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Abstract 
This thesis investigates the potential energy output of rooftop solar power systems in relation to 

electricity consumption. The aim was to quantify the impact a horizontally inclined rooftop solar 

power system could have on covering the electricity consumption of a building. For a future with 

increased electricity demand it is important to study the potential energy output of different 

power generating technologies.  

The chosen site was Sørhellinga and the potential energy output was calculated using solar 

equations in an excel spreadsheet. Two scenarios of solar power systems were outlined, an 

average quality system and a high-quality system. In the third scenario the area required to fully 

cover the energy consumption of the building was investigated. 

The study found that the two proposed solar power systems had an energy output of                 

117 679.49 kWh/year and 140 888.58 kWh/year for an average and high-quality system, 

respectively. Sørhellinga’s estimated annual electricity consumption was 1 479 000 kWh. The 

solar power systems were shown to cover 7.96% and 9.53% of the electricity consumption. The 

area required for energy output to equal electricity consumption was found to be 12.2 and 9.9 

times as large as the suitable roof area. Rooftop solar power systems are a good supplement to a 

building’s electricity consumption but would need to work in conjunction with other power 

generating technologies to satisfy future electricity demands. 
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1.0 Introduction 
There has been increased global warming as an effect of increased greenhouse gas emissions 

since the industrial revolution, leading to climate change (Agency, 2024). Climate change poses 

a major threat to life on Earth. Changes in weather patterns and more destructive weather causes 

ice melting, rising sea levels, increased drought and loss of species (Nations, u.å.-b). Some 

locations on Earth may become uninhabitable due to rising sea levels. Drought may lead to 

agricultural losses and reduced food production, causing famine in the most vulnerable places on 

the planet. To combat climate change international environmental agreements have been set. Per 

the Paris agreement all parties involved must contribute to limiting global warming to a 

maximum of 2ºC, with a true goal staying within 1.5ºC (Nations, u.å.-c). Reduction of 

greenhouse gas emissions is the primary focus of the agreement. Norway has as a current goal to 

reduce emissions by 50 to 55 percent within 2030 (miljødepartementet, 2023). Reducing 

emissions will require fossil fuels to be phased out and electrification of several industries. 

The United Nations has developed 17 sustainable development goals (Nations, u.å.-a). The goals 

range from social and gender equality, no poverty and zero hunger to economic growth, 

conservation of life and climate action. The goals were set as a framework to strive for so that the 

world’s development can sustain current needs without jeopardizing the needs of future 

generations (FN-Sambandet, 2023). Goal seven is affordable and clean energy for everyone. This 

goal covers providing clean electricity for developing countries. The goal also covers the 

adjustment of energy systems in developed countries to a more renewable energy mix.  

The Norwegian share of renewable electricity production was in 2023 98.3% (sentralbyrå, 

2023b). The electricity balance from 2023 can be seen in table 1, using data from Statistisk 

sentralbyrå. Norway is a mountainous country with large hydrological resources. Development 

of hydropower plants over the course of the 20th century resulted in an almost exclusive 

production of electricity from hydropower, at 89.2% for 2023. Increased hydropower production 

is limited by availability of resources and conservation of waterways. NVE estimates that the 

potential for upgrading existing hydropower is 6-8 TWh (NVE, 2009) With an increasing 

demand for electricity in the future and a need for electricity to be produced from renewable 

sources, wind and solar are prime candidates for expansion. Wind power has been steadily 

expanding in Norway over the past 20 years. Solar power is rapidly increasing its expansion but 
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is still only 0.11% of the total production of electricity. In 2023 over 300MW of grid connected 

solar power was installed, effectively doubling the total installed capacity (NVE, 2019b). 

Table 1: Total electricity production and share of electricity producing technologies in Norway. 

 

Large utility-scale solar power plants provide half the production in Norway (NVE, 2019b). The 

solar modules can be optimally tilted and directionally aligned to produce electricity efficiently. 

However, large utility-scale solar power plants require a surface area that is relatively flat. With 

an increased expansion of wind and solar power in Norway an issue that arises is area use. Area 

use leads to habitat loss for species in that area. Habitat loss is one of the major threats to 

biodiversity (WWF, u.å.). Norway has 4957 species on the red list for threatened species as of 

2021 (Artsdatabanken, 2021). The expansion of large utility-scale solar power plants and wind 

power must be carefully considered depending on threatened species in the area.  

Integrating power generating technologies in existing infrastructure or buildings solves the issue 

of habitat loss. However, roughly 95% of solar power facilities are already installed on roofs for 

personal consumption, but only account for half the energy output (NVE, 2019b). The structure 

of houses may not always be optimal for solar modules. The alignment of the solar modules 

could be off due to the roof not facing south, receiving too little sunlight. Shading from nearby 

trees or other buildings could limit production. The slant of the roof could also provide an issue 

for optimal production.  

The focus of this thesis is to calculate the potential electricity output from horizontally inclined 

rooftop solar modules installed on Sørhellinga, NMBU. The potential electricity output will be 

compared to the estimated electricity consumption of the building. Using this comparison to gain 

insight into how much of a building’s electricity consumption a rooftop solar power system can 

cover.  
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2.0 Literature Review 
This chapter is meant to explain the research in literature that has assisted in answering the 

questions regarding the thesis. The literature involves statistics and estimations for energy 

consumption and production and potential for roof mounted solar power. 

