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ABSTRACT

This master's thesis explores the adaptability and robustness of a specific kind of verna-
cular in Norway's cold climate. Using digital tools such as Rhino and Grasshopper, a
parametric model is created to simulate under different climatic conditions and opti-
mize its features.

Study begins by analysing the climatic context and identifying a specific vernacular
typology. Characteristics of this typology were then traduced in numerical parame-
ters that could be orientation, insulation, and design features etc. These elements are
then incorporated into the parametric model to create a digitally optimized design
that canrespond to a range of climatic scenarios. The results demonstrate the poten-
tial of digital tools to stretch the model according to applied parameters and optimi-
ze its performance for different climatic contexts.

The study concludes by discussing the implications of the research findings for sustai-
nable architecture design in cold climate regions, emphasizing the importance of
preserving and learning from vernacular architecture as a valuable cultural and envi-
ronmental resource. The thesis also suggests future research directions to explore the
potential of digital tools to optimize the climate adaptability and robustness of verna-
cular architecture.

Keywords: Vernacular architecture, climate adaptability, robustness, op-
fimization, digital tools.
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INTRODUCTION

Vernacular architecture represents the
result of a refinement process in which
construction and form of a building have
been continuously revised in order to pro-
vide a shelter for the human habitat. Ver-
nacular buildings have the inherent ability
to optimally perform under specific regio-
na and climatic conditions. As a result of
what is generally defined as a regionalist
approach, these buildings express the
result of a good inferplay between
human and natural environment, often
implying the use of local materials and
available craftsmanship, resulting in a
unique expression of aregion's architectu-
re.

Today, vernacular structures are often
identified as expression of a sustainable
approach to architectural design, limiting
the use of long-travelled materials and
offering advanced solutions for climate
sheltering. Today, environmental perfor-
mance of principles embedded in verna-
cular architectures can be further enhan-
ced thanks to the use of advanced digital
tools available today.
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Figure 01: Bioclamatism in vernacular architecture.[1]

This master thesis aims to test the climate
adaptability and robustness of a specific
vernacular architecture in the cold clima-
tic context of Norway, by digitally crea-

ting a parametric model using digital tools
like Rhino and Grasshopper whose chao-
racteristics can be stretched and optimi-
zed to answer a wide range of possible cli-
matic contexts and conditions. Norway's
harsh winter climate makes it an ideal lo-
cation to test the specified model to ex-
plore the potential of digital tools and
eventuadlly the relation with snow. This
study will contribute to the ongoing con-
versation about the importance of preser-
ving and learning from vernacular archi-
tecture as a valuable cultural and envi-
ronmental resource.

Figure 1 presents an igloo as an exem-
plary representation of bioclimatism[1].
Bioclimatism involves utilizing natural re-
sources and materials in building design
to optimize local climate conditions. In
the case of the igloo, the use of ice blocks
for walls provides insulation, trapping heat
inside and keeping the interior warm des-
pite freezing temperatures outside. The
igloo's rounded shape also reduces wind
resistance, preventing snow drifts from ac-
cumulating around the structure.

Figure 02:Vernacular architecture in cold climate of Norway.[2]



Figure 03: Vernacular architecture historic design principles.[3]

Figure 3 shows some of the essential histo-
ric design principles of Vernacular archi-
tecture.[3]

Importance of climate adaptability
and robustness

Sustainability refers to the ability to main-
tain and balance ecological, social, and
economic systems to meet the needs of
the present without compromising the
ability of future generations to meet their
own needs. Climate change has brought
about a pressing need for sustainability in
architecture that can withstand and
adapt to the increasingly extreme wea-
ther conditions experienced in many
parts of the world.[4] Climate adaptability
and robustness are key factors in the
design of sustainable architecture, as
they can help reduce energy consump-
tion and limif the environmental impact of
buildings. Robustness refers to the ability
to adapt to changing environmental con-
ditions while maintaining its performance
and longevity.

Incorporating vernacular design princi-
ples into modern sustainable architecture
can help create buildings that are better
adapted to their local climates and can
operate efficiently with minimal energy
use. By prioritizing climate adaptability
and robustness in sustainable architecture
design, we can create more resilient and
environmentally responsible built environ-

ments. Designing buildings in such regions
requires consideration of factors such as
heavy snow loads, strong winds, and ex-
tfreme cold temperatures, as well as provi-
ding insulation to reduce energy con-
sumption. With the potential impact of cli-
mate change intensifying extreme wea-
ther events, it is important to prioritize ro-
bustness in building design to ensure
adaptability to changing conditions such
as increased precipitation, melting per-
mafrost, and shifting freeze-thaw cycles.
Freeze-thaw cycles refer to the repeated
process of freezing and thawing of water
or moisture in a material or environment,
which can lead to physical and structural
changes. Figue 4 is an example of verna-
cular architecture in Norway. In this exam-
ple the walls are sloped to allow for the
shedding of snow, preventing heavy ac-
cumulations that could damage the
structure.[5]

Figure 04: Jcerhuset, Vernacular architecture in Norway.[5]
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Research Question

How could we use digital tools in order to
enhance inherent qualities of vernacular
models and extend their climate adapta-
bilitye

Hypothesis and Scope

Vernacular buildings embed solutions for
climate sheltering whose performance
can be further enhanced by using digital
tools.

The aim of this thesis is to explore the po-
tential of parametric modeling tools for
enhancing the climate adaptability of

vernacular architecture in Norway's cold
climate. To achieve this, we will digitally
recreate a specific vernacular typology
and analyze its performance under speci-
fic climatic conditions.

Through this process, we aim to test the
climate adaptability and robustness of
the digitalized vernacular model, and to
identify potential design modifications
that could improve its performance. Ulti-
mately, this research aims to demonstrate
how fraditional vernacular knowledge
and contemporary technological solu-
tions can be combined to develop more
effective solutions for climate sheltering in
the context of cold climate.

METHODOLOGY

The methodology will start with a thorou-
gh literature review to establish the exis-
ting knowledge and theories related to
vernacular architecture and its correla-
tion with climate. A specific vernacular
typology will be identified for the study,
and a parametric modeling tool will be
used to digitally recreate it.

