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Master’s Thesis in the Master’s Programme Structural Engineering and Building Technology 

SARA ERIKSSON 

LOVISA WALDENSTRÖM 

Department of Civil and Environmental Engineering  

Division of Building Technology 

Building Physics Modelling 

Chalmers University of Technology  

 

ABSTRACT 

Daylight is an important part when designing a building. It is vital to have a good level of 

daylight in rooms where people stay for extended periods of time since it has been proven that 

a lack of daylight affects people’s health and wellbeing in a negative way. Daylight in building 

is getting more and more important since densified cities and energy efficient buildings are 

likely to decrease the access of daylight in buildings. People also spends more time indoors in 

general.  

This Master’s Thesis is a pilot study to the extensive study “Moderniserad dagsljusstandard” 

that “Svenska Byggbranschens Utvecklingsfond” (SBUF) is financing. The purpose with the 

study is to renew the Swedish standard regarding daylight in buildings. This Master’s Thesis 

aims to identify the daylight factor levels in existing buildings and evaluate different indicators 

for measuring daylight factor.  

The studied buildings in this thesis consists of eight residential buildings, two student apartment 

buildings, two offices, two schools and two hospitals and all of them are located in the region 

of Gothenburg. The softwares used for modelling and simulations in this work are; AutoCAD, 

Rhinoceros, Grasshopper and Radiance in DIVA which is a plug-in to Rhino.  

This Master’s Thesis concludes that there are an extensive amount of rooms in the studied 

buildings that do not fulfill the demands of a daylight factor above 1%. The indicator used for 

calculating the daylight factor according to the current Swedish standard has a lot of weaknesses 

and difficulties and needs to be improved. 

 

Key words:  daylight, daylight factor, daylight level, indicators, Rhinoceros, DIVA, 

Radiance, Grasshopper 
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Dagsljus i befintliga byggnader 

En jämförande studie av beräknade indikatorer för dagsljus 

Examensarbete inom masterprogrammet Structural Engineering and Building Technology 

SARA ERIKSSON 

LOVISA WALDENSTRÖM 

Institutionen för Bygg- och Miljöteknik  

Avdelningen för Byggnadsteknologi  

Byggnadsfysik 

Chalmers Tekniska Högskola  

 

SAMMANFATTNING 

Dagsljus är en viktig del i en byggnads utformning. Det är viktigt att ha en bra dagsljusnivå i 

stadigvarande vistelserum eftersom det bevisats att brist på dagsljus påverkar människors hälsa 

och välbefinnande på ett negativt sätt. Dagsljus i byggnader är ett begrepp som blir allt viktigare 

eftersom städer förtätas och det byggs alltmer energieffektiva byggnader. Människor spenderar 

i regel även alltmer tid inomhus.   

Detta examensarbete är en förstudie till det omfattande arbetet ”Moderniserad 

dagsljusstandard” som ”Svenska Byggbranschens Utvecklingsfond” (SBUF) finansierar med 

syfte att förnya den svenska standarden gällande dagsljus i byggnader. Detta examensarbete 

syftar till att kartlägga vilka nivåer på dagsljusfaktorn som finns i befintliga byggnader samt 

utvärdera olika indikatorer för mätning av dagsljusfaktorn.  

De studerade byggnaderna i detta examensarbete består av åtta flerbostadshus, två byggnader 

med studentlägenheter, två kontor, två skolor samt två sjukhus varav samtliga är belägna i 

Göteborgsregionen. De programvaror som använts i detta arbete för att skapa tredimensionella 

modeller och utföra dagsljussimuleringar är följande; AutoCAD, Rhinoceros, Grasshopper och 

Radiance i DIVA som är en plug-in till Rhino.  

Detta examensarbete visar att det är en omfattande mängd rum i de studerade byggnaderna som 

inte uppfyller kravet på en dagsljusfaktor över 1%. Indikatorn som idag används i enlighet med 

den svenska standarden har många brister och behöver förbättras.  

 

Nyckelord:  dagsljus, dagsljusfaktor, dagsljusnivå, indikatorer, Rhinoceros, DIVA, 

Radiance, Grasshopper 

  



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

III 

CONTENTS  
ABSTRACT I 

SAMMANFATTNING II 

CONTENTS III 

PREFACE   V 

NOTATIONS   VI 

1 Introduction 1 

1.1 Background 1 

1.2 Purpose 1 

1.3 Limitations 1 

1.4 Method 2 

2 Daylight 3 

2.1 Light 3 

2.2 Impact on human’s health and wellbeing 4 

2.3 Measuring daylight 5 

2.4 Daylight regulations 7 

2.5 Certification systems 10 

3 Explanation of different studied indicators and methods 12 

3.1 Obstruction Angle and Sky View Angle 12 

3.2 Sky View Factor and Sky Exposure Factor 12 

3.3 “AF-metoden” 13 

3.4 Daylight protractor 14 

4 Description of the studied buildings 15 

4.1 Residential buildings 16 

4.2 Student apartment buildings 21 

4.3 Offices 22 

4.4 Hospitals 23 

4.5 Schools 24 

4.6 Summary of all the studied buildings 25 

5 Methodology 27 

5.1 Computational daylight simulations 27 

6 Results and analyses 33 



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

IV 

6.1 Residential buildings 33 

6.2 Student apartment buildings 38 

6.3 Offices 39 

6.4 Hospitals 40 

6.5 Schools 41 

6.6 Difficulties with defining the point and distribution of grid 42 

6.7 Different indicators for measuring daylight factor 45 

6.8 “AF-metoden” 48 

6.9 Daylight protractor 51 

6.10 Daylight factor outside window, SVF and SEF 53 

6.11 Survey 58 

7 Conclusions 61 

8 References 62 

9 Appendices 64 



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

V 

PREFACE 

This Master’s thesis has been carried out from January to June 2016 within the Master’s 

Programme Structural Engineering and Building Technology at Chalmers University of 

Technology. The subject was introduced by Max Tillberg at Bengt Dahlgren AB which also 

has been the supervisor for this thesis together with Anna Larsson, Bengt Dahlgren AB, Angela 

Sasic Kalagasidis, professor at the Division of Building Technology, and Magnus Österbring, 

Industrial PhD student at the Division of Building Technology, from Chalmers University of 

Technology. The project has been carried out at Bengt Dahlgren’s office in Mölndal.  

This work would have been far more difficult without any guiding; therefore we would like to 

give special thanks to our supervisors, Max Tillberg, Anna Larsson, Angela Sasic Kalagasidis 

and Magnus Österbring. Your special knowledge and inputs helped guiding us in the right 

direction. Also, thank you Mats-Inge Olsson, Bengt Dahlgren AB, for providing us with the 

necessary drawing materials.  

We would also like to thank our opponents, Ronja Arvidsson and Madeleine Fahlström, for 

good conversations and discussions during this semester.  

Gothenburg, June 2016 

Sara Eriksson  

Lovisa Waldenström 



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

VI 

NOTATIONS 

Abbreviations and acronyms 

BBR – ‘Boverkets ByggRegler’. Swedish building regulations. 

SBUF – ‘Svenska Byggbranschens Utvecklingsfond’. The construction industry’s organization 

for research and development in Sweden.  

SBN – ’Svensk Byggnorm’. Swedish building regulations used before BBR existed.  

BABS – ‘Kungliga Byggnadsstyrelsens publikationer’. Swedish building regulations used 

before SBN existed.  

SC – Sky Component  

ERC – External Reflectance Component 

IRC – Internal Reflectance Component  

WFR - Window-to-Floor Ratio  

Glossary 

Cadastral reference – Fastighetsbeteckning 

Daylight protractor – Dagsljusgradskiva 

Obstruction angle – Avskärmningsvinkel 

Sky view angle – Himmelsvinkel 

Sky view factor – Himmelsfaktor 

Sky exposure factor – “Himmelsexponeringsfaktor” (own translation) 
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1 INTRODUCTION 
In this chapter, the background, purpose and limitations of this master thesis is presented 

together with a short description of the method.  

1.1 Background 

Daylight is an important part when designing a building. It is vital to have a good level of 

daylight in rooms where people stay for extended periods of time since it has been proven that 

a lack of daylight affects people’s health and wellbeing in a negative way. Daylight in building 

is getting more and more important since densified cities and energy efficient buildings are 

likely to decrease the access of daylight in buildings. People also spend more time indoors.  

 

The regulations regarding daylight have varied a lot throughout the years in Sweden. Currently, 

a daylight factor of 1% in rooms where people stay for an extended period of time is required 

[1]. The daylight factor is measured in a single point in the room and it is based on an old 

method using a daylight protractor. This method is outdated and therefore, other indicators for 

measuring the daylight factor are evaluated in this thesis. The requirement in “Boverkets 

Byggregler” (BBR) also refers to a simplified method called “AF-metoden” which also will be 

studied. 

 

There is no documentation of which daylight factor levels that occur in existing buildings. Most 

people seem to be satisfied with the access of daylight they have today but there is no clear 

picture of what levels these are and in this thesis, a study is carried out in order to investigate 

the daylight factor levels in different buildings.  

1.2 Purpose 

This project is a pilot study to the extensive study “Moderniserad dagsljusstandard”, in English 

“Modernized daylight standard”, that “Svenska Byggbranschens Utvecklingsfond” (SBUF) is 

financing and different companies are involved in the project. The purpose with the study is to 

renew the Swedish standard regarding daylight in buildings. This Master’s Thesis aims to 

identify the daylight factor levels in existing buildings in Gothenburg and evaluate different 

indicators for measuring daylight factor.  

