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Abstract
It has in previous research been shown that by performing energy and indoor climate
analyses in early-stage design, it may result in better performance of the building
in terms of energy use and indoor climate as well as resource efficiency.

A case study have been performed with a detailed development plan (DDP) of an
area in Gothenburg with an almost equal mix of residences and premises as the
reference case. Alternative design options of the site plan were considered such as
different type buildings, Window-to-Wall ratios (WWR) and the option of having
external corridors or not while maintaining similar total floor area.

The study showed a good correlation between the shape factor (SF) of the building
and the transmission losses, where a low SF is advised to minimize the energy use
for heating.

The purpose and goal of this Master’s thesis have been to investigate whether im-
plementation of Building Performance Simulations (BPS) could contribute in even
earlier stages than been studied before. In addition, it has been investigated if stud-
ies of energy and daylight could be a positive supplement to current studies in the
DDP process.

Even though energy assessment could be challenging in early stage due to lack of
details, results from the case study in this master thesis shows that studying the
two aspects building shape (SF) and proportion of window in comparison to wall
area (WWR) could be a positive contribution when comparing different options in
the initial stage of building design. DDP:s shouldn’t encourage to building shapes
that in later stage can’t be implemented is a step against a more efficient building
design process. BPS in early stage could be one way towards reaching the European
Union (EU) goal; that all building constructed after 2020 shall be near zero energy
buildings.

Keywords: early-stage building design, shape factor, Window-to-Wall ratio, Vertical
Sky Component, daylight, energy, BeDOT, Building Performance Simulations, BPS,
Detailed Development Plan
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Sammanfattning
Det har i tidigare studier visats att genomförande av energi- och inomhusklimatssimu-
leringar i tidigt skede kan resultera i bättre byggnadsprestanda avseende energian-
vändning, inomhusklimat och resurseffektivitet.

En fallstudie har genomförts på en detaljplan i Göteborg där hälften av golvarean
är bostäder och den andra hälften består av lokaler, vilken har använts som ref-
erensfall. Alternativ design av detaljplansområdet har tagits fram i form av olika
typbyggnader, varierande fönsterandel samt med loftgångar som alternativ samtidigt
som en total lika stor golvarea har eftersträvats.

Studien visade en god korrelation mellan formfaktor och transmissionsförluster för
byggnaden, där en låg formfaktor är att föredra för att minimera energianvändning
för uppvärmning.

Syfte och mål med studien har varit att undersöka huruvida implementering av
simulering rörande byggnaders prestanda skulle kunna vara ett bidrag i tidigare
skeden än vad som tidigare studerats. Dessutom har det undersökts om studier av
energi och dagsljus kan vara ett positivt tillägg till nuvarande studier i detaljeplane-
processen.

Trots att det kan vara en utmaning att bedöma energiprestandan i tidigt designskede
med tanke på bristen på detaljer så visar den genomförda fallstudien att studier av de
två aspekterna formfaktor och fönsterandel kan vara ett positivt bidrag i jämförelsen
av olika alternativ i det initiella designskedet. Att detaljplaner inte skall uppmuntra
till byggnadsformer som senare inte är möjliga att implementera är ett steg mot en
mer effektiv byggdesignprocess. Simulering av byggnadens prestanda rörande energi
och dagsljus i tidigt skede skulle kunna vara ett steg i rätt rikting mot att nå EU:s
mål om att alla byggnader byggda efter 2020 skall vara nära-nollenergibyggnader.

Nyckelord: tidigt skede, formfaktor, fönsterandel, VSC, dagsljus, energi, BeDOT,
BPS, byggnadsprestanda, detaljplan
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1
INTRODUCTION

This chapter presents the purpose, background, aim, limitations and method for the
thesis. Two research question that the master thesis shall answer is also presented.
The introduction aims to help the reader understand the context of the master thesis
work.

1.1 Background
The construction industry is continuously aiming for high performing buildings in
terms of energy and indoor environmental quality (IEQ) as the requirements re-
garding these have raised throughout the years. Conventionally, energy assessments
through building performance simulations (BPS) are usually not implemented in
the early stage of the building process which may result in conflicts with the goal
of optimized buildings as the design may be limited by already locked parameters
defined in the early stages.

The development of the Building Early-stage Design Optimization Tool (BeDOT)
was carried out in 2018 by Giovana Fantin do Amaral Silva and Ramón Bergel
Gómez during a master thesis in cooperation with Chalmers University of Technol-
ogy and Bengt Dahlgren AB. In 2019, Linda Wäppling and Ona Forss continued
to develop the tool, also within a master theses that aimed to integrate building
performance with architectural modelling. BeDOT is a BPS-tool intended for early
stages and is today embedded within the three-dimensional (3D) modelling envi-
ronment Rhinoceros. It aims to enable collaboration between energy engineers and
architects, even though it is also striving to be used without the need of engineers
involved.

Bengt Dahlgren AB have used BeDOT for detailed analyses in early stage, when
the detailed development plan (DDP) is already defined, together with architects
and the developer. It was estimated that the theoretical cooling and heating en-
ergy could be reduced by 15-20% compared to initial proposals without having any
negative effects on the thermal comfort and daylight condition. There is therefore
a need to validate this hypothesis by study representative design cases.

This master thesis is carried out in collaboration with the master thesis of Amanda
Markgren. Markgren is doing a master thesis within the field of architecture and
project management and will investigate on a wider scale how the architecture’s role
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1. INTRODUCTION

may be affected by an implementation of BeDOT at even earlier stage than what
have been studied before. Markgren will also investigate how BPS in early stage
can contribute to new perspectives to the construction industry.

1.2 Purpose and aim
The purpose with this master thesis is to validate if the energy use can be reduced
when energy assessments are implemented earlier than what is usual to do today. If
so, the level of impact will be investigated with a number of case studies where the
building types and conditions vary. The purpose is also to investigate if daylight
conditions could be improved if performing BPS early.

To be able to perform the case study, further development of BeDOT is required
where one of the main tasks is to be able to include multiple buildings in the same
simulation. Therefore, a continuation of developing the tool is also part of the pur-
pose with the master thesis work.

In addition, the master thesis aims to contribute with knowledge about choices that
affect energy use for city planners, property developers, architects and energy en-
gineers. It also aims to conclude the different stakeholders perspective within the
subject.

Two research question that the master thesis work wants to answer is presented
below.

1.3 Research questions
• Can implementation of BPS regarding energy and daylight be advantageous

in the earliest stage of building design?
• Can studies of energy and daylight be a positive supplement to the current

studies in the DDP process?
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1.4 Method
The practice of the master thesis work is decomposed and described in the sections
below. The master thesis included a literature study, interviews, development of
BeDOT and a case study. The outcome of these were then summarized and analyzed.

1.4.1 Literature study
This literature study begun with a study of previous master thesis work within the
field of BeDOT. This to get an understanding of the tool and get an idea of have been
done earlier. Information about the Swedish building process and the DDP process
were studied as well as the early stage design process. Keywords when searching
for relevant information were for instance BPS, Building Performance Simulation,
early stage design, Swedish building process, Detailed Development Plan and energy
performance buildings.

1.4.2 Interviews
The literature gathered necessary information that helped assemble relevant ques-
tions to include in the interview study and also to state stakeholders of interest.
A number of these were contacted and handed an inquiry. Conversations with the
participants were also included in addition to the inquiry.

1.4.3 Development of BeDOT
The development of BeDOT included a reorganization of the program that enables
simulations of multiple buildings where the results are presented per building. Fur-
thermore, calculation of linear thermal bridges and a rough ground model were
implemented.

1.4.4 Case study
A case study was performed based on the theory gathered during the literature
study and the interviews. The case study was carried out in order to help answer
the research questions stated.

1.4.5 Analysis and parameter study
The results from the case study was gathered and the final results summarized.
Based on this, conclusion were drawn based on the knowledge gained from the
theory, interviews and case study.
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1.5 Limitations
The study is concentrated to Sweden with the city of Gothenburg as main focus.
Other climates than the one belonging to the mentioned is not part of the master
thesis.

The master thesis focus on environmental sustainability and the impact on econom-
ical and social sustainability will not be studied in detail.
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INVENTORY OF AREA

This chapter presents the result of the literature study in order to explain the
building- and early design process today. Parameters influences the daylight condi-
tion and energy performance is also summarized.

2.1 The building process
According to the Planning and Building Act (PBL), the building process through
the public law perspective begins when permission to build has been granted or after
an application to build have been submitted (Boverket, 2019c). From a property
developer perspective it begins earlier; at the point when the developer establish an
idea to build. The building process could differ from case to case but generally the
stages included in the Swedish building process are:

• Pre study: identification and specification of goals, risks and challenges
within the specific project to be able to decide whether to go further with
the project or not. The different disciplines needed for the specific project are
identified whom will investigate and highlight relevant information about the
different areas of interest

• Program: if the project is worth investing in, further investigations about
the building, for instance geometry and technical details, are stated

• Detail design development: different disciplines within engineering to-
gether with architects work together to develop drawings for floor plans and
solutions for technical systems

• Construction: the building is constructed
• Administration: maintenance and operation of the building

To be able to build, the developer needs a building permit which only can be applied
for if there is an existing DDP for the specific site (Boverket, 2014a). If there is
not, the developer must apply for a planning notification by handing in documents
presenting which kind of building the developer have in mind. This could be pre-
sented in sketches showing intended volume and positions (Göteborg Stad, 2019).
The municipality do an investigation whether the planned building is feasible or not
and if it is; put together a DDP that the developer must adjust to. A more detailed
description of the DDP can be found in the upcoming section regarding the DDP
process. If there is already a DDP on a site, the developer can apply for building
permit directly by handing in building permit documents.

5



2. INVENTORY OF AREA

2.2 The detailed development plan (DDP)
The developer needs permission for new housing estate in Sweden according to the
Planning and Building Act (PBL) determined and accepted by the municipality
(Sveriges Riksdag, 2020). If the developer decides to go further with a project after
investigating what to build, the position the building and for which target group
the building is meant for, there is either a DDP to adapt to or if not; the developer
hands in an application to the municipality to establish a DDP. This is called ap-
plying for planning notification. The DDP contains three main parts:

• Planning description
• Implementation description
• Plan map with description

The purpose of the content in the DDP is to clarify what and how to build on the
site and the municipality regulates the use of land and water through it (Sveriges
Riksdag, 2020). The DDP must consist a map of the planned area and the reg-
ulations to which it is subject of. Height and property boundary are two of the
regulations.

The DDP process differs depending on whether the municipality initiate a DDP
without any developers involved or the developer owning the site and want to build
on it (Boverket, 2014a). In those cases the developer have an idea and have gone
through the pre study phase and stated that the idea is worth go further with, a
program containing brief information about what to build are put together by the
developer. The developer then applies for planning notification at the municipality,
who investigate and evaluate whether the proposal is consistent with the compre-
hensive plan. The comprehensive plan is the municipalities overall plan that refer
to the the whole area owned by the municipality. If the planning notification is
approved, the process of producing a DDP for the site begins. This process contains
different investigations related to the specific site and when a final proposal for a
DDP is completed, the DDP is exhibited for feedback from different stakeholders.
The developers further proposal, which will be handed in when applying for building
permit, have to adapt to the DDP. Either the first proposal or an adapted one after
feedback. If the municipality initiate a DDP, the process is similar but their is no
application for planning notification.

2.2.1 Supplementary programs
When major parts of a city are up for development, or many stakeholders are af-
fected, it can be advantageously with a program complementing the DDP (Boverket,
2014b). The programs could for example contains illustrations and details that help
strengthen the municipalities visions.

The supplementary programs could for example be a quality program or an aesthetic
design program (Rönn, 2019). The purpose of a quality program is to investigate
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the qualities of a site and how to strengthen these (Boverket, 2017). The aesthetic
design program aim to encourage well thought architecture and could be common
for many different DDPs.

2.3 Regulations and demands
There are several laws and regulations to adapt to regarding buildings in Sweden.
Some of these are described below.

2.3.1 Building demands due to the Planning and Building
Act (PBL)

The Planning and Building Act (PBL) regulates use of water, land and also how to
build in Sweden (Sveriges Riksdag, 2020). The puropse of the law is to promote a
well working build environment that takes into consideration not only the society
and environment today, but also the future ones. There is many technical char-
acteristics that a building need to address according to PBL. The properly shall
for instance be compatible with its purpose and some of the technical demands are
stated below:

• Bearing capacity, steadiness and durability
• Safety in case of fire
• Safety in use
• Protection against noise
• Energy conservation and thermal insulation
• Suitability for the intended purpose
• Accessibility and usability for people with reduced mobility or orientation
• Husbandry with water and waste
• Broadband connection

The property shall not only meet all the technical demands and be suitable with
regard to its purpose. Appropriate and good shape together with colour and material
choices is also mentioned as requirements. These aspects among others are evaluated
when a developer applies for building permit.

2.3.2 The European Performance Building Directive (EPBD)
The European Union (EU), which Sweden is a member of, has put together a di-
rective called European Performance Building Directive (EPBD) that aims to con-
tribute towards the goal of all building constructed after 2020 being near zero energy
buildings (NZEB) (European Union, 2018). This is one step in right direction against
energy efficiency in the construction industry.

All members of the EU have their own national directions on how to reach the goal
for NZEB and also their own national definitions of the term. EPBD defines a NZEB
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as a very high energy performing building using energy provided in high extend from
renewable sources produced on site or nearby.

NZEB is one step against a more sustainable building stock. Sustainability is com-
plex and is not only about the environment but about economical and social sus-
tainability as well (Akadiri, Chinyio, & Olomolaiye, 2012). A sustainable project
considers all these three and improve building design to achieve energy efficiency
is an opportunity to decrease the environmental impact and at the same time save
money which is relevant as the economy is always present in a project.

2.3.3 Energy demands in Sweden

Laws and recommendations regarding building performance in Sweden aim to limit
energy use and the requirements regarding energy have increased with the awareness
of the negative environmental impact from the construction industry (Naturvårdsverket,
2019). Due to Boverket’s mandatory provision (BBR), new buildings have to fulfill
demands regarding (Boverket, 2018):

• The building’s primary energy number (EPpet): Describes the building’s energy
performance. the primary energy number is comprised of the building’s energy
use where energy for space heating has been corrected with a geographical
adjustment factor (Fgeo), multiplied by a primary energy factor for energy
carriers (PEi) and distributed over the Atemp

• Installed electric input for heating: the total electric input power that is needed
for heating to maintain the intended indoor climate, hot tap water production
and ventilation when the building’s maximum heat demand exists

• Average thermal transmittance (Um): the average heat transfer coefficient for
building components and thermal bridges

• Average air leakage rate: the air leakage of the thermal envelope

2.3.4 Daylight demands due to Boverket’s mandatory pro-
vision (BBR)

When calculating the daylight factor (DF), the DF has to be at least 1.0% due to
BBR28 for spaces where people are present more than just temporary (Eriksson &
Waldenström, 2016). This demand considered both residences and premises. When
study a room, a point positioned 0.8 m above the floor level with a distance on 1.0 m
from the darkest wall is calculated. The daylight conditions could also be determine
by hand using the AF-method. Regarding the AF-method, figure 2.1 states what is
written in BBR28.
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Figure 2.1: Demands regarding the AF-method, BBR28 (Boverket, 2019b)

2.4 Energy
This section presents a summary of why energy is relevant to consider together with
a summery on which way energy is used in buildings.

2.4.1 Environmental impact
Energy is not only a matter of cost but also about use of nature resources
(Naturskyddsföreningen, 2019). Use of energy is one of the most relevant issues
when it comes to limit the impact on earth and the ongoing critical climate changes
(Naturvårdsverket, 2019). Of the total greenhouse emissions globally, around 25%
are result from the heat and electricity production if looking at the total use and not
just the construction industry. In Sweden, the construction industry contributes to
40% of the total energy use and stands for 20% of the total greenhouse emissions.
Looking at the EU, the contribution from buildings are 36% of the total carbon
dioxide emissions and 40% of the total energy use (European Union, 2020). De-
pending on energy carrier, the environmental impact varies where renewable energy
have less impact compared to fossil fuels. But important to have in mind is that
not all renewable energy is sustainable and today, almost all energy produced have
a negative impact in one way or another (Naturskyddsföreningen, 2019).