The digital model will be subjected to cli-
mate simulation software to evaluate its
performance under specific climatic con-
ditions. The simulation will provide insights
into the climate adaptability and robust-
ness of the digitalized vernacular archi-
tecture and idenfify design modifications
that could improve its performance. The
results of the digital simulation will be com-
pared to the existing knowledge and
theories related to vernacular architectu-
re and its correlation with climate. By
combining traditional vernacular knowle-

dge with modern digital tools,  this study
will demonstrate the potential for more
effective solutions for climatesheltering.
The research will contribute fo the
growing body of knowledge in the field of
climate-responsive architecture and pro-
vide insights infto how new tools can be
used to enhance the climate adaptability
of vernacular architectures.

The findings of this research could have
significant implications for the field of sus-
tainable architecture and construction,
particularly in cold climate regions. The
outcomes of this study may inform the
design and construction of more effecti-
ve, climate-responsive architecture solu-
tions that take into account the unique
challenges posed by Norway's cold cli-
mate. Figure 5 shows the general flow
chart of this thesis.
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Figure 05: Methodology flowchart diagram.

TYPOLOGY AND CLIMATE

Selected typology

Goahtiis a tradifional example of Scandi-
navian vernacular architecture that has
evolved over time to adapt to the harsh
climate conditions of northern Norway,
Sweden, and Finland. The design includes
thick walls, and a roof covered with furf or
shingles, which provide excellent insula-
tion against cold temperatures, snow,
and wind [6]. Therefore, the Goahti is an
excellent example of how traditional ver-
nacular architecture can be adapted to
local climate conditions.

Its design could be considered as inhe-
rently sustainable because using locally
sourced materials and traditional building
techniques. This approach minimizes the
environmental impact of the building pro-
cess and ensures that the building blends
into its natural surroundings.

The shape of the Goahti is also a notable
feature that confributes to its climafe
adaptability. The circular shape allows for
minimal exposed surface area, which re-
duces heat loss and enhances the struc-
tural integrity of the building in high wind
conditions. This design also facilitates na-
tural venfilation and the efficient use of
space.

Plan

End

Sections

Figure 06: Goahti, Plan and sections.[6]
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Strong qualities of the identified
typology

* The utilization of a circular shape plays a
vital role in enhancing thermal and wind
efficiency. By eliminating corners and
unused spaces, the circular design maxi-
mizes the utilization of available area. This
design aspect further improves insulation,
minimizing heat loss by reducing the surfa-
ce area of the walls.

* As shape of base is circular or ellipse
and can affect the way that wind and
snow interact with the building, which can
have a significant impact on snow accu-
mulation. By varying one radius of the
ellipse in the optimization process, it may
be possible to create a shape that is
beftter suited to the prevailing wind pat-
terns in the area. For example, a longer
radius on the side of the building facing
prevailing winds may help to reduce snow
accumulation on that side. In addition, an
ellipse shape may also help to distribute
wind more evenly around the building,
which can reduce the likelihood of snow-
drifts forming on one side of the building.

* The height can affect the amount of
solar radiation that enters the building. A
slimmer form stretching in height can re-
ceive more direct irradiation in the winfter,
which can increase solar gain and confri-
bute to passive heating .By simulations
and analyzing the results, we can identify
the optimal combination of variables that
maximizes solar gains and radiation while
minimizing heat loss.

* Rotating variable around the X-axis can
change its orientation relative to the sun's
path throughout the day. By adjusting this
we can optimize the building's exposure
to direct sunlight, which can help increa-
se solar gains and eventually gives sug-
guestions about the optimal placment of
windows and doors.

‘. é;%
!
l\__/
eo

Figure 07: Graphical illustrations of strong qualities.
X =xaxis, y =y axis, z=z axis, r = radius ,

6° = Rotation angle
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Selected region to test the model:

To test the model, Geilo city is selected.
Geilo is a mountain town located in
Norway, known for its scenic beauty and
skiing opportunities. It is home to tradifio-
nal architecture, including the famous
stave churches and traditional log cabins
[7].The selected typology (figure 06)
might represents an alternative of these.

Geilo is located in a mountainous region
and has a subarctic climate. The winter
season is long, with snow covering the
ground from November to May. The ave-
rage temperature during winter ranges
from -8°C to -12°C, with occasional drops
to -20°C or lower.[8] The cold temperatu-
res are accompanied by strong winds
and snowfall, making it important for buil-
dings to be well-insulated and protected
from the elements. Tradifional vernacular
architecture in Geilo features steep roofs
to shed snow, thick walls to provide insula-
tion, and small windows to minimize heat
loss. Additionally, the use of locally sour-
ced materials such as fimber and stone
help buildings withstand the harsh clima-
te. These traditional design elements have
been developed over centuries of living in
the region and offer a valuable source of

SR
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Figure 08: Geilio Location - 60.5337° N, 8.2088° E. [9]

knowledge for adapting to the cold cli-
mate. It is an optimal site to test the clima-
te adaptability of the parametric model.
This type of climate poses significant cha-
llenges in architecture. Other similar cities
to test the model can be Rgros, Trond-
heim and Alta.

Average Snowfall

— Average
| Snowfall (ecm)

(WD) |oymous

Average rainfall days

Average Temperature

Temperature
uolpdioald

b
////

Figure 09: Climatic charts. [8]

The warmest month in this location is July,
with an average temperature of 11.0 °C
(51.8 °F). This means that over the years,
July has consistently had the highest ave-
rage temperature among all the months.

On the other hand, the coldest month in
this location is January, with an average
temperature of -9.1 °C (15.7 °F). This
means that January has consistently had
the lowest average temperature among
all the months.[8]

The difference between the warmest and
coldest months is quite significant, with a
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range of 20.1°C (36.1°F). This suggests that
the climate in this location may experien-
ce large seasonal variations in temperatu-
re, with cold winters and mild summers.

It's important to note that the temperatu-
re can vary significantly within a particular
month, and this average temperature is
just a generalization of the climate in that
location. Also, it's worth noting that the
average temperature of a location can
be influenced by a variety of factors, such
as altitude, proximity to water bodies, and
prevailing winds.
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Figure 10: Wind Rose chart- Geilio, November til March.

Norway is known for ifs diverse and often
unpredictable weather, with varying wind
speeds throughout the year. The coastal
regions tend fo experience stronger
winds, while the inland areas are typically
calmer. In general, wind speeds are
affected by a number of factors, such as
topography, atmospheric pressure, and
proximity to large bodies of water.