1.3 Limitations 

In this master thesis, 16 buildings and 1205 rooms has been examined. When the daylight in 

buildings has been analyzed, the daylight factor is the indicator that has been evaluated thus no 

climate based indicators has been evaluated. Therefore only the quantity and not the quality of 

daylight have been studied.  
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1.4 Method 

This master thesis has been carried out in five steps. A flow chart illustrating all steps is shown 

in Figure 1.  

 

The first necessary step was to gather information and to collect data in the research area of 

daylight. Participation in a course held by Max Tillberg and Paul Rogers for Sweden Green 

Building Council (SGBC) [2] gave us important knowledge and input for this work. 

 

Representative districts and buildings from different age periods were chosen and drawing 

materials for these buildings were collected.  

 

When all the necessary information and material were gathered, the modelling and simulations 

began. The pieces of software used to generate floor plans in two- and three dimensional-

models of the buildings are AutoCAD 2014 and Rhinoceros 5 respectively. Simulations are 

made in DIVA (plug-in for Rhino) and Radiance (included in DIVA). The software 

Grasshopper (version August-27, 2014), which also is a plug-in to Rhinoceros, has been used 

in order to calculate the sky view factor and the sky exposure factor.  

 

In between modelling and simulating, a survey was distributed to the residents in three of the 

studied residential buildings. After the surveys were collected, the results were compiled and 

compared to the simulated results. 

 

When all the simulations were made, they were compiled and evaluated. Analyzing the results 

and acknowledge different correlations were the fourth step in this thesis.  

 

At last, these four steps led to the final step which resulted in a licensed Master’s Thesis.  

 

 
Figure 1 – Flow chart illustrating the method.  

Step 1

•Formulation of aim
•Initial literature study

Step 2

•Selection of representative districts and buildings 
•Collection of useful material

Step 3

•Modelling and daylight simulations
•Surveys 

Step 4

•Compilation of the results from simulations and the survey 
•Analyses

Step 5
•MSc Thesis 
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2 DAYLIGHT 
This chapter explains the different properties of daylight, how it is measured, its impact on 

human’s health and wellbeing and daylight regulations both in Sweden and in some other 

countries. A short description of different certification systems are also explained in this 

chapter.  

2.1 Light 

Light is electromagnetic radiation and the light a human eye perceives is just a fraction of the 

total energy. The light is visible in the frequency range of 380 and 750nm [3] which are shown 

in Figure 2. Daylight is the natural light during the bright part of the day and it is the 

combination of all the direct- and indirect sunlight. 

 

 
 

Figure 2 – Spectrum [P1] showing the part visible for the human eye. 

 

  

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimtODb7e_MAhXMFJoKHXr_BqAQjRwIBw&url=http://www.wisegeek.com/what-is-a-full-spectrum-lamp.htm&psig=AFQjCNGJ3z5tFY0e-hoy7kBH9RumgNxh_g&ust=1464081218587855
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2.1.1 Luminance and illuminance  

When studying daylight there are some basic terms, such as luminance and illuminance that 

needs to be distinguished. Illuminance [2] is a measure of how much light that is transported 

towards a surface and it is measured in the unit lux. Illuminance is often mentioned when talking 

about daylight since the daylight factor is the relation between the illuminance inside and 

outside measured at the same time, which are further described in Chapter 2.3.1. The other 

term, luminance is also measured in lux but it is a measure of the amount of light that passes 

through a surface, or is being emitted, and then falls in a given angle, i.e. the amount of light 

an eye can perceive from different directions when looking in a specific angle. [2] Both these 

terms are illustrated in Figure 3.  

 

 
Figure 3 – Illuminance and luminance. 

 

2.2 Impact on human’s health and wellbeing  

Science has shown [4] that a lack of daylight is affecting our wellbeing, both our psychological 

and physical health. It has been proven that our neural pathways in the brain are affected in 

three different ways in terms of our sight, circadian rhythm and the limbic system. Our circadian 

rhythm can be disturbed and this can lead to health problems in the long run such as an increased 

risk for having an accident, headache, fatigue, diabetes, depression, anxiety and other types of 

psychological health issues. However, it is not proven how much daylight that is required in 

order not to be affected in a negative way concerning our health and wellbeing. Electrical 

lighting does not contain the same spectra as the natural light and it has therefore not the same 

positive impact on humans’ wellbeing.   
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2.3 Measuring daylight  

The following subchapters explain different indicators for measuring daylight.  

2.3.1 Daylight factor 

Daylight factor (DF) is the ratio between the available illuminance indoors and the available 

illuminance outdoors at the same time under an overcast sky [4], see Figure 4. It is then 

multiplied with a factor 100 in order to get the daylight factor in percent, see formula 1. The 

sky has an illuminance level three times higher at the top compared to the sides.  

 

 
Figure 4 – Illustration of how daylight factor is measured.  

 

𝐷𝐹 =
𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒 𝑖𝑛𝑑𝑜𝑜𝑟

𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒 𝑜𝑢𝑡𝑑𝑜𝑜𝑟
× 100      [%]      (1) 

 

The daylight factor in a room can be simulated for a specific point or over a surface. The 

daylight factor could also be measured in existing buildings using a light meter. The illuminance 

levels needs to be measured simultaneously inside the room in a specific point and outside 

under an unobstructed diffuse sky. 
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The illuminance level at the point considered is the sum of the sky component (SC), the external 

reflected component (ERC) and the internal reflected component (IRC) according to formula 

2. The three components are illustrated in Figure 5. 

 

Figure 5 – Illustration of the three components; SC, ERC and IRC.  

 

𝐷𝐹 = 𝑆𝐶 + 𝐸𝑅𝐶 + 𝐼𝑅𝐶      [%]      (2) 

 

The daylight factor is a static measure and the cardinal direction, location, season or sun has no 

impact. Hence it is independent of what time and place it is measured at. Some dynamic 

indicators are presented in the following subchapter. 

2.3.2 Climate based indicators 

There are a number of dynamic indicators for measuring daylight, often referred to as climate 

based indicators. These indicators do take the entire year into account when doing a calculation 

and they use climate files in order to simulate different sun- and sky conditions. As mentioned 

in the limitations, no climate based indicators are evaluated in this thesis. However, some of 

them are still shortly explained below in order to exemplify how daylight could be evaluated in 

the future if the daylight factor is to be replaced. 

 

Daylight Autonomy (DA) 

This indicator measures the percentage of annual daytime hours that is above a specified 

illumination level. The indicator also consider the occupation time [5]. It shows for example 

how long time an occupant can use the space without having to use any electrical lighting.  

 

Continuous Daylight Autonomy (cDA) 

cDA is a basic modification of DA. It works in the same way as DA but the continuous daylight 

autonomy credit values above the specified illumination level [6]. As an example; if there is a 

point that has a value varying below and above the specified illuminance level at least 50% of 

the time during a whole year, using the indicator DA would give it zero credit while cDA gives 

it credits for all the time when the point has an illuminance level above the boundary.   
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Useful Daylight Illuminance (UDI) 

This indicator is also a modification of DA. There are three ranges of illuminance levels that 

are considered in this method. All points with a level between 100 and 2000 lux get full credit 

[7]. The horizontal illumination values above and below this range are not useful.  

 

Daylight Saturation Percentage (DSP) 

DSP is a modification of UDI. The only difference is that the limits are raised to 430 and 4300 

lux respectively [8].  

2.4 Daylight regulations 

In Sweden, there are building regulations that need to be followed when planning and 

constructing a building. The authority that sets these rules is called “Boverket”, in English 

“National Board”, and they have a compendium called “Boverkets Byggregler” (BBR) which 

describes these rules. A summary of these rules and how they have varied through the history 

is presented in this chapter. Also some examples of daylight requirements in three other 

countries are presented. 

2.4.1 Swedish present demands and in history  

The Swedish demands regarding daylight have varied throughout the years. In the beginning of 

the 1900s [4] daylight was an important factor when designing a building although there were 

no specific requirements regarding daylight. The first indirect rule regarding daylight in 

buildings came from Kungliga Byggnadsstyrelsens publikationer (BABS) in 1960. However, 

this remark disappeared in the updated version in 1967. In conjunction with the 1973 oil crises 

in Sweden the demands concerning energy efficient buildings, were tightened in Svensk 

Byggnorm (SBN) 1975. For the first time in history, a demand of a daylight factor of 1% in a 

point in a room was mentioned. The daylight factor were to be calculated with help of a daylight 

protractor according to the method presented in the book “Dagsljus inomhus”, in English 

“Daylight indoors”, by B. Fritzell and H. A. Löfberg from 1970. Since this method was 

perceived as complicated and time consuming, a lot of people in the industry ignored these 

demands. Because of this, a simplified method was presented in 1980 called “AF-metoden”, in 

English “Window-to-Floor area Ratio” (WFR). It is a ratio that shows the relation between the 

window glass area and the floor area.  

 

When the financial crisis hit the Nordic countries in 1990 the requirements on the daylight 

factor was expanded to be applied for all rooms that are used for extended periods of time [4]. 

