝐼𝐼𝐼𝐴𝐴𝐸𝐸𝐼𝐼 × (1 + 𝐼𝐼𝐸𝐸𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝐼𝐼𝐸𝐸𝐸𝐸𝐴𝐴𝑅𝑅𝐴𝐴𝐼𝐼𝑅𝑅𝐶𝐶𝐼𝐼)𝑖𝑖−1
(1 + 𝑅𝑅)𝑖𝑖

𝑖𝑖=𝑁𝑁
𝑖𝑖=1

 

  (3) 

 

(3) Equation for calculating LCOE (Stridh and Larsson, 2017) 

In the equation 3, where i = year, N = period of the project and R = interest rate.  

Energiforsk (2020) stated that the total cost of photovoltaic cell systems is of three types: 

Total hardware costs included Modules, Inverters, Other Electronics and Mounting 

Materials (60.5%); Total labour costs included installation, permit and travel time 

(32.9%) and total other costs included design & sales, shipping to the customer, travel 

costs and other (6.6%). The total cost of a photovoltaic cell system is about 

11,700kr/kWp in 2020. When converting assumption, the total installation capacity and 

costs of photovoltaic cells at three area are given below (Table 7) 
 

https://www.energimyndigheten.se/
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Table 7 Total installation capacity and costs of photovoltaic cells 
 STC Installation Capacity 

(kWp) 

Approximately Total Cost 

of PV Installation (SEK) 

Höken 162.1 1,900,000 

Castor 104.7 1,220,000 

Skalbaggen 230.6 2,700,000 

Normally, the interest rate is around 3% to 8%. Surface maintenance and cleaning of 

modules are always cost 0 SEK/kWh, but the supervision fee is about 5000 SEK/year, 

the degradation rate for the system is about 0.3% per year and the increasing rate for the 

operation and maintenance cost was assumed as 2% per year (Stridh and Larsson, 2017). 

Then, putting all the data into the LCOE calculator. The LCOE result for Höken is 

around about 0.74 to 1.17 SEK/kWh due to the range of interest rate. For Castor, the 

LCOE result is from 0.73 to 1.16 SEK/ kWh due to the range of interest rate. The LCOE 

result for Skalbaggen is around 0.70 to 1.11 SEK/ kWh. 

 

According to the SCB, there are five types of electricity price for household usage those 

are based on the different consumption level, which are DA (Annual consumption＜

1,000 kWh), DB (1,000 kWh≤Annual consumption＜2,500kWh), DC (2500 kWh≤

Annual consumption＜5,000 kWh), DD (5,000 kWh≤Annual consumption＜15,000 

kWh) and DE (Annual consumption≥15,000 kWh) (SCB,2022). In this study, the 

consumption range for all research locations are belong to DE. According to the SCB, 

the average electricity price with tax for group DE from 2015 till the end of the 2021 is 

about 1.46 SEK/ kWh (SCB,2022).  

 

Generally, it makes sense for Gotlandshem to add rooftop photovoltaic power, given the 

overall goal of Sweden's goal of a fully renewable electricity supply by 2040. In the 

short term, due to the impact of the Russian-Ukrainian war on European energy, self-

consumption of electricity can alleviate the negative impact of rising electricity costs, 

such as revenue and fiscal expenditure. And this will strongly assist Gotlandshem in 
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joining in its contribution to Gotland's sustainable construction and comply with 

Sveriges Allmännytta's consistent policy of support for sustainable development. 

However, in order to stimulate the company, to join the renewable electricity production, 

it is still meaningful to have a direct subsidy in order to shorten the pay-back period in 

Sweden regarding photovoltaic cells system. 