The Swedish Society for Nature Conservation (SSNC) argue for that there is a dis-
tinction between renewable and sustainable. Renewable energy must not necessary
be sustainable and because of this, SSNC recommend that all energy produced in
the future shall be 100% sustainable (Naturskyddsföreningen, 2019).
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2.4.2 Energy use of buildings
All buildings consumes energy where the amount depends on a number of different
aspects (Boverket, 2018). Some of these are:

• Transmission losses through the thermal envelope
• Heat losses due to thermal bridges
• Ventilation losses
• Hot tap water use
• Weathering losses
• Air leakage through the thermal envelope
• Distribution losses of heating and cooling
• Warm water circulation (VVC) losses
• Electricity for running fans in the ventilation system
• Facility energy for running elevators and outdoor lightning other for instance

Among the mentioned above, some of these are geometric dependent and inhere
to the size and type of thermal envelope and some of these are activity based and
depends on type of activity and position of these.

2.5 Daylight
A summary of aspect influencing daylight and why daylight is important to consider
are presented in this section together with the daylight demands in Sweden today
due to BBR28.

2.5.1 Health impact
Research indicates that people may experience negative impacts on their mental
health in case of lack of daylight (Folkhälsomyndigheten, 2017). In parts of Sweden,
access to daylight is restricted during winter time and studies shows that depression
related to this is an issue. As mental and behavioral variations is connected to the
daily cycle of dark and light hours, daylight issues may have negative impact on
human well being.

2.5.2 Aspects affecting the daylight
Daylight is non geographic depending, independent of the level of cloudy sky and
takes into consideration both the direct and indirect daylight (Boverket, 2018). As-
pects affecting the amount of daylight hitting the facade are surrounding topology,
distance to buildings around and the height and width of these (Eriksson, Walden-
ström, Tillberg, Österbring, & Kalagasidis, 2019). When it comes to daylight in-
doors, amount, size and form, position and characteristics of windows have impact.
The shape of the room also influence where deep rooms with low reflective interior
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finishes will have difficulties to achieve good daylight compared to rooms with thin-
ner volumes and high reflecting surfaces.

2.5.3 Methods for examine daylight
There are several different methods to evaluate the daylight. Some of these are
described below.

2.5.3.1 The Area-Window method (AF-method)

The area-window method (the AF-method) is a hand calculation method possible
to use when the angle between the top of the nearby building and the middle of the
window studied, called the obstruction angle, is less than 30° (Eriksson & Walden-
ström, 2016). The AF-method have been evaluated and stated as less suitable for
dense cities.

2.5.3.2 Sky View Factor (SVF)

The sky view factor (SVF) is the ratio of the amount of sky incident from a perspec-
tive on a surface and the amount that would be viewed from the whole hemispheric
environment around that point (Jacobsson & Eriksson, 2017). The method is cosine
weighted and based on a uniform sky.

2.5.3.3 Vertical Sky Component (VSC)

The vertical sky component (VSC) is a measure of the amount of sky visible from
a given point on a vertical surface and is expressed in percentage (Jacobsson &
Eriksson, 2017). It is simulated using an CIE overcast sky.

2.5.3.4 The daylight factor (DF)

The daylight factor (DF) is the difference between the illuminance on a point inside
compared to the illuminance available simultaneously outdoor (Eriksson & Walden-
ström, 2016). The results is presented in percent, meaning that if the DF is 2.0 %,
the illuminance indoor is 200 and outdoor 10,000. The DF takes into account re-
flected daylight, which isn’t the case with SVF and VSC. When calculating the DF,
an CIE Overcast sky is used and important to mention is that DF is independent
of time and position in the world. The room geometry must be known to be able to
determine the DF. Eq.2.1 below is used to calculate the DF.

DF = Illuminanceindoors

Illuminanceoutdoors

× 100 [%] (2.1)
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2.6 Building design
This section presents building design in early stage and which design strategies cold
be implemented to improve the energy performance.

2.6.1 Sustainable building design in Gothenburg
"Building shape shall promote low energy consumption" is stated as a quality de-
mand in the built city of Gothenburg and it is related to the impact buildings have
on the environment (Göteborg Stad, 2008). Achieve a high exploitation number
(e) by high density and high buildings must be evaluated and weighted against the
impact on the existing buildings when continuing develop the city. The same level of
exploitation can be achieved by combining different building shape. The city scale
is an outcome of the combination of building heights, size of blocks, width of streets
etc. and the city density is related to degree of exploitation and in which way the
site is exploited.

2.6.2 The energy efficiency stair
There are different design strategies when design for energy efficiency. One of these
is the energy efficiency stair called the Kyoto pyramid which could be adapted in
Nordic climates. The Kyoto pyramid is illustrated in figure 2.2.

Figure 2.2: The energy efficiency stair, adapted from (Danebjer, 2012)

Strategies to reduce space heating is to build air tight buildings with well insulated
thermal envelope, minimized level of thermal bridges and complement this with
high performing installations such as heat recovery system (Berggren & Wall, 2013).
Reduce transmission losses is also of great importance. More details regarding energy
use reduction are presented in more detail below.
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2.6.3 Early stage design
The final performance of a building is affected by the initial choices regarding design
that are affected by restrictions in the DDP (Wäppling, 2019). If aiming to certify
a building, studies indicate that the most early design choices will determine if it is
possible or not (Han, Huang, Zhang, & Zhang, 2018).

Involved in early stage design is many different disciplines and for a successful result,
they need to collaborate (Wäppling, 2019). Interviews shows that time and economy
are two important aspects when it comes to the developers decision about including
a engineer in early stages of the design process or not. In cases where a engineer
were involved there are many examples with positive outcome due to performing
and presenting analyses of matters like daylight and risk for overheating.

In 2019, work load for energy and daylight assessment at different design stages were
studied at the company Bengt Dahlgren AB (Wäppling, 2019). In general, when not
implementing simulations in early stages, the workload increase in later stages and
consequences could be difficulties to fulfill requirements set in the project related to
laws, environmental certification systems or the developer. By involve BPS more
frequency in the early stage, the overall expression is an opportunity to create better
performing buildings from the start which could increase time efficiency and reduce
costs.

2.6.4 Design strategies
Decisions about building shape, orientation, construction materials and proportion
of glazing on each façade can be taken very early in the design process (Elbeltagi,
Wefki, Abdrabou, Dawood, & Ramzy, 2017a). In early stage design, big measures
for energy reduction can be accomplished and it is therefore convenient to include
energy assessments at this stage. At the early conceptual design phase, little may
be known and the model and simulation process should therefore be as simplified
as possible. As the detail level at this stage often is low, one simple thermal mass
model may be sufficient. A parametric study at the early conceptual design phase
should include orientation, building shape, building envelope, glass properties and
HVAC options.

Passive strategies are of important consideration when planning building design
(Fitzgeralg, McNicholl, Alcock, & Lewis, 2001). For residential buildings in north-
ern latitudes, large glazing areas on the southern façade and small glazing areas in
the north may reduce the heating load during winter-time considerably. By optimiz-
ing the shape and orientation of the building, the energy demand may be reduced
by up to a half in such climates compared to the initial design. For non-residential
buildings there may instead be a risk for overheating with large glazing areas. Solar
shading may help to prevent these issues on south façades but may be more diffi-
cult to do effectively on east and west façades. However, overshadowing should be
reduced during the most important hours of the heating season and therefore the
position of buildings shall be chosen wisely. To avoid unfavourable overshadowing,
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taller buildings should be placed to the north to avoid overshadowing of the lower
buildings.

The following subsections refer to three important parameters that have impact on
the energy demand and are also usually set early in the design process; the building
shape, window area and orientation of windows and the building itself. As the case
study is concentrated to Gothenburg, the information has to a large extent been
obtained from studies based on simile climates. Gothenburg is according to the
Köppen climate classification of humid continental climate (Dfb) (Arnfield, 2020).

2.6.4.1 Building shape

Depecker, Menezo, Virgone, and Lepers (2001) qualified the shape of a building
as the shape coefficient or shape factor (SF ) which depicts the compactness of a
building. The SF is described as the ratio between the total external surface (Si)
and the building’s internal volume (V ), as shown in Eq.(2.2) below. The smaller
the ratio, the more compact building shape there is.

SF =
∑ Si

V
[m2/m3] (2.2)

A large shape coefficient implies that the shape has a relatively large surface exposed
to the exterior environment. For a residential building, where the outdoor temper-
ature can be seen as directly correlated to the energy demand, the exterior surface
should be as low as possible. Consequently, a low shape coefficient is preferable for
such cases (Granadeiro, Correia, Leal, & Duarte, 2013).

Depecker et al. (2001) found that the shape coefficient has a good correlation to
the energy demand when it comes to cold climates. However, in mild and sunny
climates it is a rather unsuitable measure due to the fact that the solar gains in
winter can make up for the heat losses through windows.

Danielski, Fröling, and Joelsson (2012) investigated the influence of the SF on the
specific heat demand for residential buildings for four cities in Sweden. It was found
that the thermal envelope properties and climate conditions have a large varying
impact. In areas with higher average wind speed, the impact of an increasing shape
coefficient have a larger impact compared to areas with a lower average wind speed.
It was also found that a lower annual temperature and increasing Um have a larger
impact of the SF and on the specific heat demand.

Rodrigues, Amaral, Rodrigues Gaspar, and Gomes (2015) investigated how well a
number of geometry-based indices correlates to energy consumption for different
representative climates in Europe. One of the indices is the Relative Shape Factor
(RSF) which is described as the fraction between the fraction of the volume (V) of
the building and the surface area (S) and the fraction of a reference volume (Vr)
and reference surface area (Sr), as shown in Eq.(2.3) below.
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RSF = V/S

Vr/Sr

[−] (2.3)

As the cube is the most dense and orthogonal shape conceivable, it is suitable to
use as the reference shape. Eq.(2.3) can then be elaborated as Eq.(2.4) seen below.

RSF = 6V 2/3

S
[−] (2.4)

One benefit of the RSF index is that it is only dependent to the shape and is not
influenced by the size of the building. The case study of a residential building in
Helsinki, which has a Dfb Köppen climate classification, showed that it has a very
strong negative correlation to two- and three-storey buildings and a weak negative
correlation to single-storey buildings. This indicate that the number of degree-
hours of thermal discomfort in the building will decrease with increasing RSF index.
Both the SF and RSF index relates to the building volume, but do not consider
window openings (Rodrigues et al., 2015). This will be further elaborated in the
next subsection.

2.6.4.2 Proportion of window area

Glazing areas have themselves a large impact on the energy balance. Windows en-
able solar gains which in turn affects the heating and cooling energy use. In general,
glazing areas have larger heat losses compared to walls which impacts mostly the
heating use in a negative way. But why we implement windows at all is probably
above all to provide views and daylight for the building which also can reduce the
energy use for artificial lightning (Goia, 2016).

There are multiple ways to express the amount or proportion of windows in a build-
ing. A general guideline regarding window area according to Boverket (2019a), the
Swedish National Board of Housing, Building and Planning, is that it should be
around 10% of the floor area to meet the requirement of 1% DF. The Window-to-
floor ratio (WFR) is expressed by Eq.(2.5) below.

WFR = Awindows

Afloors

[−] (2.5)

The WFR index is somehow related indirectly to the building’s volume, if the height
of each building is identical. However, the WFR is only related to the window area
and the heat exchange of the exterior wall, roof, slab etc. is not taken into account
(Rodrigues et al., 2015).
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Another common way to express the proportion of windows is the window-to-wall
ratio (WWR), as can be seen in Eq.(2.6) below. It is often denoted for each ori-
entation of the building. However, the WWR index does not consider the building
shape as it is only surface dependent (Rodrigues et al., 2015).

WWR = Awindows

Awalls

[−] (2.6)

For the case building in Helsinki within the research of Rodrigues et al. (2015), it was
found that the WWR had a weak negative correlation to a single-storey building.
Méndez Echenagucia et al. (2015) did a multi-objective search for early-stage design
approaches with the aim to minimize energy need for heating, cooling and artificial
light. The study strived to find optimized WWR for an open space office, posi-
tioned on the first floor of a five-storey building for different climates in an urban
and sub-urban context. The number of windows, the position of these, shape and
type and thickness of the walls were varied without changing the U-value. The study
investigated the cities Palermo, Torino, Frankfurt and Oslo in order to cover typical
European climate types. Oslo has, like Gothenburg, the Köppen climate classifica-
tion Dfb.

The results from the parameter study of the WWR for reducing energy use were vi-
sualized by a box plot. The readings from it regarding the case of Oslo are presented
below in table 2.1 and 2.2.

Table 2.1: Oslo sub-urban context, WWR design variables and box plot results
retrieved from Méndez Echenagucia et al. (2015)

Orientation Range between the 1st-3rd quartiles Median of distribution
South 0.07 − 0.48 0.3
East 0.05 − 0.29 0.11
North 0.05 − 0.27 0.12
West 0.05 − 0.25 0.10
Total 0.06 − 0.29 0.19

Table 2.2: Oslo urban context, WWR design variables and box plot results
retrieved from Méndez Echenagucia et al. (2015)

Orientation Range between the 1st-3rd quartiles Median of distribution
South 0.18 − 0.53 0.33
East 0.05 − 0.16 0.10
North 0.04 − 0.13 0.08
West 0.05 − 0.25 0.10
Total 0.10 − 0.25 0.15
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Some of the key-findings from Méndez Echenagucia et al. (2015) are the following:

• When comparing the urban and sub-urban context, adjacent buildings do not
affect daylight significantly but solar gains from direct solar radiation would
decrease

• The total window area decreased for Oslo for the urban context compared to
the sub-urban, while it tended to increase for the other cities

• The urban and sub-urban context have a resembling spread but the median
of the WWR of the south facing wall increased a little for the Oslo case, this
was not the case for the other cities

• It is more changing to shade with overhangs in cities at high latitudes as
the sun-path is lower, resulting in that the optimized case for cooling has no
windows facing south

• Walls with low U-values have a lower optimal WWR, compared to walls with
higher U-values

• The range of the WWR on the south oriented wall is large for all cities which
indicates that it is not critical

Goia (2016) did a similar early-stage study by investigating low-energy office build-
ings that has high performing HVAC-systems, integrated solar shading and lightning
equipment to find optimal WWR values for four representative case studies with dif-
ferent climate classifications in Europe. The considered cities were Oslo, Frankfurt,
Rome and Athens. The resulting optimized WWR regarding energy use for heating,
cooling and artificial lightning are presented in table 2.3 below.

Table 2.3: Optimized WWR with respect to energy use. Values are retrieved
from Goia (2016)

Orientation Optimal WWR
South 0.56
North 0.40
West 0.40
East 0.41

Some of the key-findings from Goia (2016) are:

• For the south facing façade for the Oslo case, WWR values between 0.50-0.60
give similar total energy use

• The resulting optimized values for the Oslo case give satisfactory daylight.
The largest increase in daylight lies between WWR values of 0.20-0.35

• For buildings located in colder climates (Dfb and Cfb), an inappropriate value
for WWR are not as critical compared to warm climates

• By integrating solar shading systems, the WWR are more evenly distributed
over the different oriented façades which contradicts the traditional rule-of-
thumb of placing small windows towards north and larger windows towards
south
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• HVAC efficiency for the heating and especially regarding the cooling system
can have a meaningful impact on the optimal WWR value. Different HVAC
solutions may then be important to evaluate as it is not always determined at
an early-stage design

• Energy use for cooling increases the more compact building there is and a
lower value of WWR should then be used

2.6.4.3 Building orientation

Vasov, Stevanović, Bogdanović, Ignjatović, and Randjelović (2018) did a parametric
analysis to investigate the impact of the orientation and building envelope for a
three-storey office building in Serbia. The Köppen climate classification for the area
is Cfb. The considered parameters were building orientation, U-values for windows,
walls and roof and the parapet height of ground floor windows. The WWR were 0.68.

