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ABSTRACT

The construction industry has during the latest decade grown more and more
accustomed to adapting buildings after environmental certifications. In parallel to
this, as a response to the housing shortage in Sweden, the cities are also increasing in
plot-ratio. This together have led to a larger awareness of the building performance
parameters (BPP) impact on the building’s sustainability. But also led to the result
that many set Detailed Development Plans (DDP) are not optimized for obtaining the
building performance result aspired.

This thesis has been conducted in a collaboration between Chalmers University
of Technology and Bengt Dahlgren AB as a continuation of previous master
thesis development of a tool called BeDOT. The thesis is also performed in close
collaboration with the engineering students Julia Andersson and Sara Jonsson and
their further development of the tool.

The thesis continues the concept of the tool; early implementation of building
performance parameters. This meaning that the thesis has investigated the possibility
to optimize the building performance by implementing them in the DDP process. This
is done through a proactive addition of the building performance parameters Energy
and Daylight through the tool and a change in the process and how the tool could be
implemented. The addition is made in the DDP process in a Swedish context. Further
the thesis aims to map some of the possible incentives for innovation that could

help the proposed process implementation. But also, the incentives created by the
implementation of a new process.

The result is threefold; First, a continued development of BeDOT. Second, a proposal
of a new DDP process and a discussion regarding innovation which can come through
this. The third result is a proposal of a new design method for DDPs done with the
implementation of the new DDP process. The implementation of BBP in the process
is not new in concept, but the aspired result is a change of perspective. This in itself
work as a strong incentive for innovation and collaboration within the process.

Keywords: Building Performance, Detail Development Plan, Building Planning Process,
Innovation, Optimization
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BACKGROUND

This thesis is based on the student’s
interdisciplinary ~ background  within
Architecture and Project Management.
Therefore, the focus is laid on the process,
more directly the detailed development
plan (DDP) process in Sweden and how
it can be developed to help find more
innovative solutions towards a more
sustainable process.

The Construction industry 1is often
referred to as conservative and lacking
in innovation (Orstavik, 2015). This has
become the ground for the thesis questions.
The focus is not to call the construction
industry conservative and boring, but
rather investigate how a changed process
might give incentive for more innovation.
Which in a prolonged perspective can help
the industry become more sustainable
(Goodman, Korsunova & Halme 2017).
The thesis background also bases on the
existing development of the tool called
BeDOT. This tool is a type of Building
Performance Simulation tool which is
created at the office Bengt Dahlgren AB
(BDAB) through earlier theses.

When looking at the increasing demands
regarding the climate the need for a more
sustainable construction industry is clear.
As a response to develop more sustainable
buildings, the construction industry has

Project

Architecture Management

during the latest decade flourished in
ways to certificate buildings according
to environmental certifications. These
certifications handle different parameters,
one main category frequently used is
Building Performance Parameters (BPP).
This is due to a further understanding in
the longer perspective on a building’s life
cycle and the building performance strong
connection to sustainability.

In parallel to this, as a response to the
housing shortage in Sweden, the cities
are also increasing in plot-ratio . As Forss
(2019) and Wiéppling (2019) discovered
in their thesis, many decisions that affects
the building performance are made before
the architect receives the project. They
also highlight the DDPs important part for
creating the correct prerequisites for the
building performance.

From this background this thesis will
investigate the early planning process
of the construction industry in Sweden
today to see how it could be changed to be
more aware of the end result in the earlier
stages. The change is made both in the
DDP process but also within the further
development and implementation of the
tool BeDOT.

Thesis

figure 02. thesis placement
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Objective

This thesis aims to propose a developed
DDP process to get a more aware
industry. This is accomplished by adding
a perspective on questions which are more
commonly discussed later in the entire
building planning process. And by this,
get a more holistic thinking earlier in the
building process and awareness of how the
early decisions affect the later parts of the
process. Further the thesis will investigate
how new tools such as BeDOT can help the
design process and lead to better building
performance through its implementation.

That there is a lack in

And by this implementation, propose
a new method to obtain better building
prerequisites This is also the hypothesis of
the thesis.

The thesis will further have focus on
Sustainable Innovation (SI). In this
focus the thesis aims to map both the
environmental, social and financial aspects
of why a change of the DDP process is
needed. In addition to this the thesis aim
to locate what is needed for the kind of
implementation of such a tool.

between actors in the built

environment is something known for most of the actors. Therefore,
this thesis is NOT about whom to blame. This thesis is NOT about
other actors. But instead this thesis IS about how architects can

start with themselves (myself). To understand the

process

an important thing to remember is the RISK you yourself bring to the
table. This risk can be a lack of cometence in an other discipline
but also an un-collaboorative attitude.

This thesis is however NOT a risk analysis in the wider sense of the
term. But rather a tool to help you think in how the of
an architect can help in other scenarios than “just” in design.

figure 03. written manifesto
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Processes and abbreviations

Throughout the thesis there are several of
processes and abbreviations mentioned.
To clarify these the figure below (figure
04) and following list of words/names is
created as support for the reader.

The figure is a simplified illustration of the
entire building process with some of its
important sub-processes, documents and
outcomes highlighted as reference points.
Between these there are several of steps

DDP process I
|

building planning process
|

not mentioned, and this is on purpose. The
building process is not easy to simplify
and there are several of methods and tools
used within the industry today. Therefore,
the highlighted outcomes and documents
mentioned in this thesis are mainly the
ones which are legislated to be part of the
process. And as a result of this, mutual for
all processes.

| construction
|

,,,,,,,,, T

area specific processes

-
site specific processes

higlighted outcomes and documents

abc higlighted sub-processes

abc  categorization of sub-processes

—— > timeline

specific sub-process phases

Common abbreviations

figure 04. Building process
overview

DDP Detailed development plan

BDAB Bengt Dahlgren AB

BPP Building performance parameters

BPS Building Performance Simulations

BPA Building Performance Analysis

BTA Building gross area (known as bruttoarea in Swedish)

EPpet Primary energy number (see more on page 58)

MKB Environmental Consequence Description (known as
miljékonsekvensbeskrivning in Swedish)

VSC Vertical Sky Component

plot-ratio

the total value of building gross area (BTA) divided by the

total value of the building’s footprint area.

Introduction
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Research gquestions

Based on the objective for the Thesis the
research question becomes divided into
two:

Q1: How can the DDP process be
implemented with the help of Building
Performance Parameters, and how would
that process look?

Q2: How would this implementation
function as Incentive for innovation when
applied in the early stages of the design
process?

Delimitations

This thesis delimitations are presented
in the figure below (figure 05). They are
sorted by category and relevance with the
most relevant at top.

However, this is not the kind of thesis that
will praise all new thinking as a solution for
innovation and sustainable development.
This thesis will instead focus on how new
information can help the architect to see a
more holistic product.

The thesis will be focusing on a
Swedish context to be able to describe
the full context of the process, both the
methodology behind it and the legislation.

INNOVATION BUILDING SUSTAINABILITY PROCESS STAKEHOLDERS
PERFORMANCE
- Performance driven - building actiity based - Environmental - Swedish detailed - Municipality
detailed development  performance - Economical development plan - Developers
plan - Energy - Social process - Architect
- Process development - Daylight - Early investigations - Building performance
- Product development - Direct sunlight - Communication of engineers
- Integration of - Qutlook building performance - structural engineers
disciplines - Acoustic - multi-criteria - contractors
- Wind desicion making - users
etc. - Translation of

models

figure 05. thesis delimitations

Introduction
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1. INTRODUCTION | 2. IDENTIFICATION

Thesis Structure

This thesis is conducted at Bengt Dahlgren
AB (BDAB) with a collaboration with
Skanska AB. As mentioned in the thesis
background (page 10) the thesis is based
on earlier theses at BDAB and their
development of the tool. Due to this the
thesis is also a further development of the
tool BeDOT. This development is done
in collaboration with Julia Andersson
& Sara Jonsson two civil engineering
students from Chalmers University of
Technology. Due to this structure this
Thesis have been conducted both in
collaboration with the other students and
certain parts have been individual. The
result of the collaborative thesis will be in
two reports. This, surrounding the process
and design methods and the other report
by Andersson & Jonsson surrounding the
further technical development of the tool.

3. THEORY
OF PROCESSES

Project Literature study
identification
Identifcation of
current
DDP pocess
Inventory of Interviews
the BPS tool

The thesis is divided into six different
chapters (figure 06). (1) An introduction
with a brief explanation of the thesis
context and background, with a description
of the existing tool and its role in the
thesis. (2) An identification of the existing
Detailed Development Plan (DDP) process
and its legislation. (3) The theoretical
framework gathered by both literature
study and interviews. (4) The findings
from the theory and the formulation of
the proposed DDP process. (5) is the Case
study which have been conducted together
with Andersson and Jonsson (2020) with
the aim to find how the proposed process
would result. (6) the review of the thesis
done by a discussion.

4. FINDINGS 5. CASE STUDY 6. DISCUSSION
Formulation of
evaluation method
Proposal of Review
new pocess

Proposal from
evaluation method

within this thesis structure
main development done in
Andersson & Jonssons Thesis

Development of
BPS tool

figure 06. thesis methods
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INVENTORY OF THE TOOL - BEDOT

BeDOT is a tool developed by earlier
master theses at BDAB. The focus has
mainly been on energy and how energy
calculations can be adapted to be used
earlier in the processes. The first prototype
of BeDOT was developed by Bergel
& do Amaral Silva (2018) as a tool to
calculate energy calculations in an earlier
stage of the building planning process.
The problem identified by them was that
energy calculations generally came at
a late stage in the process and could not
be used to make the drastic changes that
could have helped optimize the building
performance. Based on this, Bergel &
Do Amaral Silva (2018) developed a tool
to be used in the early design phases of
the building, Building energy Design
Optimization Tool — BeDOT.