The formulation of the demand was also changed from “generous amount of daylight” to “good 

access to direct daylight”. The simplified “AF-metoden” was used according to the standard SS 

91 42 01. SBN was replaced by BBR in 1993 in order to simplify the building process. Only 

small adjustments of these regulations were made between 1993 and 2014.  

 

The present requirements regarding daylight in buildings are described in BBR. The daylight 

factor should in residential buildings be 1% in all rooms where people stay for an extended 



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

8 

period of time and it should be calculated at half the room depth, one meter from the darkest 

wall and 0.8 meter above the floor. An extract from BBR [1] is shown in Figure 6 and a 

summary of the requirements in English are as follows;  

 

Rooms or separable parts of rooms where people stay for an extended period of time should be 

designed in a way that good access to direct daylight is achieved. In student apartment 

buildings, it is sufficient to have access to indirect daylight in rooms intended for cooking and 

in common areas. The simplified “AF-metoden” can be used according to the Swedish standard 

SS 91 42 01. If the Swedish standard is fulfilled, a daylight factor of approximately 1% is 

achieved. 

 

 

 

Figure 6 – An extract from BBR showing the part regarding daylight regulations.  
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2.4.2 Demands in other countries 

The requirements and guidelines regarding daylight in buildings vary a lot from country to 

country. One commonly used requirement is that a minimum daylight factor level is controlled 

by using a method that often compares the window glass area with the floor area. Another 

requirement that is common but do not exist in all countries are requirements on the view out. 

Parts of the requirements and guidelines regarding daylight in residential buildings in Great 

Britain, Denmark and Germany are presented as follows;  

 

Great Britain 

The British standard, “BS 8206-2:2008”, is a code of practice for daylighting. The demand for 

the minimum average daylight factor for bedrooms is 1%, for living rooms 1.5% and for 

kitchens 2% [9]. If there is a kitchen combined with a living room, the minimum average 

daylight factor is 2% as the highest demand always is selected.  

 

Denmark 

Denmark has higher demands in general regarding daylight than Sweden. For habitable rooms 

and kitchens, the daylight factor should be greater than 2% for half the room [10], i.e. the 

median value should be at least 2%.  

 

Germany:  

In Germany, the daylight factor in residential buildings is measured in rooms where people stay 

for extended periods of time. The daylight factor is measured in two points positioned at half 

the room depth, one meter from the side walls and 0.85 meter above the floor. The mean value 

of these points should be at least 0.9% [11] and the least favorable point should have a minimum 

daylight factor of 0.75%.  
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2.5 Certification systems 

There are different kinds of certifications systems for buildings and these systems are used in 

different stages of the building process. In this chapter, a summary of the most essential 

requirements regarding daylight in four different certification systems are presented.  

2.5.1 Miljöbyggnad 

Miljöbyggnad is based on Swedish building regulations and construction practices. It covers 

energy, indoor environment and materials used in the building [12]. The system consists of 16 

different indicators whereof daylight is one of them. The grading system consists of four 

different grades; CLASSIFIED BRONZE, SILVER and GOLD. The requirements for the 

daylight factor in a point for residential buildings are stated in Table 1 and the table is translated 

to English by the authors since Miljöbyggnad only have these documents in Swedish.  

 

Table 1 – The different requirements in Miljöbyggnad for different grades of the daylight factor 

CLASSIFIED BRONZE SILVER GOLD 

DF < 1.0 % DF ≥ 1.0 % DF ≥ 1.2 % DF ≥ 1.2 % showed 

with help of a data 

simulation and with 

passed results from 

the survey or self-

declaration.  

 

Apart from simulating the daylight factor, the simplified “AF-metoden” can be used in 

Miljöbyggnad. This method has some limitations and the criteria for using the method is 

described in Chapter 3.3. The requirements for this method in Miljöbyggnad for different 

grades are presented in Table 2. AF is calculated by dividing the glass area, Aglass, with the floor 

area, Afloor, as shown in formula 3.  

𝐴𝐹 =
𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑓𝑙𝑜𝑜𝑟
∗ 100      [%]      (3) 

 

Table 2 – Requirements for different grades for ”AF” when using ”AF-metoden”  

CLASSIFIED BRONZE SILVER GOLD 

AF < 10 % ≥ 10 % ≥ 15 % -  
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2.5.2 BREEAM 

The Building Research Establishment Environmental Assessment Method is a certification 

system from Great Britain with local adaptions for several countries including Sweden. It 

consists of ten different categories which in turn consist of several indicators [13]. Daylight is 

an indicator that is a part of the category health and wellbeing. There are five possible grades; 

Pass, Good, Very Good, Excellent and Outstanding. 

 

This certification system is not applicable for residential buildings thus only commercial 

buildings such as retail-, office- and industrial buildings can be certified. The daylight factor is 

measured as an average value and the grading scale depends on the position and height of the 

building. The daylight factor can also be measured in a point and it has different minimum 

levels compared to the average values.  

2.5.3 LEED 

The Leadership in Energy and Environmental Design from the United States has a grading scale 

containing four grades; Certified, Silver, Gold and Platinum [14]. Seven different indicators are 

evaluated where environmental quality is one example. 

 

There are several methods that are approved according to this certification system for evaluating 

daylight. The first one is using daylight simulations and in this case 75% or more of all regularly 

occupied spaces should achieve illuminance levels in the range of 269 to 5382 lux. The sky 

condition should be clear and the calculation should be made September 21st at 9 a.m. and 3 

p.m. Other approved methods for calculating the daylight is a simplified method, measurements 

or a combination of the different methods [15]. 

2.5.4 Svanen 

Svanen is another certification system from Sweden. The national building code regarding the 

daylight factor has to be fulfilled in at least one room in every apartment where people stay for 

an extended period of time [16]. The daylight simulations should be made using approved 

software. Unlike Miljöbyggnad, the simplified method “AF-metoden”, is not accepted in this 

certification system.   
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3 EXPLANATION OF DIFFERENT STUDIED 

INDICATORS AND METHODS 
There are many terms and concepts that are mentioned in this thesis. This chapter aims to 

explain some of the studied indicators and methods.  

3.1 Obstruction Angle and Sky View Angle 

The obstruction angle is shown in Figure 7 and it is the angle between an imaginary horizontal 

plane through the middle of the window and the top of the object placed right in front of the 

window.  

 

The sky view angle is the angle of which the vertical part of the sky is visible from a point in 

the middle of the window, see Figure 7.  

 

 
Figure 7 – Illustration of the sky view angle and the obstruction angle.  

 

3.2 Sky View Factor and Sky Exposure Factor  

The sky view factor (SVF) and sky exposure factor (SEF) is fairly similar to each other. The 

sky view factor expresses the percentage of the overlying hemispherical sky that is visible from 

a given surface while the sky exposure factor expresses the percentage in a single point instead. 

Another difference is that the sky exposure factor does not consider that the sky has three times 

as high illuminance level at the top compared to the sides, which the sky view factor does [17].   
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3.3 “AF-metoden” 

”AF-metoden” is not the correct name for this method. The name “AF-metoden” was initiated 

since most people had problem remembering the real name; “SS 91 42 01, Building design – 

Daylight – Simplified method for checking required window glass area”. However, in the 

continuation of this thesis the method will still be referred to as “AF-metoden”. “AF-metoden” 

is used in order to evaluate whether the daylight is satisfactory in a room or not.  

 

There are many conditions that have to be fulfilled in order to be able to use this method and 

these conditions [18], described in “Svensk Standard” version “SS 91 42 01”, are presented as 

follows; 

 

 The obstruction angle has to be in the range of 0 ≤ α ≤ 30 ̊  

 The studied room must have room dimensions as follows:  

o 2.5 m ≤ width ≤ 6.0 m 

o 2.0 m ≤ depth ≤ 6.0 m 

o Height ≥ 2.1 m 

 The windows must have clear glass with two or three panes. The windows are not allowed to 

be placed non-symmetrical. The glass surface that is placed lower than 0.8 meter above floor 

are excluded from the calculation and the windows must have dimensions as follows:  

o 0.6 m ≤ height ≤ 1.4 m 

o 0.9 m ≤ width ≤ 1.5 m 

 The floor, walls and ceiling should be normally bright  

If the conditions for using “AF-metoden” are fulfilled, the glass area in the room, Aglass, are 

compared to the floor area of the room, Afloor, times a factor f which is determined by the 

obstruction angle according to Figure 8. If there is a balcony or an access balcony outside the 

window, this area should be included in Afloor. In order to check if the daylight is satisfactory 

enough, formula 4 is used.  

𝐴𝑔𝑙𝑎𝑠𝑠 ≥ 𝑓 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟      (4) 

 
Figure 8 – Graph showing how the factor f is determined by the obstruction angle [P2].  
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3.4 Daylight protractor 

A hand calculation method using a daylight protractor was used before the possibility of having 

a computer making daylight simulations.  

 

When using this method, the daylight factor is calculated by summing up the contribution from 

the sky component (SC), the external reflectance component (ERC) and the internal reflectance 

component (IRC) [19] according to formula 5. SC and ERC can be approximated by using the 

daylight protractor while IRC can be estimated by using tables and formulas.  

 

𝐷𝐹 = 𝑆𝐶 + 𝐸𝑅𝐶 + 𝐼𝑅𝐶      [%]      (5) 

 

 

A sectional drawing through every window and a floorplan is necessary when using this 

method. Figure 9 demonstrates a part of how the daylight protractor is used when calculating 

the daylight factor in a point. 