On average, wind speeds in Norway
range from about 3-8 meters per second
(m/s) inland, to 8-12 m/s along the coast.
However, it's not uncommon for wind
speeds to exceed 20 m/s during storms or
extreme weather events. [10]

In Geilo, wind speeds can vary depen-

ding on the time of year and local wea-
ther conditions. The fown is sifuated at an
alfitude of about 800 meters above sea
level, which may influence the wind pat-
terns. Generally speaking, wind speeds in
Geilo may be slightly higher than in
lower-altitude areas of the country.

The Wind charts in figure 10 and figure 11
is generated using Grasshopper with lady-
bug plugin with Geilo climate weather file
in EPW format. An EPW file is a type of
weather file that contains hourly weather
data for a specific location, including
temperature, humidity, wind speed, solar
radiafion, and other climatic variables.
The major prevailing winds in Geilo blow
from south fo north between November
and March. The decision to focus on
winter months in the chart was based on
the fact that snow is more likely to form
during this time due to colder temperatu-
res and lower humidity, which are also re-
flected in the EPW file.
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1 2 3 4 5 6 7
Wind Speed (m/s)

Figure 11: Wind Profile - Prevailing Wind average Velocity,

November til March

As shown in the figure 11, the wind speed
at heights of up to 16 meters in the Geilio
is around 1-6 m/s. This means that the
wind is relatfively mild and not particularly
strong, as wind speeds are typically mea-
sured in meters per second (m/s). This is
general velocity and subject to change
according to context.
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OPTIMIZATION AND TARGETS

Optimization refers to the use of compu-
tational tools and algorithms to enhance
the efficiency, precision, and performan-

Optimization methodology

To optimize the design of a building, archi-
tects and engineers often use advanced
tools and techniques, such as parametric
modeling, simulations, and analysis sof-
twares. In this parficular case, the process
began with creating a parametric model
of a selected typology using Rhino and
Grasshopper software. This model incor-
porates all the variables and constants
derived from the concepts and require-
ments of the selected parameters.

Once the parametric model is created, si-
mulations can be conducted based on
selected targets. These simulatfions eva-
luates the building's performance. The re-
sults of these simulations are subject to op-

ace of design solutions. This chapter will
highlight the optimization methodology
and targets.

Wallacei simulation software is used,
which is a mulfi-objective optimization
tool that identifies the Pareto front results.
The Pareto front results represent the opti-
mal solutions based on multiple perfor-
mance criteria.

After obtaining the Pareto front results, the
next step is fo evaluate the building's be-
havior under wind and snow loads. This is
done using Simscale software, which is a
cloud-based simulation platform that
allows for virtual testing of building desig-
ns. By testing the building's form and sfruc-
ture under different weather conditions, it
was possible to identify areas for improve-
ment and further optimize the design

timize. To perform this optimization based on the chosen concept.
START
A |
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Figure 12: Optimization flow chart diagram.
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Digital tools

Rhino and Grasshopper

Rhino and Grasshopper are widely used in
architecture for creafing parametric
models due fo their flexible and intuitive
workflow. The software allows designers to
create complex 3D geometries and mani-
pulate them easily. Grasshopper, a visual
programming language, makes it possible
to create parametric models by defining
relationships between variables and pao-
rameters, enabling the creation of com-
plex systems with many interdependent
variables.

Integration of simulations and optimiza-
tion software with Rhino and Grasshopper
allows real-time evaluation of designs
based on specific performance criteria.
The resulting optimized designs lead to
more energy-efficient, sustainable, and
functional buildings. This approach ena-
bles architects and designers to explore
various design options quickly and make
informed decisions based on the perfor-
mance of the design. In summary, Rhino
and Grasshopper provide powerful tools
for creating parametric models in archi-
tecture, making it possible to create buil-
dings that meet both aesthetic and func-
tional requirements.

Wallacei optimization

Wallacei is a powerful optimization tool in
Grasshopper, capable of handling mul-
ti-objective optimization problems with
efficiency and ease. Its intuitive interface,
ability to handle complex problems, and
capacity to incorporate uncertainty and
variability make it a valuable tool for ar-
chitects and designers. It enables the dis-
covery of optimal solutions for selected
targets, making it a standout tool in the
field of architecture.

The Pareto front, also known as the Pareto
set or Pareto frontier, is a set of optimal so-
lutions in multi-objective optimization. In
such opftimization problems, there are
multiple objectives that need to be opti-
mized simultaneously, and these objecti-
ves may be in conflict with each other,
meaning that improving one objective
may lead to a deterioration in another.

The Pareto front consists of those solutions
that are not dominated by any other solu-
tion in terms of all objectives. In other
words, a solution is Pareto optfimal if no
other solution is better than it in all objecti-
ves. Solutions that lie on the Pareto front
are called Pareto optimal solutions or
non-dominated solutions. An example of
pareto front is shown in the optimization
flow chart diagram. Another approach is
to use simulation-based methods, such as
Monte Carlo simulation, to explore the so-
lution space and identify the Pareto front.

Simsclae

SimScale is a valuable simulation platform
for architects and engineers, enabling
them to analyze wind behavior surroun-
ding buildings.Ilt accurately predicts wind
patterns and identifies areas of high wind
pressure. Where as it cannot directly fore-
cast snow formation but examining Vortex
information can help to identify slow
speed. This information is instrumental in
analyzing show deposition and optimizing
the building's design to reduce snow ac-
cumulation.

By leveraging SimScale's capabilities, ar-
chitects and engineers can enhance their
understanding of wind effects, optimize
building performance, and create more
resilient structures.
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Optimization Targets

The selected parameters for this optimiza-
tion study, includes heat loss/gains, radia-
tion analysis, and wind/snow analysis.
These are crucial in evaluating the clima-
te adaptability of vernacular architecture
in cold climates.

Heat loss/gains

As general principle, heat gains refer to
the heat accessing the building, while
heat losses refer to the heat that dissipate
from the building. In order to maintain
thermal comfort inside the building, it is
important to achieve an optimal balance
between them [11]. This means that the
building should not be too hot or too cold,
and the temperature should be consistent
throughout the building.