2.1 Future energy consumption and production 
Anthropogenic climate change is driving the inevitable change of our energy systems, albeit it is 

a slow process. Carbon dioxide emissions from fossil fuels need to be reduced, but phasing out 

fossil fuels requires replacements. Most of the world’s population relies on fossil fuels for 

electricity production or for transport. Replacing fossil fuels in the energy system requires 

changes in infrastructure and technology, as well as economic incentives. There is not one 

singular fuel or resource that can replace fossil fuels. Several different resources need to be 

utilized. Biofuel, hydropower, wind power, solar power and potentially hydrogen are some of the 

resources that will replace fossil fuels. The advantage of fossil fuels is their flexibility. A thermal 

power plant can change its production to match the electrical load. Dispatchable hydropower, a 

hydropower plant with a water reservoir, has the same advantage as fossil fuel. Solar and wind 

power are variable energy sources and can produce power only when the conditions allow it 

(Birkelund et al., 2021). A combination of different renewable energy sources is needed to meet 

the demand that fossil fuels have satisfied. 

There has historically been an increasing demand for electricity, as an effect of technological 

Figure 1: Yearly electricity consumption for last 70 years in Norway, by 
industry (NVE, 2019a). 
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advancements, population growth, politics, and energy system changes. Electricity consumption 

in Norway over the last 70 years is shown in figure 1. 

Environmental politics is deciding the development of increased CO2-prices in the future. This 

results in increased electricity prices. Increased prices result in it being more profitable to invest 

and expand in renewable energy. More growth of renewable energy will in turn result in reduced 

electricity prices. Increasing exchange capacity has exposed the Norwegian electricity prices to 

Europe’s and caused electricity prices in Norway to depend on the electricity prices in Europe 

(Birkelund et al., 2021). Electricity production is expected to be higher than consumption, as 

shown in figure 2.   

Further electrification of the transport industry, petroleum industry and introduction of new 

industry, like hydrogen from electrolysis, will increase the electricity demand. Therefore, the 

development of the production and consumption in the future is highly dependent on political 

choices in Norway as well as the climate politics in Europe and technological advancement.  

2.2 Energy consumption in buildings 
To quantify energy use in buildings without having specific information about a specific 

building, estimations can be made based on Enova building statistics (Enova, 2017). Energy 

consumption is reported to Enova from owners of buildings around the country. The energy 

Figure 2: Estimated increase in production and consumption of electricity in Norway from 2021-
2040 (Birkelund et al., 2021). 



11 
 

consumption is corrected for temperature and location which results in the values for energy use 

having smaller geographical and temperature related differences.  

The buildings with the highest energy use weighted by area are grocery stores and the lowest are 

blocks of flats as shown in table 2. University and college buildings have an energy consumption 

in the upper middle part of the building categories, but the energy consumption is still less than 

half of grocery stores (Enova, 2017).  

 

2.3 Potential for rooftop solar  
To meet the future electricity demands more power generating technologies need to be invested 

in. The integration of roof mounted solar power plants will help supply future electricity 

demands, but the potential of solar power needs to be examined. In a study done in 2018 a 1-year 

real life performance assessment was conducted (Ates & Singh, 2021). The solar power plant 

was installed on the roof of Köprübaşı Vocational School at Manisa Celal Bayar University, 

Table 2: Table of energy use in kWh/m2 for different building categories in Norway (Enova, 2017). 
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Turkey. The university is located at 38.7º North (Ates & Singh, 2021). Solar modules used in the 

study had a module efficiency of 16%. The solar power plant installed had a rated power of 30 

kW and the panels were tilted at an incline of 12°, oriented at -20º azimuth angle (Ates & Singh, 

2021). The study conducted measurements of predicted output which gave a performance ratio of 

83.61%. The solar radiation at the site was 1 818kWh/m2/year (Ates & Singh, 2021). The final 

results of the study showed that the system had an output of 45 591 kWh which gave the system 

a capacity factor of 17.35% (Ates & Singh, 2021). The study concluded that the performance of 

the system would be a good indicator of the potential of roof mounted solar power systems that 

are not cleaned regularly and operate in areas with grid fluctuations. 
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3.0 Method 

The method chapter is meant to display the procedure for the calculations done in this thesis. The 

data used in these calculations is also explained, and where the data has been collected. In 

addition to explaining the different scenarios chosen.  

Many factors must be considered to calculate the potential output of solar power in a location. 

Some factors can be determined without the use of advanced equipment, such as the latitude and 

day of the year. Other factors, like solar radiation, can be measured with advanced equipment, 

such as a pyranometer, or calculated with solar equations. In this thesis no advanced equipment 

has been used. Latitude has been determined with google earth (Google, u.å.). Temperature data 

has been collected from Yr (Yr, 2023a). The same for wind data (Yr, 2023b). Calculating the 

potential solar radiation will not provide as accurate results as using advanced equipment would. 

However, as there was no access to advanced equipment for this thesis, all measurements have 

been calculated.  