 

 

 

Figure 9 – Illustration of how the daylight protractor is used in floor plan and section [P3].  
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4 DESCRIPTION OF THE STUDIED BUILDINGS 
The buildings that are studied in this thesis are described in this chapter. For most buildings, a 

representative floor plan or part of the floor plan is shown. All the used drawings can be found 

in Appendix 3. 

 

In total, 16 buildings was selected and investigated and apart from eight residential buildings 

also two student apartment buildings, two offices, two hospitals and two schools have been 

studied. All buildings are named with a specific identification number. The first building has a 

building ID of 1, the next one 2, and so on until the last one that has a building identification 

number of 16. Figure 10 shows the location and cadastral reference of all 16 buildings.  

 

Since this project is a pilot study to the extensive study “Moderniserad dagsljusstandard”, a list 

of proposed buildings that could be studied was handed to us by Paul Rogers, architect and 

daylight specialist at BAU, Byrån för Arkitektur och Urbanism, in English “The Office of 

Architecture and Urbanism”. This list contained residential buildings built in different age 

periods, spread all over Sweden. Seven of those buildings were located in Gothenburg, whereof 

four of them were chosen to be studied in this thesis. The reason why three of the buildings 

located in Gothenburg were not chosen is because there was a lack of information about them 

or because the drawing material was too scant. Four additional residential buildings were also 

studied and was chosen after location and year of construction in order to get a wide spread of 

different buildings.  

 

 
Figure 10 – The location of the studied buildings and their associated building ID and cadastral reference  
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Drawings of all buildings such as floor plans, façades and sections have been provided by 

Stadsbyggnadskontoret (City planning). Three dimensional models in AutoCAD of the 

surroundings containing the roof constructions of the surrounding buildings and the ground 

have been provided by Chalmers architectural database called “A-databasen”.  

4.1 Residential buildings 

Eight residential buildings have been studied in this thesis and a short description of all 

buildings is presented in this chapter.  

 

Since the demands regarding daylight only applies for rooms where people stay for extended 

periods of time, there are four different room types in residential buildings that has been studied 

in this thesis; bedrooms, living rooms, kitchens and dining rooms.  

 

Vasastaden 14:2  

The first building is a housing association built in 1972 in the central part of Gothenburg. This 

was the first building to be study. A small part of this building was studied in order to find an 

appropriate method and learning how to simulate the buildings in the best and most effective 

way.  

 

 
Figure 11 – Vasastaden 14:2 

 

  



CHALMERS Civil and Environmental Engineering, Master’s Thesis BOMX02-16-14 

17 

Guldheden 65:13 

The second building, built in 1960 is situated in Guldheden. It is a “skivhus”, so called block 

of flats in English and has 12 floors. There are several identical buildings placed in a row but 

angled in relation to each other and therefore, the buildings do not obstruct each other much. 

The perpendicular distance between the buildings are approximately 42 meters. All balconies 

are retracted in the façades.  

 
Figure 12 – Guldheden 65:13 

Vasastaden 5:11 

This building was built in 1887 and it is the oldest residential building that has been studied in 

this thesis. It is located in central Gothenburg amongst other similar buildings of equal height. 

Most rooms are facing a small courtyard and the rest of the rooms are facing the street that is 

approximately 13 meters wide. 

 

 

Figure 13 – Vasastaden 5:11 
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Majorna 306:16  

Building number 4 is situated in Majorna and it is a typical “Landshövdingehus”, so called 

Governor’s house in English. It was built around 1897 and was renovated in the 1980’s where 

attic apartments was added.  

 

 
Figure 14 – Majorna 306:16 

Kungsladugård 18:6  

This building is also a “Landshövdingehus” and it was built in 1923. Characteristic for the floor 

plan is very narrow kitchens.  

 

 
Figure 15 – Kungsladugård 18:6 
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Johanneberg 2:6  

Building number 6 is situated in Johanneberg in the central part of Gothenburg and was built 

in 1928. Approximately 80% of the rooms has windows only facing the courtyard.  

 

 
Figure 16 – Johanneberg 2:6 

Lindholmen 37:1  

This building was completed in 2013 and it is the most recently built building studied in this 

thesis. The building has two building bodies with different heights that are attached to each 

other. Just as many others newly built buildings, this building has an open floor plan with a 

combined kitchen and living room. It also has a lot of big balconies.  

 

 
Figure 17 – Lindholmen 37:1 
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Rud 8:10  

The last residential building that has been studied is a building situated in Frölunda, built in 

1960. There are many identical buildings placed next to each other and they have a floor plan 

shaped like a star. This building consists of five apartments on each floor with the exact same 

floor plan for all floors.  

 

 
Figure 18 – Rud 8:10  
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4.2 Student apartment buildings 

A short explanation and some pictures of the two studied student apartment buildings are 

presented below.  

 

Guldheden 34:2  

The first student apartment building was built in 2004 and located in Guldheden. This building 

was burned down in 2012 and the façade was completely rebuilt. The apartments are mainly 

one bedroom apartments but a few two- and three bedroom apartments also exist. There is a 

glazed atrium in the middle of the building but no windows are facing the atrium. Characteristic 

for the floor plan is that the kitchens in the one bedroom apartments are placed in the hallway.  

 
Figure 19 – Guldheden 34:2 

Johanneberg 31:12  

The second building is situated close to the first one but in Johanneberg, at the Chalmers campus 

area. This building was built in 2006 and the building consists of three building bodies that are 

attached, shaped like a “U”. The bodies have different heights and only the highest one and the 

middle one is studied in this work. The highest one has 13 floors while the middle one has 5 

floors. There are only one bedroom apartments in this building and the windows in the 

apartments are very narrow.  

 
Figure 20 – Johanneberg 31:12   
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4.3 Offices 

Both offices in this study consist of cell offices. Rooms such as conference rooms, meeting 

rooms etcetera has not been included. 

 

Inom Vallgraven 27:1  

The first office was built in 1863 and it is located in the city center of Gothenburg.  

 

 
Figure 21 – Inom Vallgraven 27:1 

Lunden 48:1  

The second office was built in 2006 and it is situated in the eastern part of Gothenburg. This 

building was renovated in 2014 and an extension was constructed.  

 

 
Figure 22 – Lunden 48:1 
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4.4 Hospitals 

Two hospitals have been studied and the different room types that have been included in the 

study are; examination rooms, patient rooms and offices. 

 

Brämaregården 68:6  

The first hospital, Lundby hospital, is located in Hisingen and was constructed in 1966. 

 

 
Figure 23 – Brämaregården 68:6 

Johanneberg 14:36  

The second hospital, Carlanderska hospital, was built in 1927 and is situated in Johanneberg.  

 

 
Figure 24 – Johanneberg 14:36 
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4.5 Schools 

For both schools in this thesis, classrooms are the only room type that has been studied since 

the teachers are assumed to spend most of the time in the classrooms teaching and do not spend 

a lot of time in their offices. 

 

Rud 5:1  

The first school, built in 1962, is located in the western part of Gothenburg. It was renovated in 

1990 and an annex was constructed at that time.  

 
Figure 25 – Rud 5:1 

Skår 31:6  

The second school was constructed in 2001 and it is situated in the eastern part of Gothenburg. 

This building was renovated in 2011 and an annex was constructed. The school consists of three 

different buildings that are surrounding the schoolyard. 

 

 
Figure 26 – Skår 31:6   
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4.6 Summary of all the studied buildings 

Figure 27 shows a timeline where all of the 16 studied buildings are arranged in chronological 

order by the year of construction. All residential buildings can be seen above the timeline while 

the other building types are placed below it.  

 

 
Figure 27 – Timeline containing all the studied buildings arranged in chronological order by the year of construction. 

All rooms in the studied buildings have not been modeled and simulated, i.e. some parts of the 

buildings have been selected. Since the floor plans often looks the same for every floor, the 

limitation of only studying some floors still results in a representative image of how the levels 

in the entire building are.  
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All the studied buildings with corresponding cadastral reference and identification number 

together with other valuable information are presented in Table 3.  

 

Table 3 – Compilation of the studied buildings  

Building ID Cadastral reference Year of 

construction 

Number of 

floorplans 

Number of 

evaluated 

floorplans  

Evaluated 

rooms 

1 Vasastaden 14:2 1972 6 4 36 

2 Guldheden 64:13 1960 12 8 200 

3 Vasastaden 5:11 1887 4 4 42 

4 Majorna 306:16 1897 4 3 140 

5 Kungsladugård 18:6 1923 3 3 37 

6 Johanneberg 2:6 1928 6 5 70 

7 Lindholmen 37:1 2013 11 4 68 

8 Rud 8:10 1960 10 4 100 

9 Guldheden 34:2 2004 5 3 97 

10 Inom Vallgraven 27:1 1863 5 4 47 

11 Rud 5:1 1962 2 2 14 

12 Johanneberg 31:12 2006 13 5 230 

13 Brämaregården 68:6 1966 4 4 38 

14 Lunden 48:1 2006 3 3 36 

15 Skår 31:6 2001 2 2 30 

16 Johanneberg 14:36 1927 4 3 52 
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5 METHODOLOGY 
This chapter explains the method used for performing computational daylight simulations and 

calculations of the sky view factor and sky exposure factor as well as the methodology of the 

survey. 