An optfimal balance between heat gains
and losses can be achieved through vao-
rious means, such as through proper insu-
lation, the use of energy-efficient win-
dows and doors, and the installation of
ventilation systems that allow for conftro-
lled aqir exchange. By reducing fthe
amount of heat that enters or leaves the
building, it is possible to significantly impro-
ve the energy efficiency of the buil-
ding.[11]

By optimizing the heat loads of a building,
it is possible to reduce the need for addi-
tional heating or cooling systems, which in
turn reduces the amount of energy requi-
red to operate the building, ultimately re-
ducing its carbon footprint

Radiation

When designing a building in a cold cli-
mate, it is important to consider the
impact of solar radiation on the building's
energy efficiency and occupant comfort.
Solar radiafion can be used to provide
passive solar heating, which can signifi-

cantly reduce the amount of energy re-
quired to heat the building [12].

A radiation analysis involves studying the
solar radiation pafterns in the building's lo-
cation to determine the best building
form to maximize solar gains and reduce
heat loss. By optimizing the building form
to maximize solar gains and reduce heat
loss, it is possible to significantly improve
the energy efficiency of the building. For
example, a building with a south-facing
facade that is properly insulated and de-
signed to capture solar radiation can sig-
nificantly reduce the amount of energy
required to heat the building.

In addition fo enhancing energy efficien-
cy, conducting a radiation analysis in ar-
chitecture can contribute to occupant
comfort. By optimizing solar gains, natural
and passive heating can be achieved,
thereby maintaining a pleasant indoor
temperature. This, in turn, reduces the re-
liance on additional heating systems that
may cause noise and disturbances for oc-
cupants. By priorifizing solar radiation
analysis, architects can create designs
that promote thermal comfort and mini-
mize the use of mechanical heating, resul-
ting in a more peaceful and comfortable
environment for building occupants.

Wind / Show

Wind analysis involves studying the patter-
ns and strength of the winds in the buil-
ding's location to determine the impact
on the building's structural integrity and
thermal performance. Wind can cause
heat loss through infiliration of cold air,
and can also damage the building's struc-
ture if it is not properly designed to withs-
tand the forces of the wind [13].

A snow analysis involves studying the pat-
terns and accumulation of snow in the



building's surrounding to determine the
impact on the building's thermal perfor-
mance and safety. Snow can cause heat
loss through insulation compression and
can also cause damage to the building's
structure if it is not designed to withstand
the weight of the snow.

A comprehensive wind and snow analysis
empowers architects and engineers to
optimize building shape, orientation, and
materials for enhanced performance. By

adjusting the building's orientation, expo-
sure to prevailing winds can be minimized,
leading to improved thermal comfort. Ad-
ditionally, the analysis aids in designing
doors and openings strategically to mini-
mize wind-driven infiltration and opfimize
natural ventilation.

These insights enable the creation of resi-
lient, energy-efficient buildings that priori-
tize occupant well-being in adverse wea-
ther condifions.

CONCEPT AND MODEL FORMATION

In this chapter we will first go through the
concept development and eventually
how it helped forming the parametric
model. The concept of the design has
been developed based on the funda-
mental circular plan of the chosen typolo-
gy. In order to achieve the target values
of the optimization parameters, which in-
clude heat gains and losses, radiation
analysis, and wind/snow analysis, the
constants and variables of the design
have been defined accordingly. The qua-
lities of the selected vernacular architec-

Variables

Variable 01 = V1

ure typology, that has been discussed in
chapter 3.2, have been taken into consi-
deration during this process. By aligning
the design concept with the identified
qualities of the fraditional architecture,
the resulting design is more likely to be
successful in terms of climate adaptability
and energy efficiency. The selection of
appropriate constants and variables is cri-
tical in ensuring that the design meets the
desired performance targets while also
being aesthetically pleasing and cultura-
lly appropriate.

D

Plan
perspective view

Figure 13: Variable 01 - Concept development illustration

Variable stretch

3D formation



Variable 02 = V2

S

Plan Variable stretch
perspective view

Figure 14: Variable 02 - Concept development illustration

Variable 03 = V3

Plan Variable stretch
perspective view

Figure 15: Variable 03 with variable 02 - Concept development illustration

Variable 04 = V4

~
————

3D
perspective view

Figure 16: Variable 04 - Concept development illustration

3D formation

3D formation

b e = =

V4

Variable stretch
3D formation
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Variable 05 = V5

3D
perspective view

Variable stretch
3D formation

Figure 17: Variable 05, measued in angle - Concept development illustration

Constants

The typology is set to be a residential unit
and the constants are defined according
to the limitafions set by requirements of a
residential units. In this thesis, we are tes-
ting Microhouse category. The require-
ments of a microhouse have been
pre-defined and implemented in the pa-
rametric model according to the new TEK
17 regulations of Microhouse. These regu-
lations that are set to be implemented
from 1st July 2023. The residential unit that
is being tested for climate adaptability is
subject to various constraints and consi-
derations. It is important to note that the
optimization process only considers a dis-
crete number of variables that has been
discussed in the chapter 5.1.

It is important to consider that the building
must be designed exclusively for residen-
tial purposes and must include all main
functions necessary for comfortable
living. These functions include a living
room, kitchen, sleeping area, bathroom,
and foilet, standards for safety, functiona-
lity, and livability.

TEK 17 is a set of Norwegian building regu-

lations that outlines requirements for the
energy performance of new and existing
buildings. It is the latest version of the tech-
nical regulations for energy performance
in buildings in Norway and it was introdu-
cedin 2017.[14]

The main objective of TEK 17 is fo ensure
that buildings are designed and construc-
ted to be energy efficient, sustainable,
and environmentally friendly. It sets out
minimum standards for energy use in buil-
dings, including requirements for insula-
tion, ventilation, and heating systems. In
addition to energy performance, TEK 17
also includes requirements for indoor cli-
mate and air quality, water supply and sa-
nitation, and fire safety. It aims to ensure
that buildings are comfortable, healthy,
and safe for occupants.

Microhouse in accordance with
TEK 17

A microhouse is a type of residential dwe-
lling that is typically smaller in size than a
traditional house, and is designed to be a



compact, functional, and efficient living
space. These types of houses have
become increasingly popular in recent
years due to rising housing costs, popula-
tion growth, and concerns about sustai-
nability.