Results shows that optimized choice of parameters could reduce the heating de-
mand by 52.18% and cooling demand by 62.19%. By having the largest area of
windows towards south, the largest reduction of heating energy can be achieved.
For the cooling energy demand, the best measures comprise raising the parapet of
the windows as well as avoiding exposure of direct solar radiation by considering
the building orientation. For the combined energy use, including both heating and
cooling, a rotation of ±15% towards southeast or southwest from a south orientation
can decrease the heating demand by 13.73% and cooling demand by 13.26%.

2.7 Building Performance Simulations (BPS)
Using simulation tools for building performance during design could contribute to
a more iterative process (Elbeltagi, Wefki, Abdrabou, Dawood, & Ramzy, 2017b).
BPS tools can help in the decision making process to find the most suited design and
building shape that takes into consideration energy, daylight and other properties
within the specific project. Today there are many tools available on the market
with a range of different opportunities for the users and which varies in degree of
advancement (Ursula Eicker, 2019). Which simulation tool appropriate for a project
is depended on level of detail for instance.

2.7.1 Black-, white- and grey box modelling
When performing energy assessment, the white-, gray- and black box are often men-
tioned (Fantin et al., 2018). These three terms are test methods and classified with
regard to variation in simulation time, transparency of source code and degree of
knowledge of the user (Infosec, 2019).

The methodologies differ in time consumption where black box often is the least time
consuming method and white box the most (Mohd. Ehmer & Farmeena, 2012). But
when it comes to the transparency of source code, the white box is the method with
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the highest transparency and the black the least.

In white box modelling, the user have full access to the source code which demands
a certain level of knowledge (Mohd. Ehmer & Farmeena, 2012). The method is
time-consuming but one advantage is that it provides opportunities to review the
code and discover errors. The method demands high level of detailing though which
can be challenging. Opposite to white box where user have access to the code, the
black box model do not provide access to code and the programmer and tester is
often independent of each other (Fantin et al., 2018). Grey box could be described
as a combination with the advantaged from both the white and black box technique
(Mohd. Ehmer & Farmeena, 2012).

2.7.2 BeDOT
The Building Early-stage Design Optimization Tool (BeDOT) were developed in
2018 by Giovana Fantin do Amaral Silva and Ramón Bergel Gómez during their
master thesis in cooperation with Chalmers University of Technology and Bengt
Dahlgren AB (Fantin et al., 2018). In 2019, Linda Wäppling and Ona Forss contin-
ued to develop the tool within their master theses to integrate building performance
with architectural modelling (Wäppling, 2019). BeDOT is a BPS-tool that is in-
tended for early stages and aims to enable collaboration between energy engineers
and architects, even though it is also striving to be used without the need of engi-
neers involved. The tool is based on a thermal network dynamic simulation in ISO
13790:2008, which is a Swedish standard for calculation of the energy performance
of buildings.

BeDOT is today embedded in the Visual Programming Language (VPL) Grasshop-
per and the components are written in Python. Grasshopper is a plugin to Rhinoceros,
a 3D CAD tool and in Grasshopper there are other plugins within the field building
simulations, like Daysim which is used for daylight analysis, Honeybee that helps
create zones and assign characteristics to the building so that for instance which
surfaces are roof, external walls etc. are identified. There is also something called
Ladybug that processes the weather data.
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BeDOT is developed based on 5 main principles illustrated in figure 2.3 (Fantin et
al., 2018):

Figure 2.3: Principles of BeDOT (Fantin et al., 2018)

The main principles are described in more detail below.

• Time & Simplicity: simplified physical calculations contributes to shorter sim-
ulation time

• Modularity: modularity enables combination and replacement of components
• Post-processing: possibility to visualise indata and result
• Accuracy: the developer aimed to reach a 15 % error margin as maximum

value. This value is if comparing BeDOT with simulation tool IDA ICE
• Collaboration: enable collaboration between disciplines like architects and en-

gineers during early stage design
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3
INTERVIEWS AND INQUIRIES

This chapter presents the outcome from the interview study. The interviews have
been carried out with the municipality of Gothenburg and Skanska. Participating
disciplines in the study are:

• The department of building permit at the Urban Planning Department Gothen-
burg of City

• The department of municipality planning at the Urban Planning Department
of Gothenburg City

• The department of project development at Skanska AB
• The department of business development at Skanska AB

The study focus on the different disciplines point of view on the DDP planning
work and early stage design. Due to the fact that the municipality and Skanska are
two completely different stakeholders, there have been some difference in question
of interest. Regarding Skanska who’s participating from the developers point of
view, main focus is to state how energy and daylight is implemented in the earliest
stage of building design. When it comes to the municipality, information about how
daylight and energy is implemented today and if and in that case how to implement
these aspects at best practise forwards are main focus.

The outcome from the interviews have been divided into two sections, one for the
municipality of Gothenburg and one for Skanska.

3.1 Interview with the municipality of Gothen-
burg

Participating from the municipality is two DDP architects which one them also
works as project leader, an administrator at the department of building permit and
an administrator at the department of municipality planning. Questions asked in
the inquire and the answers are presented in appendix A.

During the spring 2020, The Urban Planning Department of Gothenburg have put
together guidelines for handling daylight in the DDP process. A summery of these
guidelines are presented as it is a contribution to the interview study.
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The content of the interviews and The Urban Planning Department of Gothenburgs
guidelines for handling daylight will be presented using sections stated below.

• The DDP process
• Early stage building design
• Studies and BPS
• Level of detail
• The Urban Planning Department of Gothenburgs guidelines for handling day-

light

3.1.1 The DDP process
It is unusual that the municipality initiate a DDP without request from a developer.
In most cases, the developer hands in an application for planning notification which
contains information about aspects like building volumes together with sections- and
situation plans that describes the building.

The differences between when a developer asks the municipality to begin a DDP ver-
sus when the municipality initiate one are that the municipality often evaluate the
condition on the site before looking at the building design and that the developers
often wants to exploit in higher degree than the municipality may want. Developers
have also often already made a decision about building design, which makes it more
difficult for the municipality to come up with a completely other solution than the
suggested one. As the economy is strictly related to the proposal, it means that if
the municipality completely change a proposal, it affects the developers profitability.
Important to mention is that an approved planning notification do not automati-
cally mean that the suggestion handed in is the one that the DDP will adapt to.
The proposals are investigated with respect to many different aspects. Regulation
due to the law and the public opinion being two of these aspects.

The DDP planning work is a changeable process. Which aspects to focus on is
varying, but a more holistic point of view when it comes to city planning in total is
requested mentioned one of the respondents. The municipality also expresses that
there are aspects that have to be considered in the DDP to avoid causing issues
difficult to solve later in the building process. One example is daylight which will
be described in more detail later in this chapter.

DDP can be complemented with different kind of programs. It it is quite common to
frame a "quality program" or "aesthetic design program" which do not have any legal
force but can be used in the building permit process to deal with details related to
the planned area. An aspect mentioned related to these documents not being legally
bounded is that aspects are not investigated in later stages. The final outcome for
the building design could therefore be something completely different than what
was presented in the program. This do not necessary have to be negative though
expressed one of the interviewed. Regarding having programs, it is an opportunity
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to take into account aspects that may not be suitable to regulate in the actual DDP
as well as it facilitate in those cases where there is many stakeholders included or
when the DDP refers to larger areas. One risk though with programs is the aspect
of being suitable and valid over time as the city planning is a constant and complex
ongoing process. Producing a program is also time consuming.

3.1.2 Early stage building design
A DDP have to consider many different aspects. Some of the aspects due to the
municipality are noise, air quality, communications, cultural values and national
interests. Regarding building size and shape, a factor that besides the mentioned
above have large influence is the economy. The building type is one aspect affecting
the economy. For residential buildings, number of apartments, gross area (BTA) and
share of dark BTA are three indicators which relates to the economy. To add is that
the city of Gothenburg is currently working on a strategy that aims to contribute
in the DDP process by clarify which indicators to take into account in the city
development.

3.1.3 Studies and BPS
Studies carried out in the DDP process are site dependent. These studies are re-
lated to example noise, sun and air quality. Studies are valuable due to the architects
opinion as it helps evaluate the building proposal suitability on the specific site. Re-
sponsible for the studies could be both the municipality and the developer. None of
the interviewed persons have performed any BPS but one of the architect expresses
that access to indicators and an iterative design process in early stages is valuable
through a sustainable perspective.

When a developer applies for planning notification, there is no requirement on hand-
ing in results of studies regarding daylight condition or energy demand but one of
the architect expresses that the municipality have begin to request studies of day-
light conditions in some cases, even though it does not happen that often so far this
early in the building process. Further information about studies is described below.

3.1.3.1 Energy

When it comes to studies of energy, solar studies are mentioned as a parameter
related to energy, but nothing else. Regarding consider energy as a parameter
important or not to take into account in the DDP, the opinion differ among the
interviewed. One expresses that energy is important due to the fact that "position,
height etc. have big influence on the forthcoming conditions", but do not have any
suggestion on how to consider energy. One of the architects expresses that it is
important to consider resources in early stages of the process due to the aspect of
creating a sustainable society, but do not necessary think that it has to be a part of
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the DDP process.

One of the interviewed adds that regulate energy in the DDP may not be suitable or
efficient for that matter either, as energy demands and aspects like example energy
supply is under constant development. "A solution regarding energy may be up-to-
date during the first year but not year 50 but you still have to adapt to it as the
DDP is legally binding" is expressed by one of the architects. The second architect
agrees and adds that "regulate details regarding building design, material choice or
specific energy system means lock of details from an authority perspective with a
tool (the DDP) that only is designed to be necessary limited".

3.1.3.2 Daylight

Daylight studies are, unlike energy, considered far more interesting at the municipal-
ity as the city of Gothenborg becomes more and more dense. One of the architects
expresses that "overall control of daylight and investigate opportunities/challenges
with the planned building volumes provides opportunities to early regulate the built
environment so that good access to daylight are cater for". One of the interviewed
adds thought that which surfaces requires daylight or not could be open for inter-
pretation due to vague descriptions in the regulations. One challenge is also the
level of detail in this early stage. It is often low and position of toilets and meeting
rooms and other spaces that do not have daylight demands may be unknown which
makes it tricky to evaluate if the daylight conditions is good enough. In cases with
deep buildings, the municipality tries to evaluate how and how often these spaces
will be used to get a perception if the suggested building geometry is suitable.

3.1.4 Level of detail
Level of detail in the DDP and the complementing programs differs from case to
case. Programs shall be on a more brief level due to the PBL but if there are special
conditions, like cultural values, the program can contain details about facade design,
window positions, volumes and colours.

It is expressed by the municipality that it is important that the level of detail is
reasonable to make sure that the DDP will be valid overtime and also, to high
level of detail in the DDP is prohibit due to regulations. One of the architects
expresses that it is important with sustainable regulations and not adapt the DDP
to design standards applied and popular only at the moment as it may take many
years between producing a DDP and the construction start. The level of detail must
be suitable to avoid inappropriate and outdated DDPs.

3.1.5 The Urban Planning Department of Gothenburgs guide-
lines for handling daylight

The city of Gothenburg is growing with an increasing number of citizens at the same
time as the city becomes more and more dense due to desire to build on already
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established popular locations (Göteborg Stad, 2020b). Consequences of this are a
decreasing distance to near by buildings and reduced amount of visible sky which
cause issues with access to daylight. The municipality have during the recent years
experience an increase in building permit denial related to not fulfilling the daylight
demands and The Urban Planning Department have come to realize that there is a
need to investigate daylight earlier. As it is today, daylight condition is often not
investigated until the developer applies for starting clearance.

"Detail development plans shall not result in expectations on building volumes and
associated incomes that are not possible to implement in later stages" are stated as a
reason to implement daylight studies earlier than it is implemented today (Göteborg
Stad, 2020b). The citation is from The Urban Planning Department of Gothenburgs
guidelines for handling daylight in the planning and building permit process that
were put together during the spring of 2020.

For early investigation of daylight conditions, The Urban Planning Department of
Gothenburg suggest that the obstruction angle for the bottom plan shall be studied
in the planning notification process (Stadsbyggnadskontoret Göteborg Stad, 2020).
If the obstruction angle is below 30 degrees, daylight conditions assumed to be good
enough and do not have to be investigated further. If the obstruction angle is above
45 degrees, there is a risk that the daylight demands will not be met and further
investigation of daylight conditions have to be carried out in the DDP process. If
the obstruction angle is between 30 and 45 degrees, access to daylight should also
be investigated in the DDP. Implementing daylight studies in the DDP:s comple-
menting program are mentioned as a possible measure if expecting difficulties with
daylight on a site.

When performing daylight studies, it is not only new buildings that has to be taken
into consideration (Stadsbyggnadskontoret Göteborg Stad, 2020). If there is a pos-
sibility that already existing buildings around are affected in a negative way, the
daylight condition of these have to be studied as well.

The Urban Planning Department of Gothenburg recommend using the VSC in early
stage studies (Stadsbyggnadskontoret Göteborg Stad, 2020). The results should be
presented in such way that it is clear which parts of the facade are within the level
<10%, 10-12% , 12-15% , 15-25% and >25%.

The level of VSC for achieving enough daylight according to the guidelines >25%,
given that the building depth isn’t greater than 14 m (Stadsbyggnadskontoret Göte-
borg Stad, 2020). If the VSC is between 15% and 25%, the geometry have to be
studied in more detail and size of windows, possibility to have balconies and position
of these shall be evaluated to make the developer aware of potential restrictions on
the site (Stadsbyggnadskontoret Göteborg Stad, 2020). The goal is to avoid building
designs that can’t be approved when applying for building permit.

In cases with a VSC less than 15%, modification on the building design is often nec-
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essary depending on if the building is planned to contain spaces occupied more than
temporary (Stadsbyggnadskontoret Göteborg Stad, 2020). Modifications that The
Urban Planning Department of Gothenburg expresses could improve the daylight
conditions could be in form of (Stadsbyggnadskontoret Göteborg Stad, 2020):

• Geometrical changes of the building body
• Geometrical changes of the surrounding elements like example streets
• Changes in the block structure
• Changes in use of parts of or the total building

In cases where there are already existing buildings which daylight condition might
be affected negative by the new property, these have to be investigated not only
by looking at the VSC but also by study the daylight conditions inside the affected
rooms.

3.2 Interview with Skanska
A project- and a business developer at Skanska working in early stage of the building
process have participate in the interview study representing Skanska from the de-
velopers perspective. Questions asked in the inquire and the answers are presented
in appendix A.

The result from the interview study have been divided into the following sections:

• The DDP and building permit
• Early stage building design
• Studies and BPS
• Level of detail

To mention is that Skanska is refereed as "the developer" in this chapter but must
not necessary represent all developers point of view in the construction industry.

3.2.1 The DDP and building permit
Usually it is the developer that inquire a DDP. One difference regarding energy
and daylight when it comes to whether the developer initiate a DDP or if it is the
municipality is that the developer have bigger opportunity to consider these aspects
compared to the municipality. The developer adds though that focus usually this
early is on target group analysis and financial parameters rather than daylight and
energy.

When applying for planning notification there is no demand on handing in informa-
tion related to energy and daylight but the developer often informs the municipality
if the building will be certified according to "Svanen", a Swedish certification pro-
gram, in those cases it is relevant. The developer experience the planning notification
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process as similar as it has been the recent years but the building permit process
as partly changed. There is more focus on energy and daylight today compared
to previously even though that those questions still has less importance than other
parameters. Skanska also adds that the County Administrative Board and other
authorities focus significantly more on air-, noise- and traffic issues.

The developer finds having a program as complement to the DDP as helpful in the
interpretation. A program can also help if it presents what may work and not on
a site which facilitate produce a building design that will be approved when later
applying for building permit.When it comes to application for building permit and
denials, it is often related to interpretation issues of building shape allowed in the
DDP or that the design do not adjust to the one specified.