As a further investigation on this tool
Wippling (2019) and Forss (2019)
investigated on how BeDOT could be
used as a communication tool between

the Architect and Performance engineer,
this still in the early design phase of the
building. However, BDAB is striving to
make it a tool used in even earlier stages
as well.

For the development during this thesis the
study will see how this tool works towards
the demands of the DDP process and how
it can be developed further to meet them.

Today BeDOT is mainly a component in
the whole script for energy parameters.
However, the modelling environment
shown below (figure 07) gives it a
great possibility to develop with more
parameters. This gives it a flexibility
in its function that may offer the client
parametric calculations specific to their
project needs. More can be read about this
in the next section.

Rhinoceros

design, model, present, analyze, realize...

r— —

grasshopper

®zD

ladybug honeybee

A

python

daysim

figure 07. BeDOTs modelling environment

inventory of the tool
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BeDOT

Energy calculations

ffffffffffffffffffffff -

Heating

Geometry
| |
Solar radiation
Cooling solar heat gain
—
Zones Windows

The component BeDOT

BeDOTs modelling infrastructure 1is
schematically 1illustrated in the figure
above (figure 08). The 3D-modelling tool
is Rhinoceros which is a tool part of the
python family. After the model is done,
the plug-in grasshopper contains the
components which translate the results
can be translated into both visualization
in the 3D-model and also as script/data
for creating diagrams and tables. As can
be read from the figure (00) the entire tool
is dependent upon the 3D-modell done in
Rhinoceros which highlights the need for
an actual 3D-model. In addition to this
some data is imported through excel files
into the grasshopper script to give correct
calculations, e.g. isolation values for
calculating energy (Forss, 2019).

As seen in figure 08 there are three
main categories of outcomes from the
tool today, each of them is built with

figure 08. BeDOTs infrastructure and outcomes

today

different components in the plug-in tool
Grasshopper. The tool today creates the
outcomes described in the third layer of the
figure (08). These indicators/parameters
are shortly described in the following
paragraphs.

Heating, cooling

To be able to have a comfortable indoor
climate different levels of heating and
cooling is required. These indicators are
dependent on both geographical location
and weather direction. Also, on the volume
of the building.

Solar heat gain

This indicator measures the heating of the
sun and its effect on the indoor climate.
It gives a measure on when there is need
for additional heating or cooling in the
building.

inventory of the tool

Existing component/outcome



BeDOQOTs role in this thesis

Asatool BeDotis mainly used in the design
process today. Wippling (2019) and Forss
(2019) states in their theses the application
of BeDOT in the design phase is a solution
for simplifying the communication
between the Architect and Engineer. This
thesis will further investigate BeDOT, but
instead of using it in the early stage of the
design process this thesis will investigate
its function in the part before the design
phase of the building, the detailed
development plan process. The thesis will
work as a prolonged investigation on how
energy parameters can help the building
planning process in both a short and long-

area pl‘anning ‘

term perspective (figure 09).

For the development during this thesis the
study will see how this tool works towards
the demands of the detailed development
plan process and how the tool can be a
viable choice for the future.

Further, figure 08 highlights the need for a
3D model. Due to the DDP today is mostly
in a 2D format this becomes an important
issue to think about if the tool is to be
implemented in the DDP process.

building planping process

MUNICIPALITY ARCHITECT ENGINEER
O ) O
Q & <
% % %7,
> % 2%
Y > % Q.
S o) %
%, 2,
% S
% %

Where BeDOT have been tested in earlier theses

iThe part of the process
\investigated in this Thesis

figure 09. BeDOT5 role in the building

planning process

inventory of the tool
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MUNICIPALITY

AREA DESIGN PROCESS
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PROCESS FOCUS

ARCHITECT

ENGINEER

BUILDING DESIGN PROCESS

BPS EVALUATION

As shown in figure 10 there are several
steps within the whole building process,
all of them with different layers of detail
in the outcomes.

The figure above (figure 10) introduces
the fact that the building process does not
start at the point where the design phase of
the specific building starts. This meaning
that, at the start of the building planning
process there are several parameters which
are already set. These parameters vary
in how they affect the buildings result.
However, as this thesis investigate further
into the detailed development plan (DDP)
it becomes highly relevant to understand
what is being decided in the DDP process
today. Hence, the following section is a
summary of the Detailed development
plan (DDP) process in Sweden today.
This is to understand where and how the
Building Performance Parameters (BPP)
tool can help the process.

The legislation for the process
In Sweden there are several legislations
for the built environment. The main ones

figure 10. diagramme over the building
planning process and its different level of details

are Planning and Building Act (PBL) and
the Environmental code (Miljobalken).
Both gives directives to what the built
environment different planning processes
should look like. PBL regulates the process
to decide which ground and water usage
an area should contain, the environmental
code regulates every activity that can
affect the interest which the environmental
code acts to protect (Adolfsson & Boberg,
2019).

“2kap. 1 § PBL Where issues are

addressed under this Act, consideration must be
given to both public and private interests.”
(Swedish National Board of Housing, 2018)

The PBL legislation brings up the
assessment underlying every planning
process: To plan for both the public and
private interest. This leads to several
aspects to consider when working with
any level of the plans. Due to this, there is
also a need for weighing which aspect to
investigate more and which to investigate
less during all planning for the built
environment. Something which Negendahl
(2016) brings up as highly important to do
correctly, read more on page 40.

Identification of area



Before the DDP process even begins

Before the DDP process starts there are
several of different plans already existing,
see figure 11. The earlier plans contain
information for a larger area and together
with the DDP they form the area specific
governance, in other words the binding
settings for the area. It is however not until
during the DDP and the Area regulations
that the plan reaches a level of detail to start
establishing blocks and plots (Adolfsson
& Boberg, 2019).

Another thing to remember from this
figure is that there are three plans that
together forms the binding information
before the application for building permit
is done, the comprehensive plan, DDP &
area regulations. Of these three plans the
comprehensive plan exists in combination
with one or the other, not all three at
the same time. Amongst the other two
the detailed development plan is more
common than area regulations (Adolfsson
& Boberg, 2019). Thus, this thesis is not
going to investigate the area regulations
further.

All the plans shown in the figure are
developed by the municipality, this is
regulated by Kap 1 §2 PBL (Swedish
National Board of Housing, 2018).
This makes the municipality the main

time

stakeholder of the process, leading to
them having a larger part in what is being
decided in the different plans.

Between the different layers of plans there
exists a need for coherence. However,
there is no specific regulations on what
information a specific plan should contain.
Instead, they are regulated by quite
open formulated demands. As a result
of this, there are situations where the
comprehensive plan is too detailed, and
some parts of the DDP process becomes
obsolete. Further, there are situations where
the DDP contains too much information
and becomes hard to plan after (Woldu &
Wolf, 2010).

Due to the different layers of detail in the
building process (see figure 10) this thesis
has focused on the first sub-process where
the plans establish the plots and in short,
the building prerequisites. This is found to
be the DDP process. This is also the reason
for not looking into even earlier parts of
the building process.

OZ—0—-ChO

OZ—0Z—w

REGIONAL PLAN

AREA REGULATIONS

v BUILDING PERMITS

figure 11. overview of the different plans and their
postion in regard to each other (adapted from
Adolfsson & Boberg, 2019)

Identification of area
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THE DETAILED DEVELOPMENT PLAN PROCESS

The detailed development plan (DDP)
process is complex due to its many
open parameters. In addition to this,
there are many different legislations that
affects different types of DDP processes
(Adolfsson & Boberg, 2019). The
processes are briefly illustrated in figure
12. The different processes that exists
today range from a simplified process
(see number one (1) in the figure) to a
prolonged process (see number four (4) in
the figure).

Due to the many different types of
processes there are different level of detail
in the result. For instance, in the first (1)
process the outcome might just be a plan,
while from the processes three (3) and
four (4) the outcome is more likely to

PLAN START PM /
1 INFORMATION DECISION
PLAN START PM /
2 INFORMATION DECISION

have both a set program with several of
analyzes and the main plan. As a result of
this it is important to identify what kind of
process is needed. Further it is important
to decide upon what kind of analyzes are
of importance to gain the desired result
for a specific area. (see page 25 for more
information of results from the processes.)

As the figure 11 describes there are several
common steps when going through the
DDP process. To understand the entire
process, the following section contain
a summary of the steps for a prolonged
process as it contains all possible legislated
steps for a DDP process today.

ACCEPT ENACTMENT
ACCEPT ENACTMENT

PLAN START PM / ASSESSMENT
3 INFORMATION DECISION OF NEEDS

PLAN START PM / ASSESSMENT
4 INFORMATION DECISION OF NEEDS

ACCEPT ENACTMENT

ACCEPT
OF SPECIAL

COMPILATION

ENACTMENT

figure 11. The detail plan processes adapted from
detaljplanehandboken (Adolfsson & Boberg, 2019)
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PLAN
INFORMATION

STARTPM /
DECISION

ASSESSMENT
OF NEEDS

1. Plan information

For a detailed development plan to
be developed the municipality either
receives an application or they set
one in action for their own area
(Adolfsson & Boberg, 2019; Woldu
& Wolf, 2010). The initiative can be

2. Start PM

The start PM is a pre-study that is
done by the municipality together
with the landowner. This is later
sent to the responsible municipal
authority, the city planning authority.

3. Assessment of needs / program

This step is optional and is initiated
when there is a need (5 kap. 10 §
PBL, Swedish National Board of
Housing, 2018). The concept of it is
to create a deeper understanding of
the need for the area (Adolfsson &
Boberg, 2019).