Microhouses are an increasingly popular
housing optfion due to their small size,
affordability, and efficiency. However, it is
important to note that while microhouses
have fewer building fechnical require-
ments than a tfraditional detached house,
there may be restrictions set by municipal
land plans. These restrictions can relate to
the location of the house, as well as how
much and how the house can be built on
an individual plot. It is therefore important
for individuals interested in building a mi-
crohouse to research the local building
codes and regulations in their area before
embarking on a project. Proper planning
and adherence to regulations can help
ensure that the microhouse is a safe and
functional. Some of the regulations accor-
ding to TEK 17 are:

* Totalt BTA cannot exceed 30m?2 BTA
stands for "building total area” or "brutto
totalareal” in Norwegian. It is a measure-
ment of the total floor area of a building,
including all interior spaces such asrooms,
hallways, and stairwells, including exterior
walls.[15]

Variables

e 300

To implement this, we have used “Expres-
sion” component in grasshopper as
shown in the figure 18. An expression is a
single line of code that can be used to
process data.

Figure 19: lllustration floor plan, total BTA.

It is also specified that the microhouse
should have only one floor without a ba-
sement, so the total maximum BTA has fo
be adjusted in one floor.[15]

* The building is not allowed to exceed a
certain height, specifically 4.5 meters
above the ground level. This restriction en-
sures that the building does not go
beyond a specified maximum height.[15]

To implement this restriction in a Grassho-
pper script, Variable V4 is employed. In
the script, Variable V4 represents the
height of the microhouse. By directing this
Variable to the z-axis (which typically

iy

A/ (m*x)

Sqgrt (A/ (x*y)) |

Expression
Component

Figure 18: Grasshopper script showing variables and constants.
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represents the vertical direction in
three-dimensional space), it determines
the total height of the structure.

To abide by the height limitation, Variable
V4 is constrained within a specific range.
The range is set from 2.6 meters (which is
likely the minimum acceptable height) to
4.5 mefters (the maximum height allowed).
This constraint ensures that the microhou-
se's total height, as represented by Vario-
ble V4, does not exceed 4.5 meters
above the ground level at any point.

Figure 20: lllustration, maximum height.

In addifion to the specific limitations or
height restrictions mentioned earlier, there
are other regulations that are associated
with the design of a microhouse. These re-
gulations may not directly impose limita-
tions but provide guidelines and require-
ments that are helpful in the design pro-
cess.

One such regulation is that even for a mi-
crohouse with a size of up to 30 square
meters, it still needs to adhere to the requi-
rements outlined in the Planning and Buil-
ding Act. This Act sets forth various provi-
sions and regulations related to construc-
tion and building projects. Despite the
small size of a microhouse, it must comply
with these regulations, ensuring that cer-
tain standards are met.

These regulations cover various aspects,
including the location of the house. This
means that the microhouse must be built

in accordance with the designated areas
or zones specified by the local planning
authorities. The regulations may outline
specific requirements regarding the per-
mitted areas for residential construction or
other zoning considerations.

Furthermore, the regulations related to
water and drainage solutions come into
play. The microhouse must meet the re-
quirements for water supply, plumbing,
and drainage systems. This ensures that
the house has access to clean water and
proper waste management systems,
maintaining sanitation and hygiene stan-
dards.

Waste disposal is another aspect covered
by the regulations. The microhouse must
have appropriate solutions for waste ma-
nagement, including provisions for garba-
ge disposal and recycling, in accordance
with the local waste management guide-
lines.

Model Formation

Designhing a parametric model encom-
passing various variables, limitations, and
constants posed a formidable challenge.
The objective was to develop a model
capable of conducting the necessary op-
timization simulations as discussed in
chapter 4.3. By analyzing the results obtai-
ned from these simulafions, a refined solu-
tion could be achieved, incorporating
crucial design elements such as doors
and openings.

Furthermore, the parametric model consi-
dered important factors like U values,
which play a vital role in energy simula-
tions. These values were determined
based on the desired targets. The next
chapter will delve deeper into the discus-
sion of these U values, providing a com-
prehensive understanding of their impact
on the overall design. ultimately leading
to an informed and well-considered
design solution.
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Figure 21: Grasshopper script of parametric model.
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Figure 22: Parametric model, Baked Brep from grasshopper script. Human figure is used to highflight the

scale of model.

After establishing the basic curves and
meshes, the "“Kangaroo2” solver was
chosen for the parametric modeling in this
thesis. Its physics-based simulation capa-
bilities allowed for dynamic behavior ex-
ploration. Through simulations of bending,
stretching, and collision detection, the
model's performance and structural inte-

grity were refined. Kangaroo2 seamlessly
integrated into Grasshopper, providing re-
al-tfime feedback for efficient design ex-
ploration [16]. Its reputation and wides-
pread usage made it a reliable and trus-
ted choice, enabling the project to push
boundaries and achieve desired oufco-
mes.
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5.0 SIMULATIONS AND RESULTS

This chapter summarizes the process of
developing a scripft for simulations . It exp-
lains how the script was developed throu-
gh integrafing different numericals in
computation to make it perform efficient-
ly and accurately. Testing and validation
procedures were also done to ensure the
script's reliability. After obtaining the simu-

4.1 Radiation simulation and results

mulation results, the analysis and compa-
rison against the predefined targets and
objectives enabled the selection of the
final result for further detailing. The selec-
tion criteria encompassed various factors,
such as the model's feasibility, complian-
ce with regulations, and overall design
performance.

-—- Brep (geometry)

Ladybug_GenCumulativeSkyMtx

Ladybug_selectSkyMtx Ladybug_Radiation Analysis

Figure 23: Grasshopper script of Radiation analysis.

kWh/m2
500.00<
455.00
410.00
365.00
320.00
275.00
230.00

| 185.00
140.00
95.00
<50.00

L—
South

Til optimization

<_ ________________________ |

Figure 24: Radiation simulation result, January til december analysis period.
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When performing radiation analysis in
Grasshopper, two critical aspects to con-
sider are fime and durafion, as well as si-
mulation parameters. Time and duration
refer to the specific tfime range and
length for which the solar radiation analy-
sis will be conducted. It is essenfial fo
define the time steps and frequency at
which the simulation will be performed,
whether it is analyzing daily variafions,
monthly trends, or yearly solar exposure.
The duration selected will depend on the
project requirements and the level of

Heat gain/loss simulation and results

detail needed. Simulation parameters
play a crucial role in the accuracy and
computational efficiency of the analysis.
Solar radiation analysis take info account
the morphological characteristics of the
model in relation to sun movement and
radiation paftterns, so the only input is
geometry and not the elements related
to construction or other specific charac-
teristics. Accuracy seftings control the
precision of calculations, allowing to ba-
lance computational efficiency with the
desired level of accuracy.