For the potential solar power output of building integrated solar modules at Sørhellinga, solar 

radiation has been calculated for every hour of the year 2023 using excel. Data for temperature 

and wind that have been used are daily mean temperature and wind data for the year 2023. 

Temperature data was taken from the weather station in Ås. This weather station did not have 

data for wind, so the data was taken from the weather station in Blindern, Oslo. This could 

provide some inaccuracy as temperature and wind can fluctuate and vary between years, and a 

historical data set over several years could have been more accurate. Yet, with increasing global 

temperatures using the most recent year could prove to be a more accurate representation of the 

future (Organization, 2023).  

It was not possible to get accurate data for the electricity consumption of Sørhellinga. Electricity 

consumption was instead calculated using Enova’s statistics for energy use in buildings (Enova, 

2017). The statistics for energy use in buildings are given per year for different building types. 

This data was further used in combination with SSB’s data for general electricity consumption, 

which does not include consumption of industry that requires a lot of electricity, to estimate 

energy use per month (sentralbyrå, 2023a). The data from SSB was used to weight energy 
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consumption per month in percentages, and the data from Enova could then be multiplied with 

the percentages to get an estimate for energy use at Sørhellinga per month. 

3.1 Sørhellinga 
Sørhellinga is a university building that is a part of the Norwegian University of Life Sciences, 

located in Ås. The building has five floors and a total area of 10 200 m2 (Byggeindustrien, 2008).  

3.2 Latitude & roof area 

Latitude and roof area have been estimated using google earth. Latitude shown on google earth is 

very accurate and is measured to 59.66º north. The measuring tool on google earth allows for 

measuring distances between two points in meters. The distances measured using google earth 

are shown in figure 3. The lengths shown in red color display the actual breadth and length of 

Sørhellingas roof, and the area within the green lines display the area where solar modules will 

be installed. The area below the green could potentially be used for solar modules as well, 

specifically on the south side of the roof. However, the uneven surface in addition to roof 

windows and ventilation result in a small area for solar modules and potential for shading. 

Therefore, the area highlighted in green is the only area that will be used for this thesis.  

 

Figure 3: Rooftop depiction of Sørhellinga including measurements and proposed area for installment of 
solar modules (Google, u.å.). 
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3.3 Declination angle 

Declination angle describes the angle between the equatorial plane and a line between the center 

of the sun and earth. The declination angle fluctuates between 23.45º on the summer solstice and 

-23.45º on the winter solstice, in the northern hemisphere. Declination is symbolized with δ and 

calculated using equation 1 (Adaramola, 2023a). 

[1] δ = 23.45 * sin(
360

365
*(284+N)), 

Where N is the day of the year.   

3.4 Hour angle 

The hour angle represents the degrees the earth must rotate for the sun to be at the center of the 

local meridian. The sun will be in the center of the local meridian at solar noon, which is at 

12:00. The hour angle does not change over the course of the year, it is constant for the different 

hours of the day, changing by 15º every hour. The hour angle is calculated with equation 2 

(Adaramola, 2023a).  

[2] H = 15º * (12 – ST), 

Where ST is the local time.  

3.5 Altitude angle 

The altitude angle is the angle between a chosen point on the earth’s surface, represented on a 

flat plane, and the sun. As seen in figure 4 the altitude angle effectively depicts the height of the 

sun in the sky. The altitude angle is symbolized with ß and is calculated with equation 3 

(Adaramola, 2023a).  

[3] ß = sin-1(cos(L) * cos(δ) * cos(H) + sin(L) * sin(δ)), 

Where L is the latitude, δ is the declination angle and H is the hour angle.  
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3.6 Azimuth angle 

The azimuth angle is the angle between a line drawn in the north to south direction and the 

direction the rays of sunlight are coming from, displayed in figure 5. Figure 5 depicts the sun in 

the southern hemisphere, in Norway the azimuth angle would be measured from the southern 

compass direction. The azimuth angle is measured on the horizontal plane. In the northern 

hemisphere the azimuth angle is 0º when the sun is due south, which occurs at 12:00. The 

azimuth angle is symbolized by φ and is calculated with equation 4 (Adaramola, 2023a).  

[4] φ =sin-1( 
𝑐𝑜𝑠(𝛿)∗𝑠𝑖𝑛(𝐻)

𝑐𝑜𝑠(ß )
), 

Where δ is the declination angle, H is the hour angle and ß is the altitude angle.  

Figure 4: Altitude angle shown visually.  (Honsberg & Bowden, 2019) 

Figure 5: Azimuth angle shown visually. (Honsberg & Bowden, 2019) 
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3.7 Total solar radiation 

Total solar radiation on an inclined surface is a function of three types of radiation. Direct 

radiation, diffuse radiation and reflected radiation. Total solar radiation (Wh/m2/(unit of time)) is 

calculated using equation 5 (Adaramola, 2023a). 

[5] IC = IBC + IDC + IRC, 

Where IBC is the direct radiation, IDC is the diffuse radiation and IRC is the reflected radiation.  

All equations that are specified for inclined surfaces work for horizontally inclined surfaces as 

well. 