5.1 Computational daylight simulations 

This chapter describes the different steps to create three dimensional models of the buildings 

and to simulate and evaluate daylight in the buildings that has been utilized in this thesis. A 

more detailed description of the different steps can be found in Appendix 1.  

5.1.1 Modelling 

In order to be able to make daylight calculations, a three dimensional model of the building has 

to be generated. The project started out with collecting drawing materials for all the studied 

buildings and since almost all drawing material for the chosen buildings is scanned drawings, 

drawings in AutoCAD 2014 were made by having the scanned drawings as templates. Within 

the scanned drawings, there were drawings of the buildings from different age periods. The 

newest drawings were always chosen but if there were some information missing, the older 

ones have covered up the shortcomings in the drawing material.  

 

The drawings made in AutoCAD was then imported into Rhinoceros 5 and a three dimensional 

model was created. The process can be seen in Figure 28 and Figure 29 shows how one of the 

buildings looks in reality and as a three dimensional model.  

 

 
Figure 28 –Showing the process in making the three dimensional models from the scanned drawings.  

 

The surroundings has also been modeled since it can have a big impact on the daylight in the 

buildings and in order to model the surrounding, a three dimensional CAD-file containing roof 

constructions and the ground floor has been used.  

 

A detailed description of what the models are supposed to contain and how different objects 

such as window frames, balconies etcetera should be modeled can be found in Appendix 1.  
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Figure 29 – (a) The real building and (b) the three dimensional model in Rhino. 
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5.1.2 Optical properties and settings 

The aim is to show the accessibility of daylight and not the exact level in current buildings. For 

this reason, idealized optical properties have been assumed and internal geometric objects such 

as furniture have been neglected. 
 

Since there are no standardized values for reflectance and transmittance for different objects, 

the optical properties that has been used in this thesis has been developed in consultation with 

experts in the field and is shown in Table 4. The same values will be used in the project 

“Moderniserad dagsljusstandard”.  

 

The properties for the balcony railing can vary a lot for different buildings. Therefore the value 

for reflectance or transmittance will vary between zero and one. If it is completely opaque it is 

assumed to have the same optical properties as the external façades, otherwise a value for the 

transparency has been assumed and the value used for the different buildings can be found in 

the result files. 

 

Table 4 – Compilation of the reflectance and transmittance for different objects used in this study 

Outside ground 0.2 

External façades 0.3 

Surrounding buildings and objects 0.2 

Floor 0.3 

Walls 0.7 

Ceiling 0.8 

Window frame 0.8 

Side of window 0.5 

Balcony 0.3 

Balcony bottom 0.7 

Balcony railing x 

Water 0.5 

Roof 0.3 

 

When making a grid-based daylight factor simulation in Radiance, five settings are important 

to take into consideration. The first one is the number of ambient bounces (-ab), the second one 

is the ambient divisions (-ad), the third one is the ambient super-samples (-as), the fourth one 

is the ambient resolution (-ar) and the last one is the ambient accuracy (-aa). The main settings 

that have been used in Radiance are: [-ab 7 -ad 2048 -as 512 -ar 256 -aa 0.1].  
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5.1.3 Computational grids and calculation points 

Two different types of computational grids have been used for calculation of the median- and 

average values for the daylight factor over a surface. The first one covers the whole floor area 

of the room while the other one is retracted 0.5 meter from each wall. All grids have a distance 

of 0.3 meters between the calculation points and they are placed 0.8 meter (the height of a 

working desk) above the floor. The points used when calculating the daylight factor in a point 

are placed at half room depth and one meter from the darkest wall. Figure 30 shows an 

illustration of the calculation point and the two different calculation grids.  

 

 
Figure 30 – Illustration of the location of the calculation point and distribution of the different calculation grids. 

 

All the calculation points and calculation grids were also created in the two dimensional model 

which later on made it a lot easier when creating the computational grids in the three 

dimensional models. An example of this can be seen in Figure 31 where the two different kinds 

of calculation grids and the calculation points are visible.  

 

 
Figure 31 – An example of a two dimensional model made in AutoCAD  
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A calculation grid has also been placed 0.05 meters outside the windows, showed in Figure 32, 

in order to see the available daylight outside the windows. The same distance between the 

calculation points has been used as for the other grids.  

 

For each window an average value has been calculated and if a room has several windows an 

average value of all windows in the room has been calculated (not area-weighted).  

 

 
Figure 32 – The distribution of the calculation points in the grids outside the windows in Rhino.  

 

5.2 Sky View Factor and Sky Exposure Factor  

The Sky View Factor (SVF) and Sky Exposure Factor (SEF) have been calculated for all 

residential buildings. This has been done using the software Grasshopper (version August-27, 

2014) which is a plug-in to Rhinoceros. SVF and SEF have been calculated using the same grid 

as for calculating the daylight factor outside the windows. Figure 33 shows an image of a 

calculation of the sky view factor in Grasshopper. 

 

 
Figure 33 – Calculation of the sky view factor in Grasshopper.  
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5.3 Survey  

A survey on the resident’s perceived satisfaction with daylight in their apartments has been 

done during this work and it has been distributed to the residents in three of the studied 

buildings, more exact in the buildings 2, 6 and 7. The survey consists of 9 questions and is 

divided into three parts; “daylight”, “sunlight and sun shading” and “view out”. The first part, 

“daylight”, covers questions regarding how the residents perceive the amount of daylight in 

their apartments. The questions in part two and three does not directly include daylight but was 

included in the survey in order to verify if the respondent understood the questions about 

daylight and for example did not mix it up with the definition of direct sunlight. The survey can 

be found in Appendix 2.  

 

In order to compile the result in an easy way and knowing which apartments that had answered 

the survey, every survey were marked with an identification number and the floor plan of that 

specific apartment was printed on their survey. This made it possible to compare the answers 

for each specific room with the simulated results.   
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6 RESULTS AND ANALYSES 
The results from the daylight simulations are compiled into two Excel documents. The first 

document, Building level, describes parameters that concerns the entire building and the second 

one, Room level, describes parameters that concerns the individual rooms. The Building level 

sheet can be found in Appendix 4. The Room level document cannot be found in appendix since 

the size of the document is too big (it contains 1651 rows and 48 columns). From the results, 

analyses have been made and they are presented and discussed in this chapter.  

 

As a first step, the current daylight factor levels (calculated in a point in a room) in the studied 

buildings are presented, both for different buildings and for different room types. Since the 

daylight factor should be calculated in a single point according to BBR, the value of the daylight 

factor in a point is presented. Thereafter, a discussion of the difficulties with defining the rooms 

and most of all the difficulties where to place the points for calculation can be found. A 

comparison between the point-, median- and average values for the rooms then follows and the 

manual method with a daylight protractor and the simplified “AF-metoden” is evaluated. 

Finally, a study to evaluate the available daylight outside the façade and make conclusions 

about the daylight factor inside is presented in this chapter. 

6.1 Residential buildings 

The results and analyses for the residential buildings have been compiled in this chapter. It 

contains results and analyses for different buildings and different room types.  

6.1.1 Daylight factor in different buildings 

The daylight factor has been calculated in a point according to the regulations in BBR. The 

distribution of the level of daylight factor in all residential buildings is shown in Figure 34. The 

dashed line marks the daylight factor of 1%. The daylight factor in all studied rooms (N=42) in 

building number 3 is below 1% which means that no rooms in this building met the requirement 

of a daylight factor above 1%. As can be seen in Figure 34, there are many rooms, 36% of all 

studied rooms that do not meet the demands. None of the buildings meets the requirement in 

all of the studied rooms, not even the building constructed in 2013 (building 7). Worth noticing 

is that all residential buildings except one were built before 1975 when the requirement of a 

daylight factor above 1% was introduced. 
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Figure 34 – The results of the daylight factor calculated in a point for all residential buildings.  
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All the residential buildings are listed in Table 5 together with the percentage of all the rooms 

that has a daylight factor greater than 1%. The total average daylight factor (weighted after the 

number of rooms) for each of those buildings has also been calculated. 

 

Table 5 – Compilation of all buildings showing the percentage of rooms with a daylight factor greater than 1% and the average 

daylight factor in a point 

Building ID Percentage of all rooms 

with a DF > 1% 

Total average daylight factor in 

a point for different buildings 

1 61 % 1.47 % 

2 96 % 2.50 % 

3 0 % 0.31 % 

4 83 % 1.45 % 

5 41 % 1.01 % 

6 21 % 0.74 % 

7 74 % 1.65 % 

8 80 % 1.85 % 

Total 71 % 1.67 % 

 

Different number of rooms have been simulated in the different buildings, for example have 36 

rooms been simulated in building 1 while 200 rooms have been simulated in building 2. When 

summing up all buildings and looking at the total distribution of the daylight factor in a point, 

some buildings will influence the distribution more than others. To avoid bias based on the size 

of buildings, the compiled graph in Figure 35 does not show the percentage of simulated rooms 

that has a daylight factor within a range but instead shows the distribution of the daylight factor 

where the contribution from all 8 buildings are equally weighted. 

 
Figure 35 – Distribution of the daylight factor for all residential buildings equally weighted. 
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Worth noticing is that this distribution will look very different depending on which buildings 

are included. As mention before, this is a pilot study to a more extensive project and eventually 

more buildings will be studied. This will give a more representative image of the general 

daylight factor levels that occurs in existing buildings.  