C F G
Components EPW Controls
B Customizing D E
- o Zone loads > Run simulations
Construction
T
1
1
4
Calculate load | Read results
T
i
'Y
3 Energy balance i
Chart !
1
1
1
1
Cooling Load (kWh)
\ -
g4 Result {0y
et "ﬂ Partial Results M
-
Mass Addition -
Heating Load (W) i ‘Coohng Load (kth/?.Zﬁ),-)
« o4 Result D C T (0} ’ o= .:
i s 00
NP % Partial Results D Ofas. 458742 :
Heating Load (kWh/m2) :
0y b ______ 1
J‘ :;-,4 Result 037
t ¥
nPut % Partial Results

Floor Area (m2)
[0:0)

Til optimization &--------- i

Honeybee_Zone Attribute List

Zone Floor Area

v)

Figure 25: Heat gain/loss simulation flowchart with detial script of “Calculate load” from grasshopper.



A. Zone setup:

In zone sefup the component “ Masses2-
Zones” is used. the primary purpose is to
convert mass models info thermal zones
for energy calculations and simulations.
To begin, the mass model, typically repre-
sented as a Brep (Boundary Representa-
tion) in Grasshopper, is connected to the
input of the "Masses2Zones" component.
The Brep represents the simplified geome-
tric shape of the building.

However, in order to perform accurate
energy calculations, it is necessary for the
model to have planar faces. This means
that all the surfaces of the building should
be flat, without any curved or complex
geometries. To address this issue, a worka-
round is implemented.

A box geometry is created within the
Grasshopper script, which has the same
overall wall, roof, and floor areas as the
original mass model. The box acts as a
proxy or substitute for the complex mass
model, allowing for energy calculations to
be performed accurately.

The boxis then connected to the relevant
variables and parameters within the
Grasshopper script, effectively replicating
the important characteristics of the origi-
nal mass model. This ensures that the
energy calculations and simulations con-
ducted using the thermal zones derived
from the box geometry provide meaning-
ful and representative results.

_zoneMasses

zoneNames_ out
zonePrograms_
isConditioned_ g
maxRoofAngle_

_createHBZones

VER 0.0.65
JAN_01_2020

Boolean Toggle |BEablE
{
Boolean Toggle (M8 i

D=(

HBZones D

Custom construction ------=----------

Figure 26: Honeybee Masses2zones component

B. Customizing construction:

To add customise components, the” Ener-
gyPlus Construction component” is used.
This enables users to create their own buil-
ding constructions. It accepts inputs in
two forms: the name of a material from
the OpenStudio construction library or
custom material generated using Ener-
gyPlus Material components that we used
in this simulation, by specifying properties
like material thickness and conductivity.

C. Components:

To accurately calculate heating loads in
a building model, it is crucial to define the
materials used and their corresponding U
values. The U-value represents the overall
heat transfer coefficient of a building ele-
ment, such as a wall. In cold areas, like
Norway, achieving suitable wall forma-
tions that meet specific requirements in-
volves conducting a comprehensive
study considering both construction feasi-
bility and climate condifions.

In this context, a detailed analysis is ne-
cessary to determine an optimal wall and
roof construction that balances thermal
performance and climate suitability. Fac-
tors such as insulation thickness, insulation
materials, air gaps, and thermal bridging
need to be considered. Additionally,
local building standards and guidelines,
such as the NS3701:2012 passive house
standard in Norway [17], can provide vao-
luable benchmarks.

The NS3701:2012 standard focuses on pas-
sive house principles and sets rigorous
energy efficiency requirements for buil-
dings. By adopting these standards, the
aim is to reduce heating loads and opfi-
mize overall energy performance. In the
mentioned example, a targeted U value
of 0.10 W/(m2K) for the walls has been
chosen based on this standard, where as
forroof itis 0.10 W/(m?2.K) [17].
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A U value of 0.10 W/(m2.K) indicates that
the walls provide a high level of thermal
insulation, minimizing heat loss and optimi-
zing energy efficiency. Achieving such
thermal transmittance. requires careful
consideration of wall compositions, inclu-
ding insulafion materials with appropriate
thermal conductivity, insulation thickness,
and ofher factors that confribute to redu-
cing heat fransfer.

To make the composite that matches the
targeted U-values, Byggforskserien U-va-
lue calculator has been used. Byggforsk-
serien is a comprehensive collection of re-

Clading
—F— Airgap

Windbreak

Beams

[

1

1 -
! —— Insulation

i — Vapor barrier
! Ceiling
1

1

1

1

1

1

1

1

1

U-value = 0.10 W/(m?2K)

U-value = 0.10 W/(m?K)

Walls

Cladding
Windbreak

Air gap
Insulation
Vapor barrier

Beams --

search-based publications  providing
guidance and knowledge on building
and construction practices in Norway.
These composites shows the most
common solufions.

In the cold climate of Norway, a U-value
of 0.10 W/(m2.K) for a roof is essential. It
signifies exceptional insulation performan-
ce, minimizing heat loss and maximizing
energy efficiency. This high level of insula-
tion ensures that homes and buildings stay
comfortably warm during harsh winters,
reducing the need for excessive heating.

IHoneybee_EnevgyPlus Opaque Material
vV

Zone loads

I Honeybee_EnergyPlus Opaque Material |

Figure 27: lllustration of the components of customize consfruction with grasshopper Material script.
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D. Zone loads:

The simulation process then continues by
using honeybee component “Energy Plus
Zone Loads”. These refers to calculated
heating and cooling demands for specific
areas within a building. These loads consi-
der factors like occupancy, equipment, li-
ghting, and weather conditions. The input
values in the simulations are heating and
cooling loads.

E. + F. Run simulation with EPW

Honeybee's "Export to OpenStudio” featu-
re enables users to export their energy
model, along with the EPW (EnergyPlus
Weather) file to the OpenStudio platform.
This infegration allows for further analysis
and advanced energy simulafions in
OpenStudio, which offers additional tools
and capabilities. By leveraging OpenStu-
dio, users can gain more in-depth insights
into their building's energy performance,
enabling opfimized design and energy
efficiency strategies.