5.2 Discussion 

This study mainly conducts a theoretical study of residential rooftop photovoltaic power 

generation in three areas dominated by Gable roofs among the numerous houses 

managed by the Public Housing Company Gotlandshem in Visby. The results show that 

Höken, Castor, and Skalbaggen all have value for photovoltaic power generation. Based 

on the Helioscope model, Höken, Castor and Skalbaggen can produce 160,000kWh, 

106,000kWh and 237,000kWh per year respectively. Annual output of approximately 

504,000 kWh can be generated. The site selection is based on the communication with 

Gotlandshem that the company has conducted a preliminary assessment with GEAB 

(Gotlands Energi) that the following  three areas have the potential for photovoltaic 

power generation. And got some info on roof slope via Gotlandshem. The roof area is 

based on Helioscope and Google map measurements. The insolation data and climate 

data were modelled over time from the weather stations of SHMI and Meteonorm in 

Visby. The loss is mainly based on factors such as reflection, soiling, temperature, and 

loss caused by sending energy to grid in the helioscope. Based on production and policy 

analysis, there is currently value and potential for residential rooftop photovoltaic 

installations in the Visby and Gotland areas. Based on the multi-party goal of fully 

supplying electricity with renewable energy by 2040, coupled to promote energy system 

flexibility and locality. As well as reducing external dependence on the threat of 

domestic energy security, Gotlandshem should advance renewable energy development 

in public housing in the Gotland area. 

 

According to the study by Zaar (2016), the total available roof area of Multi-Dwelling in 

Gotland is 382,884 square meters, the annual power generation capacity is about 57,333 
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MWh, and its potential per square meter is about 150kWh. In this study, the total 

available roof area of the three regions is 6127.8 square meters, with an annual output of 

504,000 kWh, or about 82 kWh per square meter. The reasons for the difference may 

include the following: First, Zaar's research has broad applicability, and her research is 

more focused on the all-types roofs’ performance of photovoltaic energy in Gotland. 

This study pays more attention to the residential information in specific areas of the 

region, as proposed in the Zaar study, since each building has different own conditions 

including roof slope, roof orientation, roof obstructions, etc. So, there are individual 

differences. For example, since the roof angle was fixed at 20° in the Hoken area study, 

there will be inevitable errors in the 30°-based study. The findings of this study will 

partly help most public housing companies consider the feasibility of rooftop 

photovoltaic, given the prevalence of these angles in Sweden. 

 

However, many limitations cannot be avoided in research. First of all, due to the lack of 

very accurate roof information, there will be a certain deviation in the shadows and 

obstacles when the model is built. These can be avoided in practice with more 

specialized and fine-tuned pitching. Secondly, according to Gotlandshem's analysis and 

the Swedish 2020 climate change guidelines, it is pointed out that due to the current 

restrictions on selling self-generated electricity to tenants or adjacent buildings in 

Gotlandshem, as well as the lack of consideration for the decentralized grid and self-

storage The cost of construction may be subject to actual variance concerning benefits 

and potential benefits. These can be resolved through later policies and improvements in 

infrastructure. Furthermore, since the electricity price are varying differently from then 

on, the money of electricity price is not as stable as usual 

 

Taken together, this study can provide public housing companies with a theoretical 

assessment of photovoltaic panels for multi-dwelling homes based on these common 

roof angles. 
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CHAPTER 6. Conclusion 

In conclusion, the purpose of this study is to estimate the electricity production by 

modelling the gable rooftop PV panels system for selected residential buildings and 

apartments managed by Gotlandshem in Visby and to determine the potential benefits 

that public housing companies may gain from the installation. The reason of doing this 

research was because the potential photovoltaic power in Visby is large, however, there 

was about 1.6 GWh electricity from photovoltaics. The research method for this study is 

the quantitative method and some parts of literature review. The data collection is from 

Gotlandshem and SCB for a high confidence coefficient. 

 

For the first question, the total theoretical photovoltaic energy output of the three 

districts of Gotlandshem is 504,000 kWh, and the three districts have different coverage 

ratios 73%, 52%, 1000% for their electricity coverage. As the results of this study show, 

the exceeded production of electricity can be managed to send to other regions to 

balance output in the future.  

 

For the second question, public housing companies, can use electricity generated from 

renewable energy to maintain the daily demand for housing. This will reduce challenge 

for the country’s energy security and make a positive impact on the environment and 

help the whole country achieve sustainability goals. According to the calculation, the 

LCOE of for Höken is around about 0.74 to 1.17 SEK/kWh. For Castor, itis from 0.73 to 

1.16 SEK/ kWh due to the range of interest rate. For Skalbaggen, it is around 0.70 to 

1.11 SEK/ kWh.  

 

As a result of installing solar panels, the public housing company will be able to reduce 

the cost of purchasing electricity and achieve its 2040 goal of producing 100% of its 

electricity from renewable sources. The contribution of this study is providing an 

example of a public housing company with gable roofs that would like to install solar 

arrays to produce renewable electricity. As well, further research is required on how to 
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facilitate tenants' use of renewable electricity produced by public housing itself as well 

as how to maximize the penetration of smart grids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 51 

REFERENCES 

Afework, B., Hanania, J., Stenhouse, K., Yyelland, B. and Donev, J., 2018. Types of 

photovoltaic cells - Energy Education. [online] Energyeducation.ca. Available at: 

<https://energyeducation.ca/encyclopedia/Types_of_photovoltaic_cells> [Accessed 3 

May 2022]. 