6.1.2 Daylight factor in different room types 

Only the rooms where people stay for an extended period of time (bedrooms, kitchens, living 

rooms and dining rooms) are covered by the requirements of daylight in residential buildings. 

Therefore, these are the only room types that have been simulated in the residential buildings.  

 

Because there are many different types of rooms, they have all been categorized into four main 

room types, see Table 6. The rooms that are a combination of living room and kitchen have not 

been divided into two rooms in the simulations. These rooms belong to two room types; living 

room and kitchen.  

 

Table 6 – Shows all the different studied room types divided into the four main categories 

Bedroom Living room Kitchen Dining room  

Bedroom Living room Kitchen  Dining room 

Small room Family room Divided kitchen Divided dining 

 Living  room / Bedroom  Divided kitchenette  

 Living room / Kitchen Living room / Kitchen  

 

 

Figure 36 shows the distribution of the daylight factor for the four different room types. It is 

clearly shown that the kitchen is the room type that has the least amount of daylight in general. 

A reasonably explanation for this is that the kitchen often is placed further into the building and 

sometimes behind other rooms.  

 

304 bedrooms, 191 living rooms, 179 kitchens and 43 dining rooms has been a part of this 

study. The graph in the bottom is a bit sprawling, merely because there were only 43 rooms that 

belonged to the room type dining room. Most apartments (136 out of 179) do not have a separate 

dining room, instead the dining table is part of the kitchen.  
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Figure 36 – Distribution of the daylight factor for all studied rooms divided into the four main categories.   
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6.2 Student apartment buildings 

The requirements regarding daylight for student apartment buildings are not the same as for 

residential buildings. As mentioned in Chapter 2.4.1, it is sufficient to have access to indirect 

daylight in rooms intended for cooking in student apartment buildings. However, the 

kitchenettes have also been included in this study in order to evaluate the daylight in these 

rooms as well. 

 

The distribution of the daylight factor for both buildings can be seen in Figure 37. The bars in 

dark grey represents the kitchenettes and the light grey bars respresents the other rooms 

consisting of bedrooms, living rooms and rooms that is a combination of bedroom and living 

room. As can be seen, all kitchenettes have a daylight factor less than 0.75%. In building 9, the 

daylight factor for 97% of the kitchenettes falls below 0.25%. The reason why the daylight 

factor is considerably lower in the kitchenettes is becacuse they are placed furher into the 

building, behind other rooms and only receive indirect daylight. 

 

Figure 37 – The distribution of the daylight factor for the studied student apartment buildings. The kitchenettes are marked 

in dark grey and all other rooms in light grey. 
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6.3 Offices 

All studied rooms in the office buildings consist of cell offices. Figure 38 shows the simulated 

daylight factor for all rooms in both office buildings. As can be seen, a lot of rooms have a 

rather high daylight factor. For example, in building 14, 63% of all rooms have a daylight factor 

above 3%. A reasonable explanation for this is that cell offices normally are relatively small 

and since the daylight factor is greatly affected by the room depth, small rooms normally have 

a higher daylight factor but also that the window-to-floor area ratio normally becomes larger. 

Another explanation is that the obstructions are relatively small around these studied buildings.  

 

 

 

Figure 38 - The distribution of the daylight factor for the studied offices. 
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6.4 Hospitals 

The rooms that have been included in the study for hospitals are; examination rooms, patient 

rooms and offices. Figure 39 shows the percentage distribution of rooms with a daylight factor 

within a range. 

 

 
Figure 39 - The distribution of the daylight factor for the studied hospitals. 
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6.5 Schools 

In both schools, only the classrooms have been studied. The distribution of the daylight factor 

calculated in a single point is shown in Figure 40 for both buildings. In building 11, the average 

daylight factor in a point is around 2% while in building 15, the average daylight factor in a 

point is a bit lower in general, around 1%. 

 

In contrast to the student apartment buildings, offices and hospitals none of the rooms in the 

schools have a daylight factor above 2.5%. A reasonable explanation for this is that the depths 

of the classrooms generally are greater in comparison to other room types and therefore the 

point where the daylight factor is measured is placed further into the buildings but also that the 

classrooms often are lit from one side. This is however usually compensated by a bigger room 

height and highly placed windows.  

 

 
Figure 40 - The distribution of the daylight factor for the studied schools. 
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6.6 Difficulties with defining the point and distribution of grid 

Defining the room and the point where the daylight factor should be calculated is not always 

simple. During this work, these problems have been encountered many times. To highlight 

these issues, some examples are studied and exemplified in this chapter.  

 

6.6.1 Defining the room 

Open floor plans are frequently used in apartments in Sweden, especially in newly constructed 

buildings. The kitchen and dining room are often combined into one room. This makes it 

difficult to define these rooms in order to make daylight calculations. The first example, shown 

in Figure 41, has no wall between the kitchen and the dining room. Should the calculation be 

made for the kitchen and dining room as single rooms or should they be divided into two rooms? 

In this thesis, the dining room and kitchen has been divided into two separate rooms. Figure 

41(a) shows how the floor plan of the room looks like and Figure 41(b) demonstrations how 

the computational grids are distributed.  

 

 

 

Figure 41 – Shows (a) the original floorplan and (b) how the rooms are defined in the calculations made. 

 

In student apartment buildings kitchenette, living room and alcove are often combined into one 

big room. How should these rooms be divided when making calculations? Figure 42 shows an 

apartment situated in one of the studied student apartment buildings. Figure 42(a) shows the 

original floor plan and Figure 42(b) shows the area, marked in grey that has been used when 

calculating the daylight factor in this thesis. 
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Figure 42 – Shows (a) the original floorplan and (b) the calculation zone.  

 

6.6.2 Defining the point 

For some rooms, the room is well defined but the position of the calculation point is not. Several 

examples of this problem are hereby exemplified. 

 

The point should be placed at half room depth, one meter from the darkest inner wall and 0.8 

meter above the floor. For rectangular rooms there are no uncertainties where this point should 

be placed but for rooms with another shape it becomes a problem. First of all, how shall half 

room depth is defined? Figure 43(a) shows an example of a room where the direction of the 

room depth is unclear and Figure 43(b) illustrates an example of a room where the direction of 

the room depth is clear but the room depth varies. In this thesis, an average distance has been 

calculated when the room depth varies in the room. 

 
Figure 43 – Shows different definitions of the room depth in a room, (a) several room depths in different directions and (b) 

two different room depths in one direction.   
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All three rooms in Figure 44 (marked in grey) have a combined kitchen and living room. The 

rooms have a complex shape and it is unclear where the calculation point should be placed in 

these rooms. In this thesis, several points were placed at positions that seemed to fit the 

requirement of where to place the point and after simulating the daylight factor, the point with 

the lowest daylight factor was chosen. Figure 44 shows the studied points (red circles) and the 

points with the lowest daylight factor (red dots). 

 

Figure 44 – Shows the floorplan of three rooms that has a combined kitchen and living room. 

 

The kitchen in the next example, shown in Figure 45(a), is very well defined since there are 

walls surrounding the whole room. The shape of the room is however very irregular which leads 

to difficulties when defining the calculation point, see Figure 45(b).  

 

 

 
 

Figure 45 – Shows (a) a non-rectangular kitchen and (b) the position of the calculation point.  
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6.7 Different indicators for measuring daylight factor 

In Chapter 6.1, the current daylight factor levels in different residential buildings and different 

room types were shown, calculated for a single point in the room. As described in Chapter 

5.1.3, the daylight factor has also been calculated using four other indicators and in this chapter, 

the correlations between these indicators are evaluated.  

 

Figure 46 shows a comparison between the simulated daylight factor in a point and the other 

four indicators. All rooms in this study, excluding the rooms where the position of the 

calculation point was considered to be unclear (1043 rooms out of 1205) have been used when 

making this comparison. 

 

 
Figure 46 – Comparison between the simulated daylight factor in a point and the other studied indicators.  

 

As shown in Figure 46, the daylight factor calculated as median- and point values nearly 

correlates 1:1 with each other while the average values in general becomes larger. When 

reducing the grid size by retracting the grid 0.5 meter from the walls the simulated result 

changes. The median values generally increases while the average values generally decreases. 

An explanation for this is illustrated in Figure 47. It shows a typical room of rectangular shape 

with windows in one wall. The area that is excluded when reducing the grid size is shown in 

Figure 47(c) and as can be seen, a greater part of the values below the median value than above 

the median value is removed and for that reason the median values increases.  
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Figure 47 – Illustration of (a) a room with a grid covering the entire area, (b) a room with a grid covering an area retracted 

0.5 meters from the inner walls and (c) the area in the room that is excluded when reducing the size of the grid. The green 

zone represents the area in the room were the daylight factor is above the median value while the red zone represent the area 

in the room were the daylight factor is below the median value. 

 

Of course the same values are excluded when calculating the average value as for the median 

value when reducing the grid but still, the value decreases and to be able to understand why, 

one has to look at the magnitude of the daylight factor for all points in the room. This has been 

done for four different rooms, see Figure 48. The dots in the graphs shows the size of the 

daylight factor for each calculation point, arranged after size of daylight factor. As can be seen, 

some calculation points in the rooms have a daylight factor with significantly higher values 

than the rest of the points. Obviously these points are the ones placed right in front of the 

windows. Reducing the grid size and therefore excluding these points leads to a decreased 

average value even though a greater number of the lower values, as explained before, are being 

removed.  
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Figure 48 – Graphs expressing the daylight factor for all calculation points in four different rooms. Also, the resulting 

median- and average values can be seen. Purple – building 2 room 42, yellow – building 3 room 5, red – building 5 room 23 

and green – building 8 room 4.  

