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ABSTRACT 

 

Gotland is a pilot area for Sweden to achieve carbon neutrality, which means that achieve 

a 100% sustainable energy supply is significant for Gotland energy development. Gotland 

has good sunshine conditions and solar radiation, but the development of solar energy is 

relatively slow. In order to prove that Visby, the largest city in Gotland, has good solar 

energy potential, this paper aims to investigate the PV potential for non-residential 

buildings in Visby by modelling the installation of roof solar panels on representative non-

residential buildings (Visby Galleria, surrounding buildings in Stenhuggarvägen) through 

quantitative research methods. From the final result of the modelling, the solar energy 

potential per square meter of Visby's non-residential buildings is 121kWh, and the total 

solar electricity generation potential is 708 GWh. The research results show that Visby's 

non-residential buildings have high solar power potential, and it can be used as one of the 

methods to achieve a 100% sustainable energy supply. 
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Photovoltaic Energy Potential for Non-residential Buildings in 

Visby 

 

1. Introduction 

The introduction chapter will provide the background behind Visby's future PV energy 

potential for non-residential buildings. As a sustainable development pilot area in Sweden, 

Gotland has participated in many sustainable development projects and played different roles 

in promoting the development of Gotland's entire economic, technological, and social 

environment. This chapter includes the basic information about Gotland and Visby, previous 

research about solar energy on Gotland and the main research objectives. 

 Background 

Gotland is located in the Baltic Sea and is Sweden's largest island. Gotland covers an area of 

3,140 km², accounting for less than one per cent of the total land area of Sweden (Region 

Gotland, 2017). In the 2016 population statistics, the total population of Gotland (including 

in and out-migration) is 58,003, of which about half of the population (24,300) live in Visby 

(Region Gotland, 2017). Regarding the industrial aspect of Gotland, agriculture, quarrying 

and the food industry have long been essential industries on Gotland. These enterprises have 

a great demand for electricity, especially cement plants dominated by Cementa, which 

demand system electrification (Vattenfall, 2019). In 2016, the Swedish government and the 

Swedish Energy Agency decided that Sweden will achieve carbon neutrality by 2045. 

According to the agreement, Gotland will be a pilot project for this transition (Region 

Gotland, 2019). Becoming the energy pilot project means that the pilot project aims to enable 

Gotland to achieve its climate and sustainable development goals before the rest of Sweden. 

The project also aims to provide learning experiences for other parts of Sweden and offer 

learning lessons for places outside Sweden. The agreement is supported by the government 

and energy agencies and is also part of the agenda; it is called the E.U. Clean Energy for E.U. 

Islands initiative (Region Gotland, 2019).  

 

Visby is the biggest city in Gotland, located on the west coast of the central part of Gotland, 

with about 24,300 population. Visby has the best-preserved medieval town in Scandinavia, 

and Gotland is a particularly popular travel destination during the summer, with many summer 

residents and large tourism industry. The development of tourism has affected Gotland's 

residences, and a large number of tourists have increased the overall level of consumption. 
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Tourism has also improved the connection between Gotland and the mainland. As the largest 

and most prosperous city in Gotland, Visby should focus on the sustainable energy transition. 

 

In order to achieve 100% of Gotland's renewable energy supply, different types of sustainable 

energy have also appeared in energy production. Wind power is one of the primary 

productivities of Gotland's sustainable energy production. As Gotland is one of the priorities 

of sustainable energy development, wind energy meets 42% of the island's annual electricity 

demand (Region Gotland, 2019). At present, bioenergy and other types of new energy are 

also in the process of gradual development.  

 

The figure below (Figure 1) is the electricity balance for Gotland in 2017. This figure is based 

on the Länsstyrelserna’ (County Administration Boards of Sweden) Sankey diagram. This 

can provide a solid foundation for understanding Gotland's electricity production from 

different resources. According to the latest statistics, the current solar energy on Gotland only 

accounts for a small part of the total energy production of the grid. In this figure, the 

electricity production from solar is 1.6 GWh per year, which is only 0.1% of the total 

electricity consumption(1080GWh); the proportion of the total energy consumption of the 

whole island is even smaller. 

 

Figure 1: Electricity balanced ,base on the Sankey-diagram 2017. (Länsstyrelserna, 2019) 
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Solar irradiance is the amount of light energy that strikes from one object to another square 

meter per second, measured in W/ m² (NASA, 2008). Munkhammar and Widén (2016) 

mentioned in their research that solar irradiance is very important for solar energy 

engineering and improving solar energy utilisation. The figure below shows the annual solar 

irradiance in Sweden from SMHI (Swedish Meteorological and Hydrological Institute. In 

this figure (Figure 3), Gotland is located in the right bottom corner, which has the best 

conditions with an annual irradiance of about 1050 kWh/m² per year. This value is higher 

than the Sweden solar irradiance average, around 970 kWh/m² (SMHI, 2015). In addition, 

Visby's annual average sunshine time is the highest in Sweden (Figure 2), which is one of 

the main reasons why Visby has excellent solar development. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2&3:  Sunshine times in Sweden. (RegionGotland, 2017)  

Solar Radiation in Sweden (SMHI,2017)  
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Although Gotland has good solar energy potential, solar energy development is not as good 

as wind power. In order to achieve Gotland's sustainable development goals, solar energy has 

excellent development space to help achieve a 100% sustainable energy supply. The

 previous research for Gotland about solar energy development potential in Gotland has 

shown that Gotland is suitable for solar energy development. 