Brisbane city council, 2021. Multiple dwellings. [online] www.brisbane.qld.gov.au. 

Available at: <https://www.brisbane.qld.gov.au/planning-and-building/do-i-need-

approval/residential-projects/dwellings/multiple-dwellings> [Accessed 2 April 2022]. 

Creswell, J.W. and Creswell, J.D., 2018. Research design: qualitative, quantitative, and 

mixed methods approaches. [online] Uppsala University Library. Available at: 

<https://uu.summon.serialssolutions.com/en/search?fvf=ContentType,Book%20Review,

t%7CContentType,Newspaper%20Article,t&q=Research%20design:%20qualitative,%2

0quantitative,%20and%20mixed%20methods%20approaches#!/search/document?ho=t&

include.ft.matches=t&fvf=ContentType,Book%20Review,t%7CContentType,Newspape

r%20Article,t&l=en&q=Research%20design:%20qualitative,%20quantitative,%20and%

20mixed%20methods%20approaches&id=FETCHMERGED-

uu_catalog_vtls0021983342> [Accessed 31 March 2022]. 

Damsgaard, N., Fabra, N. and Khokhlov, A., 2021. The future of energy storage: 

challenges and opportunities. [online] www.hhs.se. Available at: 

<https://www.hhs.se/en/about-us/news/site-publications/publications/2021/The-future-

of-energy-storage--challenges-and-opportunities/> [Accessed 13 May 2022]. 

EIA, 2021. Solar explained - U.S. Energy Information Administration (EIA). [online] 

Eia.gov. Available at: <https://www.eia.gov/energyexplained/solar/> [Accessed 12 May 

2022]. 

EIA, 2022. Solar energy and the environment - U.S. Energy Information Administration 

(EIA). [online] www.eia.gov. Available at: 



 52 

<https://www.eia.gov/energyexplained/solar/solar-energy-and-the-

environment.php#:~:text=Solar%20energy%20technologies%20and%20power> 

[Accessed 3 April 2022]. 

Ekblom, T. and Larsson, L., 2020. The impact of subsidies in the Swedish solar energy 

market. [online] DIVA. Available at: <http://uu.diva-

portal.org/smash/record.jsf?pid=diva2%3A1411106&dswid=-3986> [Accessed 30 April 

2022]. 

Ekström, D., 2012. Gotlands solelpotential. [online] DIVA. Available at: 

<http://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A562556&dswid=-8010> 

[Accessed 22 March 2022]. 

Energiforsk, 2020. KOSTNADSSTRUKTUR FÖR SVENSKA VILLASYSTEM. [online] 

energiforsk.se. Available at: <https://energiforsk.se/media/29134/kostnadsstruktur-for-

svenska-villasystem-energiforskrapport-2020-715.pdf> [Accessed 18 May 2022]. 

Energimyndigheten, 2019. Så ska Gotland ta täten i energiomställningen. [online] 

www.energimyndigheten.se. Available at: 

<https://www.energimyndigheten.se/nyhetsarkiv/2019/sa-ska-gotland-ta-taten-i-

energiomstallningen/> [Accessed 20 April 2022]. 

Energimyndigheten, 2021. Solelkalkylen. [online] www.energimyndigheten.se. 

Available at: <https://www.energimyndigheten.se/fornybart/solelportalen/vad-kostar-

det/solelkalkyl/> [Accessed 8 June 2022]. 

Engineers Australia, 2020. Store and generate energy using molten silicon. [online] 

Engineers Australia. Available at: <https://www.engineersaustralia.org.au/News/store-

and-generate-energy-using-molten-silicon> [Accessed 6 June 2022]. 