 

As can be seen in Figure 48 the shape of the graphs, in other words how the daylight is 

distributed in the room, varies a lot from room to room.  

 

Depending on which indicator; median- or average value that is used in the requirements for 

daylight factor, some rooms will be favored more than others, in other words it will be easier 

to meet the required daylight factor. An example of a room that probably will be favored when 

using a median value is the room marked in green in Figure 48. The average value is although 

5% larger than the median value for this room but as illustrated in Figure 46, the average values 

are generally more than 5% larger than the median values and therefore the requirement when 

using an average value should be more than 5% larger.  
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6.8 “AF-metoden” 

The applicability and accuracy of “AF-metoden” have been tested for all eight residential 

buildings.  

6.8.1 Applicability 

The applicability demonstrates the percentage of rooms that “AF-metoden” can be applied on, 

i.e. the percentage of all rooms that meets all of the criteria, described in Chapter 3.3. As can 

be seen in Figure 49, 61 % of all studied rooms met these criteria and those rooms have been 

used to evaluate the accuracy of the method, which is presented in Chapter 6.7.2.  

 

 
  Figure 49 – Percentage of the studied rooms that “AF-metoden” are applicable for. 

 

The “AF-method” will probably be less applicable for new buildings as cities are being 

densified which leads to larger obstruction angles. In addition, the new buildings often have an 

open floor plan with irregular rooms and windows placed at different heights and in different 

cardinal directions.  

6.8.2 Accuracy 

“AF-metoden” does not state that a daylight factor greater than 1% is guaranteed if the condition 

of the glass area is met, shown in formula 6. It says that it probably would give a daylight factor 

bigger than 1%. The accuracy of this method has been evaluated. For 78% of all rooms that met 

the criteria, the method gave the right indication while the method turned out to give the wrong 

indication for 22% of the rooms, as illustrated in Figure 50. 

 

𝐴𝑔𝑙𝑎𝑠𝑠 ≥ 𝑓 ∗ 𝐴𝑓𝑙𝑜𝑜𝑟      (6) 
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Figure 50 – Percentage of the studied rooms where ”AF-metoden” matched or did not match the simulated results.  

 

Figure 51 shows a matrix where the green part, 78%, represents the rooms where “AF-

metoden” gave the right indication compared to the simulated results while the red and orange 

part, 22%, shows the rooms where “AF-metoden” gave the wrong indications. The red part, 

12%, should according to the simplified method have a daylight factor above 1% but the 

simulated result showed that the daylight factor in fact was lower than 1%, i.e. the method 

overestimated the daylight factor. The part marked in orange, 10%, should according to “AF-

metoden” have a daylight factor below 1% but the simulated result showed that the daylight 

factor actually were above 1%.  

 

 
Figure 51 – Graph showing the simulated daylight factor in a point and the fraction of Aglass and Afloor*f for all rooms that 

met the requirements for use of “AF-metoden”.  
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6.8.3 Limitations 

Even though “AF-metoden” is denoted as a simplified method it has a lot of limitations. The 

obstruction angle can be difficult and time consuming to find and a sectional drawing with 

surroundings through the specific window is needed which does not always exist. 

 

The method is very simplified, it only works in two dimensions and it does not take the variation 

laterally into account. Figure 52 illustrates three different situations where the obstruction angle 

is the same in all three cases, but in reality the amount of daylight inside the room will vary a 

lot.  

 

 

 

Figure 52 – Illustration of three different cases where the obstruction angle is the same for each case but the daylight factor 

varies inside the room.   
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6.9 Daylight protractor 

In this thesis, the daylight factor in a point has been calculated manually for 28 rooms in three 

different buildings. Six different types of rooms have been investigated for several floors. 

6.9.1 Comparison between the daylight factor calculated using a daylight 

protractor and simulations made in DIVA 

In Figure 53, the results from the daylight protractor method is compared to results from the 

daylight simulations made in DIVA.   

 
Figure 53 – A comparison between the results using a daylight protractor and the simulated results.  

The only parameter from the surrounding buildings and landscape when using the method with 

the daylight protractor is the angle from the middle of the window to the building or landscape 

right in front of the window. This limitation was also discussed in the previous chapter with 

“AF-metoden” and illustrated in Figure 52. Because of this limitation, the method 

overestimates the daylight factor for some rooms and underestimates the daylight factor for 

others. This is what happens for rooms in building 2 (purple), where the obstruction angle is 

zero but there are other buildings next to it and it can also be seen for the rooms in building 3 

(yellow), which has windows facing the courtyard.   
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6.9.2 SC, ERC and IRC 

When calculating the daylight factor manually, the contributions from each of the three 

components; SC, ERC and IRC are calculated separately and then summed up. The contribution 

from each component to the daylight factor is unknown when making a computer simulation in 

DIVA. As can be seen in Figure 54, the contribution from the ERC is relatively small compared 

to the other two components, however this is not always the case. SC can be zero if the 

surroundings are very dense which means that ERC in that case can be very important. 

Understanding how the light from outside reaches a point indoors will give a good 

understanding of how to build three dimensional models in a simple way that reflects the reality 

as good as possible.  

 

 
Figure 54 – Contribution from the three components ERC, IRC and SC.  

 

6.9.3 Limitations 

This manual method is very time consuming and a section through each window is required. 

Because of the number of factors influencing the amount of daylight reaching a point in a room 

and since the amount of light varies greatly across the room, many parameters needs to be 

included in order to calculate the daylight factor with reasonable accuracy. Since there are a lot 

of steps using this method, there is also a higher risk for errors.   
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6.10  Daylight factor outside window, SVF and SEF 

So far, only the daylight inside the buildings has been analyzed. In this chapter, in contrast to 

previous chapters, the exterior of the buildings has been examined. This has been done in order 

to investigate whether it is possible to make predictions of which values for the daylight factor 

that can be expected inside the buildings by examining the exterior of the building. 

6.10.1  Available daylight factor outside window 

The daylight factor has been calculated as an average value of the windows 0.05 meters outside 

the windows for all studied buildings. The simulated results varied between 7% and 49% and 

three examples are presented in Figure 55. The first example, building number 2 has a daylight 

factor of 46% outside one of the windows on the top floor. The second example is building 

number 3 which is located in central Gothenburg. The street in front of the building is narrow 

and there are buildings with the same height across the street. The resulting daylight factor for 

one of the windows on the first floor is 22%. This building has a small courtyard on the other 

side of the building and the lowest simulated daylight factor for the windows facing the 

courtyard was 11%. The last example is a room on the fourth floor in building number 6 and 

the daylight factor outside the window is 33%. As previously mentioned, there are rooms that 

have a daylight factor as low as 7% outside the windows. These rooms all have balconies placed 

outside the windows.  

 

 
Figure 55 – Examples of different daylight factors outside some windows in buildings 2, 3 and 6.  
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6.10.2  Correlation between the daylight factor outside the windows and the 

 daylight factor in a room  

There are no direct connection between the available daylight factor outside the façade and the 

daylight factor in a room and in order to find a correlation, it is necessary to include the window-

to-floor area ratio. 

 

The daylight factor outside the windows has been multiplied by the area of the windows and 

the daylight factor in a room has been multiplied with the floor area of the room. In this way, 

one could say that the first product expresses the inlet of daylight and the other product the total 

amount of daylight in the room. These two products are compared to each other in Figure 56 

where the daylight factor inside the room has been calculated in a point, as a median value and 

as an average value respectively. The rooms with a daylight factor outside the windows times 

the window area larger than 300 %m2 are not included in these diagrams since there only were 

a few of them which could lead to the wrong indication regarding the linearity of the graphs. 

Despite the limited amount of parameters, the relationships between these factors are rather 

linear. 

 

 
Figure 56 – Daylight factor measured outside the windows multiplied with the window area compared with the simulated 

daylight factor, for three indicators, multiplied with the floor area.   
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6.10.3  Suggested “DFW-method” 

In this subchapter, a suggested method for controlling if the daylight will be sufficient in a room 

is presented. It is called the “DFW-method” (DaylightFactorWindow-Method) and it is a 

method that is further developed from “AF-metoden”. One of the limitations when using “AF-

metoden” is that the obstruction angle only works in two dimensions and it does not take the 

lateral variations into account and therefore this parameter has been replaced by the daylight 

factor outside the window. The daylight factor in a point has also been replaced by an average 

daylight factor for a computational grid covering the entire floor area. Since the daylight factor 

calculated as an average value compared to a daylight factor calculated in a single point in the 

room generally is higher, the value that is desired is changed from 1% to 1.4% since this was 

the found correlation between these two indicators, see Figure 46.  

 

Formula 7 expresses how the suggested “DFW-method” works and if the condition in this 

formula is fulfilled, the average daylight factor should with a high probability exceed 1.4%. 

 

𝐷𝐹𝑤𝑖𝑛𝑑𝑜𝑤 ×
𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑓𝑙𝑜𝑜𝑟 
≥ 5.0      (7) 

 

Figure 57 shows the simulated daylight factor for all rooms in the residential buildings that has 

at least one window and the corresponding window-to-floor area ratio multiplied with the 

daylight factor outside the window. 