 

 Previous research on Gotland 

Similar studies have been done in the past about Gotland's solar potential. Ekström (2012) 

conducted research on the potential of photovoltaic power generation on Gotland in 2012. 

Ekström based his study on the Swedish statistics (SCB) 's data estimate of the construction 

scale of residential and non-residential buildings. Furthermore, he found the building type's 

total space area to calculate the photovoltaic power generation potential. The number of 

buildings comes from the construction statistics of non-residential and industrial buildings 

provided by the Swedish Statistics Department and DSO GEAB. According to the research 

findings, Gotland's solar power potential for all buildings is 242 GWh/year in 2010 (Ekström, 

2012). UNESCO (2012) stated that Visby, the largest city in Gotland, was listed as a cultural 

heritage by UNESCO. When the buildings in Visby and all the churches on the island were 

removed from the equation, the solar potential was 231 GWh/year (Ekström, 2012). 

 

In subsequent research, Zaar (2016) also conducted research on the photovoltaic development 

in Gotland. The research results showed that the theoretical photovoltaic power generation 

potential of existing buildings on Gotland is 667 MW, and the annual electricity production 

is between 631 and 634GWh. The photovoltaic power generation potential is divided into 

37% for residential buildings, 7% for industrial buildings, and 56% is used in other buildings 

(Zaar, 2016). Different statistics and data caused the different theoretical photovoltaic power 

generation potential of existing buildings between Zaar and Ekström research.  

 

 Aims and objectives   

Solar energy is one of the key points to achieve a 100% sustainable energy supply in Gotland. 

Solar photovoltaic building integration technology has been gradually improved, and it has 

the conditions for large-scale application in the urban environment. In addition, Gotland has 

applicable requirements for photovoltaic power generation. Since previous studies on solar 

energy potential have focused on the entire Gotland, this study narrowed the scope of the 

research to Visby, the largest city in Gotland, and only focus on the solar energy potential of 

non-residential buildings in Visby. The research will base on the theoretical electricity 
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production from modelling the rooftop PV panels installation for chosen commercial 

buildings, aiming to study the theoretical potential of photovoltaic power generation for 

existing commercial buildings in Visby through quantitative research.  

 

 Research questions  

In order to achieve the research purpose, there is one main research question related to the 

research purpose: 

 

What is the current theoretical photovoltaic power generation potential of the existing 

non-residential buildings in Visby? 

 

2. Theoretical background 

This chapter will cover the relevant theory and concept, such as the definition of Non-

residential building related to the research. Also, a review of operating principles for different 

technologies related to the PV (photovoltaic) panels installation is also included in this 

chapter. 

 

 Sustainable development  

Since the Swedish government and the Swedish Energy Agency decided in 2016 that 

Sweden will achieve carbon neutrality by 2045, reaching the most sustainable development 

goals is Sweden’s future development trend on a broad level (Smart City Sweden, 2021). 

The development of new energy not only solves the problem of an energy shortage but also 

provides a more environmentally friendly energy supply and reduces the corresponding 

carbon emissions. This section will introduce the definition of sustainable development and 

information about the future development of solar energy.  

 

Sustainable development appeared in the United Nations General Assembly in 1987. The 

term "sustainable development" was proposed in a report published by The Brundtland 

Commission and defined as "development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs." (United Nations 

General Assembly, 1987, p. 43) When it comes to the energy perspective, sustainability is 

usually synonymous with renewable energy. When taking corresponding actions to achieve 

sustainable energy development, we should also consider the impact of construction and 
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maintenance on the local area. In the United Nations' Sustainable Development Goals (SDG), 

the SDG 7 is the clean and affordable energy supply. In this context, clean energy referred to 

sustainable energy. According to the United Nations, "Investing in solar, wind and thermal 

power, improving energy productivity, and ensuring energy for all is vital if we are to achieve 

SDG 7 by 2030" (United Nations, 2021). As the pilot area of energy transition in Sweden, 

Gotland is responsible for achieving 100% renewable energy supply before the other parts of 

Sweden. Gotland's energy plan focuses on expanding solar energy in such attributes in areas 

where solar energy can provide benefits (Region Gotland, 2014). 