 53 

Eseosa, O., 2020. Challenges of Renewable Energy Sources (RES) in Developing 

Countries and the Way Forward. Research & Development in Material Science, 14(1). 

https://doi.org/10.31031/rdms.2020.14.000828. 

European Commission, 2016. EU Buildings Factsheets. [online] Energy - European 

Commission. Available at: <https://ec.europa.eu/energy/eu-buildings-factsheets_en> 

[Accessed 1 April 2022]. 

Freitas, T., 2021. The hidden costs of solar panels: Price of solar panel maintenance and 

repairs. [online] CNET. Available at: <https://www.cnet.com/home/energy-and-

utilities/what-are-the-hidden-costs-of-solar-panels/> [Accessed 19 May 2022]. 

Garrison, L., 2021. Monocrystalline solar panels vs. polycrystalline solar panels: Find 

out which ones are right for you. [online] CNET. Available at: 

<https://www.cnet.com/home/energy-and-utilities/monocrystalline-solar-panels-vs-

polycrystalline-solar-panels-find-out-which-ones-are-right-for-you/> [Accessed 16 May 

2022]. 

Gielen, D., Gorini|, R., Janeiro, L. and Collins, S., 2022. Europe Must Simultaneously 

Replace Russia’s Fossil Exports & Accelerate Its Clean Energy Deployment. [online] 

/newsroom/expertinsights/2022/May/Europe-must-simultaneously-replace-Russias-

fossil-exports-and-accelerate-its-clean-energy-deployment. Available at: 

<https://www.irena.org/newsroom/expertinsights/2022/May/Europe-must-

simultaneously-replace-Russias-fossil-exports-and-accelerate-its-clean-energy-

deployment> [Accessed 16 May 2022]. 

Gotlandshem, 2022. Våra områden - Gotlandshem. [online] GotlandsHem. Available at: 

<https://www.gotlandshem.se/vara-omraden/> [Accessed 30 March 2022]. 

Güney, T., 2021. Solar energy and sustainable development: evidence from 35 countries. 

International Journal of Sustainable Development & World Ecology, pp.1–8. 

https://doi.org/10.1080/13504509.2021.1986749. 



 54 

Helioscope, 2022. HelioScope: Advanced Solar Design Software. [online] 

www.helioscope.com. Available at: 

<https://www.helioscope.com/library/modules/39316/characterization/44720> 

[Accessed 16 May 2022]. 

IEA, 2021. Solar PV – Analysis. [online] IEA. Available at: 

<https://www.iea.org/reports/solar-pv> [Accessed 28 March 2022]. 

IRENA, 2021. Renewable Power Generation Costs in 2020. [online] International 

Renewable Energy Agency. Available at: 

<https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020> 

[Accessed 10 April 2022]. 

J.M.K.C. Donev et al, 2018. Solar panel orientation - Energy Education. [online] 

Energyeducation.ca. Available at: 

<https://energyeducation.ca/encyclopedia/Solar_panel_orientation> [Accessed 1 May 

2022]. 

J.M.K.C. Donev et al., 2016. Energy Education - Discounting. [online] Energy 

Education. Available at: 

<https://energyeducation.ca/encyclopedia/Discounting#:~:text=and%20global%20societ

y.-

,Discount%20Rate%20and%20LCOE%20of%20Energy%20Projects,of%20LCOE%20i

n%20the%20future.> [Accessed 19 May 2022]. 

Karinka, S. and Upadhyaya, V., 2022. Concept of annual solar window and simple 

calculation for optimal monthly tilt angle to maximize solar power generation. Materials 

Today: Proceedings, 52, pp.2166–2171. https://doi.org/10.1016/j.matpr.2021.12.594. 

Länsstyrelsen, 2020. Regional bostadsmarknadsanalys. [online] Länsstyrelsen- Gotlands 

län. Available at: 



 55 

<https://www.lansstyrelsen.se/download/18.52ea1660172a20ba65c103b/159194599824

8/BMA%202020.pdf> [Accessed 1 April 2022]. 

Länsstyrelserna, 2019. Energistatistik. [online] LEKS. Available at: 

<https://www.leks.se/energistatistik/> [Accessed 18 March 2022]. 