3.7.1 Direct radiation 

Direct radiation is the radiation from the sun that is not scattered by particles in the atmosphere, 

and directly reaches the surface of the planet. To calculate the direct radiation on an inclined 

surface, four components are needed: 

• Extraterrestrial flux (W/m2), A, calculated with equation 6 (Adaramola, 2023a). 

o [6] A = 1160 + 75 * sin(
360

365
∗ (𝑁 − 275)) 

o Where N is the day of the year. 

• Dimensionless factor, k, calculated with equation 7 (Adaramola, 2023a). 

o [7] k = 0.174 + 0.035 * sin(
360

365
∗ (𝑁 − 100)), 

o Where N is the day of the year. 

• Air mass ratio, m, calculated with equation 8 (Adaramola, 2023a). 

o [8] m = √(708 ∗ 𝑠𝑖𝑛ß)2 + 1417 − (708 ∗  𝑠𝑖𝑛ß), 

o Where ß is the altitude angle.  

• The incidence angle, Ø, calculated with equation 9 (Adaramola, 2023a). 

o [9] Ø = cos-1(cos(ß) * cos(φ) * sin(Φ) + sin(ß) * cos(Φ)), 

o Where ß is the altitude angle, φ is the azimuth angle and Φ is the tilt angle of the 

solar module.  

Using these four components direct radiation can be calculated using Euler’s constant, e. Direct 

radiation on an inclined surface is calculated with equation 10 (Adaramola, 2023a). 
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[10] IBC = (A * 𝑒−𝑘∗𝑚) * cos(Ø) 

3.7.2 Diffuse radiation 

Diffuse radiation is the solar radiation scattered by particles before reaching the surface of the 

earth. To calculate the diffuse radiation on an inclined surface accurately, two additional 

components are needed: 

• Sky diffuse factor, C, calculated with equation 11 (Adaramola, 2023a). 

o [11] C = 0.095 + 0.04 * sin(
360

365
∗ (𝑁 − 100)), 

o Where N is the day of the year. 

• Diffuse radiation factor, RD, calculated with equation 12 (Adaramola, 2023a). 

o [12] RD = 
1 + 𝑐𝑜𝑠 (𝛷)

2
, 

o Where Φ is the tilt angle of the solar module. 

The diffuse radiation on an inclined surface can then be calculated with equation 13 (Adaramola, 

2023a). 

 [13] IDC = (A * 𝑒−𝑘∗𝑚) * C * RD 

Where A is the extraterrestrial flux, e is Eulers constant, k is the dimensionless factor, m is the air 

mass ratio, C is the sky diffuse factor and RD is the diffuse radiation factor. 

3.7.3 Reflected radiation 

The final type of radiation needed to calculate total solar radiation is reflected radiation. The two 

missing components to calculate reflected radiation are reflected radiation factor and albedo. 

Albedo is the surface’s ability to reflect light (Gjelten, 2023). Different surfaces reflect light in 

different ratios, as seen in table 3. The area of Ås is primarily forest and cultivated land as well 

as inhabited areas with buildings etc. Albedo of forest and cultivated land are generally 0.15 and 

0.2, respectively. Snow coverage drastically increases the surfaces albedo effect. Fresh snow has 

up to 0.9 albedo and dirty snow can have around 0.4. Albedo will be chosen on a monthly basis. 

For the months without snow the albedo will be set to 0.2, for the months with snow albedo will 

be set between 0.4 and 0.9 (Gjelten, 2023). 
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Table 3 Albedo of different surfaces (Gjelten, 2023). 

Surface Albedo 

Fresh snow 0.9 

Old snow 0.4< 

Cultivated land 0.2 

Forest 0.15 

Fresh asphalt 0.05 

 

• Reflected radiation factor, RR, calculated with equation 14 (Adaramola, 2023a). 

o [14] RR =  
1 − 𝑐𝑜𝑠 (𝛷)

2
, 

o Where Φ is the tilt angle of the solar module. 

Reflected radiation is calculated with equation 15 (Adaramola, 2023a).  

 [15] IRC = ρ * (A * 𝑒−𝑘∗𝑚) * (sin(ß) + C) * RR, 

Where ρ is the albedo, A is the extraterrestrial flux, e is Euler’s constant, k is the dimensionless 

factor, m is the air mass ratio, ß is the altitude angle, C is the sky diffuse factor and RR is the 

reflected radiation factor. 

There is zero reflected radiation on a horizontal surface. Therefore, the reflected radiation will 

equal to zero for all scenarios because all configurations of solar power systems considered use a 

tilt angle of 0°. 

3.8 Derating factors 

To quantify the actual power output of a solar panel, the solar panels rated power must be 

multiplied with derating factors. Derating factors are factors that cause a loss of output, there are 

two types. Temperature related derating factors and non-temperature related derating factors. The 

rated power of a solar panel is calculated using standard testing conditions of 25ºC, the 

temperature-related derating factor must therefore be applied to account for difference in 

temperature from the standard testing conditions to the conditions of the system.  
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Temperature-related derating factors require cell temperature, Tc, to calculate, which in turn 

requires data from the solar modules as well as irradiance, Gc, on the module. Cell temperature 

can be calculated using equation 16 (Adaramola, 2023b). 