 

 Solar Energy 

From an energy perspective, solar photovoltaic (PV) technology has become more common 

for electricity generation (Ruin and Sidén, 2020). Standard photovoltaic technology is a 

combination of large systems composed of tiny solar cells, which means that solar 

photovoltaic technology has become more common for electricity generation (Ruin and 

Sidén, 2020). Renewable energy technology is more flexible. Moreover, in the past few years, 

the cost of photovoltaic technology has been dramatically reduced. For example, the 

equilibrium cost of solar photovoltaic power generation (LCOE) has fallen by 90% since 

2010 (IRENA, 2019). Another method of using solar energy is solar collectors. The solar 

collector absorbs solar energy to heat the internal liquid, which can heat the water. This type 

of solar collector is suitable for use in areas with low average temperatures due to its low heat 

loss to the environment (Portal, 2011). Since the research goal does not cover the scope of 

heating, etc., solar collectors will not include in the research. 

 

On a global scale, solar technology has the potential to solve many of the problems we face 

in increasing energy demand and population growth. Solar energy technology is a rapidly 

developing field. It also faces various obstacles, such as low-performance system balance, 

economic barriers, potential scarcity of resources, demand for obsolete or non-functioning 

solar panels, lack of institutional support, and the weak infrastructure needed to support the 

market, etc. (Kabir et al., 2018). Compared with other solar technologies, photovoltaic 

technology will still be the primary source of solar energy.  

 

2.2.1 PV cells 

PV cells are the small modules that make up the solar photovoltaic panel. When sunlight 

shines on the photovoltaic panel, the light may be reflected, absorbed, or passed directly 

through the battery. Photovoltaic cells are composed of semiconductor materials because 
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semiconductors have better conductivity than insulators, such as silicon crystals. When 

sunlight hits the semiconductors on the solar panel, it absorbs light energy and transfers it to 

negatively charged particles in materials called electrons. This extra energy causes electrons 

to flow through the semiconductor as current, which is extracted through conductive metal 

contacts (grid lines on solar cells), which can then be used for grid power supply (U.S. 

Department of Energy, 2021). The following section will introduce the three main types of 

solar cells: 

 

 Monocrystalline and polycrystalline solar panels 

According to the U.S. Department of Energy (2021), Silicon is the most commonly used 

semiconductor material in solar cells today, accounting for about 95 % of the modules sold 

today. Although both monocrystalline and polycrystalline solar panels are made of silicon 

wafers, there are differences between monocrystalline and polycrystalline cells. The most 

intuitive difference is efficiency. The efficiency of monocrystalline solar panels can be 

higher than 20%, while the efficiency of polycrystalline solar panels is usually between 15% 

and 17% (Energysage, 2020). Although the efficiency of monocrystalline solar panels is 

higher, it also brings higher production costs, while polycrystalline solar panels are cheaper. 

  

Thin-film photovoltaics 

Thin-film solar cells are made by depositing one or more layers of PV material on a support 

material (glass, plastic, or metal). There are two main types of semiconductors on the market 

today: cadmium telluride (CdTe) and copper indium gallium diselenide (CIGS) (U.S. 

Department of Energy, 2021). Due to process reasons, thin-film solar cells are thinner and 

more artistic than Silicon crystalline solar cells. However, they are lighter and artistic while 

bringing lower efficiency (11%), even lower than the efficiency of polycrystalline 

(Energysage, 2020). 

 

2.2.2 Solar inverter 

The inverter is an essential part of the photovoltaic system. Since the electricity generated 

by solar panels is direct current (DC), electrical appliances cannot be used, so an inverter is 

needed to convert it into an alternating current (AC). The inverter must process all the 

electricity generated by the solar panels before it can be output.  
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2.2.3 Angle and latitude 

One consideration for solar systems is the seasonality of the availability of light. Throughout 

the year, variations in dark hours and prevailing weather conditions affect light levels, at least 

far from the equator(Viridian Solar, 2021). According to Guo (2017), The amount of sunlight 

incident on the earth's surface at any point depends on the sky conditions, including 

atmospheric and meteorological factors, as well as the geometric relationship between the 

ground and the sun. The amount of radiation absorbed by the surface of the solar panel 

depends on the latitude and the time of day. The received direct radiation of the inclined plane 

of the solar panel is also related to the installation angle of the solar panel (Zaar, 2016). 

Different geographical locations have a significant impact on the amount of solar radiation 

that solar panels receive. The inclination should increase with increasing latitude to ensure 

maximum efficiency in lifting solar panels (EIA, 2018). The sun hits the surface at different 

angles from 0° to 90°(see figure 4). When the sun's rays are perpendicular, the Earth's surface 

receives all possible energy. The more tilted the sun's rays are, the longer they travel through 

the atmosphere and the more diffuse the radiation becomes (U.S. Department of Energy, 

2021). According to the research of van Noord and Paradis (2011), the optimal slope of roof 

solar panel installation in Sweden is 30 °, and the solar panel installation is facing south.  