"I feel that the municipality focuses very little on energy and daylight when it comes
to the preparation of detailed development plans. Main focus on these aspects is
instead at building permit and starting clearance, which means that it is us devel-
opers that takes a big risk. If awareness of these issues could be raised earlier and
contribute to choices made in the detailed development planning process it would
be better for us".

The citation above is the developers requests to the municipality when it comes to
the DDP work and building permit. The developer expresss that if the administra-
tors at building permit could accept certain deviation if it is stated in the DDP, it
would be significantly better if these were clearly stated from the beginning.

3.2.2 Early stage building design
Building height, width and length have to adapt to the regulations stated in the
DDP and the developer together with architects design the building based on the
given conditions. When determine building shape, it is a result of studies of daylight
and energy, but also aspects related to the surrounding conditions like noise, safety
and greenery. There is also interior demands like fire demands and accessibility.
The building shape is also a result based on the target group. Skanska have internal
guidelines that can help in the building design process.

Regarding aspects that may be in conflict with each other, window area that is
positive through a daylight perspective but negative through a energy perspective
is mentioned as one example. Aspects in conflicts needs to be balanced against each
other expresses the developer.

The economical aspect affects the building design in high degree. Minimize amount
of corners and expand the building height instead of floor area on ground is men-
tioned as two measures positive through a economical aspect. If a site contains
multiple building, it is advantageously to repeat similar building shapes. Rotate or
move a building parallel is more economic favorable than mirror the next by build-
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ing. Avoid complicated geometries is important and in those cases a complicated
building design results in increasing floor area it has to be evaluated economical.
If only take into account the economical aspect, buildings without internal stair-
wells that instead have external corridors is positive as the share BOA in relation
to BTA increases and resulting in lower construction cost. The mentioned solution
can therefore be suitable in areas where the economical ability is lower expressed
the developer.

The interviewed mention that it might become more difficult to meet all require-
ments related to buildings in the future if continuing evolve a dense city. Develop
buildings that fulfill all demands today is expensive, and there is a risk that these
building will only be available to residents in Gothenburg with economical strength.
Peoples ability to pay is therefore an aspect to take into consideration in early stage
design.

"Through a long perspective it is about being able to understand problems and base
decisions on them and the more possible aspects that could be simulated at an early
stage, the better". The citation is related to all demands put on buildings today
and the difficulty to value which aspects is more important than others.

3.2.3 Studies and BPS
The department of business and project development do not perform simulation of
daylight and energy butdo have some knowledge about this which is presented in
the upcoming section.

3.2.3.1 Energy

When it comes to energy, the developer have a department that perform energy
studies, not only when applying for building permit but before this. This is impor-
tant to ensure that the initial idea is possible to follow through. When it comes to
energy simulations, it is today not consider to be equally important as doing day-
light studies i early stage at the municipality expressed the developer. Challenges
regarding energy can often be solved in later stages contra daylight but the devel-
oper adds that as the energy demands are getting stricter, the need of performing
energy calculation in the DDP can come to be necessary in the future.

3.2.3.2 Daylight

Studies of daylight are often made by the developer before buying land to ensure
that the desired planned buildings can fit on the site.

The developers perception of studies at the municipality is that solar studies is
more common than daylight studies. The municipality investigates how the new
building affects the already existing buildings around regarding solar radiation con-
dition. Performing daylight studies could help the municipality investigate whether
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the DDP is possible to carry out or not expressed the developer, resulting in DDP:s
that are realistic and can be followed through without daylight issues.

An aspect that the interviewed wants to add is if the existing demands is reason-
able if wanting to continue densify the city and whether daylight always shall be
dimensioning compared to other aspects. A citation from the interview is "these are
no simple questions and human health is more important than anything else, but
in the long run it is a lot about being able to understand the problem and make
conscious choices based on it".

3.2.4 Level of detail
When applying for planning notification the level of detail is, like already mentioned,
quite low but increases when handing in application for building permit. The level
is also depended on which DDP the application refer to.

Most part of the document handed in when applying for building permit is architec-
tural drawings, summery of material- and colour choices and a description of which
type of surfaces the building will contain like for instance type of apartments and
how these are composite together. Besides the already mentioned, there could be
documents concerning example fire and noise handed in. The developer expresses
that the feeling is that there is more focus on the issues mentioned above than on en-
ergy and daylight but that these aspects have begun to get more and more attention.

Regarding level of detail when it comes to the programs complementing the DDP,
the developer expresses that the level of detail should not be to specific due to the
fact that for example energy demands can change. The developer appreciate if as-
pects specified in the program is quantifiable.
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4
FURTHER DEVELOPMENT OF

BEDOT

To be able to perform the case study, BeDOT had to be further developed. The pre-
viously version of BeDOT were able to handle one property at a time but as the case
study are concentrated on a large site it is important to be able to deal with multi-
ple building at the same time. It is also important to be able to deal with thermal
bridges and heat losses to the ground as the case study aim to study different build-
ing shape and geometry which in high degree the thermal bridges and area against
ground is related to. To sum up what have been developed during this master thesis:

• Results of simulated zones are sorted into the building to which they belong
• Thermal bridges model is implemented related to the geometry
• A ground model is implemented

4.1 Thermal Bridges
Thermal bridges can be described as parts of the building structure where the ther-
mal conductivity is higher than surrounding elements (Nagy, 2014). As the industry
aim to decrease the energy use of buildings, the thermal performance of the enve-
lope has improved over the years by decreasing transmission losses (Danebjer, 2012).
However, the proportion of thermal bridges may increase with decreasing transmis-
sion losses and thus becomes more important to take into account for low-energy
buildings.

There is no common value for the different type of thermal bridges, as these are ma-
terial, structural and geometric depended (Nagy, 2014). To get a more theoretically
correct value, thermal bridges can be simulated using 2D or 3D simulation tools like
THERM and HEAT.

It is quite common in Sweden today to use a predefined percentage factor in early-
stage design that increases the calculated transmission heat transfer through build-
ing elements with 20%, but this might be unsuitable (Berggren & Wall, 2013). Also,
studies shows that the relative affect from thermal bridges vary a lot between dif-
ferent buildings.
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Calculating thermal bridges in detail is not the main focus in this master thesis but
instead of using a predefined percentage factor, the impact of thermal bridges will
be accounted for by using values for linear thermal bridges for external dimensions.
Thermal bridges accounted for and the values used for these are presented in table
4.1. Values are provided by B.Berggren (personal communication, 23 of April, 2020).
External corridors assumes to have the same value as balcony attachments.

Table 4.1: Values for thermal bridges

Thermal Bridge Type Value Unit
Windows Linear 0.14 W/m,K

Balconies and external corridors Linear 0.20 W/m,K
Slab edge in exterior wall Linear 0.008 W/m,K

Connection ground slab and external wall Linear 0.221 W/m,K
Connection roof and external wall Linear 0.265 W/m,K

4.1.1 External corridors
The impact of having external corridors instead of staircases is investigated as it have
an impact on both the energy and daylight conditions. External corridors results
in, similar to balconies, thermal bridges in varying degrees depending on how the
external corridor is attached to the building. The fact that is positioned outside the
building also have negative impact on access to daylight. The depth of the external
corridors have been assumed to 1.5 m, which is related to demands for evacuation
due to BBR (Boverket, 2011).

4.2 Heat losses to ground
When dealing with heat losses to the ground, simplified or more complex models
can be used. A semi-analytical method is the one of Kusuda, which is a method that
uses the Green function where the floor heat flux can be calculated using Eq.(4.1)
(Adjalit, 1998).

Q = (Tr − Tz)
(
λ

l

)
[W/m2] (4.1)

l: The thickness of the earth layer [m]
λ: The thermal conductivity of the soil [W/m2,K]
Tr: The mean temperature of the slab [°C]
Tz: The monthly average subfloor temperature at a given depth (z) [°C]

Other more complex methods for heat losses to ground is example using a method
developed by Claesson and Hagentoft which takes into consideration heat transfer
by superposition using both steady-state and periodic heat loss plus a step variation
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of the outdoor temperature (Adjalit, 1998).

For this master thesis, the simplified method that uses Eq.(4.1) is considered as suf-
ficiently. To take into account the heat pillow effect, the model may be discretized
by using different subfloor temperatures at given points of the floor. This is done by
using an inner layer and outer layer of the floor zone, which is illustrated in figure
4.1. For the inner layer, the depth used for calculating Tz is the periodic penetration
depth, dp, which is the length from the ground surface where considerable variations
of the ground temperature are present. In the same manner, half of the periodic
penetration depth is used for calculating Tz for the outer layer.

Figure 4.1: Illustration of the discretized ground model.

4.3 Recommendation for further development
The main benefits of BeDOT itself is that it the results responsive can be fast re-
sponsive and it can handle many zones. However, some calculations could take up
to eight hours due to the radiance component that is used to calculate the inci-
dent solar gains through the windows. It took a lot of time as it calculates each
node within the mesh for every time step. This is the main barrier for making fast
calculations. However, as solar gains was an important measure to include and be
simulated it was considered to be insufficient to use an estimated value.

Furthermore, relations between indoor and exterior would be positive and interest-
ing to investigated and implemented in BeDOT. To add though is the awareness
of the difficulty in early stage as room geometry may be undecided. But general
measures could be applied and studied.

So to sum up, recommended measures for further development of BeDOT could be:

• Examine ways to speed up the calculations
• Implement relations between interior and exterior measures
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• Develop a simulation environment which do not demands knowledge within
coding
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5
CASE STUDY

This chapter presents the cases studied within the master thesis. The chapter also
contains presentation of the considered evaluated aspects, indata, simplifications
and modelling methods.

5.1 Evaluation aspects
Evaluation of energy and daylight are main focus in this master thesis. Awareness
about additional aspects besides daylight and energy are taken into consideration
by collaborating with Amanda Markgren who contributes with knowledge about ar-
chitecture and project management. Markgren produced the design proposals and
made sure that the buildings are adapted to reasonable dimensions that also takes
into consideration aspects like for example access to greenery and walkways.

When analyzing energy, the main focus for premises is heating and cooling and
heating for the residences.

To determine which method to use when examine daylight, a comparison of suitabil-
ity for the different methods mentioned in the literature study were carried out. Due
to importance of not being limited by the obstruction angle, the AF-method is not
suitable. DF requires a room structure, which often is unknown in this early stage.
Between SVF and VSC, only VSC uses CIE overcast as sky type and is therefore
the method chosen. When investigating the VSC, it is important to remember that
there is a limited room depth if wanting to reach good daylight condition inside the
building.

The results for VSC will be visualized and presented using diagrams. When visu-
alizing, the results will be illustrated using colours representing which parts of the
buildings are within the level <10%, 10-12% , 12-15% , 15-25% and >25%. The
five intervals have been summarized into three levels when presenting the results;
<15%, 15-25% and >25%. Levels chosen for VSC is due to The Urban Planning
Department of Gothenburgs guidelines for handling daylight.

5.2 Input data and locked parameters
The input data used in the case study are presented in appendix B.1. Degrees
of freedom have been limited to ensure a fair comparison between different cases.
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Locked parameters is for instance the U-value for the different construction parts.

5.3 Zone division
When performing energy calculations, zone division is important as it affects the re-
sults (ISO 13790:2008, 2008). Generally, the more zones the more accurate results.
But increasing amount of zones increases the simulation time. Different spaces could
be merged to one zone if:

• All spaces have the same heating- and cooling system
• Set point temperature regulation for different spaces vary with less than 4 K
• At least 80% of the floor area have the same ventilation system
• The air flow vary with a factor less than 4 for at least 80% of the floor area

Based on the above and the fact that the level of detail in this early stage is low due
to room geometry and position of staircases for example often is unknown, it was
determined to model each floor as one zone. Given that the floor do not contain
both residences and premises, which are always divided into separate zones due to
having different need for cooling etc.

5.4 Simplification and limitations
Performing this case study, some simplification have been carried out due to lack of
details and simulation limitations. These are:

• Buildings do not contain any basements, garages or attics
• Buildings are situated directly on the ground
• Offices and stores are modelled together, named premises
• Buildings are modelled without balconies
• Spaces like for instance internal staircases and corridors are included in the

residences and premises zones

Comparison with requirements due to BBR is limited to EPpet. Installed electric
input for heating, Um and average air leakage rate will not be analyzed.
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5.5 Cases
The case study is carried out by comparing different design options for a site with
a reference case which is the existing DDP. The cases will use the same input data,
which can be read in appendix B.1. All cases will have WWR of 30% as a basis,
except from one case where a higher WWR is studied.

5.5.1 The reference case
The site studied is located in the city of Gothenburg and the DDP map is presented
in figure 5.1 below. The area consists of six planned properties, of them 49.8% are
residences and 50.2% are premises. The total floor area is measured to 71 590 m2.
The average number of floors per property is 7.04, while the maximum number of
floors is 12. On the right hand side of the site there is a high traffic road. There is
also K-marked, listed buildings, which will be kept in existing condition.

Figure 5.1: The DDP (Göteborg Stad, 2020a)
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The interpretation of the plan map is shown in figure 5.2. The properties marked
with R are residences and O premises, while RO are a mix of both with premises
positioned on the ground floors. The property number of each is as well marked in
the figure.

Figure 5.2: Reference0, illustration by A.Markgren

The floor area and share of residences and premises of each property, as well as the
SF and the WFR are presented in table 5.1 below.

Table 5.1: Floor area, SF and WFR for the properties in Reference0

Property Afloor [m2] Premises [%] Residences [%] SF [-] WFR [%]
Reference001 4780 12.5 87.5 0.28 20.0
Reference002 13350 15.6 84.4 0.23 19.0
Reference003 12340 100.0 0.0 0.22 15.0
Reference004 24780 17.2 82.8 0.21 15.1
Reference005 7560 100.0 0.0 0.23 17.7
Reference006 8790 100.0 0.0 0.20 14.7

The existing DDP is studied and evaluated in terms of energy demand and daylight.
The results are presented in the next chapter. The reference case will serve as com-
parison material for the upcoming cases.
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5.5.2 Type buildings
The existing DDP is redesigned using type buildings to study how different building
shapes performs. Four typical building forms related to the post modern city are
chosen and these are illustrated in figure 5.3.

(a) Town houses with court yards
(kvartershus) (b) Block of flats (punkthus)

(c) Compact tower blocks (lamellhus) (d) L-shaped compact blocks (L-hus)

Figure 5.3: The different type buildings, illustrations by A. Markgren
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5.5.2.1 Town houses with court yards (kvartershus)

The plan map of the configuration with town houses with court yards (kvartershus)
called Kvartershus0 is shown in figure 5.4 below.

Figure 5.4: Kvartershus0, illustration by A.Markgren

The floor area and share of residences and premises of each property, as well as the
SF and the WFR are presented in table 5.2 below.

Table 5.2: Floor area, SF and WFR for the properties in Kvartershus0

Property Afloor [m2] Premises [%] Residences [%] SF [-] WFR [%]
Kvartershus001 10 080 25.0 75.0 0.24 16.7
Kvartershus002 22 680 11.1 88.9 0.21 14.3
Kvartershus003 5 040 100.0 0.0 0.26 19.0
Kvartershus004 22 730 61.2 38.8 0.21 14.2
Kvartershus005 11 390 100.0 0.0 0.23 16.4
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5.5.2.2 Block of flats (punkthus)

The plan map of the configuration with block of flats (punkthus), which is called
Punkthus0, is shown in figure 5.5 below.

Figure 5.5: Punkthus0, illustration by A. Markgren

The floor area and share of residences and premises of each property, as well as the
SF and the WFR are presented in table 5.3 below.