“A programme can also lead to
a more efficient and smoother planning
process, due to more strategic questions
being discussed in an earlier stage” (edited
quote from: Adolfsson & Boberg, 2019)

As the quote above describe, the
program is a possible strategic tool to
use when an area is complex. There
are a lot of aspects to be regarded

taken by either a private landowner,
developers or the municipality. After
a received application, development
for the specific area is further
discussed in the next stage.

It is when this authority has received
the PM that the decision on
whether the planning of the detailed
development plan is to proceed or
not (Woldu & Wolf, 2010).

into a DDP and this tool gives the
municipality a chance to get a more
comprehensive analysis of an area.
As a result of this, the process can
be both prolonged and shortened
depending on the needs assessed.
After this step, the municipality
announces if consultation should
be done also whether analyzes such
as the MKB should be performed
(Adolfsson & Boberg, 2019; Woldu
& Wolf, 2010).

Identification of area
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ACCEPT
OF SPECIAL
COMPILATION
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4. Consultation

This is one of the most influential
parts of the process. The proposal of
the DDPisbeginning to take form and
the municipality presents their plan
proposal towards other stakeholders.
Based on the information the
different stakeholders give their
feedback (Adolfsson & Boberg,
2019). The different stakeholders
can also help the municipality with
their own proposals in this step. The
consultation steps are legislated to
be held for both in the use of new
plans or when repealing old detail
development plans.

“The aim of the consultation must be to
obtain the best possible decision guidance
and to enable transparency and influence.”

(Kap 5 §12 PBL. translation: Swedish
National Board of Housing, 2018)

5. Examination

This part of the process means that
the Municipality will gather all the
information collected in the earlier
stages and create a final proposal of
the DDP. When the final proposal
is created the municipality shall

6. Accept

When no further changes are
needed to be done the detailed
development plan is accepted by
the municipality. following this
the proposal is sent to County

7. Enactment / legal force

From this stage the Detail plan is
in order and the landowner can
start the planning process for the
specific buildings on the various
plots

MKB - Environmental

Consequence Description
(miljékonsekvensbeskrivning)

The consultation step sometimes
contains an element called ‘MKB’.
MKB is regulated by PBL and the
environmental code as a part of the
detailed development plans which
contain a significant environmental
impact on the surroundings or in
the area. This sort of analysis is
done by the municipality after
the assessment stage and should
contain identification of significant
environmental impacts and
suggestions of solutions (Kap 6.
§11, environmental code, Swedish
National Board of Housing, 2018).

If an MKB is needed it will be part of
the process for the DDP and further
announced in the next stage.

present it to the stakeholders again
and make it possible for them to
give more feedback. If this feedback
requires the plan to be updated or
changed the process of examination
is done again.

government (Lénsstyrelsen)
amongst other authorities for
review and feedback. If they are
satisfied the detailed development
plan goes further to the next stage.

Identification of area



Result from the DDP process

The DDP is not regulated in how detailed
it can be. The regulations regarding its
geographic content are three (3) bullets in
which the information is up to the reader
to interpret (Adolfsson & Boberg, 2019).
These bullets are as follow:

“Kap. 4 §32 PBL p. 1-3

+  Adetailed development plan may not
cover an area greater than what is
needed with re-gard to the purpose
and implementation period of the plan.
The intended regulation of
development, construction works and
the rest of the environment must be
clearly indicated in the plan.
The detailed development plan may
not be more detailed than is needed
with regard to the purpose of the plan.
Act (2011:335).”

(translation by: Swedish National Board of
Housing, 2018)

The DDP is also regulated to some
extent in what it should contain when it
is examined (ref, Kap 5, §21 PBL). This
is written in the list below. Especially
important is the last point, which opens up
for interpretation on what is considered of
interest for impact on the plan.

e Programme
* Plan map with ordances (2D)

*  Plan description (illustrations,
implementation description

e.g.exploitation agreement.)

+ MKB

*  General map

*  Property list

*  Consultation report

» other planning support that the
municipality considers makes an
impact on the evaluation of the
plan

Identification of area
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Actors within the DDP-process

Within the DDP process stages there are
different types of stakeholders involved.
As much as the processes differ these also
collaborates differently. However, while
working with the detailed development
plan there are main actors involved. These
are categorized in four different groups
(figure 13).

Below, these are placed after involvement
in the DDP process, figure 14.

municipality Land owner

The group other stakeholders can be
both architects and engineers as well as
citizens engaging in a dialogue regarding
the development. Hence, the stakeholder
group contain a wide range of competence.
Therefore, this group becomes very
important to remember and use in the DDP
process.

other stakeholders
(touched by the DDP)

County government
(Lansstyrelsen)

J
0

figure 13, the DDP process main actors

dly

[
START PM/ § ASSESSMENT
INFORMATIONf DECISION OF NEEDS
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figure 14, the DDP process with main actors
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Other regulations

The past years have shown a shortage
of buildings in Sweden. Based on this
shortage an increasing demand for higher
exploitation to meet the need has been
growing. (Boverket, 2018a). Added to this
equation a response for the global climate
crisis is needed. Thus, the construction
industry needs to make the necessary
adaptations to become more and more
sustainable (Brown & Malmgqvist, 2014).

Today there are no regulations in Sweden
saying that you need to follow any
certification, but as the climate debate
is growing stronger it has become more
of a norm to apply them (Forss, 2019).
The environmental certifications are in
general a great tool to help the process
to optimize and analyzes the result of
a building (Sweden Green Building
Council (SGBC), 2020a). Although the
usage of the certification from its origin is
for the building, it is also used a lot for
strengthening the buildings selling rate
and allure. This has made the usage of
them to flourish even more during the past
years (Brown & Malmgqvist, 2014). As
a result of this it has become more clear
what parameters that have been lacking in
the planning process as well.

Thereare regulations existing in BBR today
which are examined but maybe not to the
extent that they should be done. These will
become stricter within the coming years.
In addition to that there are several other
environmental certification programs on
both national and international levels
which have set scales and demands that
should be met in order to be certified.

Examples on these are BREEAM, LEED
and Miljobyggnad. Each of these have
different processes and set of factors. In the
following sections these three examples
will be shortly presented.

BREEAM

BREEAM is one of the oldest certification
systems. It is originally from Great Britain
but have made a widespread and is now
used globally. To get certified a list of
parameters need to be fulfilled. Among
these the general topics are; the building’s
energy use, indoor climate, water
management and waste management
(SGBC, 2020b). On top of these the
certification system also investigates
the project management of the building
process.

LEED

LEEDisthe U.S.responseto BREEAM and
is the most renowned certificate program
in the world. It measures the building in
the aspects of; Location and transport,
Sustainable sites, water efficiency, energy
and atmosphere, materials and resources,
indoor environmental quality. In addition
to this the building can gain extra credits
for innovation (SGBC, 2020c).

Miljébyggnad

Miljobyggnad is the certification most
commonly used in Sweden today. It
measures several of different indicators
depending on if the building is new
or existing. Among the analysis of the
measurements the focus is laid on both the
person and environment (SGBC, 2020d).

Identification of area
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Summary of the existing DDP process

The DDP process handles many
parameters. Due to this there is a distinct
need for analysing which parameters to
investigate deeper in the process. Today
there exists some tools to highlight these
needs, e.g. the MKB. However, there is
still a lack of clarity for which parameters
that weighs more for certain areas. This
is lifted by Adolfsson & Boberg (2019)
when they discuss the result of the DDP
process. They argue that there are cases
where the legislation becomes excessive
and also situations where it is not clear
enough. Hence, the result of the DDP
process varies strongly between areas.

The creative DDP process

During the DDP process there are several
steps legislated as already mentioned in
the beginning of this chapter (page 20).
The order and number of steps are all
dependable on the need for the certain
area. During the inventory of the process
a more creative/innovative part of the
process were found. This part is illustrated
below (figure 15).

Viewing the figure (15) together with figure
14 shows that the creative steps are often
the ones with several actors. This opens
for collaboration between disciplines to
get the wanted result.

Another aspect to remember when looking
at the figures together is that the creative/
innovative part of the process is not only
when there are several of actors, but when
the knowledge is analyzed. For instance,
one of the most influential parts in the DDP
process today is when the consultation
takes part. Further, the Municipality have
a governmental impact to affect which
analyses is to be done while assessing the
needs in the program. This governance
can be a valuable tool if used correctly.

Figure 15, the identified creative part of the

DDP.
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INNOVATION AND THE CONSTRUCTION INDUSTRY

When discussing Innovation there is a
need to grasp the meaning of the word.
Innovation is by its definition something
new. But then the question that remains is,
what is new? A common perspective from
the technical industry is that innovation
is made by the research and development
(R&D) departments. Often the result is a
physical product which is innovative, thus
a type of innovation in products. This is
one of the innovation areas discussed in
this thesis. But innovation can also be
considered as a process, when this is done
the R&D is only a part of several of steps
in need of innovation (Barata & Fontainha,
2017). For this thesis both innovation as a
product and process are discussed.

“Innovation process incorporates three major
activities in the progression from new idea to
implementation: envisioning new work strategies,
designing the process and implementing change.”

Gambatese & Hallowell (2011, p.555)

Why innovation?

Looking at the construction industry it
is deeply rooted in tradition and a very
old industry (Orstavik, 2015). From this
perspective many questions regarding the
Construction industry’s conservative ways
have occurred, not only in the society
but also in academia. Orstavik (2015)
mentions this as one of the main factors
to why more stakeholders in the industry
needs to look towards innovation. Another
aspect lifted by both Orstavik (2015) and
Barata & Fontainha (2017) is the financial
aspect. They mean that to reach a financial
growth a successful innovation can help
with creating a business stability for the
organizations.