 [16] Tc = Ta +( 
9.5

5.7+3.8∗𝑉𝑓
∗

𝑁𝑂𝐶𝑇−20°𝐶

800 
 * Gc) 

Where Ta is the ambient temperature, Vf is the wind speed, NOCT is the nominal operating cell 

temperature of the solar module and Gc is the irradiance. 

Data for irradiance was impossible to find. Estimations were made by calculating extra-terrestrial 

irradiance as shown in equation 17 (Adaramola, 2023a).  

 [17] Io = ISC * (1 + 0.034 * cos(
360∗𝑁

365
)) 

Where ISC = 1367 W/m2 and N is the day of the year. 

This equation does not take into account reduced irradiance from reflection, absorption and 

scattering in the atmosphere (Adaramola, 2023a). Including the reduction from atmospheric 

effects, irradiance can reach upwards of 1000 W/m2. To get a rough estimate of irradiance at 

Sørhellinga, the equation for extraterrestrial was used with a reduction of 500 W/m2. 

Temperature-related derating factor is given by equation 18 (Adaramola, 2023c). 

 [18] Ftemp = εPMAX * (Tc – 25 ºC) 

Where εPMAX is the temperature coefficient of the solar module and Tc is the cell temperature of 

the module.  

Non-temperature related derating factors are more complicated. All non-temperature related 

derating factors must be multiplied together. These factors include but are not limited to inverter 

efficiency, shading and system availability. For this thesis the non-temperature related derating 

factor has been estimated using table 4. Different values have been chosen for the two systems in 

the scenarios shown later in the chapter. 
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Non-temperature related derating factor is given by equation 19 (Adaramola, 2023c). 

 [19] Fnon-temp = F1 * F2 * … * Fn 

Derating factor is given by equation 20 (Adaramola, 2023c). 

 [20] F = Ftemp * Fnon-temp 

3.9 Choice of modules 

There are many solar modules available on the market. The important thing to look out for is 

primarily the efficiency of the module, which describes the amount of solar radiation that the 

module can convert to electricity. For this thesis one module with relatively high efficiency and 

one with relatively average efficiency has been chosen. The high efficiency solar module chosen 

is Boviet Solar Gamma Series Perc Monofacial, with an efficiency of 20.01% and rated power of 

435W (Solar, 2024). The average efficiency solar module chosen is HHEX-300-P30 with an 

efficiency of 18.44% and a rated power of 300W (Hunterhex, u.å.). The data sheets for the two 

modules can be found in Appendix A and B. 

3.10 Estimated energy output 

The estimated energy output of a solar power system is determined by the derating factor, the 

rated power output of the system and the sun peak hours. Sun peak hours is the amount of hours 

the solar module is operating at its maximum power point, calculated with equation 21 

(Adaramola, 2023c). 

Table 4: Non-temperature related derating factors (Quaschning, 2019).  
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 [21] Sh = 
𝐼𝑐

1
, 

Where IC is the total solar radiation and 1 is the irradiance at standard testing conditions. Sun 

peak hours is equal to the total solar radiation.  

Estimated energy output is shown in equation 22 (Adaramola, 2023c). 

 [22] E = Sh * F * Pr, 

Where Sh is the sun peak hours, F is the derating factor and Pr is the rated power output of the 

system. 

3.11 Capacity factor 
Capacity factor is a calculation to compare the measured output of a system to the theoretical 

potential of the system (Hofstad, 2022). The capacity factor is a good measurement to compare 

the same or different power generating technologies. When comparing results from two scenarios 

of the same technology it is a measurement of operating hours and efficiency of the system. It is 

effectively only a measurement of operating hours when comparing different technologies. The 

calculation for annual capacity factor is shown in equation 23 (Hofstad, 2022).  

 [23] Cf = 
𝐸

𝑃∗8760ℎ
, 

Where E is the energy output of the system, P is the rated capacity of the system, and 8760h 

represents the number of hours there are in a year.  

3.12 Scenarios 

The first two scenarios are variations of solar systems to see the energy output from a top-quality 

system compared to an average system. The scenarios are all fixed tilt, and the same tilt angle 

will be used for the entire year in all scenarios. Optimally tilted solar panels produce 

significantly more electricity than horizontal solar panels. A big problem with tilted solar panels 

is self-shading, the altitude angle of the sun changes throughout the year and shading from one 

row of solar modules on the one behind can lead to massive losses of output. Thus, installing flat 

solar panels on a slanted roof is much more lucrative. Sørhellinga’s roof is flat therefore 

installing rows of tilted modules would lead to shading losses from self-shading.  
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A self-shading analysis could be done, to analyze the distance between solar panels to prevent 

self-shading. The shadow would be longest on the winter solstice, 21. December and shortest on 

21. June. Using the altitude angle, azimuth angle, measurements of solar modules and sine law, 

the distance of the shadow cast by the inclined solar module can be calculated. However, as this 

roof is quite narrow with limited space between rows of inclined solar modules, all scenarios are 

calculated with solar modules installed horizontally. We do not take into account costs or 

requirements for additional structural support. 

3.12.1 Scenario 1 

Scenario 1 calculates the estimated energy output of an installment of an average solar power 

system. The solar modules are installed horizontally on the flat roof of Sørhellinga. Calculations 

were made on an hourly basis for each day. Results were consolidated to a monthly basis and 

compared to potential electricity consumption of the building. 