 

2.2.4 Solar radiation  

The SMHI (Swedish Meteorological and Hydrological Institute) was established in 1919 to 

provide weather forecasts and early warnings, customised weather forecasts, analysis, 

statistics, and other climate research and research tasks. Since 1983, SMHI has operated an 

automated solar radiation network consisting of 12 stations (Persson, 2000). The following 

table is the measuring station located in Visby, and this information will be used during the 

research period to analyse the solar potential.  

Figure 4: Variation of solar radiation Angle (EIA,2018) 
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Table 1: Visby solar radiation station(Persson, 2000) 

Station Latitude (°N) Longitude (°E) Altitude 

Visby 57.67 18.35 51 

 

2.2.5 Related theories of the integration of photovoltaic and building 

The ways that photovoltaic technology is applied to buildings are mainly divided into two 

categories. The first category is standard photovoltaic components, such as traditional 

crystalline silicon modules. This component is additionally installed on the building and does 

not affect the use of the building during maintenance and replacement. The other is building 

material-based photovoltaic modules, which combine thin-film solar cells with ordinary 

building materials, which can be well integrated into the building structure, providing 

designers with additional aesthetic choices. This type of module is often used in building-

integrated photovoltaic (BIPV) applications (FEMP, 2017). 

 

2.2.6 Similar research about the solar potential for non-residential buildings 

Zhang (2016) conducted research on the photovoltaic utilisation potential of urban building 

roofs in Tianjin in the People Republic of China. The research is based on the detailed 

planning of the city and determines the photovoltaic utilisation potential of building roofs 

according to the urban space development. The research results show that the total annual 

radiation in Tianjin is 1432KWh/m²; the total annual radiation in the azimuth angle between 

0 degrees and 35 degrees is 1665KWh/m² (Zhang, 2016). Zhang divides the urban 

photovoltaic utilisation potential into three categories, including cities, streets, and single 

buildings, and through GIS (Geography Information System), calculated the existing and 

future development potential of solar photovoltaic utilisation on the roofs of buildings in the 

downtown area of Tianjin.  

 

The SHC (Solar Heating&Cooling Program, International Energy Agency) report published 

in 2015 mainly described the current obstacles to the installation of photovoltaic systems on 

buildings. The report mentioned that buildings account for approximately 45% of the total 

energy consumption in OECD countries and 38% globally (SHC, 2015). The current 

obstacles to installing photovoltaic systems on buildings mainly include lack of installation 

experience in some areas, understanding of photovoltaic panels, low popularity, and high 

initial investment (SHC, 2015). 
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 Non-residential Buildings 

Different standards have led to the diversity of definitions of "non-residential buildings." 

These definitions illustrate the department's non-uniform approach and the need for more 

information and data (D'Agostino et al., 2017).  

 

The Organization for Economic Cooperation and Development (OECD) defined non-

residential buildings in 2011 as if a small part of the building (less than half of the total area 

of the building) is used for living; then the building is regarded as a non-residential building. 

Including industrial buildings, commercial buildings; educational buildings; sanitary 

buildings and other buildings. 

 

Eurostat defines non-residential buildings as buildings other than residences. Fixtures, 

facilities, and equipment are also included as part of buildings (D'Agostino et al., 2017). 

Examples of this definition include industrial buildings, commercial buildings, educational 

buildings, public entertainment buildings, hotels, restaurants, etc. 

 

Ecofys interprets that the non-residential building sector is a very heterogeneous sector, with 

different building types, building scales and energy characteristics. In this study, non-

residential buildings are divided into "Non-government owned offices, Trade facilities; 

Gastronomic facilities; Health facilities; Educational facilities; Industrial buildings; Public 

buildings and Other buildings" (Schimschar et al., 2011.p-2). 

 

 Examples of rooftop PV panels installation on non-residential buildings 

In order to prove that it is reasonable to install photovoltaic panels on the roofs of non-

residential buildings, this chapter will introduce the examples of rooftop solar installations 

on non-residential buildings in detail to improve the feasibility of related projects in Visby 

and provide a more reliable reference. The following cases are selected, Including building 

scale, practicality and available roof space are closer to Visby's non-residential buildings.  

 

2.4.1 ICA Maxi Barkarbystaden 

ICA FASTIGHETER cooperated with Save by Solar and invested in ICA Maxi 

Barkarbystaden's rooftop photovoltaic panel installation in the summer of 2017. ICA Maxi 

Barkarbystaden's rooftop solar photovoltaic panel project includes 2,800 m2 of solar panels 

and supporting battery systems, which can generate 230,000 kilowatt-hours (kWh) of clean 

electricity per year (ICA, 2018). Like many other large ICA stores, The ICA Maxi in 
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Barkarbystaden has a large and flat roof, which is very suitable for the installation of solar 

photovoltaic panels. This store can effectively use the roof surface to help power the store 

building. 