There are several aspects where innovation
can help. According to (Goodman et
al., 2017) there is a strong link between
sustainability and innovation. They claim

that there is a distinct need for innovation
to receive a sustainable development.
This implies an importance to consider
the sustainable development within the
field of innovation as well. Something
which often is referred to as Sustainable
innovation (SI); Le Bas, 2016; Yoon &
Tello, 2009). This is the innovation which
this thesis is further investigating due to
its focus on sustainability. Looking at SI in
an abstract perspective it covers financial,
social and environmental perspectives (Le
Bas, 2016; Yoon & Tello, 2009). These
categories of perspectives are further
discussed throughout this chapter.

Incentives towards innovation
Innovation needs different types of
incentives to be able to thrive in the
organizations. While financial and
governmental aspects are of importance
there is a need for physical drivers
to create the environment needed for
innovation. Inevitably when talking about
incentives the stakeholders involved in the
process comes up. This can be to identify
stakeholders which are responsible in the
existing process or identify the need to
collaborate with new actors (Gambatese
& Hallowell, 2011; Goodman et al.,
2017). The summarized picture is that
the incentive of innovation is never the
same and is important to recognize and
let them take part of the process (Clegg,
Kornberger, Pitsis, 2016).

Yoon & Tello (2009) describes four
different drivers/incentives for sustainable
innovation, Government involvement,
Social activism, Customer attitude and
demand and Advance of environmental
technology . Their description, in short,
is that there is a need for government to
both ensure compliance but also to create
a strong incentive towards improving
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environmental impact through regulations.
They also mean that the government
has potential to promote technological
advance. The social activism is important
for adapting the customer demand as the
customer demand affects the business
practice. Finally, advance of environmental
technology helps the process to become
more and more efficient. As a result of
this there is an impact from each driver
towards the other. This is shown in the
figure below (figure 16). The connection
between the incentives/drivers is important
to remember for creating the type of
innovation you need.
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For the Construction industry there are
a few main incentives as Gambatese &
Hallowell (2011) describes in their report.
These are idea generation, opportunity
and diffusion. Their description of these
incentives is to give room for creativity
and ideas, make sure to try them and even
though the result might not be as predicted
the winnings are still there.

As mentioned earlier this thesis will
consider both the innovation of a product
but also the innovation of a process. The
innovation of a process will be considered
as the implementation of a new tool in the
DDP process. Thus, a mapping of the needs
for this to happen have been researched,
this is presented in the following section.

figure 16, incentives for innovations and their impact
on each other

Innovation through regulation?!
The case of Landshovdingehus

It might sound contradictory to }
regulate a process to get more !
innovation. But this is sometimes
exactly what nurture innovation. ‘ |

In the case of Landshévdingehus

the regulation was to not build ‘i
taller wood buildings than two
levels. The solution to this: Add a

. . o S o so NI
new level but in rock instead as a Pl T °s 0o0.°
. o . o, T o g
[ ' q S S
base and the wooden levels on top ke O S e
(Larsson & Lonnroth, 1972). 0’ S, O S L

figure 17, Landshovdingehus’innovation concept

Literature study



Implementation of innovation — theory of Change management

Incentives are only one part of
implementing Innovation. Innovation
is by definition something new and
unfamiliar, something that changes the
perspective and creates new patterns and/
or processes. To implement a innovative
solution is therefore a complex task and
the keyword here becomes change. One
model over how to implement change is
the Knoster model. This model divides the
implementation into five steps to create a
sustainable change/implementation. The
five most commonly used categories are
as seen in the figure 18 below: vision,
skills, incentives, resources & action plan.
These are all needed in order to create a
successful change/innovation.

vision skills incentives
missing skills incentives
vision missing incentives
vision skills missing
vision skills incentives
vision skills incentives

The different steps towards change
described by Knoster (1993):

Vision: A common vision for what
kind of innovation that is going to be
implemented is needed.

Skills: The allocation of knowledge
within the existing process.

Incentives: What kind of wins is there
by implementing this innovation?

Resources: What tools and what time is
existing for the kind of innovation?

Action plan: Direction. What is the
aimed result of this innovation and the
road there?

resources action plan success
resources action plan confusion
resources action plan anxiety
resources action plan resistance
missing action plan frustration
resources missing false start

Figure 18, adapted from Knoster model, illustraded by Knoster (1993)
showing the different steps of implementig change.
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Clegg et al. (2016) write about Richard
Badham’s 5 M’s when framing change.
These are Mind-fulness, Mobilizing,
Mapping, Masks and Mirrors. This
model refers to both mapping skills such
as stakeholders and create actions plans
through the M’s: mobilizing and mapping.
But the re-maining three M’s refer to a
more reflective part of innovation, and
the importance of remember-ing that not
all innovations succeed but the trials and
outcomes are valuable knowledge. A way
to implement this “trial and error” aspect
into processes is through design thinking
(Brenner et al., 2016). The following
section describes this way of thinking.

Design Thinking

Design thinking can be seen as both a
mindset, process and tool. Often it is
used in several of those perspectives
when it is applied (Brenner et al., 2016).
Examples on design thinking as a mindset
is to think unconventionally and new,
fail often and early, build prototypes
and test. Sounds familiar to innovation?
Both Brenner (2016) and Liedtka (2015)
connects the mindset of Design thinking
to innovation. They also argue that Design
thinking methods/tools are successful for
implementing innovation.

The concept of Design thinking is setting
the human in center for new solutions and
therefore a close contact to the customer
is principal. Another important aspect of
Design thinking is that design never ends.
Thus, the process of design thinking is

done in cycles. The knowledge learned
from the earlier cycles is used in the
continuous work in the process (Brenner
etal., 2016).

A tool that can be used to describe
Design Thinking is the 5 whys which
was invented by the founder of Toyota.
The tool’s concept is to ask why as many
times as needed. The result of the tool is
aimed to find the root of the problem —
to later find the solution. Another tool is
the stakeholder map, this tool aims for
mapping the important stakeholders for
the specific problem (Brenner et al., 2016).
Both of these methods are similar to the
theory behind change manage-ment seeing
that it lifts the reflective thinking behind
the 5 M’s and also the more planning and
knowledge allocation from the Knoster
Model.

The most important aspect which all of
these methods and perspective lifts is the
fact that the outcome is never stated from
the beginning. The outcome, however, is
always successful if you learn from them.
Therefore, a continuous development
is another strong key word to remember
when managing innovation.

Literature study
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Innovation Outcomes

The fact that innovation outcomes are
unpredictable is strengthen by Clegg et
al. (2016), they write that the outcome
of innovation is nothing that can be
predicted. It is something that requires a
lot of trial and errors and the things you
learn along the way is equally important.
They also write that managers cannot
control the innovations success, but
they can change the odds. Gambatese &
Hallowell (2011) describes this partly
as an impact of indirect indicators such
as costs and competitiveness. Due to its
unpredictability innovation cannot be
entirely planned, which might be both
scary and challenging. However, the result
of innovation can only be determined after
its implementation. Therefore, innovation
is a lot about courage.

Summary of the innovation process

The innovation process is a novelty in
itself. Therefore, it is hard to summarize
how it looks or how its result will appear.
Nevertheless, there are a few keywords
for innovation to remember throughout
an implementation of innovation. The
first keyword is change. Innovation means
something new and this includes to adapt
to change. The second keyword is process.
When innovation is implemented this can
be in the form of a product. However, the
innovative product requires an action plan
to be implemented successfully. Further
this can be described as an implementation
process. To plan for this becomes vital in
the implementation to obtain a successful
result for the innovation. The third
keyword is continuity. To work with
innovation requires a lot of trial and error.

To dare to invest in innovation might be
both costly and scary. However, as the
literature shows innovation is the way
to find the new solutions for the existing
and upcoming tasks. And even though
the result might not be as first aimed for,
the process and learnings along the way
may propose new solutions (Gambatese &
Hallowell, 2011).

“the fact that we did not achieve a certain plan
by the due date turns into a great step in the
innovation process because it helped us realize
what we were doing the wrong thing”

— Clegg et.al. (2016, p.379-380)

Therefore, a continuous perspective on
the implementation process is key for
developing innovation (Brenner et al.,
2016).

The innovation product can be both a
process and product (Barata & Fontainha,
2017). Therefore, there is a need to identify
what kind of innovation is required to
gain the result wanted for the problem
at hand. Therefore, a fourth keyword is
communication. To see a current need is
complex. In the building process with its
many stakeholders a good communication
is therefore of great importance to identify
the need for everyone (Gambatese &
Hallowell, 2011).
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BUILDING PERFORMANCE PARAMETERS AND INNOVATION

This thesis focuses on the Building
Performance Parameters (BPP) and
its implementation in the Detailed
Development Plan (DDP). To introduce
how this is contributing to innovation
within the construction industry the
whole building planning process needs
to be further understood. Below (figure
19), the thesis new concept is illustrated
regarding BPPs. The figure shows how the
BPP is normally investigated in the later
part of the process. In this thesis the BPPs
are instead acting as an addition to the
decision making in even earlier parts of the
process. This, through the implementation
of the proposed tool concept of BeDOT —
to investigate BPPs in early stages. This is
done by both developing the DDP process
and further develop the tool BeDOT.
Thus, an innovation in both product and

Building Design Phase

process. Also, by investigating the BPPs,
the addition of awareness in earlier
parts is created. Through this, not only
changing the process but also giving a new
perspective and further understanding the
holistic process.

The figure also shows BeDOTs tool
concept today (1) in comparison to the new
concept which this thesis is investigating
further (2).

Building Calculations

BeDOTs earlier Concept:

2

Detailed Development Plan

Building Design Phase

Y

RN
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Building Calculations

I
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BeDOTs new Concept:
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Figure 16, The innovation concept for the thesis
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Why Building Performance Parameters?