Honeybee_Export To OpenStudio

From _________
Zone loads

Figure 28: Honeybee “Export to openstudio” component.

G. + H. Controls and read results:

“honeybee Generate EP Output” These EP
output files contain detailed information
about various aspects of the building's
energy performance, such as heating
and cooling loads, airflow, temperature
distribution, and energy consumption.

Honeybee's "Read Results" is a feature
that enables users to import and analyze
the results of EnergyPlus simulations. After
running an energy simulation using Ener-
gyPlus through Honeybee, the "Read Re-
sults" feature allows users fo access and
extract data from the simulation results
files.

Honeybee Read EP Result

L Load
results

A
/

Input

|
1
|
|
1
|
|
|
1
|
|
|
|
|
|
|

/&\ Figure 29: Honeybee “Read EP Result” component.
I\

1

I

1

|. + J. Calculate loads and Chart:

Finally with the calculated loads, as
shown in figure 25, the energy chart can
be created, These loads are then subject
to put in wallacei optimization togehter
with radiation resulfs.
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Wallacei optimization and results

The results generated from both the dis-
cussed simulations (radiation and heat
load) can be utilized for optimization pur-
poses. The Wallacei plugin, which has se-
veral components, can be used for this
optimization process. The optimization is
subject to the "Wallacei X" component,

which uses an evolutionary solver to opti-
mize the inputs and outputs of the energy
simulatfion. Figure 30 shows the general
flowchart of the Wallacei X simulation, hi-
ghlighting the steps involved in the optimi-
zation process.

a. Genes - ! Genomes e.
1
]
1
1
;
1
b. | Fitness objectives r---- H Fitness values f.
1
1
1 Input
e 4 B Wallacei X
1
1
]
c. Data  p---- E Data g.
]
1
1
1
i
1
d. Phenotypes  |----- : Phenotypes h.

Figure 30: Flowchart diagram Wallacei X component. [18]

a. Genes

Genes are comprised from sliders or ge-
nepools. In the algorithm, these are defi-
nes variablesi.e. V1, V2 etfc.

b. Fitness objectives

Fithess objectives are values contained
within a ‘number’ component. In the al-
gorithm it is as:

1. wlc_Total Radiation.

2. wlc_Heat load.

c. Data

Any data type to be saved for every solu-
tion in the population.

d. Phenotypes

The phenotypes that will be exported
through the solveri.e. Breps, mesh etc.

e. Genomes

This outputs the genomes of all solutions in
the population.

f. Fitness values

This outputs the fithess values of all solu-
tions in the population.

g. Data

This outputs the inputted data of all solu-
tions in the population.

h. Phenotypes

This outputs the phenotypes of the expor-
ted solutions. To access the geometry
within the phenotype, use the ‘Decode
Phenotypes’ or ‘Distributor’ components,
which will output the data into different
streams (humbers, meshes, breps, etc.)
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Figure 31: Grasshopper script optimization inputs with pareto front graph.

The optimization results are visualized in
Figure 31 using a production possibilities
frontier graph. Among the obtained solu-
tions, only the Pareto front optimal ones
are exported. To achieve this, a script is
created to extract the Pareto front solu-
tions from the phenotypes represented as
Mesh objects. Phenotypes refer to the va-
rious design outcomes or variations gene-
rated during the opfimization process.
These exported solutions hold immense
value for further development, providing

a curated selection of designs that exhi-
bit optimal frade-offs. By exploring and
evaluating these solutions, designers gain
insights into the design space and can
make informed decisions.

They serve as a foundation for subsequent
design iterations, driving the optimization
process towards more efficient and effec-
tive design solutions, depending on the
input objectives.
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Simscale Simulations and results

The Pareto front solutions, referring to a set
of optimal solutions in multi-objective opfi-
mization, have been prepared for export
to SimScale. SimScale is a powerful simula-
tion platform that encompasses a range
of flow analysis techniques. In the specific
context of this analysis, the focus has
been on utilizihg Incompressible Fluid Flow
Analysis.

Incompressible Fluid Flow Analysis is a
computational approach employed to
study the behavior and characteristics of
fluid flows where the assumption of in-
compressibility holds true. This assumption
implies that the fluid density remains cons-

Pareto Solution 01:

tant throughout the simulation, allowing
for simplified calculations and more effi-
cient analysis.

By utilizing SimScale's Incompressible Fluid
Flow Analysis capabilities, the Pareto front
solutions can be further evaluated and
examined. This analysis helps uncover va-
luable insights into how fluid flows, such as
airflow around objects or within enclosu-
res, may affect various parameters of in-
terest. These parameters can include
pressure distribution, velocity profiles, tem-
perature gradients, and more, depending
on the specific objectives and constraints
of the given problem.
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Figure 33: Simsclae wind analysis of pareto solution 01, ledgend in Velocity m/s
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Pareto Solution 02:
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Figure 34: Simsclae wind analysis of pareto solution 02, ledgend in Velocity m/s
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Simscale Simulations and results
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Figure 35: Simsclae wind analysis of pareto solution 03, ledgend in Velocity m/s.

The presence of snow is determined by
area characterized of low speed where
we can assume that the snow would stop
on the ground. Vortexes sometimes deter-
mine slow speed, sometimes not. Figure
36 is an example of general vortex forma-
tion.

*---Wind flow direction

Figure 36: lllustration of Vortex effect around Cylinder

shape object on a plan view.

Discussion

Upon closer examination, solution 1 de-
monstrates an approximate vortex area
of 2m?, while solution 2 shows a significant-
ly larger area of around 20m?. In conftrast,
solution 3 exhibits a comparatively smaller
vortex area of only 1.5m?2. Based on this
evaluation, it becomes evident that solu-

tion 3 is optimized due to its minimal vortex
area around the building. This suggests
that the probability of snow formation in
close proximity to the structure is signifi-
cantly reduced when employing solution
3 compared to the other alternatives.
Analyzing vortex areas in building design
has implications beyond snow formation;
it more then helps to optimize door and
windows design, it makes it possible to
identify the optimal position for door and
windows as solar capturer, avoiding show
to stop at any of these two components.
Reduced vortex areas around doors result
in lower wind pressures when opening or
closing, reducing strain on the door me-
chanism and preventing drafts for enhan-
ced energy efficiency. Similarly, minimi-
zed vortex areas around windows de-
crease air turbulence, improving insula-
tion, reducing heat loss, and promoting
occupant comfort.