 

 
Figure 57 - Graph showing the simulated daylight factor in a point and the fraction of Aglass*DFwindow and Afloor for all rooms 

with windows.  

A desire was that this suggested method should be applicable for a larger percentage of rooms 

than “AF-metoden” and still get a better accuracy. A comparison between the applicability and 

accuracy for the two different methods is presented as follows. 
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Applicability 

There are a lot of conditions that needs to be fulfilled in order to be able to use “AF-metoden” 

but the only condition that needs to be fulfilled for use of the “DFW-method” is that the room 

should have at least one window. 5% of the studied rooms in the residential buildings was 

placed behind other rooms and had therefore no windows. The applicability for both methods 

is shown in Figure 58. 

 
Figure 58 – Applicability for “AF-metoden” and the “DFW-method”. 

 

Accuracy 

The accuracy of both methods is shown in Figure 59 and as can be seen, the accuracy of the 

“DFW-method” is 93% compared to “AF-metoden” where the accuracy is 78%. 

 

Figure 59 - Accuracy for “AF-metoden” and the “DFW-method”. 

 

Further development 

Some suggestions for further developments and adjustments of this method are listed as 

follows; 

 The “DFW-method” that has been developed in this thesis has been adapted from the results to 

give a high accuracy but more buildings needs to be studied in order to evaluate if the accuracy 

of the method in general is as high as shown in this thesis. 

 Depending on which indicator that is used for calculation of daylight factor and also which 

minimum level for the daylight factor that is required, the formula used in this method can be 

adjusted. 

 The method can be further evaluated in order to see if other additional types of room should be 

excluded.  

 In order to simplify this method further, a study to evaluate whether the daylight factor outside 

the window can be replaced by SVF or SEF can be executed. 

 The daylight factor outside the windows for a room has not been area-weighted when merging 

the values for all windows into one value for the room. The results may be even better if the 

windows are area-weighted.    
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6.10.4  Comparison between the daylight factor outside window, SVF and 

 SEF  

When calculating the daylight factor in a room, there are three components contributing; the 

sky component, the externally reflected component and the internally reflected component, 

illustrated in Figure 5. These three components are reduced to two components when 

calculating the daylight factor outside the windows since there is no internal reflectance. As 

shown in Chapter 6.8.2, the contribution from the external reflectance component is often 

relatively small compared to the sky component. When there are a lot of surrounding buildings, 

this factor can however give a considerable contribution. When calculating SVF and SEF, this 

component is excluded.  

 

Figure 60 shows a comparison between the daylight factor (DFwindow), SVF and SEF all 

measured outside the windows for buildings number 1, 2 and 3. The values are organized after 

the size of the daylight factor and as can be seen these three indicators result in nearly the same 

values. In the lower range the difference in percentage between DFwindow and the other two 

indicators is higher and the reason for that is that external reflections from the surroundings are 

taken into account when calculating DFwindow. In the higher range, all three indicators almost 

coincide since there are nearly no external reflections.  

 

 
Figure 60 – Daylight factor, sky view factor and sky exposure factor measured outside the windows. The values are 

organized after the size of the daylight factor.  
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6.11  Survey  

For building number 2, 6 and 7 surveys were distributed for which the total achieved response 

rate was 67%. The response rates for all three buildings are shown in Table 7. 45 out of 67 

apartments answered the survey which corresponds to 124 rooms. 

 

Table 7 – Number of distributed and collected surveys for all three buildings 

Building ID Number of distributed 

surveys 

Number of collected 

surveys 

Response rate 

2 36 24 67 % 

6 15 8 53 % 

7 16 13 81 % 

All 67 45 67 % 

 

All questions (shortened) are listed below and the entire survey can be found in Appendix 2. 

 

Q1. How do you perceive the access to daylight in the following rooms? 

Q2. Would you request for more or less access to daylight in the following rooms? 

Q3. Which room type do you think is the most important room to have the greatest access to daylight? 

Q4. Do you normally use electrical lighting daytime in the following rooms? 

Q5. Do you have access to direct sunlight in the following rooms? 

Q6. Do you often use curtains, blinds or other sun shadings in the following rooms? 

Q7. If use of sun shading, why it is used? 

Q8. Do you consider the view out to be interesting in the following rooms? (Quantity) 

Q9. Do you consider the view out to be enough in the following rooms? (Quality) 

 

Question number 1, 2, 4, 5, 6, 8 and 9 all contained question about a specific room and when 

the survey had been collected, all answers from these questions were compared to the simulated 

daylight factor in that specific room. The grey dots in in Figure 61 represent the simulated 

daylight factor in all rooms, organized after the size of daylight factor. Above all grey dots, the 

answers from question number 1 for that specific room is shown as a green dot. From these sets 

of points, a polynomial trend line was created and it can be seen as a dashed green line. The 

trend line indicates the general tendency of the answers.  

 

 
Figure 61 – Simulated daylight factor in a point and the answers to question number 1.  
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The same procedure as for question number 1 has also been done for question number 2, 4, 5, 

6, 8 and 9 and the results can be seen in Figure 62.  

 

 
Figure 62 – Compilation of the answers gathered from the survey.  

 

As can be seen in Figure 62, people seem to perceive the access of daylight as greater the higher 

the simulated access to daylight is. The access of direct sunlight also increases the higher the 

simulated daylight level is and therefore a reasonable conclusion is that some people think the 

access of daylight is greater than it is because the sun is shining in, making it brighter. It may 

also be because rooms with a lot of daylight also have more sunlight in general because they 

have less surrounding buildings and other shading objects.  

 

In order to see if the residents were content with the current access of daylight in their 

apartment, the tenant were asked if they wished for more access to daylight in the different 

rooms. As can be seen in the Figure 63 most people, 79% were pleased with the current levels. 
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Figure 63 – Diagram showing how the residents felt about the current daylighting levels in their apartments. 

Question number 3 concerned which room type that the residents prioritize to have access to 

more daylight. The four different room types were ranked (1-4) where 1 was the most important 

room. An average was calculated and the results can be seen in Figure 64. As can be seen most 

people thought that the kitchen is the most important room. Unfortunately the kitchens normally 

have the least access to daylight which was shown in Chapter 6.1. 40 out of 45 tenants (89 %) 

thought that the bedroom was the least important room to have much access to daylight in. 

 

 
Figure 64 – Diagram showing which room the residents thought was the most important room to have much access to 

daylight in (where 1 is the most important room).  

 

The result from the surveys alone are not enough in order to make reliable conclusions about 

how the residents perceive the daylight in their home, it can however indicate what people in 

general desire. Question number 7 is a supplementary question to question 6 and since question 

number 6 did not give any valuable information, the answers from question number 7 has not 

been analyzed.  
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7 CONCLUSIONS 
There are many indicators and methods that has been evaluated and analyzed in this thesis and 

here follows a summary of our main conclusions. 

 

This Master’s Thesis concludes that there are an extensive amount of rooms that do not fulfill 

the demands of a daylight factor above 1%. In the studied residential buildings, the room type 

that has the lowest daylight factor overall were the kitchens and in contrast to the simulated 

results, the survey indicated that most people desired to have the greatest amount of daylight in 

their kitchens compared to other rooms. 

The indicator used for calculating the daylight factor according to the current Swedish standard 

has a lot of limitations and difficulties. For daylight simulations, it is very hard to know where 

the calculation points should be positioned in rooms that are not of rectangular shape. “AF-

metoden” has been proven inapplicable for an extensive amount of rooms and in addition, the 

method is too simplified in order to give sufficient accurate indications.  
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9 APPENDICES 

Appendix 1 – Daylight Simulations – Description of method 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

  



 

Appendix 2 – Survey in Swedish and in English 

 



 

 



 

 



 

  



 

Appendix 3 – Drawing material of the studied buildings 

The drawing material used to model all the buildings are attached in this appendix. A map of 

where the specific building is placed in Gothenburg and another one where the specific building 

is marked in red are presented for all the buildings. Studied floorplans and necessary facades 

and sections are also shown.   



 

Appendix 3A – 1_Vasastaden 14:2 

 
 

 
  



 

FLOORPLAN 



 

SIMULATION TYPE 1 

FLOOR 2 

FLOOR 3 



 

FLOOR 4 

FLOOR 5 



 

SIMULATION TYPE 2 

FLOOR 2 

FLOOR 3 



 

FLOOR 4 

FLOOR 5 



 

FACADE 



 

  

SECTION 



 

Appendix 3B – 2_Guldheden 65:13 

 
 

 
  



 

SIMULATION TYPE 1 
FLOOR 1-9 FLOOR 0 



 

  

FLOOR 11 FLOOR 10 



 

SIMULATION TYPE 2 
FLOOR 1-9 FLOOR 0 



 

FLOOR 11 FLOOR 10 



 

 

  

FACADE 



 

  

FACADES AND SECTION 



 

Appendix 3C – 3_Vasastaden 5:11 

 
 

 
  



 

 
  

FLOORPLANS 



 

 
  

FACADE  



 

 
 

  

SECTIONS 



 

Appendix 3D – 4_Majorna 306:16 

 
 

 



 

 

  

FLOOR 1  



 

 

  

FLOOR 2 



 

 

  

FLOOR 3  



 

  

FACADES  
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Appendix 3F – 6_Johanneberg 2:6 
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Appendix 4 – Results – Building level 

 



 

 