Figure 19 leaves two main questions,
why and which BPPs? Boverket (2018a)
mentions that the building demand in
Sweden is a lot driven by the market.
Thus, there is a great need to plan in the
existing city core and the more attractive
parts of the cities. To form new parts
in the existing cities have created new
struggles within the building process,
such as adapting to the existing building
weave and infrastructure. In parallel to
this, as a response to the housing shortage
in Sweden, the cities are also increasing in
plot-ratio.

Due to this it is important that parameters
like height, orientation, width and building
activity are correctly calculated to achieve

the wanted building performance. These
are all parameters that are set in the DDP
process. As aresult of this, there are several
BPPs that could be used to optimize
the footprint of the buildings. This is,
in connection to the existing building
planning process a new addition of the
perspective. Thus, a need for connecting
the parameters to the early stages is
needed. The following section introduces
the main categories of BPP that have been
the framework for this thesis: energy and
daylight. The focus has been on their
plausible impact on the DDP process.

energy daylight

Energy

Energy is of high relevance when creating
more environmentally friendly buildings.
The construction industry in Sweden
accounts for 40% of the total energy use
and 20% of the total greenhouse emissions
(Naturvérdsverket, 2019). In the
European union the construction industry
stands for 40% of the total energy use
and 36% of the carbon dioxide emissions
(European Union, 2020). Thus, energy
becomes not only a financial question
regarding which carrier to choose,
but also a matter of nature’s resources
(Naturskyddsforeningen, 2019).

Therefore, the importance of designing
more and more energy efficient buildings
cannot be stressed enough. This is also seen
in the different environmental certification
programs which all have much higher
demands on the energy aspects than
Boverket Building Regulations (BBR).
However, BBR, which applies to all new

figure 20. the main categories of BPP in this thesis

constructions in Sweden, are in the process
of harshen the demands as well (Boverket,
2018Db).

Buildings consumption of energy in
Sweden are dependent on several factors
(Boverket, 2018c). Some of them are:

* Ventilation losses

* Heat losses due to thermal bridges

*  Weathering losses

* Air leakage trough thermal envelope

e Transmission losses through the
thermal envelope (walls, roof, slab
etc.)

Of these, transmission losses and heat
losses connected to thermal bridges are
the ones most connected to the geometric
shape of the building (Berggren & Wall,
2018; Nagy, 2014). Thus, these are the
ones investigated deeper in this thesis.
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Thermal bridges

To create energy efficient buildings,
it is inevitable to have to calculate the
heat transfer coefficients of the building
envelope (Berggren & Wall, 2018; Nagy,
2014). This, as well as defining energy
parameters and building physics should
be made in the early design stage (Nagy,
2014). These heat transfers coefficients
include the calculation of thermal bridges.
Nagy (2014, p. 2) describes the easiest
identifiable thermal bridge as “where
the geometry of the building structure
changes”. Exemplified this translates into
both building corners and overhanging
structural elements (balconies and external
corridors), see figure 21.

When discussing Thermal bridges, the
question of material is also important. The
first aspect to mention is that material can
create thermal bridges, e.g. a pillar in a wall
but in the same thickness of the wall (Nagy,
2014). The other aspect on material is that
even though the building is designed for
airtight envelope and high heat recovery,
the shape of the building still matters due
to heat transfers (Berggren & Wall, 2018).
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Design aspects with regard to thermal
bridges

Strategies for reducing heating is to create
airtight buildings, with high thermal
performance and minimized level of
thermal bridges (Berggren & Wall, 2018).
To design for a low impact of thermal
bridges, a building with few structural
changes is desirable.
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figure 21. examples on thermal bridges
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Daylight

As earlier stated in the introduction to this
section (page 36) the building demand in
Sweden have increased and is also driven
a lot by the market. As a strategy for this,
Gothenburg (e.g.) have started that the city
should grow within the already existing
city-limits (Stadsbyggnadskontoret
Goteborg Stad, 2020). This means higher
plot-ratios and tighter plans, as a result
of this the access to day- and sunlight is
affected.

During the planning of a new DDP
the new buildings should be tested
for the demands of health and safety
(Stadsbyggnadskontoret Goteborg Stad,
2020). Added to this, research have shown
that daylight is connected to people’s
health the issue of daylight becomes of
high importance. A common description
of this is the so called “winter-depression”
which occurs in Sweden when the days
have fewer hours with access to daylight
(Folkhdlsomyndigheten, 2017).

illuminance

Differance between sunlight and daylight?
The daylight is based on illuminance
while sunlight is based on luminance.
The difference between those two is that
illuminance is based on the overcast sky
while the luminance is based on the light
from a direct source, e.g. the sun (Eriksson
& Waldenstrom, 2016). An example on
usage of Illuminance is Daylight factor,
which is calculated on the overcast sky
which is illustrated in the figure 22 below.
Due to this Daylight analyses are still
applicable on a cloudy day and also a new
addition to the DDP process.

Design aspects with regard to daylight

To design a building with regards to
daylight the building should have as high
window area as possible and a narrow
building shape. This helps the daylight
to reach the most parts of the building’s
internal spaces. To avoid building
structures with many inner corners is also
a desired aspect.

A

luminance

figure 22. differance between illuminance and

luminance
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Building design and its impact on performance

According to Wappling (2019) the initial
decisions of the design set in the DDP
are affecting the final performance. Thus,
it is of high importance to set the right
prerequisites in the design of the DDP.

The DDP sets parameters such as height,
orientation, width and with additional
program even more parameters could be
set. The following section will describe
some of them and their impact on the BPP.
These Design factors are also mentioned
later in figure 24.

Height

As mentioned on page 36, the effects of
higher building demand create tighter and
higher cities. A higher plot-ratio means
higher buildings, higher buildings in a
tighter city weave means more shadowing
(Boverket, 2018a). This can be seen in
the figure 23. With these changes in
the city scheme several of the building
performance indicators become hard to
fulfil.

Width

The width of the building affects both
the daylight and heat transmission. With
a high width the core of the building
becomes darker and the heat loss through
the building envelope increases. Another
factor that both width and height impacts
is the shape factor (SF) which is the ratio
between the buildings total external surface
and internal volume. This factor describes
the compactness of the building which
have proven to have a good correlation
to the energy demand of a building in
colder climates (Depecker, P., Menezo, C.,
Virgone, J., & Lepers, S., 2001).

figure 23, the shadowing impact of higher

buildings
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Orientation

According to  Vasov, Stevanovic,
Bogoganovic, Ignjatovic and Randjelovic
(2018) the building orientation can help
reduce a buildings demand on heating and
cooling. They suggest a rotation of +/- 15
degrees towards a southeast/southwest
from a south orientation. Their study
was done in Serbia which have a similar
climate to Sweden.

Design aspect

If aiming for low energy use, the following aspects are:
Aim for a low shape factor
Minimize thermal bridges

Windows

Vasov et al. (2018) also mentions the
importance of placement of windows.
This is something that Goia (2016) have
investigated more in depth. Windows
affect the heating and cooling use of the
building, mostly in a negative way (Goia,
2016). However, they are added since
the need to have a view and access to
daylight suppress the energy perspective.
Due to the negative aspect of windows the
placement of them become of importance
to investigate further to help minimize
the negative effects. Goia (2016) did a
research with comparison to the Window
Wall Ratio (WWR), which is the ratio
between area of windows and area of wall.
The research concluded an optimized ratio
depending on different European climates.
This thesis has used the ones for Oslo.
These ratios and the earlier mentioned
Design factors are summarized in the
figure below (figure 24).

Source:

Depecker, P. et al. (2001)
Nagy (2014).

As few corners as possible
Minimize window-, balcony and door connections
Minimize wall edges against roof and floor

WWR

Rotation 15 degrees SE

As low as possible

Goia (2016)

If wanting to optimize a building with regard to daylight, the design strategies are:

Proportion of windows
Room depth
obstruction angle

max 14m
< 30 degrees

Optimizing for sunlight:
Higer buildings in north

as high as possible

Vasov, et al. (2018)

figure 24, Earlier stated design strategies with

special interest in energy and daylight.
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The financial perspective

The BPPs strongest connection to
environmental and social perspectives
is described in the -earlier sections.
Nevertheless, the sustainable innovation
which underlies the focus of this thesis
lifts the importance of a financial
sustainable approach as well (Yoon &
Tello, 2009). To describe the financial
perspective of an early implementation of
BPPs the McLeamy curve (figure 25) is
found to be a good model. The McLeamy
curve illustrates a correlation between
the chance to involve in the buildings
design and the cost of making changes at
the different process stages. The pattern
found was that the longer the planning
process had emerged the cost of change

became higher, while the impact of the
design became lower. This makes the
design an important factor to optimize as
early as possible in order to lower costs in
connection to design (American Institute
of Architects, 2007).

The curves are drawn in relation to
the design phases of the planning
process. Arguably the parameters set as
prerequisites before the design process
becomes equally as important to optimize
as they impact the possibility of the whole
design. This is shown as additions in grey
in the figure below (figure 25).
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figure 25, the McLeamy curves adapted from
AIA (2007) with additions.
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Holistic view with same weight on all parameters,
shape equally formed.

Holistic view with un-even weight on all parameters,
shape inequally formed.

What information weighs more?

The existing building process has many
different steps and they are connected to
different regulations (Swedish National
Board of Housing, 2018). Projects are
often time-limited, and resources are
expensive. Thus, there is a need to
identify which parameter that weigh
more for the certain project to be able to
give an optimized outcome. This in turn
will depend from which perspective you
analyse (Negendahl, 2016). Arguably there
are parameters connected to the process,
such as cost, that drives the process in a
certain way. So, both a definition on why
performance parameters set in the DDP
is important for the building performance
and how it connects to the users/clients is
needed.

figure 26. the problem with holistic thinking in
design practice and outside pressures. Adapted from
Negendahl (2016).