Table 5.3: Floor area, SF and WFR for the properties in Punkthus0

Property Afloor [m2] Premises [%] Residences [%] SF [-] WFR [%]
Punkthus001 6 875 18.2 81.8 0.22 15.7
Punkthus002 6 875 18.2 81.8 0.22 15.7
Punkthus003 6 875 18.2 81.8 0.22 15.7
Punkthus004 6 875 18.2 81.8 0.22 15.7
Punkthus005 6 250 10.0 90.0 0.22 15.7
Punkthus006 6 875 9.1 90.9 0.22 15.7
Punkthus007 6 875 18.2 81.8 0.22 15.7
Punkthus008 6 875 100.0 0.0 0.22 15.7
Punkthus009 6 875 100.0 0.0 0.22 15.7
Punkthus010 6 875 100.0 0.0 0.22 15.7
Punkthus011 6 875 100.0 0.0 0.22 15.7
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5.5.2.3 Compact tower blocks (lamellhus)

The plan map of the configuration with compact tower blocks (lamellhus), which is
called Lamellhus0, is shown in figure 5.6 below.

Figure 5.6: Lamellhus0, illustration by A. Markgren

The floor area and share of residences and premises of each property, as well as the
SF and the WFR are presented in table 5.4 below.

Table 5.4: Properties of Lamellhus0

Property Afloor [m2] Premises [%] Residences [%] SF [-] WFR [%]
Lamellhus001 6 480 11.1 88.9 0.27 20.0
Lamellhus002 17 812 35.4 64.6 0.25 18.3
Lamellhus003 4 850 100.0 0.0 0.28 21.2
Lamellhus004 24 388 76.4 23.6 0.27 20.3
Lamellhus005 6 480 11.1 88.9 0.27 20.0
Lamellhus006 6 480 11.1 88.9 0.27 20.0
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5.5.2.4 L-shaped compact blocks (L-hus)

The plan map of the configuration with L-shaped compact blocks, which is called
L-hus0, is shown in figure 5.7 below.

Figure 5.7: L-hus0, illustration by A. Markgren

The floor area and share of residences and premises of each property, as well as the
SF and the WFR are presented in table 5.5 below.

Table 5.5: Floor area, SF and WFR for the properties in L-hus0

Property Afloor [m2] Premises [%] Residences [%] SF [-] WFR [%]
L-hus001 11 700 11.5 88.5 0.25 18.2
L-hus002 6 030 11.1 88.9 0.27 20.0
L-hus003 5 720 100.0 0.0 0.27 20.3
L-hus004 25 150 34.6 65.4 0.24 17.3
L-hus005 20 100 70.0 30.0 0.24 17.3
L-hus006 6 030 100.0 0.0 0.27 20.0
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5.5.2.5 Type buildings - total floor area

The total floor area for each property and the change in floor area compared to
Reference0 which the result will be compared to are presented in table 5.6.

Table 5.6: Comparison I - Floor area

Case Floor area [m2] Premises [%] Residences [%] ∆ Floor area [%]
Punkthus0 75 000 46.7 53.3 +4.8
Lamellhus0 66 490 48.0 52.0 −7.1
L-hus0 74 730 48.9 51.1 +4.4

Kvartershus0 71 920 49.2 50.8 +0.5

5.5.3 Additional cases
The impact of changing height, position of residences and premises and an increase
in WWR are studied on the case with town houses with court yards. These cases are
named Kvartershus1, Kvartershus2 and Kvartershus3 and the comparison is named
Comparison II. Illustration of the DDP for Kvartershus1 is illustrated in figure 5.8
where the the change height is presented. Kvartershus2 looks the same as Kvarter-
shus1 but with changes in position of residences and premises. Kvartershus3 have
the same configuration as Kvartershus0 but with an increased WWR.

Figure 5.8: Kvartershus1, illustration by A. Markgren
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The total floor area for Kvartershus1 and Kvartershus2 and the change in floor area
compared to Kvartershus0 which the result will be compared to is presented in table
5.7.

Table 5.7: Comparison II - Floor area

Case Floor area [m2] Premises [%] Residences [%] ∆ Area [%]
Kvartershus1 60 570 49.2 50.8 −15.8
Kvartershus2 64 370 47.0 53.0 −10.5
Kvartershus3 71 900 49.2 50.8 0.0

Total area, share of premises and residences, SF and WFR for each property for
Kvartershus1, Kvartershus2 and Kvartershus3 are presented in table 5.8. Kvarter-
shus0 have been presented earlier.

Table 5.8: Comparison II - Property data

Property Floor area [m2] Premises [%] Residences [%] SF [-] WFR [%]
Kvartershus101 7 560 16.7 83.3 0.26 17.3
Kvartershus101 17 640 14.3 85.7 0.23 15.0
Kvartershus103 5 040 100.0 0.0 0.26 19.0
Kvartershus104 20 210 56.3 43.7 0.22 14.4
Kvartershus105 10 130 100.0 0.0 0.24 16.6
Kvartershus201 7 560 50.0 50.0 0.26 17.3
Kvartershus202 17 640 42.9 57.1 0.23 15.0
Kvartershus203 5 040 100.0 0.0 0.26 19.0
Kvartershus204 20 210 43.8 56.2 0.22 14.7
Kvartershus205 13 920 36.4 63.6 0.22 16.1
Kvartershus301 10 080 25.0 75.0 0.24 22.3
Kvartershus302 22 680 11.1 88.9 0.21 19.0
Kvartershus303 5 040 100.0 0.0 0.26 25.3
Kvartershus304 22 730 61.2 38.8 0.21 19.0
Kvartershus305 11 390 100.0 0.0 0.23 22.0

The impact on energy and daylight when implementing external corridors is inves-
tigated. This will apply to the residences for the lamellhus as it is more common on
these kind of buildings. The case is named Lamellhus1 and the comparison is named
Comparison III. The dimensions of some of the buildings is changed as a result of
the external corridors.

The total floor area for Lamellhus1 and the change in floor area compared to Lamell-
hus0 are presented in table 5.9.
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Table 5.9: Comparison III - Floor area

Case Floor area [m2] Premises [%] Residences [%] ∆ Area [%]
Lamellhus1 61630 49.1 50.9 +7.3

Data for each property is presented in table 5.10. Lamellhus0 have been presented
earlier.

Table 5.10: Comparison III - Property data

Property Floor area [m2] Premises [%] Residences [%] SF [-] WFR [%]
Lamellhus101 5670 11.0 89.0 0.29 22.0
Lamellhus102 16190 38.0 62.0 0.27 20.0
Lamellhus103 4850 100.0 0.0 0.28 21.0
Lamellhus104 23580 79.0 21.0 0.27 21.0
Lamellhus105 5670 11.0 89.0 0.29 22.0
Lamellhus106 5670 11.0 89.0 0.29 22.0

The impact of changing WWR from 30% to 40% for the energy will be investigated
on the reference case. This case is named Reference1 and the comparison named
Comparison IV. All indata except for WWR is the same for Reference0 and Ref-
erence1. The WFR for Reference0 have been stated earlier in this chapter. The
WFR for each property in Reference1 is presented together with the comparison of
Reference0 in table 5.11.

Table 5.11: Comparison IV - WFR [%]

Property WFR [%] ∆ WFR [%]
Reference101 27.0 +35.0
Reference102 26.0 +36.8
Reference103 20.0 +33.3
Reference104 20.0 +32.1
Reference105 24.0 +35.6
Reference106 20.0 +36.3
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5.5.4 Summary of cases and comparisons
The different cases are summarized in table 5.12 below.

Table 5.12: Case study list

Case Explanation
Reference0 The reference case
Reference1 The reference case with WWR 40%
Punkthus0 Compact tower blocks
Lamellhus0 Block of flats
Lamellhus1 Block of flats with external corridors
L-hus0 L-shaped compact blocks

Kvartershus0 Town houses with court yards
Kvartershus1 Town houses with court yards, changed height
Kvartershus2 Town houses with court yards, changed height

and position of premises/residences
Kvartershus3 Town houses with court yards, WWR 40%

The comparisons are the following:

• Reference0: the reference case
• Comparison I: Reference0 is compared with Punkthus0, Lamellhus0, L-hus0

and Kvartershus0
• Comparison II: different options of town houses with court yards; Kvarter-

shus0, Kvartershus1, Kvartershus2 and Kvartershus3
• Comparison III: lamellhus with and without external corridors; Lamellhus0

and Lamellhus1
• Comparison IIII: Reference0 and Reference1
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6
RESULTS

This chapter contains the results from the case study together with conclusions. A
more detailed summery of the output from the simulations can be found in appendix
C.

6.1 Reference0
Results and conclusions regarding the original DDP, called Reference0, are presented
below.

6.1.1 Reference0 - Results
Figure 6.1 presents EPpet in correlation to the maximum allowed EPpet due to
BBR28.

Figure 6.1: Reference0 - EPpet per property BBR28 in relation to the maximum
allowed EPpet for BBR28 [%]
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Energy use for the properties in Reference0 are illustrated in figure 6.2. To be able
to compare the reference case with the other cases, the total heating and cooling for
the whole site is also presented, see figure 6.3.

Figure 6.2: Reference 0 - Heating and cooling property [kWh/m2]

Figure 6.3: Reference 0 - Heating and cooling case [kWh/m2]
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Figure 6.4 presents the % of facade within the different intervals of VSC. To be able
to compare the case with the other cases, result for the whole site is also presented,
see figure 6.5.

Figure 6.4: Reference0 - % of facade within the different intervals of VSC for
each property [%]

Figure 6.5: Reference0 - % of facade case within the different intervals of VSC
for the whole site [%]
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To identify the level of VSC on the different parts of the facade, figure 6.6 visualizes
the VSC of reference0. The results can also be seen in appendix D.2.

(a) VSC north east facade [%] (b) VSC south east facade [%]

(c) VSC north west facade [%] (d) VSC south west facade [%]

Figure 6.6: VSC for Reference0 seen from different orientations

6.1.2 Reference0 - Conclusions
Conclusions about energy and daylight performance of the reference case are pre-
sented in this chapter.

6.1.2.1 Reference0 - EPpet

To start with, all properties fulfill the demands regarding EPpet due to BBR28.
Generally, the higher degree of premises, the lower EPpet compared to the maximum
allowed. The reason for this could be many, for instance:

• Premises have a higher allowed EPpet than residences
• The internal heat loads for premises are assumed a bit to low resulting in lower

cooling demand compared to the reality
• The energy for Domestic Hot water use (DHW) is 2 kWh/m2Atemp for premises

compared to 25 kWh/m2Atemp for residences

6.1.2.2 Reference0 - Cooling premises

The property that uses the highest amount of cooling is Reference005 and the prop-
erty using least cooling is Reference001. To explain why this is, the following are
studied:

• Share of premises and residences and the position of these
• Position on the site in combination with the surrounding
• Height
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• SF and WFR

Reference001 have the shape of a lamellhus, is positioned in the south of the site
and have a height on 32.5 m. The property is surrounded by two properties with
similar height. To the south there is a property with unknown height not belonging
to the studied DDP, but with a height slightly higher than Reference001. Refer-
ence001 contains of 87.5% residences and 12.5% premises, the SF is 0.28 and the
WFR 20.0%. Premises is located at the bottom floor.

Reference005 is divided into two parts with different heights which have a height
on 40.5 and 48.0 m. The property is positioned on the north side of the site and
surrounded by a street in both north/north east and east. In west/north west there
is a property which have a height on 32.0 m for the parts closest to Reference005.
A building with a height on 34.0 m is positioned in south/south east. Reference005
only contains premises and the property have a SF on 0.23 and a WFR on 17.7%.

Conclusion based on the above is that the position when it comes to north or south
on the site have less importance when it comes to the cooling demands for premises
in this case. The same conclusion can be drawn from looking at the SF and WFR.
One could imagine that a higher WFR always would lead to higher cooling demand
but in this case Reference005, which uses more cooling, have a lower WFR compared
to Reference001. On the other hand, one must remember that WFR ofcourse have
an impact, but in this case the difference is small between the properties and do not
affect the results in high degree. The aspect that seems to influence the cooling the
most is the position of premises and the height of the property. For Reference001,
the position of premises is on the bottom floors, while Reference005 is a property
with premises on all floors. If the studied property is higher than the surrounding,
some of the floors won’t be shadowed by other buildings which leads to higher solar
heat load and cooling demand.

Study the VSC could also give a hint on where there might be risk for high solar
heat load. A high VSC means that the facade is not shadowed by the surroundings
and in figure 6.6a, 6.6b, 6.6c and 6.6d one can see that Reference005 have a high
VSC for almost all facade compared to Reference001.

6.1.2.3 Reference0 - Heating premises

When it comes to heating for premises, Reference002 uses most heating and Refer-
ence003, Reference005 and Reference006 the least. At the same time, Reference002
is the property using least cooling for premises.

Looking at the same aspects as for cooling, Reference002 is located to the north
on the site and have a town house with court yard shape divided into two parts
with different heights; 29.0 m and 32.5 m. The SF is 0.23 and the WFR 19.0 and
it contains 84.4% residences and 15.6% premises. The premises are located on the
bottom floors. There is no high close by buildings in west/north west and in south
east the closest property is quite far away. Surrounding the property in north/north
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west is a town house with court yard with a height similar to Reference002 and in
north/north east there is a building with a height on 32.5 m.

Reference003 is 34.0 m high and have a SF on 0.22 and have a WFR on 15.0%.
Reference006 SF is 0.20 and have a WFR on 14.7%. The height of Reference006 is
34.0 m. The conditions for Reference005 is already mentioned when looking at the
cooling demand. All these three properties contains 100% premises but have quite
different shape compared to each other and Reference002.

To the south/south east, Reference003 is facing a property with unknown height not
belonging to the studied DDP but with a height slightly higher than Reference003.
In north, a building 6 m lower than Reference003 is positioned. In east there is a
road and in west/north west/south west there are two properties with similar height
as Reference003.

Reference006 also faces a road in west/north west/south west and the property is
surrounded by three buildings. The one in west/north west/south west have similar
height, but the building part in north/north west is 14 m higher and the property
in north/north east is 6 m lower.

Higher solar heat gains is favourable if considering heating. If arguing in similar
way regarding VSC as for the cooling, Reference002 have quite large facade area on
the bottom floors with low VSC which means low solar heat loads and thus increase
the heating demand as the premises are located in the bottom. The VSC is low
especially in the court yards. Reference003, Reference005 and Reference006, that
contains only premises, is not shadowed in the same degree as Reference002. All
these properties are facing a road which means that there is no close by buildings
on that side leading to higher VSC.

However, one can not only look at the WFR and conclude a lower heating demand
as higher WWR and WFR also means higher transmission losses. This because
the value for thermal transmittance is much higher for windows compared to the
exterior wall. Reference002, which uses most heating for premises, have the highest
WFR. One can conclude that the reason to why Reference002 uses most heat could
be due to the combination of high WFR and low solar heat loads.

Looking at the SF, all properties have a value between 0.20-0.23. Heating is related
to transmission losses, which depends on the building envelope area which relates
to the SF. So one can expect a relationship between the SF and transmission losses.
However, important to have in mind is that the heating demand can’t be explained
only by looking at the SF.

6.1.2.4 Reference0 - Heating residences

By looking at heating for premises, it is only Reference001, Reference002 and Refer-
ence004 that contains residences. Of these three, Reference001 uses most heat and
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Reference004 the least. To mention is that Reference001 uses the least amount of
cooling of the six studied properties.

Reference001 have the shape of a lamellhus and the building height and surrounding
condition are described earlier when looking at the cooling demand.

Reference004 have the shape of a town house with court yard. The property is di-
vided into multiple parts with different heights. In the middle there is a lower part
with a height on 20.5 m. The parts in north/north east/east/south east parts have a
height on 32.0 m and in west/south west/south the height is 29.0 m. In north/north
west/west/south west there is no high close by buildings. In north east/east/south
there are properties with similar height as Reference004. In south east, the distance
to the next building is quite long. The SF is 0.21 and the WFR 15.1%.