 

2.4.2 Stora Coop Märsta 

SPP announced in September 2019 that SPP Fastigheter and Coop began to collaborate on 

photovoltaic systems. The first will be the installation of solar photovoltaics on the roof of 

Stora Coop Märsta, with a total roof area of 5,000 m2. The rooftop solar power generation 

covers a total area of more than 1,500 m2 and is estimated to generate 230,000 kWh of 

electricity annually, which is equivalent to 15% of Stora Coop Märsta's total electricity 

consumption (Loxdal, 2019). 

 

2.4.3 Mall of Scandinavia 

The Mall of Scandinavia is located in Arenastaden, Solna, next to Solna Station. The Mall of 

Scandinavia is a large urban complex that includes shopping malls, restaurants, supermarkets 

and some city facilities (such as pharmacies) (Mall of Scandinavia, 2021). Mall of 

Scandinavia cooperated with Save by Solar in early 2019 and installed 1,900 m2of solar 

photovoltaic panels on its roof. It is expected that photovoltaic power generation can reach 

190,000 kWh (Fredman, 2018). 

 

2.4.4 Kista Galleria  

Kista Galleria is located in the centre of Kista. It is also an urban complex with as many as 

180 shops, supermarkets, libraries and other facilities (Kista Galleria, 2021). Citycon 

completed the installation of the photovoltaic system on the roof of Kista Galleria in early 

2020. The solar facility comprises 410 solar panels and generates 126,000 kWh per year 

(CITYCON, 2020). The project will also install more solar panels on the roof of Kista 

Galleria in the future to meet the energy needs of the shopping centre. 

 

3. Research methods and data 

This chapter will introduce the research methods and data sources of future rooftop solar 

energy potential for non-residential buildings in Visby, including the roof angle (incline 

gradient), installation of solar photovoltaic panels and corresponding research buildings.  

 



12  

The research method used in this study is the quantitative method, and the description of the 

process from determining the available roof area of a non-residential building to the results 

shows in the flow chart below (Figure 5). In order to answer the research question, the 

research was divided into seven parts: 

 

I. Since the study is based on modelling results, the first step was to select the modelling 

buildings. Visby's centre (Visby Galleria) and a large shopping mall (Stenhuggarvägen) were 

chosen as the objective buildings for the study  

 

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

order to reduce the error caused by the measurement, this step also includes comparing with 

the other existing examples and the possible interference of the roof 

 

III. When the measurement is complete, Helioscope will be used for modelling 

 

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

building are obtained 

 

V. Calculate the total area and electricity production for Visby Galleria and Stenhuggarvägen 

 

VI. Calculate the power production per square metre through the total power production and 

the used area of Visby Galleria and Stenhuggarvägen, get the solar energy potential per 

square metre 

 

VII. Use the solar energy potential per square metre from the modelling, calculate the PV 

potential for non-residential buildings in Visby 

 

Figure 5: Research methodology 
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 Building modelling  

The modelling focuses on non-residential buildings around Stenhuggarvägen (ICA MAXI, 

Coop Stora, etc.) and Visby Galleria (Åhlens. etc.) are the main research objects. The 

research objects cover large supermarkets and commercial complexes architectures so that 

the research results can be better applied to similar non-residential buildings in Visby. 

According to satellite maps and field observations, these types of buildings have relatively flat 

and empty roofs, which are suitable for photovoltaic panel installation. Compared with other 

buildings, these large commercial centres have a more fixed energy usage time (mainly 

during the day), and more minor space limitations can efficiently use the energy generated 

by photovoltaic panels.  

 

Stenhuggarvägen is a shopping center in the east of Visby, including ICA MAXI, Coop Stora, 

Biltema Visby, Elgigaten and some other shopping malls. The main research objects for the 

installation of roof photovoltaic panels for non-residential buildings in Visby are the stores 

around Stenhuggarvägen. 

 

Visby Galleria is located in the centre of Visby. There are supermarkets, shopping malls and 

some restaurants. From the satellite map, the roof of Visby Galleria has many facilities, such 

as ventilation ducts. Because it is impossible to view the actual situation of the roof of Visby 

Galleria, The solar panel installation modelling avoids a large part of the roof area to ensure 

that the final data provided is reasonable. On the two shops south of Visby Galleria, due to 

the apparent slope of the roof, the roof solar energy of these two buildings The angle and 

orientation of the solar panel installation are different from other areas. 