At the same time, it is important not to
forget the other parameters connected to
the building, such as design. As seen in
figure 26, Negendahl (2016) highlights
this problem with the question, how do we
maintain the holistic perspective?

Negendahl (2016) continues to write about
how there exists several tools for building
optimized buildings regarding energy and
daylight. However, very few or none of
them considers many design aspects. Thus,
a response to these parameters are likely to
be neglected. Therefore, it is important to
highlight them by other methods.
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INTERVIEWS

Structure

To fully understand the DDP process
the study has been made through both
literature study and through interviews
with different actors involved in the DDP
process. The full interview transcripts can
be found in Appendix 1. The interviews
and conversations have in total been held
with eight different persons and had two
main focuses. The first, find out where in
the detailed development plan process a
tool like BeDOT could be helpful based on
the need today. The second was to identify
what sort of parameters the field needs to/
can implement today and in the future. To
reach this the following main questions

have been asked: . .
8% QVhat actors are involved in

the detail development plan? And
what responsibility do you have in
the process?

Q2 What common problems
are discussed and found in the
entire building process that might
be able to be discussed in the detail
development plan process to help
find a solution?

Interview 1 — The municipal city

planning authority, planning architect
(personal communication 2020-02-05)

From this interview the main conclusion is
that the constant demand on new buildings
in Sweden, leads to the footprints given
in the detailed development plan to be
“maxed”. This in turn leads to a situation
where there is no or very limited flexibility
in orientation, distance to surrounding
buildings and correlation to existing
buildings when the detailed development
plan is accepted.

For instance, the height of a building can
both decide how much BTA a building
can provide. This is together with the
width of the building. But the height also
directly influences other parameters on
surrounding buildings. This overlap of
parameters is hard to change in later stages
of the process since the owner of the
facility most likely want to maximize the
BTA as much as possible. Thus, one can
argue that the DDP is a very important tool
in the creation of presets for the building
performance.

Interviews
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Interview 2 — The municipal city
planning authority, Daylight focus

group
(personal communication 2020-02-18)

The Environmental certifications are
not mandatory today. However, they are
becoming more or less a standard. In a
prolonged perspective they have also made
a change of focus within the municipalities
in their processes. A comment from one
of the interviews underlines this new
focus, that the addition of environmental
programmes has forced the municipality
look deeper into the parameters than ever
before

Today several of the problems with the
BPS parameters are found in a late stage
of the process. Sometimes even in the
building permit application. This have led
to it being in several cases to late to make
an significant change due to important
parameters set in the detail plan can not
be changed. The changes can only go back
to the stage seem fit in the design phase
(figure 27).

The environmental certifications impact on
the construction industry is both shown ina
market-perspective but also in direct result
within the process. The interviewees also
acknowledged a problem often occurring
in the building permit applications. In
this case it was the daylight-factor. This
was clearly noticed when the applications
for building permits for buildings with
certifications appeared. With this entering

DDP Design phase

binding parameters

in the process it was made clearer that
there were certain values to follow. Thus,
the permits applied for either exception for
the plot or didn’t follow the certification
fully.

Decision making in the DDP

Another main taking from this interview
is the lack of an existing system for
deciding which parameters that should
be investigated. When proceeding with a
DDP there are several processes that can
be chosen, as mentioned earlier in this
thesis (page 22). The chosen process also
leads to different types of information
considered relevant for the specific DDP.
This became increasingly clearer during
the interview with the municipality. For
instance, they mentioned the MKB which
is not mandatory for all processes so some
of the DDP becomes more focused on the
environmental aspects while some might
be focusing on noise and traffic.

One additional aspect which also makes a
difference according to the municipality is
the person making the decision to approve
a plan or not. So not only is the chosen
process affecting which parameters that
is taken into consideration, but it can also
be the person reviewing the plan, (s)he
may have a special interest in a specific
area. Thus, it becomes hard to say which
parameters that are weighing more or of
more interest in the specific area

—— Building permit
2 binding plan

figure 24, The problem with too late
awareness of BPP
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Interview 3 — Energy and
Sustainability responsible at White
arkitekter AB (personal communication, 2020-
03-11)

The main takings from this interview
is how the communication of building
parameters today are potentially disturbing
for architects. And how the engineers find
it disturbing that the buildings aesthetics
are not optimized for the demands of
performance.

The interviewee describes it as: As it is
today the building performance is often
investigated between building permit
and staring permit. This results in many
set parameters that are not changeable.
However, when thinking about the
parameters during the design phase this
often leads to a list of demands for the
architects which often leads to irritation
and the feel of being too directed.

For the engineer the opposite is often felt,
due to their un-involvement their workload
often rises at the end of the design process
due to re modelling and discussing change
of design to reach demands.

This communication issue is something
that also highlight the need for a deeper
knowledge of building performance in
each step of the process. As well as a
knowledge in creating an environment
where the architect can be creative without
being too directed.

Interview 4 — Business developers at
Skanska Hus AB

(personal communication, 2020-03-15).

To identify where Skanska as an actor
becomes part of the process is quite
different depending on which project you
regard. There are many different types of
involvement with different actors. In the
DDPs which Skanska have been part in
developing the result have not concluded
in a clearly stated product either. This
meaning that the level of detail within the
DDPs differ. During the interview they
mentioned that sometimes it is enough
with just a situational plan and in other
cases they have done several analyzes to
propose the end plan.

As actors in the DDP process there are
several perspectives to consider. The
interviewees mentioned the client’s
perspective several times during the
interview and highlight the importance to
always have satisfied clients in the end.
In the beginning this is e.g. to map the
building types that are popular and to set a
target group, this is gathered in a so-called
market analysis. Later this perspective
often becomes a kind of measurement
towards the financial aspects of the
building (see quote below).

“As good buildings as possible vs. As many
buildings as possible”

- Karolina Olsson, Business developer (personal
contact, 2020-03-15)

Interviews
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DDP Design phase

binding parameters

———— Building permit )

Start permit
binding plan

technical consultation
(for start permit)

From a building performance perspective,
the interviewees mentioned that there has
been an increasing focus on daylight and
energy parameters earlier in the process
since their internal decision to certify all
their new buildings according to Svanen
environmental certification. This is similar
to the findings done in the municipal
work and connects the application
of environmental certifications as an
important problem identifier. However,
one of the interviewees mentioned that
the implications of the parameters such
as daylight and energy shows even more
in the stage between building permit and
start permit — in the so called “technical
consultation” (figure 28).

Decision making in the DDP

In Skanska’s process today the
interviewees described the impact on the
buildings volume as a result of discussion
between different actors. This can be the
Municipality, architect or other such as
performance engineers on different levels.
The involvement of performance engineers
is something which the interviewees later
mentioned as a more recent addition but
becoming more important now due to the
highlighted importance of these aspects.

figure 28, The problem with too late
awareness of BPP *developers perspective

Another important decisionmaker for the
building volume is the market analysis
made in the client’s perspective as
earlier mentioned. This is often a very
heavy aspect when deciding the building
volume in the end. However, a certain
flexibility in the DDP is mentioned from
the interviewees, as an example a bit more
width in the DDP plot. This flexibility is
something that they feel is important to
try and secure the possibility for certain
building elements, e.g. balconies, which
can lead to more satisfied clients.

The issue of maximizing the DDP
is something that the interviewees
recognized, and the earlier mentioned
flexibility is a way for them to try and
avoid this issue. However, they also see a
need to make more analyzes on daylight
and energy in the earlier stages since these
are impacted a lot by the volume and shape
of the building. The interviewee argued
that most of the developers want to be able
to maximize the DDP without creating
bad products regarding the clients. This
also introduce to another important aspect
that the interviewees emphasize, that there
should be (or might already be on the
way) new directions for the municipality/
themselves regarding the building
performance in the DDP process.

Interviews
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WHY DDP AND WHERE?

Through this thesis focus placement in
relation to the building planning process it
aims for creating the needed prerequisites
for the building performance but still
leaving a big opportunity for design in
the coming stages. As Negendahl (2016)
mention this is often not considered when
optimizing in a later stage. By placing
the optimization in an earlier stage, the
process instead gives directives for the
shape that helps the performance, instead
of giving feedback on an already set
model. The placement will also result in
a more fact-based process which also can
have a positive impact on the later stages
when they feel more informed. This is also

i

strengthened by the third interview, which
proposes a way to optimize buildings
without having to backtrack changes.

Going back to the inventory of the process
there lies a great strength in the identified
creative part of the process (figure 15,
29). This strength is both the many
stakeholders and their competence, but
also as mentioned the clear governance
from the municipality (page 28). This
is further strengthened by Yoon & Tello
(2009) which mentions governmental
impact as a great incentive for sustainable
innovation.

Figure 29, the identified creative part of the

DDP.
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the environmental certification - problem statement

The interviews also showed a correlation
between  the implementation  of
environmental certifications and building
permits or start permits. This was common
both on the developer’s side and the
municipality. Both parties also mentioned
that especially daylight is common for
being the reason for not reaching the set

This is illustrated in figure 30. Due to the
impact of building geometry on these BPP
there is a need to investigate them even
earlierthan done today. Thus, an application
of the proposed tool could contribute to
the existing process and methods. Which
also can help in an financial perspective
as shown in figure 31 as an overlay on the

targets in the certification, which have McLeamy curve (figure 25).
led to a higher awareness of the building

performance parameters in the -earlier

process.