If having the same argumentation as for heating of premises, one can by looking
at the VSC conclude that Reference001 have more facade with a lower VSC than
Reference004, resulting in lower solar heat gains and higher heating demand. Com-
paring the SF and WFR, Reference001 have both a higher SF and WFR compared
to Reference004, which means higher transmission losses. Even though a higher
WFR is positive if considering the solar heat load, the combination of having high
WFR at the same time as having larger part of the facade shadowed by surrounding
buildings leads to higher heating demand in this case.

Important to mention about solar heat gains and the relation to heating demand
is that one may never know if people living and working may experience glare or
dissatisfaction with solar radiation and due to this use solar shading. This makes
establish a solar shading schedule difficult. To rely on solar radiation when it comes
to heat the building to desirable indoor temperature is therefore not suitable or
durable. Solar radiation must be handle with caution and in combination with
other aspects.

6.1.2.5 Reference0 - VSC

It is important to remember to not only look at the level of facade within differ-
ent intervals of VSC, but also where the VSC is low. In this case study, premises
could infer to both offices, shops and other activities. Daylight requirement differs
depending on kind of activity so even if there is parts of the property with a low
VSC it must not necessary be an issue. By combining visualization and diagrams,
a better understanding of the daylight condition is possible. If studying the total
case, 19.3% of the facade have a VSC between 15-25%, and 32.9% below 15%. So
almost 1/3 of the properties may experience issues reaching the daylight demands,
regardless if increase the window area. However, as been mentioned there might be
premises without daylight demands at these positions which makes the low VSC not
an issue.

Studying each of the properties separately, all properties except Reference005 and
Reference006 have a VSC below 25% at more than 50% of the facade. Reference001

55



6. RESULTS

and Reference003 have the highest degree of facade with a VSC below 15%. Refer-
ence005 performs the best when it comes to VSC, Reference006 is also good.

Looking at the conditions for the properties that performs well, these buildings have
first of all at least one facade not facing any close by buildings. The facades facing
other buildings have varying degree of results depending on the distance to and the
height of the next property.

Studying figure 6.6a, it is clear that Reference006 have one side of the facade where
the VSC is low on almost all floors. In figure 6.6c, it can be seen that a big part
of the facade for Reference006 have a VSC below 25%. Also, figure 6.6c shows that
Reference005 have a high degree of low VSC at the facade closest to Reference004.
Again, if this is an issue or not is depending on what kind of activity will take place
and also on the condition of the other facades. For instance, if looking at the north
facade in figure6.6c, the VSC is above 25% at the whole facade which means that
daylight hitting that side of the building may be enough to ensure good daylight
conditions depending on the room geometry.

There are two kvartershus on the site and both of these may experience issues with
daylight at the corners, in the court yards and on the bottom floors. Reference001,
which performs less good when it comes to VSC, is facing other buildings with sim-
ilar height on all sides besides one smaller part. Looking at figure 6.6a and figure
6.6d, one can see that the two longer sides and especially the south, have large fa-
cade area with low VSC. Reference003 have an opening in the middle of the building
which have very low access to daylight if looking at figure 6.6b and figure 6.6c.

What affects the VSC conditions are the distance to and height of surrounding
buildings, geometry like corners and also important to mention is that even though
the VSC may be high on the facade, the building depth is limited if wanting to
achieve good daylight. Rooms with a facade with lower VSC may require more
windows, which increase the solar heat load and transmission losses. Glare and
view from the inside out and outside in must also be taken into consideration.
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6.2 Comparison I
The results and conclusions for comparison 1 is presented in this section.

6.2.1 Comparison I - Results
Heating and cooling for each property are presented in figure 6.7, figure 6.8 and
figure 6.9. The results compared to Reference0 can be seen in figure 6.10.

Figure 6.7: Comparison I - Heating residences [kWh/m2]

Figure 6.8: Comparison I - Heating premises [kWh/m2]
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Figure 6.9: Comparison I - Cooling premises [kWh/m2]

Figure 6.10: Comparison I - Heating and cooling compared to Reference0 [%]
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In figure 6.11, the total transmission losses per property in relation to the SF is
presented.

Figure 6.11: Comparison I - Transmission losses [kWh/m2] vs. SF [-]

The VSC for each property is presented using diagrams, see figure 6.12. The sum-
marized result for each of the cases is illustrated in figure 6.13. In figure 6.14 the
difference between the cases compared to Reference0 is illustrated.

Figure 6.12: Comparison I - % of facade within different level of VSC per
property [%]
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Figure 6.13: Comparison I - % of facade within different level of VSC per case [%]

Figure 6.14: Comparison I - % of facade within different level of VSC per case
compared to Reference0 [%]
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The VSC looking from north east are visualized in figure 6.15. The visualizations
can also be seen in appendix D.3

(a) VSC Punkthus0 [%] (b) VSC Lamellhus0 [%]

(c) VSC L-hus0 [%] (d) VSC Kvarterhus0 [%]

Figure 6.15: VSC of Comparison I on north east facade

6.2.2 Comparison I - Conclusions
This section summarize the conclusions based on the results for Comparison I.

6.2.2.1 Comparison I - Cooling premises

Studying each property separately, Punkthus007-Punkthus011, Lamellhus004 and
L-hus003-L-hus006 are the properties using most cooling. Lamellhus001, lamell-
hus005, lamellhus006, L-huss02 and Kvartershus002 uses the least. If comparing the
cases with Reference0, all have higher cooling demand. Punkthus0 and L-hus0 in
top with an increased cooling demand on about 70%. Lamellhus0 and Kvartershus0
have an increased cooling demand of around 30%.

If looking at Punkthus011, which is one of the properties that uses most cooling, it
is position in the north of the site, surrounded by buildings with the same height.
The whole building consist of premises. The property have no close by buildings in
north/north east/north/north west. The SF is 0.22 and the WFR is 15.7%.

L-hus004 is a quite big property that contains both offices and residences. The prop-
erty covers approximately about 1/4 of the site and is located in the north west,
divided into two heights; 36.0 m and 39.0 m. It has no surrounding buildings in
north/north east/west/south west. In south there is a building with similar height,
and in north west/west/south west there is also a property with similar height. The
SF is 0.24 and the WFR is 17.3%.
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Studying the lamellhus which use lower amount of cooling compared to the other
properties, Lamellhus001 is positioned in south with a height on 36.0 m. Surround-
ing the property is to the north east a property with similar shape as Lamellhus001
and in north/north west/west/south west a larger property. In south/south east
there are buildings not belonging to this site but with a slightly higher height than
Lamellhus001. The property is facing a court yard in north west and a quite open
area in north west. The SF of Lamellhus001 is 0.27 and the WFR is 20.0%. Lamell-
hus005 and Lamellhus006 are positioned in the north surrounded by a larger prop-
erty (Lamellhus004). The property have one side each facing green areas and in the
south there is a road. The height of the properties is 36.0 m and Reference004 that
surrounds the properties have the same height in west and is a few meters higher
in north west/north/north east/east. Both properties have the same SF and WFR,
0.27 respective 20.0%.

Looking at the VSC; Lamellhus001, Lamellhus005 and Lamellhus006 have a high
degree of facade with a lover VSC also meaning that the solar radiation hitting
the facade is low resulting in lower cooling demand. If looking at Punkthus0, one
may expect that the properties in south may be the properties with higher cooling
demand but in this case, these are shadowed by buildings outside the site. Punk-
thus001 have two facades facing no other buildings and have a high VSC on large
parts of the facade. This is due to not being shadowed as the distance between the
property and open areas are large. L-hus004 have a lot of facade not facing any
nearby buildings and because of this, the solar heat loads are higher.

As been concluded earlier, the aspects of shadowing have big influence. Of course
the WFR also matter but as the WFR is not varying in high degree it’s a matter of
the position of the properties in relation to each other and the height of these that
in high degree affects difference in cooling demand.

6.2.2.2 Comparison I - Heating premises

Generally, the lower SF, the lower heating demand. Comparing the cases against
Reference0, it is only Lamellhus0 that have a higher heating demand than Refer-
ence0. That Lamellhus0 would have high heating demand is expected if looking at
figure 6.8 where almost all lamellhus uses more heat per m2 compared to the proper-
ties in the other cases. Punkthus0, that has the highest increase in cooling demand
compared to the Reference0, is however also the case with the highest decrease in
heating. Why there is such a difference in heating could be explained by first of all
studying figure 6.11. The diagram shows that there is a correlation between the SF
and the total transmission losses. All properties in Punkthus0 have a SF on 0.22
which results in lower transmission losses than for the lamellhus which have a SF
between 0.25 to 0.27. If looking at the WFR, punkthus generally have lower values
than the rest of the studied properties which should lead to lower solar heat gains
if considering the window area. However, it is also about the access to sun and by
studying figure 6.12 and figure 6.14 it can be seen that punkthus in general have
higher degree of VSC than than the other properties. This means more access to
sun and higher solar heat loads which in turn decrease the heating demand. To add,
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as been mentioned earlier, it is important to not only rely on solar heat gains to
heat the building as there might be aspects obstruct solar radiation coming into the
property, like human behavior related to use of solar shading systems.

6.2.2.3 Comparison I - Heating residences

As for the premises, Lamellhus0 is the only case with higher heating demand than
the reference case. One can draw the same conclusion as for the residences, that the
lamellhus uses more heat due to higher transmission losses and less solar heat gains.

6.2.2.4 Comparison I - VSC

Figure 6.12 shows that in general, punkthus is the building type providing the best
conditions for a high VSC if wanting to establish similar BTA as the reference case.
Figure 6.14 shows that if looking at the site in total, the share of facade with a
VSC below 15% decrease with almost half compared to Reference0 and the share of
facade area that have a VSC between 15-25% and above 25% increases with 16%
respective 27%. L-hus0 performs quite similar as Reference0 if only looking at the
% of facade within different level of VSC. Lamellhus0 and Kvartershus0 performs
slightly better in this case.

If looking at each property separately, Lamellhus005, Lamellhus006, L-hus001 and
L-hus002 have a high degree of facade with a VSC below 15% which results in dif-
ficulties reaching the daylight demands in these parts of the building. However,
as been pointed out before, it is about which kind of activities will take place as
not all of these have daylight requirement. The conditions for Lamellhus005 and
Lamellhus006 have been explained earlier when discussing the outcome of cooling.
The properties are positioned in the north surrounded by Lamellhus004 which is
a large property that decrease the daylight hitting the facade. L-hus001 is facing
other buildings on all sides besides north west/west/south west and is surrounded
by properties on all sides. In figure 6.15c the conditions for L-hus is illustrated and
the compactness of the site explains the low VSC.

The visualization of VSC helps conclude where the conditions for daylight is less
good and together with the summarized result for each of the case and each property,
it enables identification of challenges and opportunities for improvement.
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6.3 Comparison II
This section contains the result and conclusions for Comparison I.

6.3.1 ComparisonII - Results
The heating and cooling for each property is presented in figure 6.16.

Figure 6.16: ComparisonII - Heating and cooling per property [kWh/m2]

The change in energy use for all cases compared to Kvartershus0 can be seen in
figure 6.17.

Figure 6.17: ComparisonII - Heating and cooling compared to Kvartershus0 [%]

The change in heating and cooling per property compared to Kvartershus0 is pre-
sented in figure 6.18.
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Figure 6.18: ComparisonII - Change in heating and cooling per property
compared to Kvartershus0 [%]

Results for VSC is presented in figure 6.19. Kvartershus3 have the same shape as
Kvartershus0 but with increased WWR and therefore, the results for VSC are the
same and will not be presented. In figure 6.20, the difference in VSC for Kvarter-
shus1 and Kvartershus2 compared to Kvartershus0 is illustrated.

Figure 6.19: ComparisonII - % of facade within different level of VSC per
property [%]
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Figure 6.20: ComparisonII - % of facade within different level of VSC per case
compared to Kvartershus0 [%]

6.3.2 Comparison II - Conclusion
This section summarize the conclusions based on the results for Comparison II.

6.3.2.1 Comparison II - Cooling premises

Studying and comparing the cases, Kvartershus003 have the highest increase in
cooling which do not come as surprise as the solar heat gains increase with a higher
amount of windows. The difference between Kvartershus0 and Kvartershus1 is an
increase of height in north and a decrease in height north. This results in an increase
in cooling by a few % which is related to less shadowing.

The properties in Kvarterhus0 and Kvarterhus3 looks the same except from an in-
crease in WWR from 30% to 40%. If studying each property in the case with incresed
WWR, the results for cooling are varying. Figure 6.18 shows that the cooling have
increased in higher degree for Kvartershus301 and Kvartershus302 compared to the
other if looking at the percentage. However, these two properties uses less cooling
per m2 premises. Studying the conditions of these buildings, Kvartershus301 and
Kvartershus302 are positioned to the south on the site and it is the position and
how the buildings are shadowed that explains the increase.
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In figure 6.18 it is clear that in percentage, Kvartershus202 is the property with
the highest increase in cooling with about 175%. What have changed is that the
height of the property. The height before were 33.0 m but now the property have
been divided into two parts with different height on 33.0 m in north and 27.0 m
in south. The SF have increased from 0.21 to 0.23 and the WFR from 14.3% to
15.0%. Kvartershus202 have one facade not facing any high buildings which results
in high VSC. This also means access to solar radiation. Having good access to solar
radiation means that an increased WWR have a bigger affect on cooling than if the
facade is shadowed. However, in total, changing position of premises and residences
in this case decrease the cooling if consider the whole site.

Studying Kvartershus2, changing position of premises and residences with premises
located mainly in the lower parts of the properties decrease the cooling demand.
If looking at the whole site, the decrease is about 9%. How this come have been
examined. In kvartershus0, the properties containing 100% premises are Kvarter-
shus003 and Kvartershus005. Kvarterhus004 also contains high degree of premises,
around 61%. The height and shape for this properties can be seen in figure 5.4.
Kvartershus004 and Kvarterhus005 is located in the north, and Kvartershus003 in
the south. Kvartershus003-Kvartershus005 are the properties using most cooling per
m2 if studying the whole site. In kvartershus2, Kvarterhus203 still consists of only
premises but Kvartershus204 now only contains around 44% premises and Kvarter-
shus205 36.4%. The premises that before used the most cooling due to the position
on the site now contains higher degree of residences, which do not require cooling.
All properties do now consists of premises in varying degree and these are positioned
in the lower floors of the buildings, resulting in lower cooling demand.

Conclusion about cooling for kvartershus; changing height affects the cooling, nega-
tive in this case, depending on how the difference in height between the properties
are positioned. Higher buildings in north leads to less overshadowing and higher
solar heat gains with increase in cooling as consequence. A higher WWR can have
a negative effect on cooling depending on where the building is positioned and the
shape and height compared to the surrounding. Changing position of premises and
concentrate these to the parts which have less solar heat gains, often the lower parts
of the properties, have positive effect on the use of cooling.

6.3.2.2 Comparison II - Heating premises

Changing height in Kvartershus1 have some impact on the heating looking at the
site in total. However, the change in total is about 4% for premises. Changing height
change the SF with a bit higher values for all properties except for Kvartershus003.
As been presented before, a higher SF leads to higher transmissions losses which can
explain the slightly higher heating demand. The WFR have also increased, even if
it’s below 1% for all properties, which could result in higher solar heat gains. But
it is also about shadowing and in this case, the increase in solar heat gains does not
weight up for the higher transmission losses.
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The heating demand for premises have decreased if comparing Kvartershus2 with
Kvartershus0. The premises is now located mostly in the lower parts of the build-
ings and as been mentioned when examine the cooling, there is an other distribution
of premises and residences in the properties and on the site. One explanation to
the decrease in heating could be the mentioned distribution of premises, that these
are now connected to residences in higher degree than before and thus receive heat
by transmission losses through the internal slab. The premises are generally less
affected by the solar radiation as the solar shading system reduces a lot of the solar
heat load (a lower g-value for the windows and the shading system). So even if the
premises have moved and is now shadowed in higher degree than before, the change
in solar heat load is not the aspect that contribute the most to the change.

Comparing Kvartershus3 with Kvartershus0, the heating for premises increases with
17% if looking at the total site. Looking at each property, the increase is about
15-20% for each property and is explained by higher transmission losses. Even if
higher WWR leads to higher solar heat gains, it does not weight up for the increased
transmission losses. Also, the need of heating is higher during the colder part of the
year where the solar radiation at the same time is lower.