3.12.2 Scenario 2 

Scenario 2 is similar to scenario 1, but with higher quality and higher efficiency modules to see 

the potential energy output of a top-quality system. Solar modules are similarly installed in a 

horizontal fashion. 

3.12.3 Scenario 3 

Scenario 3 explores the required area to fully support the electricity demand of the building. 

Solar power produces more in the summer than in the winter, electricity demand is higher in the 

winter. This scenario assumes that surplus energy sold in the summer can be bought in the winter 

for the same price. Therefore, the area where yearly energy output will equal the yearly demand 

will be calculated. Area will be calculated for two arrays, one for each of the first two scenarios. 

Solver in excel, as shown in figure 6, is used to calculate the area. Setting the objective of the 

total produced electricity to equal the electricity consumption. Solver will change the rated 

power of the array until this criterion is met. Then calculating number of modules and area based 

on specifications in Appendix A and B. 
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Figure 6: Solver in excel used to calculate 
power of a solar PV array. 
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4.0 Results 
In this chapter, the solar radiation at Ås, located at 59.66º North, is calculated. The results from 

these calculations are further used to estimate the potential output of a horizontally inclined solar 

power system at the roof of Sørhellinga. Scenarios 1 and 2 explore the potential solar output, the 

first scenario uses an average efficiency solar module, with an average efficiency system. The 

second scenario uses a high efficiency solar module, with a high efficiency system.  

Because this is a purely theoretical approach to calculate potential energy output, an inverter has 

not been chosen for the system. Although an inverter has not been chosen, inverter efficiency is 

relevant for the potential energy output and is technically included in the estimated non-

temperature related derating factor.  

The total solar radiation calculations are done on an hourly basis, but the temperature 

measurements are given as the mean of each day. This was chosen because it most accurately 

represented the temperature at production hours and calculations for cell temperature are done on 

a daily basis, not hourly. Temperature measurements are from the weather station located in Ås, 

from 2023 (Yr, 2023a). Wind data was not available at the weather station in Ås, therefore data 

was collected from the closest weather station with available data which was at Blindern, Oslo, 

also for 2023 (Yr, 2023b).  

Scenario 3 estimates the solar power system area required to fully support Sørhellinga with 

electricity, this scenario assumes that surplus electricity produced in the summer could be bought 

back for the same price in the winter when the electricity supply from the system is insufficient. 

Sizing the solar power system for the winter would lead to a massive surplus of electricity in the 

summer months, and sizing the solar power system for the summer would lead to the system not 

being able produce enough electricity to equate to the yearly electricity use. 

4.1 Total solar radiation 
Total solar radiation is calculated using the methods explained in chapter 3.2-3.7 with an excel 

spreadsheet. Each day of the year has been calculated with an hourly resolution. The solar 

radiation potential for the 21. day of each month can be seen in appendix C-N. The total solar 

radiation for the year at 59.66° North with a tilt angle of 0° is 1 370,45 kWh/m2/year. Daily solar 

radiation can be seen in figure 7.  
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4.2 Estimation of electricity use 
Energy consumption for various buildings in Norway are shown in figure 8. The figure shows 

that energy consumption for the average university building corrected for temperature and 

location is 261 kWh/m2/year. This includes both electricity and district heating. District heating 

in Ås uses wood chips, bark, twigs and other waste from foresting industries (Statkraft, u.å.). 

Therefore, only the electricity consumption from figure 8 will be used to calculate Sørhellinga’s 

energy use. The graph in figure 8 shows approximately 145 kWh/m2/year energy use in the form 

of electricity, which is the basis for our calculation. 
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Figure 8: Energy consumption weighted by area for various buildings (Enova, 2017). 
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Using the area of Sørhellinga , which is 10 200m2, the electricity consumption will equate to      

1 479 000 kWh/year (Byggeindustrien, 2008). To further figure out how this yearly electricity 

consumption distributes itself monthly, the general consumption of electricity in Norway was 

used to calculate the percentage of total yearly electricity consumption per month. Table 5 shows 

the percent electricity use per month for general consumption in Norway. Multiplying these 

percentages with our estimated electricity use of 1 479 000 kWh/year, gives an estimate for 

monthly electricity consumption at Sørhellinga, shown in the rightmost column of table 5. 

 

4.3 Scenario 1 
The module used in Scenario 1, HHEX-300-P30, is 1.64m x 0.992m, as can be seen in Appendix 

A. The roof area of Sørhellinga is 48.5m x 13m. Dividing the length and width of the roof by the 

height and width of the solar module then rounding down, gives the number of solar modules 

that fit. Depending on the arrangement of the modules we can either have 29 rows with 13 

columns or 48 rows with 7 columns. Installing 29 rows with 13 columns results in better area 

usage of the roof resulting in 377 modules. With a rated power of 300W for the module the rated 

power of the array is: 

Parray = 0.3 * 377 = 113.1kW 

Table 5 General consumption of electricity in Norway and estimated for 
Sørhellinga (sentralbyrå, 2023a).  
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Using the rated power of the array and the calculations for daily solar radiation, each step to 

estimate daily energy output for an average system are shown in table 6. The chosen non-

temperature related derating factor for scenario 1 is 0.75. Table 6 shows the first five days of the 

year, the calculations have been done for all 365 days of 2023.  