AMOUNT
(mere) T Environmental certification

A
(less) N
time

Figure 30, The correlation between
environmental certification and awareness of
building performance.
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Decisions such as:
If an environmental

Clarity if a building
follows the
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as: e,
Height,
orientation, "'u,,,'
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building type o,
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Mgy,
Environmental certjfication implementation Process
(Detail plan) | Predesign Schematic Design Construction Tendering Construction
design development Documents

(building permit)

cost of design change
ability to impact cost and functional capabilities

figure 31. The financial perspective on change during
the Building planning process. Curves adapted from
American Institute of Architects (2007)

The implementation of change in DDP

To implement an innovation/change in
the DDP process the key words found in
the literature study becomes central. They
are illustrated in the figure below (figure
32) and are implemented in the proposed
process on page 57.

Change Process Continuity
Innovation The innovation To work with
means result requires an innovation

something new action plan to be requires a lot of
and this implemented trial and error.
includes to successfully. Therefore, a
adapt to Further this can continuous
change. be described as perspective on the

an implementation
process.

developing

innovation

implementation
process is key for

Communication

To see a current
need is complex.
In the building
process with its
many
stakeholders a
good
communication is
therefore of great
importance to
identify the need
for everyone

figure 32. The identified keywords for innovation
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The innovation process

The literature on innovation showed that
there is no specific method to implement
innovation. Neither know what to expect
as the outcomes. There are however
ways to create the setup for innovation.
Arguably there are no right or wrong
method to follow when working with
innovation, seeing that it is the matter of
creating something new. Nevertheless, the
literature reviewed in this thesis shows
that there is a need to find strategies for
implementing it.

Going back to the quote from Gambatese
& Hallowell (2011, p.555) there are three
steps for innovation process. Envisioning
new strategies, designing the process and
implementing change. The first two were
recognized again in Knoster’s (1993)
model for complex change. The model
however has five steps for a successful
implementation. Vision, skills, incentives,
resources and action plan.

As mentioned before this thesis can both
be discussed as innovation of product
and of process (page 30). But the main
perspective is to see it as both. As for the
thesis strategies the model of complex
change by Knoster (1993) is found to be
a good way to illustrate this (figure 28).

The model is re-illustrated to match the
thesis innovation concept (figure 33). Each
category is described in the table below:

Vision: Creating the prerequisites for
buildings regarding energy and daylight

Skills: Existing actors in the DDP
process, but also the existing process
legislation creates a possibility to
incorporate the stakeholders needed
for the result desired.

Incentives: the environmental
certifications and the general higher
demands on energy and daylight
get solved. A change of process with
earlier incorporation of BPP creates
information-based decisions and a
more holistic process.

Resources: The existing tool, BeDOT,
and its capability to be integrated
with more specific calculations. The
Municipality’s mandate for governance.
It is important to remember the skills as
a resource as well.

Action plan: The process proposed in
the later stage of this thesis.

figure 33. the knoster model for the thesis innovation

concept

preface
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Innovation concept: Handle BPP in DDP

As mentioned earlier in this thesis, the
tool developed at BDAB will be further
developed. The more specific tool
development can be read about in the
thesis by Andersson and Jonsson.

The calculations of BPP is most commonly
done in a later stage of the Building
Planning Process, after a design is set. The
literature investigated in this thesis have
however mentioned several aspects which
can be investigated on an earlier stage
of the process. For instance, a buildings
footprint and shape factor are both relevant
for the Building performance result in both
Daylight and energy.

Building Design Phase

Instead of looking into the early design
phases of a specific building, which both
Forss (2019) & Wippling (2019) did during
their theses, this literature also strengthens
the need to investigate the DDP process.
More specifically, the locked parameters
which are the framework for the coming
Design Phase.

Going back to the earlier presented figure
which can be seen again below. This also
concludes why the addition of the tool
is 1innovative. Subsequently, this also
highlight the need for a new process for
the implementation.

Building Calculations

BeDOTs earlier Concept:

2

Detailed Development Plan

Building Design Phase

A 4

BeDOTs new Concept:

Y

Figure 34, the thesis innovation concept
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Which BPPs?

Based on the literature and the interviews a
diagrame over the most relevant parameters
are listed in the figure below (figure30).
As seen in the figure the relevance differs
between low/medium/high. This thesis
has furthered focused on the ones with the

highest relevance.

Low

Medium

High

Low

Medium

High

preface

Figure 35, the relevance of investigating
certain parameters in relation to the DDP
process

51



THE ADDITION TO THE TOOL & PROCESS

The additions suggested for both the tool
and process is presented in the following
section. They are mainly based on
findings shown in the figures 32, 33, 34
& 35. But one underlying focus is also to
incorporate the environmental, social and
financial perspective as well. This, with
regard to the definition of a sustainable
innovation given by Le Bas (2016) and
Yoon & Tello (2009).

The addition to the tool

Based on the relevance of certain
parameters found in the literature study
(figure 35) the addition to the tool have
been made in consideration to those of
highest relevance. These additions are
shown in blue in the figure 36.

The importance of the
geometry

This part of the tool is highlighted due
to the importance of mass modelling
for the investigation. The importance of
investigating the parameters orientation,
height and width are frequently reoccurring
while reading the literature. Due to this a
big part of the additional functions relate
to the geometry.

handling

For instance, the ability to filter the result
by which property is highly relevant
during investigating the DDP. This due to
that an DDP area often includes several
of properties. Thus, a need to investigate
certain buildings from the result is highly
relevant to find the best solution.

Thermal bridges and ground flux

Both additions to the tool gives a
more specific outcome of the energy
calculations. They are relevant both when
designing the geometry of the building but
also when deciding the activity. E.g. they
can help decide whether or not external
corridors could be applied to the building.

Daylight

Sometimes the best thing is not to have
all information at once. Therefore, the
daylight addition is included by a separate
script. This also since it already exists
solutions for the chosen daylight analysis
VSC.

Validation

The validation of the outcomes from
the tool can be adapted for the current
need. For the DDP process the suggested
validation methods are further presented
in the next chapter of the thesis (page xx).
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figure 36. lllustration of the addition to the tool

result 53



The addition to the process

The proposed process (figure 37) is
divided into five steps of change in the
existing process. These are described in
the following paragraphs.

1. Inauguration Of The Tool

The municipality would in this case not
be the main user of the tool, however they
would act as an incentive for the usage of
it.

Yoon & Tello (2009) write that one of the
main drivers for sustainable innovation
is Governmental impact. This thesis
proposes this as a first step in the process,
to give directives for the usage of BPP in
the DDP. In similarity to how the MKB is
legislated it could use some governance to
do “as told” and if the municipality would
announce consulting with special interest
in energy and daylight this could help
drive the change of process. This is also
connected to the keyword communication,
found in the literature about innovation.

The need for this kind of directive was
also found during the interviews, there
is an existing confusion for whom the
responsibility for the analyzes lay on. As
a result of this, there are many processes
today which could investigate energy
and daylight earlier but see it as a gain
in time if they skip it. By giving these
actors the incentive to do the analyzes
the prerequisites however could improve
and thus they can gain in time by having a
better worked out plan to develop within.

2. The Tool For Conslutation

While Yoon & Tello (2009) write about the
drivers in general, Gambatese & Hallowell
(2011) reflected the incentives into the
construction industry. In their findings
the incentives called idea generation and
opportunity are central for this step.

The tool that lay ground for this thesis
creates an opportunity for a great idea

generation. As shown later during the
case study, the design methods used for
the development of the DDP generates
a lot of different models to juxtapose to
each other. This follows in the concept of
design thinking and the idea that design
never ends. To continuously explore and
investigate different proposals in the
beginning gives both an optimized design
but it also generates a knowledge of how
the design affects the outcomes. By giving
this perspective to both architects as well
as engineers supposedly should help the
prolonged holistic thinking during the
specific building design phase.

3. A New Tool = A New Actor?

The addition of the tool should be
a contribution to the process and
development of the buildings. And
during the mapping of actors it was found
that the actors involved should possess
the competence necessary for such an
addition. Meaning that there is no actual
need for a new actor to be involved.

However, in the beginning it is very
important to see that there is a specific actor
mentioned as responsible to see the analysis
through and to keep the communication
of it in the rest of the process. This is by
no means necessary to be a new actor,
but one that have the possibility to follow
each step of the process is necessary
when working between actors. This is to
minimize that the analyzes are forgotten.
But mainly to see to that the knowledge
can be communicated further both within
the DDP process and also to the later
stages of building planning process.

As identified in the interviews a clear role/
ownership is in need between the actors
in the DDP process, the addition of the
tool BeDOT is no exception. Therefore,
a completely new actor can be identified
as a strength, especially in the beginning
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of the implementation of the new tool.
The foremost identified role for this
actor would be as a technical consultant.
Within this role the actor would help with
both the function of the tool and help
develop the results desired from it. Also,
the consultant could help create both a
clarified governance in its ownership of
the tool and its analyses. Thus, helping the
communication and process.

4. The Tool For Examination

As another option for the municipality to
use atool suchas BeDOT they can applicate
it as a part during their examination. This
is a way to make sure that the option
chosen when e.g. holding a contest are the
best option in regard to the BPP energy

figure 37. illustration over the proposed process

and daylight. This function also applies
where the need for the analyzes have not
been found until later in the process and
the municipality want to reassure the
performance of the proposed plan.

5. The Importance Of Continuity

As found throughout the literature,
the linear process is a common way to
illustrate and perform processes in the
construction industry. However, there is
a great need to keep knowledge between
processes and develop each step after the
knowledge gained. Thus, there is a need to
see the process as a circular process and
to find ways to maintain both information
and knowledge in the future. This is further
highlighted in the keywords in figure 32.

result
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CASE STUDY

PLANKARTA

The site chosen is located in Gothenburg, it
is a block of residential buildings with high
demands from both the existing buildings
and from the scenery. For instance, a high-
speed road is located directly in connection
to one of the planned buildings today.