 

Given that Visby is the best-preserved medieval town in Scandinavia, which has many 

protected buildings and ancient buildings used as non-residential buildings and are still in 

use, these buildings will not be the subject of research due to permission or cultural 

consideration. 
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 Type of architecture and rooftop area  

The number of buildings and floor space about Visby comes from Statistikmyndigheten 

(SCB), where most of the building area and ground space can be extracted at the national and 

regional levels. For some specific research buildings, part of the data sources is different 

brand websites and direct measurement of the building area and usable roof area through 

Google Maps. This method may cause measurement errors and cannot be avoided, but most 

estimates in this phase are, in reality, highly subjective and can be off by wide margins. 

During this research, The principal research centres are the commercial centre around 

Stenhuggarvägen and Visby Galleria. The research results can provide a case for installing 

rooftop solar photovoltaic panels in other non-residential buildings in Visby the study.  

 

 The usable area of the PV panels on the roof  

Flat roofs have higher space utilisation and can be installed with more photovoltaic panels. 

According to the study of van Noord and Paradis (2011), when efficiency and space are taken 

into consideration, the optimal slope of roof solar panel installation in Sweden is 30 °, and 

the spacing of the solar panels is 2.5 times the height of the photovoltaic panels. By doing 

this, 60% of the flat roof area can be used for photovoltaic arrays. 

Figure 6: Optimal installation for PV panels on a flat roof surface in Sweden. (Van Noord & Paradis, 2011)  

Table 2: Nuber of buildings and ground space area of buildings by different build types in Visby (SCB, 2016) 
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 Helioscope 

Helioscope is a solar panel installation modelling application dedicated to solving specific 

performance modelling problems in the solar industry. The application can model the 

installation of solar panels by importing floor plans or directly in Google Maps. Due to the 

lack of actual building data, this design will be based on the modelling measurements in the 

map. 

 

Basic commercial design procedure through Helioscope (Helioscope, 2021)  

1. Chouse module&Trace rooftop 

2. Set azimuth 

3. Define racking 

4. Set row spacing 

5. Set building setback  

6. Trace Keepouts  

7. Remove shaded modules  

8. Optimise shaded modules 

9. Choose inverter 

10. Adjust conductors to maintain a voltage drop 

  

After creating the relevant project, you need to draw the area where the solar panel needs to 

be installed on the map (Figure 7 takes ICA MAXI as an example), and then you can select 

the solar panel model, actual height, orientation angle, inclination angle of the roof, and 

installation inclination in the mechanical column. After the above series of options are 

completed, the distance between solar panels and related installation options can be selected 

according to different actual conditions. The row spacing is usually set according to the 

winter solstice from 10 am to 2 pm. The zero-tolerance shading rule sets the line spacing.  

 

Figure 7: modelling process 
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After the modelling installation, the inverter selection will be automatically set by 

HelioScope to several inverters so that the DC/AC ratio is approximately 1.25. 

 

The source of meteorological data using by Helioscope is from Meteonorm(Figure 9), which 

is based on the "Typical Meteorological Year" (TMY) and the over 8320 meteorological 

stations in the world (Meteonorm, 2021). The source files of meteorological data include 

TMY3 files, Energy Plus Worldwide (EPW), and Solar Prospector. The primary 

meteorological data used by Helioscope include Global Horizontal Irradiance, Diffuse 

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

include other variables. (Including albedo, relative humidity, precipitation and visibility), 

but many of them are inaccurate and inconsistent, therefore, not used in performance 

modelling (Folsomlabs, 2021). The data provided by Meteonorm is highly accurate and has 

long-term cooperative relationships with ABB, Google, Sharp, Siemens and other companies 

(Meteonorm, 2021). 

Figure 8: modelling process 

Figure 9: Global yearly sum of direct solar irradiance (meteononrm, 2021) 
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 PV installation and energy output calculation 

Based on the data collected above, the installation of photovoltaic panels in non-residential 

buildings around Stenhuggarvägen and Visby Galleria will use HelioScope(solar panel 

installation modelling application) to calculate the feasible number of installations, 

installation angles and final energy output.  

 

The solar photovoltaic panel used in the calculation process is Trina TSM-PD14 320(see 

figure 10). The photovoltaic panel is a 72-cell polycrystalline module with a power output 

range of 320-340W and a working efficiency of 17.5%. The specifications of the solar panel 

are as follows in figure 13. In order to present a more precise calculation result at the 

installation interval of 2.5 times the width of the solar panel, the width of Trina TSM-PD14 

320 is approximated to 1000mm (original: 992mm). The installation inclination will strictly 

follow 30 degrees; the installation interval is 2.5m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Trina TSM-PD14 320. (Helioscpe, 2021) 
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The model of the solar inverter used in this design is Sunny Tripower 24000TL-US. The 

inverter is a three-phase photovoltaic inverter, one of the best-selling inverters in the world 

(SMA, 2021). The three-phase photovoltaic inverter has a maximum system voltage of up 

to 1000v DC, maximum power of 24.1kW, and peak efficiency of more than 98%, which 

can maximise energy production (SMA, 2021). The figure below(figure 11) shows the 

modelled performance of this Sunny Tripower 24000TL-US inverter.  