Table 6: Calculations for estimated energy output of an average system for the first five days of 2023. 

 

 

Table 7 shows the monthly energy output and electricity consumption. The amount of electricity 

the solar system can output equates at the lowest to 0.33% of the consumption in December to 

the highest to 26.29% of the consumption in July. The yearly energy output is 7.96% of the 

electricity consumption.  

The capacity factor of the average system was calculated to be 11.9%. 

Table 7: Calculations for scenario 1 pertaining to energy output of the system and energy demand, both annually and 
monthly. 
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4.4 Scenario 2 
Scenario 2 is similar to scenario 1 but explores the energy output benefits of higher efficiency 

modules and a higher quality system. The modules used, Boviet Solar Gamma Series PERC 

Monofacial found in Appendix B, have a length and width of 1.917m x 1.134m. Following the 

same procedure as in scenario 1, the arrangement of modules can either be 25 rows with 11 

columns or 42 rows and 6 columns. The arrangement of 25 rows with 11 columns results in the 

highest number of modules, 275, which gives the highest yield. Resulting rated power of the 

array is given as: 

Parray = 0.435 * 275 = 119.625kW 

Calculations for the daily power output of a high-quality system are shown in table 8. The 

chosen derating factor for scenario 2 is 0.85.   

Table 8: Calculations for estimated energy output of a high-quality system for the first five days of 2023. 

 

Table 9: Calculations for scenario 2 pertaining to energy output of the system and energy demand, both annually and 
monthly. 
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The high-quality system provides a energy output that ranges from 0.4%-31.44% of the monthly 

electricity consumption. As seen in table 9, the yearly energy output of the high-quality system 

covers 9.53% of the electricity consumption. 

The capacity factor of the high-quality system was 13.4%. 

4.5 Scenario 3 
The electricity use, as calculated in chapter 4.2 is 1 479 000 kWh/year. For scenario 3 the 

number of modules required to have an energy output of 1 479 000 kWh has been calculated for 

both the average system in scenario 1 and the high-quality system in scenario 2.  

Calculations for scenario 3 are shown in table 10 and table 11. First the rated power of the array 

needs to be calculated using solver as shown in chapter 3.12.3. The number of modules can be 

calculated by: 

(Parray /Pmodule) = Number of modules, 

Where Parray is the rated power of the array, and Pmodule is the rated power of the module. The 

amount of modules needs to be rounded up to produce sufficient power. 

The area of each module has been calculated by multiplying the length and width of the module. 

Total area of the array can then be calculated by multiplying the area of the module with the 

number of modules. 

Sørhellingas roof area is 72m x 28m, which equals 2016m2. The area assessed as suitable for 

solar power system in this thesis is 48.5m x 13m which equals 630.5m2. 
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Table 10: Area of an average system of solar PV that could meet the electricity use of Sørhellinga. 

 

The area required to supply the total yearly electricity use of Sørhellinga is 7709.78m2 for the 

average system from scenario 1, as shown in table 10. This area is 3.8 times as big as the area of 

Sørhellingas roof, and 12.2 times as big as the area suitable for a solar power system on the roof. 

Table 11 Area of a high-quality system of solar PV that could meet the electricity use of Sørhellinga. 

 

As seen in table 11, the required area to supply the total yearly electricity of Sørhellinga is 

6275.99m2, for the high-quality system. This is significantly lower than the average system, 

being only 81.4% of the area. The area calculated is 3.1 bigger than the area of the roof and 9.9 

than the area of the roof that is suitable for a solar power system. 
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5.0 Discussion 
Scenario 1, the average quality system, had an energy output of 117 679.49 kWh/year, which 

equated to 7.96% of Sørhellingas electricity consumption. Scenario 2, the high-quality system, 

had an energy output of 140 888.58 kWh/year, which equated to 9.53% of Sørhellingas 

electricity consumption. A comparison of the two scenarios energy output in relation to 

electricity consumption is shown in figure 9. 

 

Figure 9: Energy output in relation to electricity consumption for scenario 1 and 2. 

The difference in energy output per electricity use between scenario 1 and 2 is 1.57%. This 

number is the same as the difference in module efficiency of the two modules. This is merely a 

coincidence. The module efficiency does not directly translate into energy output vs electricity 

use. Different non-temperature related derating factors were also used for the scenarios which 

further offsets the efficiency of the system. 

The capacity factor for scenario 1 and 2 was calculated to be 11.9% and 13.4% respectively. One 

could assume that the capacity factor for both scenarios, considering the similarity of the 

scenarios. The difference is due to the non-temperature related derating factor. The relation 

between the capacity for factor of the scenarios and the non-temperature related derating factor 

of the scenarios are approximately equal. Shown below.  
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In the literature review on solar power potential, a solar power system in Turkey was 

investigated. The study used a real-life scenario of a rooftop solar power system and achieved a 

capacity factor of 17.35% (Ates & Singh, 2021). The difference in capacity factor is most likely 

related to solar radiation. The system reviewed received a total solar radiation of 1 818 

kWh/m2/year in comparison to this thesis’ system which received 1 370,45 kWh/m2/year. At the 

latitude of 38.7º North the sun is higher in the sky than at 59.66° North, resulting in the sunrays 

being more concentrated per area. The solar power system in Turkey installed the modules at an 

incline of 12º which would further increase the solar radiation reaching the collector which in 

turn increases output and capacity factor. 