Following the proposed process, the case
study is following the two usages of the
tool in figure xx — as an examination tool
and as a consultation tool. The examination

Remains visible Generalized
Drawings Location
lllustrations
Models

situation.
Municipal program
Although anonymized location
the identified problems and

themes set in the program will
be presented in the case

Instead of specific address it is
described with orientation, setting
and other aspects describing the

figure 38. illustration over the case study DDP area

part applies on the first iteration, iteration
0, while the consultation process applies
on following iterations, iteration 1-4.

Due to acquiring classified information
connected to the case-area, some
information will be anonymized. This
anonymization is furthered described in
the figure below (figure xx).

Anonymized

Valuation from the done projects

Due to the case study being done
with a new tool, the parameters
presented will be the ones measured
in the new tool

Further, the information on the
already done project becomes
irrelevant since it is performed at a
much higher level of detail,

and will therefore not be presented
in this thesis

figure 39. description over case-anonymization

Case study
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VALIDATION OF ITERATIONS

As already stated, there is no mandatory use
of environmental certifications (page, 27).
However, the requirements stated in the
Building regulations BBR are mandatory.
These are continuously updated to fulfil
the current demands. Since BBR is the
same matrix for all new buildings in
Sweden the demands set for this thesis
will follow the ones stated for energy in
BBR. However, for other environmental
certification demands the outcomes of the
tool is still relevant.

Energy demands is Sweden

In BBR the new buildings need to

fulfil the demands regarding (Boverket,
2018c¢):

- The buildings primary energy
number (EPpet)

- Installed electric input for heating
- Average thermal transmittance

- Average air leakage rate

For the analyzation of the iterations the
thesis will use the EPpet as the main
indicator for energy demands.

Important to know when analysing EPpet
is that the value is not a set value for
every building. Rather it is dependent on

Local Regulations

Since this case-area 1is placed in
Gothenburg it is not only regulated by
the specific program for the area, but also
Gothenburg municipality’s indicators for
city-qualities. As part of some municipal
strategies there can be local regulation
created as additional restrictions. If so,
these applies on top of the legislation for
the DDP. The regulations for Gothenburg
can be read in appendix 2.

both what the chosen energy provider is
and also depending on the activity in the
said building and geographical position.
For instance facilities need to be cooled
while residences are not constructed for
the aim to install cooling.

Due to this there are different values to
fulfill depending on the activity. The
values the case study is measured to are
presented in the figure below. The aim
is however to find a plan with the lowest
EPpet possible.

Premises residences mixed
ACTIVITY Premises Residences Mixed
EPpet (BBR) 97.5 kWh/Atemp 85 kWh/Awemp weighted value depending on % of activity

Miljebyggnad guld <60% based on the value from BBR

<70% based on the value from BBR

weighted value depending on % of activity

figure 40. The different activities and their max value
of EPpet. Added conditions according to Miljébyggnad
to compare and contrast the results further.
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DEMANDS FOR DAYLIGHT IN SWEDEN

There are several of methods to calculate
Daylight, the one used in this thesis is
Vertical Sky Component (VSC). This due
to the level of detail set in the DDP. Other
methods like the Daylight factor (DF),
which is the method that BBR demands,
used requires rooms in the model to be
correct. Therefore, the level of detail in
the DDP once again creates constraints
regarding which methods to use.

The evaluation of the VSC is based on the
assessment made by the Urban Planning
Department of Gothenburg. They propose
that the results should be presented in
such way that it is clear which parts of the
buildings are within the range of: <10 %,
10-12 %, 12-15 %, 15-25 % and >25 %
(Stadsbyggnadskontoret Goteborg Stad,
2020). What the different percentages are
indicating is shown in the figure below
(figure 41).

VSC (%) <10 10-<12 12 - <15 15— <25 >25
,1, Change Change Change Explore
D - geometry of the - geometry of the - geometry of the - geometry of the
| building building building building
C - block structure - block structure
A - geometry of e.g.
T roads - use in part/entire
| - use in part/entire building
N building
G

level of relevance:  abe abc need to change

abc
abc experiment

investigate for better result

lteration method

The results of the iterations are presented
in the same way, all after each other, with a
joint summary and comparison in the end.
The order is as follow:

 Iteration 0: The reference case

» [teration 1: Tower building block

» [teration 2: Narrow shaped building
block

+ Iteration 3: L-shaped building block

 [Iteration 4: Block with courtyards

figure 41. the percentage of VSC and its proposed
actions. (understood from Stadsbyggnadskontoret
Goteborg Stad, 2020).

Result visualization

As for the results from the different
iterations these will be presented in
both diagrams and visualization through
models. In the report the graphics are partly
presented. Additional visualization of the
daylight analysis can be found in appendix
2a-2e. Supplementary diagrams and in
data for the tool can be found in the thesis
report by Andersson and Jonsson (2020).
The chosen methods for the iterations
and why is more closely described in the
following paragraphs.

Case study
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The first iteration, iteration 0, is as mentioned
in the introduction analyzed with the tool as
an examination tool. Therefore, the result is
not further developed but used to compare
with the other iterations. As a part of the
result some of the data is further used as
a framework to create the other iterations.
This framework contains the building gross
area (BTA) as well as the percentage of
premises and residences planned for in the
DDP area.

To be able to investigate BPPs in the DDP
a design method for different types of
iterations is proposed below. The order of the
iterations is only a suggestion, but they are
based on the level of relevance of different
parameters which is illustrated earlier in this
thesis (figure 35).

METHOD 1 : TYPE BUILDINGS

As mentioned above, the iterations 1-4 are
based on the same BTA that is planned for
in iteration 0. The resulting BTA will differ
between plans due to different footprints of
the buildings. However, the resulting BTA
is never planned for less than the existing
DDP program.

The first method, which is used to design
iteration 1-4, is done by translating

Similar to the proposed DDP process, the
concept of continuity applies on these
methods as well. This means that the
iterations done in the first step might not be
optimized, but the knowledge gained by the
result can help to develop the DDP proposal
further.

As can be imagined from the vast number
of methods, several models are generated
throughout the design process. This is one
of the strongest connections to innovation
and the incentive mentioned by Gambatese
& Hallowell (2011), idea generation.

For this thesis the first two proposed iteration
methods will be the ones investigated
further.

iteration 0’s BTA into other building/
block shapes. This thesis will be using
four different common type buildings

in Sweden: Tower building block
(Punkthus), Narrow shaped building
block, (Lamellhus), L-shaped building
block (L-hus) and Block with courtyards
(Kvartershus).

figure 42. illustration over the different type-buildings

used in iteration 1-4.
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METHOD 2 & 3 : HEIGHT

This method calculates the result of
increasing and/or decreasing the height of
the type buildings tried in method 1. This
can be done by two methods. The first, is
to add and remove the same number of
floors in a model. Given that the footprint
of the buildings is the same. The second
method is to re-calculate the footprint of
the building depending on how you want
to change the height. An increased height
means smaller footprint. A decreased
height means a bigger footprint.

Following these methods several of other
design aspects can be iterated. Three
proposals are to change the buildings
orientation, add external corridors on
the exterior, and to try different WWRs.
These methods different impact on the
building performance is presented in the
literature study on page 36-40.

Important to remember

figure 43. illustration over method 2&3 for the
iteration 1-4.

The proposed process of iterations generates several of models to analyze.
The additional outcome in BeDOT, the ability to compare various properties
creates a possibility to also highlight which buildings that works better in

a specific site in the DDP. Furthermore, it creates a possibility to highlight
well-functioning premises in different cases, and thus, the ability to combine
proposals is both accessible and simplified. Due to this the tool can also be
used to try different finished proposals as well as examining proposals to gain
an optimized plan where the tool is only used during the examination stage of

the DDP process.

Case study

61



ITERATION O

The type of buildings
planned for in the area
in iteration 0 is a mixed
area with residences
in  closed  blocks
surrounded by different
types of premises in
both narrow shaped
buildings and tower
buildings.

In  the following
section the results are
presented. Due to the
anonymization but also
its readability the DDP
have been redrawn with
the information kept
shown in the legend.

INFO

BTA:
Properties:
Average levels:

71600 m?

7,04 (max 12)

Ratio of residences/premises (%):

5022

residences
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“ 4978

. premises

highest height < 971 no buildings may

above 0 plane A be built above ground
meters above 0 plane T
usage border

DDP area

max 3.5 m may
+ + be built above ground

nothing may be built

scale 1:1@04#()

R Residences
O offices (premises)

refX property number
C1 Building with cultural value

figure 44-47. figures for iteration 0
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Energy demand

Iteration 0 have an acceptable average
EPpet while comparing it to BBR,
however, as seen in figure 77 (page 72) the
transmission losses are quite high. This
leads to a higher EPpet than necessary.

Therefore, one learning for the further
iterations is to aim for this is to find
iterations with lowered transmission
losses.

[KWh/m?2Aemp per year]
80

70
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50
40
30
20
10

0
Ref1 Ref2 Ref3 Ref4 Ref5  Ref6

Property

VSC

Due to the open streets surrounding the
DDP-are the VSC results are >25 % in
the facades facing them. However, when
looking at the VSC, iteration 0 has a high
plot-ratio as seen in the DDP and the result
of the BTA. This results in narrow streets
and courtyards which have a negative
impact on the VSC. Therefore, there is

figure 48. EPpet per each property in iteration ()

room for a lot of improvement in this
aspect. For further development in the
coming iterations a first method to broaden
the streets and opening the courtyards
could be investigated.

W25

15-25 [ 12-15 [ 10-12 M <10 (%)

figure 49. Model 