6.3.2.3 Comparison II - Heating residences

Studying the whole site, all cases have higher heating demand for premises compared
to Kvartershus0. If starting with Kvartershus1, the heating increase with around 6%.
The reason for this is the same argument as for heating of premises; a higher SF
and higher transmissions losses. The low increase in WFR does not compensate for
the higher transmission losses even though the solar heat gains may have increased.

Heating of residences have increased with about 16% if looking at the whole site
when changing position of residences and premises. To explain this, one may study
where on the site the residences is mainly positioned. Before, there were mainly
residences in Kvartershus001 which contains 75% residences and Kvartershus002
around 90% residences. Kvartershus004 have also some share of residences; around
40%. As been mentioned before, Kvartershus004 is located to the north on the site,
Kvartershus001 and Kvartershus002 in south. In Kvartershus2, there are residences
in four of the five properties compared to the previously three. Now, Kvarter-
shus201 contains 50% premises, Kvartershus202 around 44%, Kvartershus204 43.8%
and Kvarterhus205 36.4%. So in general, there is a more even distribution of resi-
dences and premises in the properties.

In Kvartershus0, all properties uses between around 15-21 kWh/m2 with Kvarter-
shus001 in top. Kvartershus2 and Kvartershus201 still uses the most heating but
now the property have a lower degree of residences and also a decreased height.
What may explain the increase in heating for Kvarterhus201 could be the lower
height which results in higher degree of shadowing by the properties not belonging
to the site located to the north. This increase the heating. Also, there have been,
as already mentioned, an increase in the SF and WFR which increase the transmis-
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sion losses. If the property isn’t shadowed in the same degree as it is actually is,
the solar heat gains due to more windows may had decreased the heating a bit but
the combination of increased window area and increased shadowing leads to higher
heating demand.

Kvartershus3 has, as already been stated, an increased cooling demand and do also
have an increased heating demand for premises. It is the case where, if looking
at the whole site, the heating demand have increased the most. The same argu-
mentation as for heating of premises is valid; higher transmission losses that aren’t
compensated for by for instance increased solar heat load.

To conclude; changes in height affects the heating. Whether the change is positive
or negative is depending on which building are changed and how it’s changed in
relation to the surrounding. Also, the WWR matters as it increase the transmission
losses at the same time as the solar heat gains could increase depending on if the
facade is shadowed or not. The position of premises and residences have earlier been
concluded matters for the cooling demand, but do also have affect on the heating
demand.

6.3.2.4 Comparison II - VSC

Changing height have an impact on the VSC, in this case a small impact, but still
a positive improvement. This can be seen by studying figure 6.19 and figure 6.20.
Studying the whole site, the share of facade with a VSC below % decrease with
5% for Kvarterhus1. The share of facade with VSC on 15-25% and above 25% re-
mains quite similar. Looking at the property separately, Kvarterhus101 have higher
the highest degree of VSC between 0-25%, and Kvarterhus103 the lowest. What
distinguish these two are the shape and the properties relation to the surrounding
buildings when it comes to height and distance. In figure 5.8 it can be seen that
Kvarterhus103 have more free space around than Reference001 and is also higher
than the surrounding properties which is positive through a daylight perspective, at
least for the top floors.

The VSC is measured on the outside facade and the result of illuminance on the ver-
tical surface compared to an unobstructed sky on the horizontal surface. The kind
of activity going on inside does not affect the VSC. However, the resulting VSC may
have an affect on where it’s possible to position offices, residences and stores. It’s
a matter of which kind of activity have daylight demands and which do not. What
do affect the VSC in Kvartershus2 is the fact that the height is also changed and
not only the position of residences and premises. Compared to Kvartershus0, the
facade with a VSC below % decreases with around 9%, and the facade with VSC
above 25% increases with around 6%. The change for VSC below 15-25% is 3%. So
in this case, the change in height had an positive outcome when it comes to the VSC.

As Kvartershus3 looks the same as Kvartershus0, the result for VSC will not be
comment as it has been evaluated in Comparison I.
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To add, as been mentioned before, it is important to study where the VSC is low
as this may result in higher window area demands to be able to reach the daylight
requirement which increase the solar heat load and transmission losses. Increased
solar heat load could be both desirable and not depending on what kind of activity
is going on.

70



6. RESULTS

6.4 Comparison III

The results and conclusion regarding Comparison III is presented in this section.

6.4.1 Comparison III - Results
Implementing external corridors increase the thermal bridges with 13.5% if compar-
ing case Lamellhus1 with Lamellhus0. Looking at each property, the increase for
residences is presented in figure 6.1.

Table 6.1: Comparison III - Thermal bridges

Property ∆ Thermal bridges residences [%]
Lamellhus101 +23.5
Lamellhus102 +28.5
Lamellhus104 +26.6
Lamellhus105 +23.1
Lamellhus106 +23.1

The heating and cooling per property for Lamellhus0 and Lamellhus1 is presented
in figure 6.21.

Figure 6.21: Comparison III - Heating and cooling per property Lamellhus0 and
Lamellhus1 [kWh/m2]

The change in heating and cooling per property for Lamellhus1 compared to Lamell-
hus0 is presented in figure 6.22.
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Figure 6.22: Comparison III - Heating and cooling per property Lamellhus1
compared to Lamellhus0 [%]

The change in heating and cooling between Lamellhus0 and Lamellhus1 is presented
in figure 6.23.

Figure 6.23: Comparison III - Heating and cooling Lamellhus1 compared to
Lamellhus0 [%]
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The change of % facade within the different levels of VSC for each property if com-
paring Lamellhus1 with Lamellhus0 is presented in figure 6.24. In figure 6.25, the
difference in VSC if looking at the whole site is summarized.

Figure 6.24: Comparison III - % of facade within different level of VSC per
property [%]

Figure 6.25: Comparison III - % facade within different level of VSC Lamellhus1
compared to Lamellhus1[%]
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6.4.2 Comparison III - Conclusion

6.4.2.1 Comparison III - Cooling premises

In figure 6.23 it can be seen that if studying the whole area, the cooling demand
have increased with around 23%. This can be explained by first study the properties
separately. Figure 6.22 shows that Lamellhus101, Lamellhus105 and Lamellhus106
have the highest increase if looking at the percentage, but these property also have
a low cooling demand in both case Lamellhus0 and Lamellhus1 which means that an
increase in cooling in kWh/m2 affects the outcome in increased percentage in higher
degree than for the properties with a higher value for cooling. Even though these
three properties are shadowed by the surrounding geometry, the small increase in
cooling is probably due to the increase in WFR which increase the solar heat load
and the cooling demand as a result of this. Lamellhus102 and Lamellhus104 have
also an increase in cooling demand which probably could be explained by the same
argument; a higher solar heat load.

The only property that is affected in a positive way when comparing the two cases
regarding cooling is Lamellhus103, with a decrease on 37.6%. The decrease in this
case is not due to implementing external corridors as the property contains 100%
premises. The WFR have decreases with 0.2% but the decrease could perhaps be
explained by looking at the position of the property. Lamellhus103 is located in the
south east of the site, close to Lamellhus001 which contains mostly residences. It is
also positioned besides Lamellhus102 which contains 62% residences. Implementing
external corridors at the residences at these properties means that the properties are
covered in high degree by these. These external corridors may shadowing Lamell-
hus103 and decrease the cooling demand due to lower solar heat loads.

Conclusions about cooling with regard to implementing external corridors at the
residence parts in this case study is that it may have a positive affect on premises
that are shadowed by these. To mention is that having external corridors may
lead to changes in the geometry which also affects the cooling demand, in this case
negative. It is important to take into account both the shadowing aspect and the
changed geometry when it comes to cooling demand and external corridors.

6.4.2.2 Comparison III - Heating premises

Figure 6.23 shows that the heating for premises if studying the whole site have
decreased with around 14%. Lamellhus101, Lamellhus105 and Lamellhus106 have
an increase in heating with 3.9-5.0%. Why this is could be explained by both a
higher SF that increase the transmission losses and a higher WFR which increase
the heat losses through the windows. The three properties are surrounded by Lamell-
hus102 and Laemellhus104 which shadowed these properties and decrease the solar
heat load. So even though the WFR is bigger for Lamellhus101, Lamellhus105 and
Lamellhus106 than for Lamellhus001, Lamellhus005 and Lamellhus006, these win-
dows are not exposed to enough solar radiation to compensate for the increase in
transmission losses through the window glass. The increase in heating for these
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properties are also due to having high degree of residences which means that big
parts of the property are covered with external corridors which shadows the windows
at the premises. The solar heat load decreases and the heating demand increases
due to this.

The rest of the properties have a decrease in heating for premises with 10.8-17.5%
which can be a result of a higher WFR compared to Lamellhus0. These three prop-
erties are not shadowed by other properties in the same degree as Lamellhus001,
Lamellhus005 and Lamellhus006 which means that the solar heat load increases and
decrease the heat demand as result.

Conclusions regarding heating for premises is that the change in demand is connected
to the geometrical changes of the property it self and the surrounding properties, but
also the degree of residences as the external corridors are implemented at these parts
of the property. The external corridors may shadow the windows at the premises
and decrease the solar heat load and therefore increase the heating demand.

6.4.2.3 Comparison III - Heating residences

With external corridors implemented at the residences, the thermal bridges increases
with 13.5% if comparing Lamellhus1 with Lamellhus0. This increase the heat losses,
which combined with a higher degree of shadowed facade which lower the solar
heat load leads to higher heating demand. The heating increases for all properties
containing residences, which can be seen in figure 6.22. The increase is about 10.0-
15.7%.

6.4.2.4 Comparison III - VSC

Implementing external corridors will affect the VSC which is presented in figure 6.24
and figure 6.25. For all property except Lamellhus103, the percentage facade with
a VSC below 15% have increased and the percentage facade with a VSC above 25%
have decreased. Why the result for Lamellhus103 differs from the rest is probably
due to the fact that it is the only property that does not contain any residences
and is therefore not affected in that way. Simultaneously, the close by property
Lamellhus101, is changed in shape and may not obstruct the access to the sky in
the same degree as before.
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6.5 Comparison IV
Results and conclusions for Comparison IV are presented below.

6.5.1 Comparison IV - Results
This comparing includes the reference case and the reference case with an increased
WWR from 30% to 40%. The impact of increasing WWR have also been investi-
gated in comparison II which contains only kvartershus.

The result for heating and cooling for each property can be seen in figure 6.26 and
the change for each property is presented in figure 6.27.

Figure 6.26: Comparison IV - Heating and cooling per property Reference1
[kWh/m2]

Figure 6.27: Comparison IV - Change in heating and cooling per property
Reference0 compared to Reference1 [%]
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The change in heating and cooling for the total case is presented in 6.28.

Figure 6.28: Comparison IV - Heating and cooling Reference0 compared to
Reference1 [%]

As the VSC is measured on the facade and a change in WWR do not affect the VSC
on the facade, the value for VSC is the same for Reference0 and Reference1 and
will not be presented. The value of daylight inside the property is of course affected
by the WWR but calculating the daylight inside the rooms is not included in this
study as the room geometry is assumed to be unknown in this early stage.

6.5.2 Comparison IV - Conclusion
6.5.2.1 Comparison IV - Cooling premises

When studying figure 6.27 that presents the change in cooling looking at the whole
site and figure 6.26 where the results for each property are presented, it is clear
that an increased WWR have a negative impact on the cooling in this case. All
properties except Reference105 and Reference106 have a large increase, between
23.1-100.1%. Reference102 have the highest increase with around the double com-
pared to the original case. Why the properties are affected to different extent can be
explained by the locations on the site and the shape of the buildings. Reference105
and Reference106 is both located in the north and also shadowed in higher degree
by surrounding buildings. The impact of having a higher WFR do not affect these
properties in the same degree as the others due to fact that the solar heat load do
not increase that much.

Reference102 have the shape of a kvartershus and is located more to the south west
on the site. The WFR have increased with 7.0% and due to being exposed to more
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sun due to the position on the site, the solar radiation affect this building in higher
degree than some of the others. Reference104 have also a high increase in cooling,
with a value on 55.9%. This can be explained by looking at the shape and position.
Reference104 have big parts of the facade not facing any close by buildings. Due to
this, the solar radiation hitting the facade and therefore the windows is high which
increase the cooling demand due to increased solar heat load.

Conclusion regarding cooling is that an increased WWR have an impact on the
cooling demand. How much is due to of course the increase in % but also the position
of the site and the SF. Properties exposed to higher degree of solar radiation are
affected more than properties shadowed by the surrounding. An increased SF results
in a higher value for WFR when increase the WWR.

6.5.2.2 Comparison IV - Heating premises

It is not only the cooling demand that have increased, so have also the heating de-
mand. The heating demand if studying the whole site have increased with around
15% and the heating for each property have increased with 5.6-22.3%. Reference105
and Reference106 have the highest increase and Reference102 and Reference104 the
least. This is actually the opposite to the change in cooling where Reference102 and
Reference104 had the highest increase and Reference105 and Reference106 the least.

The increase in WFR is between 32.1-36.8%, where Reference102 have the highest
increase and Reference104 the least. So the highest increase in heating must not
necessary be related to the highest increase in WFR, it is about where on the site
the property is located and the surrounding conditions. Reference105 and Refer-
ence106 is located in the north and is, as been already mentioned when discussing
the cooling demand, shadowed by surrounding buildings. These properties can not
benefit from higher solar heat load and have instead mostly an increase in trans-
mission losses through windows leading to higher heating demand. Reference102
and Reference104 on the other hand have higher solar heat load due to increased
WFR and higher degree of facade not facing any other close by shadowing buildings
compared to Reference105 and Reference106.

Conclusion regarding increased WWR and heating is that the results are based
on both the SF and the location on the site combined with the condition of the
surrounding. An increase in WWR will have a higher negative impact on the heating
if the property is shadowed.

6.5.2.3 Comparison IV - Heating residences

It is only Reference101, Reference102 and Reference104 that contains residences.
The increase in heating demand for these is similar, between 13.4-16.0%. For
premises, the variation in increase between the three properties is 5.6-15.6%. Why
the variation is lower for residences than for premises could be a matter of position
of these activities. Premises are mainly positioned on the bottom floor and a con-
sequence of this is that these are shadowed in higher degree than the floors located
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higher up in the property. The solar radiation and heat load is related to the access
to sun and the heating demand is affected by this.

If arguing similar as for heating for premises, that it’s related to transmission losses
and solar heat load, one can conclude that the heating demand for residences is
related to the resulting WFR due to WWR, the geometry of the building, the
position on site and the surrounding.

6.6 Multi-parameter comparison
In order to be able to do an overall comparison of the SF, the results for the VSC
and the transmission losses for all cases, a multi-parameter analysis have been car-
ried out. This can be seen in appendix E. What can be seen is that the transmission
losses have a quite strong relation to the SF as the transmission losses tend to in-
crease with an increasing SF. The VSC has not as strong correlation to the SF as it
is more related to its surrounding than the properties of the property itself, such as
the SF.

However, there is a quite large spread of the values for some cases, such as the
reference case and town houses with court yards (kvartershus). It could be favourable
to have similar performing of the buildings in terms of energy performance as well
as daylight, though depending on its use.
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DISCUSSION

The last years master thesis within the development of BeDOT by Linda Wäppling
concluded that to be able to really optimize a building, investigations of daylight
condition and energy need to be implemented earlier, before stating the DDP. This
matter is one of the main sources for inspiration of this master thesis that aims to
investigate if the energy demand really could decrease if implementing BPS even
earlier in the building process while guaranteeing no deterioration in daylight or
indoor quality conditions. Focus on early stage design and BPS is an obvious choice
due to the potential to influence and improve building performance further in form
of energy use and daylight conditions.