For scenario 3 it was discovered that the average solar power system required 7709.78m2 and the 

high-quality solar power system required 6275.99m2 to sufficiently cover the electricity 

consumption at Sørhellinga. The results are respectively 12.2 and 9.9 times as large as the 

suitable are for a solar power system. If the full area of the roof was suitable for solar power the 

area required is only 3.8 and 3.1 times bigger. For both the average system and the high-quality 

system, the area required to fully cover the electricity consumption of the building is less than 

the total area of the building. Meaning buildings with fewer floors would be able to  

5.1 Limitations 
The practical applications of the thesis are limited. Costs have not been taken into account for 

this research, which is arguably one of the most important factors to consider for investment. 

Ignoring cost could also make comparing the two systems quite easy, because the added benefits 

of the average quality solar power system, most likely being cheaper, are not considered. 

However, because the thesis is meant to be a theoretical foundation for the energy output from 

rooftop solar systems in relation to electricity consumption, costs were not considered key to the 

thesis. 

Solar collectors receive much more solar radiation when they are tilted in relation to the height of 

the sun at that latitude, varying with season. Optimal tilt angles can be calculated throughout the 

day, or on a yearly basis depending on whether the collector is fixed tilt or tracking. Tilted 

collectors pose a problem with self-shading, particularly on such a narrow roof as Sørhellingas. 

Because there needs to be space between the rows of inclined collectors, the available area is not 

fully utilized. A positive effect of inclined collectors other than increased production, specifically 
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for countries with snow, is that snow doesn’t gather up on the collector. Shading losses from 

snowfall and clouds is included in the non-temperature related derating factors of the scenarios. 

It is assumed with the non-temperature related derating factor of the high-quality system that the 

system is better maintained, and snow is manually removed. The output in the winter months is 

low compared to the output in the summer months, so the shading losses in the winter are 

arguably insignificant. The research into inclined collectors must be studied further. 

Transposing the results to other buildings may not be feasible, depending on the building. As 

seen in the report from Enova on building statistics, different categories of buildings have 

different electricity consumption (Enova, 2017). In addition, the ratio between the suitable area 

for a solar power system on the roof and the total area of Sørhellinga is quite small. This is due 

to Sørhellinga having many floors. For buildings with fewer floors and comparatively more 

surface area on the roof than the total area of the building could see much higher results for self-

sufficiency from a rooftop solar power system.  

The energy use has been estimated per month. Daily variation of load has not been considered in 

the results of this thesis. Daily variation of load is generally high in the morning, low in the 

midday, and very high in the afternoon. Effectively opposite of the solar power output. The daily 

variation of load in relation to solar power output is called the duck curve effect, visualized in 

figure 10. 

 

Figure 10: The duck curve effect (Oliveira, 2023). 

 

Even though daily variation of load has not been considered in the results, it is relevant to discuss 

daily variation of load for the practical applications of rooftop solar systems. For scenarios 1 and 
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2 respectively the output is between 0.33%-26.29% and 0.4%-31.44%. Considering the fact that 

demand for electricity is low during the hours of peak production for solar power, the solar 

power systems from scenarios 1 and 2 will have higher output in relation to consumption than 

what is shown in the results. Potentially covering the electricity consumption completely.  

The results from scenario 3 may seem to support full self-sufficiency for some categories of 

buildings in combination with single story buildings. Particularly the relation between the area 

required to support the building sufficiently with electricity and the buildings area. However, as 

seen with the duck curve, the output is low when the demand is high. Full self-sufficiency is 

therefore not possible without battery systems. Solar power needs to work in conjunction with 

other power generating technologies to provide adequate electricity. 
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6.0 Conclusion 
The aim of this research paper was to calculate the potential for horizontally inclined solar power 

systems in relation to electricity consumption. For the purpose of seeing the potential 

contribution solar power could have on a buildings electricity consumption in a future with 

increased power demand, while not having an impact on habitat loss as a result of land seizure.  

The method approach was purely theoretical without the help of advanced practical measuring 

equipment. The calculations were done using solar equations in an excel spreadsheet. The 

research was conducted for two scenarios which used different modules for the solar power 

system. One scenario was meant to be an average system and the other a high-quality system. 

The third and final scenario investigated the area required to fully supply the buildings electricity 

consumption with solar power.  

The research showed that a horizontally inclined solar power system at Sørhellinga could have 

an energy output of 117 679.49 kWh/year and 140 888.58 kWh/year for an average and high-

quality system, respectively. Which equated to 7.96% and 9.53% of the building’s electricity 

consumption. The area required to fully support the building estimated in scenario 3 was 

7709.78m2 and 6275.99m2 for scenario 1 and 2, respectively. Even though horizontally inclined 

rooftop solar power systems could theoretically output enough electricity to sufficiently support 

a building, daily variation in load makes this impossible without working in conjunction with 

other power generating technologies. 
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