 

By modelling the installation of solar photovoltaic panels in a specific area, the total power 

production value of different buildings can be obtained. The photovoltaic power generation 

potential per square meter can be obtained by calculating the actual usable area of all target 

buildings and dividing by the total power production value. Due to the modelling building 

meets the definition of most non-residential buildings, so in the final calculation of Visby's 

non-residential building rooftop photovoltaic power generation potential, the photovoltaic 

power generation potential per square meter obtained from the modelling will be used. 

 

 Other Limiting factors  

Considering that the roof of non-residential buildings may also include ventilation ducts, 

drainage systems, chimneys, and other limiting factors that may exist on the rooftop, 

according to Kjellsson (2020) research, the actual feasible area should be reduced by 10% to 

20%. 

 

Although the focus area of this study is concentrated around Stenhuggarvägen, and there are 

no high-rise buildings nearby that can shadow the roof building. But the installation of roof 

photovoltaic panels in other non-residential buildings, the reduction in energy production 

efficiency caused by the shadow of other buildings should be considered. In addition, whether 

or not parts of the roof have a slope will also affect the final installation of photovoltaic panels.  

Figure 11:Performance for Sunny Tripower 24000TL-US (helioscope, 2021)  
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4. Results from modelling 

This chapter will show the results from the rooftop modelling, which include the visual and 

energy output for the specific area. The visual effect of using Helioscope to model the 

installation of solar panels on the roof of Stenhuggarvägen is shown in the figure below.  

 

 Stenhuggarvägen 

 

 

Figure 12&13: PV panels installation modelling at Stenhuggarvägen (Helioscope, 2021) 
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In the modelling results from the commercial building around Stenhuggarvägen, a total of 

1061 Trina Solar TSM-PD14 320 solar panels were used in this area. The system's peak 

power in this area is 190 kW, which provides a 2,974,896kWh electricity supply annually. 

The actual value of electricity production is between 2,379,917kWh and 2,677,406kWh. All 

solar panels were installed in the standard: Tilt: 30°, Azimuth: 180°, Spacing: 2.5m.  

 

Table 3: PV panels installation modelling results at Stenhuggarvägen  

Name Area (m2) 
 

Frames 

(solar panels 

amount) 

Power(kW) Electricity 

generation(kWh) 

ICA 

MAXI 

5614.1 m2 
 

318 101.8kW 891,768 kWh 

Coop 

Stora 

4722.1 m2 
 

254 81.3kW 712,188 kWh 

Biltema 3881 m2 
 

209 66.9kW 586,044 kWh 

Hemtex. 

etc 

2094 m2 
 

99 31.7kW 277,692 kWh 

Elegigate

n. etc 

3539.6 m2 
 

181 57.9kW 507,204 kWh 
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 Visby Galleria 

 

 

 

 

Figure 14&15: PV panels installation modelling at Visby Galleria (Helioscope, 2021) 
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The theoretical total electricity production from the solar panels around Visby Galleria is 

543,120 kWh. Considering the influence of limiting factors, the total energy production should 

between 80% and 90% of the theoretical value. The final energy output, which has an actual 

value should be between 434,496 and 488,808kWh. 

Table 4: PV panels installation modelling results at Visby Galleria  

 

 Visby's solar production for non-residential buildings 

The solar installation modelling in the two areas (Senhuggarvägen and Visby Galleria) used a 

total of 22,171.1 m2 of roof area, and the minimum annual average power production was 

2,814,413 kWh. The annual average power production per square meter was about 121 kWh, 

and the average power production was about 708 GWh. According to Visby public building 

data provided by SCB, the final energy production from industrial buildings, buildings for 

public service and business purposes, supplementary buildings are shown in the table (Table 

5); the theoretical annually electricity production is obtained by multiplying the ground space 

area of buildings and the annual average power production per square meter. In the results, 

industrial buildings and supplementary buildings have the largest number of buildings and 

floor space, indicating that this type of building should be the focus of the future development 

of rooftop solar energy. 