When performing the literature study, it was no surprise finding that BPS:s are
usually implemented in early design stage, but early stage means in this case after
the DDP is already stated. As the DDP controls how the developer is allowed to
build on the site, it seems that when talking about early stage design today, it is a
matter of adapt and develop the best solution possible based on the allowed given
conditions in the DDP.

To collect relevant theory possible to apply on the climate for the city of Gothenburg
turned out to be not entirely without challenge. But conclusions from the theory
are that the SF, WWR and the orientation of the building is of importance. One
challenge in the case study was to make sure that the building shape is reason-
able in terms of length and width to avoid buildings that in reality is unsuitable
for people to live or work in. By collaboration with Amanda Markgren, a student
within architecture and project management, assurance of that the building shapes
are adapted to reasonable dimensions were guaranteed. Markgren also made sure
that the buildings takes into account aspects like for example access to greenery and
sun light.

One issue though with having Markgren producing the models were that important
aspects that may be obvious for the authors of this master thesis may not be obvious
for Markgren who has expertise within another discipline. One example of this is the
importance of having the same total area and share of premises and residences for
the site to facilitate the comparison between the different cases. The area and share
of premises and residences differ in the final versions but due to the fact that the size
of the site is large and allows expansions to a certain degree. Therefore, the differ-
ence if looking at the percentage is assumed not to affect the result to a large extent.
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To add is that Markgren took the building orientation into consideration when posi-
tion the properties on the site. This is based on the theory that rotating the property
with ±15% towards southeast or southwest from a south orientation can result in
a decrease of heating and cooling with around 13-14% due to a parametric analysis
by Bogdanović, Ignajatović et al. (2018). The influence of rotating the buildings
was planned to include in the case study. However, an issue with rotation is that
the properties may not longer fit on the site or next to each other. Rotating the
properties were therefore excluded and other aspects like geometry were concluded
to be more interesting to study.

To be able to perform the case study, BeDOT has been developed as it was before
only possible to study one building at a time. The site to study contains multiple
building and due to the fact that how the buildings affect each other are of great
matter in this master thesis, develop BeDOT was a must. Developing BeDOT was
a challenge and demanded a lot of time. The time effort of developing the tool
further did cause some issues when it came to the time plan. This in combination
with a very long simulation time resulted in fewer cases studied compared to what
was initially planned. The simulation time need to be further develop if striving for
efficiency in BPS.

To optimize the master thesis work, priority of which cases were most relevant to
study were carried out. This resulted in the study of the actual DDP (the reference
case) and the four different comparison options. To compare the reference case with
the four different cases where the site contains only type buildings were of impor-
tance to be able to study the impact of SF. One of the purposes of the study was to
investigate how the change in building height influence as well as changes in posi-
tion of premises and residences, while maintaining the same building shape. These
aspects might produce advises on how to think when planning a property based
on energy and daylight. During the interview study, the impact of having external
corridor were mentioned and due to the fact of these being implemented on proper-
ties today, the impact of having external corridor was included as one comparison.
That the window shape, size and position influence both the daylight and energy is
obvious and the additional studies provide further insights in this matter.

Regarding the case study, first of all; there are challenges with finding relationships
between different aspects when studying a site with multiple buildings and not only
one property. Depending on where the property is located and how the building
shape is related to the surrounding, especially the view to the sky and different
amount of daylight- and solar radiation reach the facade. If having just one building,
the impact on energy and daylight when changing SF, WWR etc. would have been
easier to investigate. But even though it is more difficult having multiple properties
when interpreting the result, it is not a choice having only one building. As one
of the purpose with the master thesis is to investigate if it is possible to affect
and change the DDP process, study multiple buildings is a demand as many sites
includes multiple buildings. How to study multiple buildings at the same time and
which aspects to include need to be further investigated though.
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To have access to correlations between different aspects would be helpful in the early
design decision making. If knowing that finding relationships would be as difficult
as it has turned out to be, maybe another approach on how to model the different
design option cases had been made. One thought after concluding the case study
is that there could have been a higher degree of similarity between the cases. For
example, all properties could have similar share of premises and residences to make
it easier to compare different building shapes. But at the same time, having equally
share of activity is seldom the reality. Properties on a site will often have completely
different conditions and shapes. It is a matter of balance the reality with the level
of complexity possible to make an comparison.

But even if the outcome from the case study sometimes were difficult to interpret,
some conclusion were possible to draw. First of all, there is a correlation between
the SF and the transmission losses. The higher SF, the higher heat losses. What
could also be seen is that the cooling demand increase with higher value for VSC.
This is reasonable as access to the sky affects the access to solar radiation, which in
turn increases the indoor temperature and cooling demand. Of course the amount,
position and properties of the windows also affect the solar heat load. What is chal-
lenging is that a high VSC is desirable, while a high solar heat load most of the time
is not. But the work towards reducing energy use has come a long way if having a
strategy where different design options are compared with regard to cooling and at
the same time make sure that the VSC is high enough.

Finding a correlation between the SF and the heating or cooling demand have proved
to be more difficult. This due to what have already been discussed a bit, that the
properties are affected by the surrounding. Regarding energy use of typical building
shapes; punkthus has the lowest heating demand for both residences and premises
compared to the reference case. However, punkthus also have the highest cooling
demand which may cause issues when it comes to the indoor climate. In this master
thesis, the indoor climate is not investigated because the level of details is to low in
this early stage. But by implement BPS early and gain knowledge of aspects such as
a high cooling demand, it communicates early in the project that interior measures
need to be investigated further later in order to ensure a good indoor climate. This
might lead to improvement in the design early which decrease the need of instal-
lations to solve issues with cooling in later stages. The result is savings in money,
time and natural resources.

There are benefits with all type of typical building types, otherwise these kind of
building shape wouldn’t be common to implement. Choosing building shape only
based on what is best from an energy or daylight point of view would result in a non
aesthetic appealing city. It is therefore a matter of positioning these in a clever way
and choose a shape that is suitable both with regard to energy and daylight and
other important aspects like for instance architecture. The position and geometry
of the properties on the site will determine the access to solar radiation which affect
the energy use, so one may plan this so that buildings that benefit or disfavor from
solar radiation get access to it and vice versa.
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The VSC is completely depended on the surrounding. It is due to this difficult to
find a correlation between for example SF and VSC. But generally, if looking just at
the building shape, court yards and inner corners in the court yards have low VSC
that might cause issues with achieving the amount of daylight required. In these
positions, activities that do not have daylight demands could be situated which will
solve the problem. One challenge though is that this early in the building process it
may not be determined what kind of activity will actual be positioned at all positions.

An aspect that is important to mention when talking about the results is the input
data used in the case study. As been mentioned before, residences and premises
have different indata when it comes to internal heat gains for example and the val-
ues for internal heat gains do in high degree affect the end results. When comparing
the percentage of BBR fulfilled, properties with a high proportion of premises are
favoured which may indicate that the internal heat gains in the input data may have
been too low. But as the main focus is comparison between cases and the difference
in energy use, the most important thing is that the same value for internal heat
gains have been used for all properties which is the case.

Something that has not been included in the study is which kind of energy carrier is
chosen to provide heat, cooling and electricity. A matter that in high degree affects
the environmental impact. But as previously been reasoned about, the main goal is
compare geometry, WFR and position of activities which means that it is the dif-
ference between the different cases that is important. How to provide the property
with energy is also often a matter of decision in later stage in the design process.
This were also discussed by the municipality, that it is not legal to regulate this in
the DDP.

Some further reflections about the outcome from the case study is that it contains
a lot of data which have been studied with the hope of finding relationships. This
proved to be harder than had been imagine when starting the master thesis. A
lot of plots were produced that did not result in any valuable relationships, which
seem reasonable after discussion why this could be. Of course one may study the
total cooling and heating demand and draw conclusions but it is important to be
aware of that just because one building type uses less energy than another does not
automatically means that this is valid for all cases. It is site depended, as the size
of the site will determine the sizes and distance between the properties.

The interviews helped in understanding the DDP process today and whether energy
and daylight are somehow taken into consideration today, or for that matter, if it
is of interest. The interview study aimed to evaluate the potential of influence the
DDP process. The outcome is of course depended on the people that choose to
participate. In this case, the range of occupational groups are quite wide which
contributed to get a perception of energy and daylight in the DDP process. What is
understood about the DDP process is that it’s complicated and challenging to meet
all requirements and requests due to so many different stakeholders involved. It is
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difficult, if even impossible, to assess which aspects is more important than the oth-
ers even if what is compulsory due to laws needs to be of high priority. Regulations
aims to create better buildings but to design buildings that people are satisfied with
living and working is not only a matter of fulfill mandatory requirements, it requires
well thought design suitable for the specific building. What is suitable for one user
may not be desirable by another user is important to remember and how a property
is used could change over time. This means a great challenge when it comes to the
design.

The question regarding who’s responsible for creating initial proposal of buildings
that both live up to good daylight and is energy efficient at the same time is not
easy to answer. It is the developer that in almost all cases is the one to initiate a
DDP by applying for planning notification. The developer do hand in a overview
of what the plan is for the site and for instance building volumes is specified in the
application. It is on this information that the municipality develop the DDP. The
municipality have control over the outcome for the area and could come up with a
completely different proposal than was first applied for. Though, it was expressed by
the municipality that it is more difficult to come up with a completely other solution
than the suggested one when developers already have made up their mind. But it
do happen and therefore the DDP is often a result of both the developers proposal
and the municipalities opinion. Through that perspective, both are responsible.

What is mentioned as an issue by the developer Skanska is that the allowed building
shape due to the DDP is not always possible to implement if having to fulfill a set
requirements, especially the daylight demands. So it becomes an issue when the de-
veloper designs according to allowed conditions but gets a rejection when applying
for building permit or starting clearance. The time effort and economical effect due
to this must be negative for the project and the whole industry as it could demand
large changes in the design and also new applications.

Understood is that the municipality haven’t have any mandatory demands on per-
forming BPS regarding daylight and energy during the developing of DDP today.
But the issues with denials due to lack of daylight have been addressed especially
during the recent years. When asking about daylight studies, the answer is that it
do happens, but how detailed and at which occasions are not clear as none of the
interviewed have that kind of assignment in the daily work.

What is certain though is that daylight is considered to be much more relevant than
energy from the municipality point of view. Why energy is not equally up-to-date
as daylight could be of many reasons than the already mentioned issue with denials.
Energy calculation demands much more detailed information, details that often isn’t
available this early. It could also be due to lack of knowledge.

During the interview study it was noted from many of the interviewed at the mu-
nicipality that including energy in the DDP is not suitable due to risks of locking
details from an authority perspective when the DDP is meant only to by necessary
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limited. It seems to be a fear that having to much details will affect the architects
creativity in a negative way. But energy studies may be possible to implement in a
way that affects the DDP in a positive way. It does not have to be by mandatory
demands, instead it can be included by for instance contribute with advises on how
to plan and analyse the site. The DDP could be complemented with different kind
of programs and to include the energy aspect in these might be one way to improve
the energy performance. Discussing energy, it seem to be an aspects that is not
ready to be accounted for today but might become more up-to-day in the future
as energy and environmental impact are related. The climate change is and will
continue to be important and a challenge to consider for the whole society.

The fact that The Urban Planning Department of Gothenburg this spring have
been working with how to address and handle daylight in the DDP contributes to
the importance of talking about BPS in the earliest stages of the building process.
It also makes the topic of this master thesis relevant. Skanska addresses the issue
with DDPs today quite well when expressing that daylight isn’t tested until starting
clearance and if daylight requirements haven’t been studied in the planning process,
projects with high and dense building mass could face issues with meeting the legal
requirements. This tells that the municipality does understand that is not only the
developers responsibility to make sure that the building shape fulfill the demands. If
the guidelines to investigate daylight condition will be successful remains to be seen
but it is exciting and it’s a step against a more efficient DDP and building process.

Compare different options early to encourage low energy use, good daylight condi-
tion and provide DDPs possible to carry out without encounter obstacles when later
apply for building permit is to strive for. To do this, all concerned disciplines needs
to take their responsibility and develop more efficient and communicative ways to
collaborate.
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The purpose of the master thesis was partly to investigate if an implementation of
BPS regarding energy and daylight could be advantageous in the earliest stage of
building design. The results from the case study show that the geometry design
influence the energy and daylight performance to a large extent. The SF of the
building correlates to the transmission losses of the building which affects the en-
ergy demand. A low SF is advised. An increase of the WWR gave an significant
increase of the heating demand. However, a lot of the investigated buildings in the
case study have a low VSC value, indicating that it may be hard to reach the day-
light requirements and an increase of WWR may be a necessity.

It needs to be ensured that the indoor environment is sufficient and that the solar
heat load is not too high. There is a need of validation of this but it may be hard to
do in the earliest stage of design as room design probably is unknown. It was found
in the case study that there was a large variation of performance within the site.
The different buildings in the reference case study had varying shapes which resulted
in different performance in both energy and daylight. Homogeneous building design
results in more even performance and it may be easier to control daylight perfor-
mance as it is the surrounding rather than the studied building itself that make up
for the daylight conditions. Varying shape may be a result of other qualities than
studied in this thesis and it is about finding a balance between energy and daylight
as well as other design aspects by evaluating different options in an iterative way.

Furthermore, the thesis was about to examine if studies of energy and daylight could
be a positive supplement to current studies in the DDP process. Studies of daylight
could be a positive supplement to current studies in the DDP process. The intervie-
wees from the municipality expressed that DDP:s should not result in expectations
on building volumes that is not possible to implement in later stages. To avoid
measures such as having to choose different window design or an increase of WWR
that may affect the energy and the economy in a bad way, geometry and daylight
studies are suggested to be a positive supplement in the DDP process. If it can
be managed in the right way, it will probably save resources in terms of time and
energy while ensuring well performing building design.
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8.1 Further studies
Suggestions for further work within the subject of early stage design are to study
and develop more accurate relationships between interior and exterior measures to
contribute to well working conditions right from the start.

Some of the simulations could take up to 8 hours as the radiance component took a
lot of time. This is not a convenient way to work in early stage design. To be able to
work in an iterative way, further development of working methods in the early stage
design modelling of energy and daylight assessment are desirable to form guidelines
for these.
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Fgeo [-] 0.9 0.9
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C.1 Volume, thermal envelope area and facade
area

Figure C.1: Volume [m3], thermal envelope area and facade area [m2]LX
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C.2 Transmission losses

Figure C.2: Transmission losses premises [kWh] (Reference0 - L-hus0)

Figure C.3: Transmission losses premises [kWh] (Kvartershus0 - Reference1)
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Figure C.4: Transmission losses residences [kWh/m2]
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C.3 Air leakage, ventilation losses and thermal
bridges

Figure C.5: Air leakage [kWh], ventilation losses [kWh] and thermal bridges [%]
(Reference0 - L-hus0)

Figure C.6: Air leakage [kWh], ventilation losses [kWh] and thermal bridges [%]
(Kvartershus0 - Reference1)
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C.4 Heat losses to ground

Figure C.7: Heat losses to ground [kWh]
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C.5 Energy

Figure C.8: Energy premises [kWh/m2] (Reference0 - L-hus0)
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Figure C.9: Energy premises [kWh/m2] (Kvartershus0 - Reference1)
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Figure C.10: Energy residences [kWh/m2]
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Figure C.11: Total energy property [kWh/m2]
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Figure C.12: Total energy case [kWh/m2]
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C.6 EPpet

Figure C.13: EPpet property [kWh/m2Atemp]
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Figure C.14: EPpet case [kWh/m2Atemp]
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D.1 VSC summery

Figure D.1: VSC summery property [%]
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Figure D.2: VSC summery case [%]
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D.2 Reference0

Figure D.3: VSC north east facade [%]

Figure D.4: VSC south east facade [%]
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Figure D.5: VSC north west facade [%]

Figure D.6: VSC south west facade [%]
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D.3 Comparison I

Figure D.7: VSC Punkthus0 [%]

Figure D.8: VSC Lamellhus0 [%]
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Figure D.9: VSC L-hus0 [%]

Figure D.10: VSC Kvarterhus0 [%]
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