Lindahl, J., Westerberg, A.O. and Vanky, K., 2020. National Survey Report of PV Power 

Applications in Sweden 2020 Task 1 Strategic PV Analysis and Outreach PVPS. [online] 

IEA. Available at: <https://iea-pvps.org/wp-content/uploads/2021/10/National-Survey-

Report-of-PV-Power-Applications-in-Sweden-2020.pdf> [Accessed 2 April 2022]. 

Martinez-Gracia, A., Arauzo, I. and Uche, J., 2019. Chapter 5 - Solar energy availability. 

[online] ScienceDirect. Available at: 

<https://www.sciencedirect.com/science/article/pii/B9780128148532000059> [Accessed 

15 April 2022]. 

Meteonorm, 2022. Meteonorm. [online] Meteonorm. Available at: 

<https://meteonorm.com/en/> [Accessed 17 May 2022]. 

National Geographic, 2021. equinox | National Geographic Society. [online] 

education.nationalgeographic.org. Available at: 

<https://education.nationalgeographic.org/resource/equinox> [Accessed 6 June 2022]. 

National Ocean Service, 2021. What is latitude? [online] oceanservice.noaa.gov. 

Available at: <https://oceanservice.noaa.gov/facts/latitude.html> [Accessed 14 May 

2022]. 

NATURVÅRDSVERKET, 2020. Agenda 2030 and the Global Goals for Sustainable 

Development. [online] www.naturvardsverket.se. Available at: 

<https://www.naturvardsverket.se/en/environmental-work/agenda-2030-and-the-global-

goals-for-sustainable-development/> [Accessed 3 April 2022]. 



 56 

OCED, 2002. OECD Glossary of Statistical Terms - Residential building Definition. 

[online] stats.oecd.org. Available at: 

<https://stats.oecd.org/glossary/detail.asp?ID=2326#:~:text=OECD%20Statistics> 

[Accessed 31 March 2022]. 

Office of ENERGY EFFICIENCY & RENEWABLE ENERGY, 2021. Solar 

Photovoltaic Cell Basics. [online] Energy.gov. Available at: 

<https://www.energy.gov/eere/solar/solar-photovoltaic-cell-basics> [Accessed 1 May 

2022]. 

Ordóñez, J., Jadraque, E., Alegre, J. and Martínez, G., 2010. Analysis of the photovoltaic 

solar energy capacity of residential rooftops in Andalusia (Spain). Renewable and 

Sustainable Energy Reviews, 14(7), pp.2122–2130. 

https://doi.org/10.1016/j.rser.2010.01.001. 

PCMag, 2021. Definition of silicon ingot. [online] PCMAG. Available at: 

<https://www.pcmag.com/encyclopedia/term/silicon-ingot> [Accessed 6 June 2022]. 

Region Gotland, 2017. GOTLAND IN FIGURES. [online] Gotland.se. Available at: 

<https://www.gotland.se/104323> [Accessed 21 March 2022]. 

Region Gotland, 2021. RUS. [online] Vårt Gotland 2040. Available at: 

<https://rus.gotland.se/> [Accessed 16 May 2022]. 

Region Gotland, 2022. Region och demokrati. [online] Region Gotland. Available at: 

<https://www.gotland.se/regionochdemokrati> [Accessed 17 March 2022]. 

Sala Lizarraga, J.M.P. and Picallo-Perez, A., 2020. 2 - Quality of energy and exergy. 

[online] ScienceDirect. Available at: 

<https://www.sciencedirect.com/science/article/pii/B9780128176115000023> [Accessed 

14 May 2022]. 



 57 

SCB, 2020. Construction of new dwellings in multi-dwelling buildings increased. [online] 

Statistiska Centralbyrån. Available at: <https://www.scb.se/en/finding-

statistics/statistics-by-subject-area/housing-construction-and-building/housing-

construction-and-conversion/new-construction-of-residential-buildings/pong/statistical-

news/new-construction-of-residential-buildings-started-dwellings-first-three-quarters-

2020/> [Accessed 2 April 2022]. 

SCB, 2022. Electricity prices and electricity contracts. [online] Statistiska Centralbyrån. 

Available at: <https://www.scb.se/en/finding-statistics/statistics-by-subject-

area/energy/price-trends-in-the-energy-sector/electricity-prices-and-electricity-contracts/> 

[Accessed 19 May 2022]. 