Table 5: PV panels installation modelling results in Visby for non-residential building  

 

Name Azimuth(°) Row 

spacing(m) 

Area (m2) 

 

Frames 

(solar 

panels 

amount) 

Powe

r 

(kW) 

Electricity 

generation(kWh) 

Visby 

Galleri

a 

180° 2.5m,0.6m 1936.7 m2 

 

134 42k

W 

367,920kWh 

Åhléns. 

etc 

Around 

218° 

0.6m 1383.6 m2 

 

64 20k

W 

175,200 kWh 

Building types Number of 

buildings 

Ground space 

area of buildings 

(m2) 

Theoretical annually 

electricity 

production(kWh) 

Industrial building 30,667 347,000 41,987,000kWh 

Building for public 

service purpose 

1,199 532,000 64,372,000kWh 

Building for business 

purpose 

1,384 537,000 64,977,000 kWh 

Supplementary building 51,709 5,899,000 713,779,000 kWh 
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5. Discussion 

The theoretical potential of Visby's non-residential building rooftop solar power production is 

approximately 708 GWh, and the total area of available non-residential buildings is 7,315,000 

m2. Senhuggarvägen's annual average power production is between 1,331,520kWh and 

1,497,960kWh, and Visby Galleria's annual average power production is between 434,496 

kWh and 488,808kWh, of which the power generation efficiency is 80% to 90% of the total 

installed capacity. This result is based on the building data provided by SCB and the 

photovoltaic power generation potential per square meter obtained from the installation 

modelling of rooftop solar photovoltaic panels conducted in this paper for Senhuggarvägen 

and Visby Galleria. The final modelling results from these two areas were even higher than 

the annual solar power generation in Gotland in 2019. And according to the building data 

provided by SCB, non-residential buildings account for more than half of the total number of 

buildings, exceeding the number of residential buildings.  

 

The final result is different from the research results of Ekström (2012) and Zaar (2016). The 

main reason for the difference is the significant time gap in the building data. Although this 

thesis and Zaar (2016) both use the building data provided by SCB, However, due to the 

construction of new buildings, there are differences in the number and area of buildings. On 

the other hand, the research objectives of this thesis is non-residential buildings, so the roof 

angle and the loss caused by shadows are not considered. Despite the significant difference in 

annual electricity generation potential, the solar potential per square metre of Visby non-

residential buildings is more reliable and reasonable. 

 

The final modelling results of the installation of rooftop solar photovoltaic panels 

implemented in Senhuggarvägen and Visby Galleria exceeded experimental expectations. 

Although there are uncertainties in some empirical data, the final results can provide partial 

data support for similar future solar energy development projects. Photovoltaics of a single 

building The number of panel modelling and power production is close or even higher than 

the existing cases. This data is sufficient to show that Visby's non-residential buildings have 

good conditions for rooftop PV panel installation. 

 

Although the research results show that Visby's non-residential building rooftop solar power 

has high potential, there are also many obstacles. The first is whether Visby's cable capacity 

allows most buildings to access. According to Zaar (2016) research, the current cable capacity 

does not support the theoretical power production of this study to be imported into the existing 



24  

grid. Grid capacity is one of the main obstacles to the development of photovoltaic systems. 

If the power reserve is subdivided into each building, a corresponding power storage method 

is required, which also causes an increase in investment costs. Second, considering shadows, 

tilt angles, etc., not all buildings have suitable conditions for installing rooftop solar 

photovoltaic panels. The energy content of solar radiation is also regionally specific, which 

leads to uncertainties. Given that Visby is the best-preserved medieval town in Scandinavia, 

which has many protected buildings and ancient buildings used as non-residential buildings 

and are still in use (RegionGotland, 2019), these buildings will not be the subject of research 

due to permission or cultural consideration. The research results may not apply to the 

installation of photovoltaic panels in these buildings. 

Due to the installation of rooftop solar panels has certain restrictive, similar projects can be 

implemented for non-residential buildings such as ICA and Coop in future development. This 

type of building has a higher percentage of available space on the roof, and Similar large 

companies have a better vision for sustainable development, and the corresponding funding 

subsidies may be lower. Since the conditions of different buildings are different, in future 

development, buildings that are representative or similar to a large number of buildings should 

be selected for pilot projects. Such projects have a propaganda effect to a certain extent and 

provide data for future rooftop solar panel installations. 

 

6. Conclusion 

The theoretical rooftop photovoltaic potential of Visby's existing non-residential buildings is 

708 GWh, and the total area of available non-residential buildings is 7,315,000 m2, accounting 

for more than half of the total number of buildings. The electricity production from modelling 

the roof photovoltaic panel installation around Senhuggarvägen and Visby Galleria's is 

approximately 2.82GWh, which have obtained high power output values. Most buildings have 

higher electricity production compare with existing examples (examples in 2.4). The overall 

research results have verified that Visby's non-residential buildings have a substantial 

photovoltaic potential for electricity production.  

 

This research is based on Visby's good potential in solar power generation, and the final result 

is obtained by modelling the installation of solar photovoltaic panels for buildings with 

specific properties. During the research process, compared with other types of non-residential 

buildings, free-standing shopping buildings have the highest demand for electricity during the 

day, and this type of building has better rooftop solar installation conditions. In the future 
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energy development of Visby and Gotland, the rooftop photovoltaic power generation of non-

residential buildings can be used as one of the methods to achieve a 100% sustainable energy 

supply. 
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