Solar Energy Technologies Office, 2019. Solar Radiation Basics. [online] Energy.gov. 

Available at: <https://www.energy.gov/eere/solar/solar-radiation-basics> [Accessed 18 

May 2022]. 

Solar Energy Technologies Office, 2020. Solar Integration: Inverters and Grid Services 

Basics. [online] Energy.gov. Available at: <https://www.energy.gov/eere/solar/solar-

integration-inverters-and-grid-services-basics#:~:text=What%20are%20Inverters%3F> 

[Accessed 14 May 2022]. 

Solar Energy Technologies Office, 2021. How Does Solar Work? [online] Energy.gov. 

Available at: <https://www.energy.gov/eere/solar/how-does-solar-

work#:~:text=Solar%20technologies%20convert%20sunlight%20into> [Accessed 6 

April 2022]. 

Solar Energy Technologies Office, 2022. Solar Performance and Efficiency. [online] 

Energy.gov. Available at: <https://www.energy.gov/eere/solar/solar-performance-and-

efficiency> [Accessed 16 May 2022]. 

SRML, 2022. UO SRML solar data. [online] solardat.uoregon.edu. Available at: 

<http://solardat.uoregon.edu/SolarData.html> [Accessed 1 May 2022]. 



 58 

Stridh, B. and Larsson, D., 2017. Investeringskalkyl för solceller. [online] Available at: 

<https://www.e2b2.se/library/2705/slutrapport-investeringskalkyl-foer-solceller.pdf> 

[Accessed 8 June 2022]. 

Swedish Institute, 2021. Sweden and sustainability. [online] sweden.se. Available at: 

<https://sweden.se/climate/sustainability/sweden-and-sustainability> [Accessed 3 April 

2022]. 

United Nations, 2015. The 17 Sustainable Development Goals. [online] United Nations. 

Available at: <https://sdgs.un.org/goals> [Accessed 18 April 2022]. 

University of Nevada, 2019. 410. Maintaining Data Confidentiality | Research Integrity. 

[online] University of Nevada, Reno. Available at: <https://www.unr.edu/research-

integrity/human-research/human-research-protection-policy-manual/410-maintaining-

data-confidentiality> [Accessed 31 March 2022]. 

World Bank, 2020. Solar resource maps of Sweden. [online] solargis.com. Available at: 

<https://solargis.com/maps-and-gis-data/download/sweden> [Accessed 20 March 2022]. 

Yang, Y., Campana, P.E., Stridh, B. and Yan, J., 2020. Potential analysis of roof-

mounted solar photovoltaics in Sweden. Applied Energy, 279, p.115786. 

https://doi.org/10.1016/j.apenergy.2020.115786. 

Zaar, E., 2016. Photovoltaic power potential on Gotland: A comparison with load, wind 

power and power export possibilities. [online] DIVA. Available at: <http://uu.diva-

portal.org/smash/record.jsf?pid=diva2%3A935762&dswid=3085> [Accessed 25 March 

2022]. 

 


	CHAPTER 1. Introduction
	1.1 Background

	ABSTRACT
	ACKNOWLEDGEMENTS
	NOMENCLATURE
	TABLE OF CONTENTS
	CHAPTER 1. Introduction
	1.1 Background
	1.2 Previous Research
	1.3 Aim of Study
	1.4 Research question
	1.5 Research scope and limitation
	1.6 Ethical Perspective

	CHAPTER 2. Theoretical background
	2.1 Residential Buildings
	2.2 Sustainable Development
	2.3 Solar Energy
	2.4 Photovoltaic Panel
	2.5 Helioscope

	CHAPTER 3. Research Method and Data Collection
	3.1 Methodology
	3.2 Utilization of Rooftops
	3.3 Building the Model
	3.4 Modeling in the Helioscope
	3.5 Solar Source data and weather data of Helioscope
	3.6 Uncertainties

	CHAPTER 4.  Result
	4.1 Höken
	4.2 Castor
	4.3 Skalbaggen
	4.4 Comparison between electricity production and consumption

	CHAPTER 5. Analysis and Discussion
	5.1 Analysis about the benefits from installing the photovoltaic system
	5.2 Discussion

	CHAPTER 6. Conclusion
	REFERENCES