By considering vortex areas in door and
window design, buildings can be optimi-
zed for smooth operation, energy efficien-
cy, and occupant satisfaction. This
approach minimizes snow formation while
maximizing the functionality and perfor-
mance of these key building elements. It
ensures a comfortable indoor environ-
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improved energy efficiency, creating a
well-designed structure overall.

Solution T and Solution 3 have heights that
are deemed appropriate for the interior
design program. This means that these so-
lutions align well with the desired aesthe-
tics and functionality of the space.

When it comes to heat demand, Solution
1 requires 31 KWh/m?, Solution 2 requires
24 KWh/m?, and Solufion 3 requires 32
KWh/m? annually. Among these options,
Solution 2 stands out with a relatively low
heating demand. This can be attributed
to its circular shape, which results in a
smaller surface area compared to the
elliptical shape of Solution 1T and Solution
3. With less exposed surface areaq, Solution
2 experiences less heat loss, leading to
lower heat demand.

However, both Solution 1 and Solution 3
demonstrate  minimal snow formation
around the building. This validates the
hypothesis that these forms are less prone
to snow accumulation. The specific shape
and design elements of these solutions
likely contribute to the shedding of snow
from the building's surfaces.

These optimization results are based on
the consideration of both heat loads and
solar gains. While Solutfion 2 excels in terms
of heat loads, the other two solutions per-
form better in terms of solar gains. Solar
gains refer to the amount of solar energy
that can be captured and utilized within
the building. Solutions 1 and 3 likely have
more surface area exposed to sunlight,
allowing for greater solar heat gain.

Given that the heat demand is around 30
KWh/m? for all the Pareto solutions, addi-
tional factors such as snow formation are
taken into account to determine the most
suitable solution for detailed design. Solu-
tion 1 is ultimately chosen for detailed
design because it strikes a good balance
between heat demand and solar gains. It
offers a practical compromise, conside-

ring both energy efficiency and the ability
to harness solar energy. Although solufion
3 has more or less same heat demand
and radiation values, sfill solution 1 has
higher angle of variable 5 (figure 32) that
makes the interior useable area more pro-
mising.

During the detailed design phase, the
heat demand can be further refined and
adjusted by incorporating specific featu-
res such as windows and doors. These ar-
chitectural elements play a vital role in
controlling heat loss and can be optimi-
zed to meet the specific requirements
and objectives of the building.

Windows and doors act as interfaces be-
tween the interior and exterior environ-
ments. They are responsible for the ex-
change of heat, light, and air. By carefully
selecting the type, size, and placement of
windows and doors, the heat fransfer
through these openings can be mano-
ged effectively.

For instance, the choice of window gla-
zing can greatly impact the insulation pro-
perties of the building envelope. Double
or triple glazing, combined with low-emis-
sivity coatings, can enhance thermal per-
formance by reducing heat loss and mini-
mizing thermal bridging. Additionally,
proper sedling and weatherstripping te-
chniques help prevent air leakage and
drafts, further improving energy efficien-

cy.

Strategic placement of windows and
doors can also optimize solar gains. Orien-
ting windows towards the sun's path
allows for passive solar heating during the
colder months, reducing the reliance on
arfificial heating systems. Conversely, sha-
ding devices or overhangs can be desig-
ned to limit excessive heat gain during
warmer months, reducing the need for
cooling. The results form optimization and
analysis, gives a comprehensive design
guidelines for detailing the solution.
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DETAIL

In this chapter, the detailed design phase
will be the main focus, driven by the results
and discussions derived from simulations
and optimization. A specific constraint to
consider is the limited total building area
(BTA) set at 30m? as discussed in chapter
5. This restriction necessitates an innovati-
ve design approach that prioritizes spatial
efficiency and maximizes the use of avai-
lable space. To address this, the design so-
lution will embrace a more open plan
layout. By adopting an open plan, the
aim is to create a sense of openness, en-

SOLUTION

hance flexibility, and optimize the functio-
nality of the limited area. The open plan
approach allows for fluidity between di-
fferent spaces while ensuring efficient cir-
culation and ufilization of the available
square footage. Through a combination
of sustainable design principles, thought-
ful spafial organization, and the integra-
tion of opfimized systems, this chapter
seeks to develop a detailed design solu-
tion that balances sustainability and func-
tionality.

Plan
Living/ .
,,,,,,,,, . ___| _Kitchen ]
D | 12.5m? D'
Wind Direction
Ground floor plan @
BTA = 30m? Scale
BRA= 25.2m?
NTA= 24.5m? oo

BTA= Bruttoareal, BRA= Bruksareal, NTA= Nettoareal
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7.2 Elevations

East Elevation

West Elevation

5m

30



South Elevation

North Elevation

5m
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The design of the windows and doors for In addition to wind considerations, the
the project took info consideration both height of the window on the south side
radiation and wind simulation results to was carefully designed based on additio-
optimize their placement and orientation. nal sun path analysis.

An important aspect of this design
approach was the window located on
the south side of the building. Through
wind simulations (as illustrated in Figure
38). it was determined that this particular
window would have maximum exposure
to wind.

Furthermore, the enfrance was strategi-
cally placed on the windward side, taking
into account the occurrence of snow for-
mation. By locating the entrance where
there is less snow accumulation, the prac-
ticality of its use during the winter period
was improved.

B.
H

Summer sun path

Figure 37: Sun path diagram, generated from Grasshopper.
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This analysis aimed to ensure that during
the warmer summer months, direct sunli-
ght does not shine directly on the kitchen
area. This design decision helps to main-
tain a more comfortable environment by
minimizing excessive heat gain.

To inform the design further, specific data
such as the maximum and minimum
angles of the sun during both winter and
summer periods were obtained (as depic-
ted in Figure 37). This information, along
with the analysis of sun intensity, played a

Section

b B B B et

crucial role in determining the optimal
placement and orientation of windows
and doors.The legend in the figure 37 indi-
cafes as:

-3 = Extreme cold

-2 =Cold

-1 = Cool

0 = Comfort

1 =Warm
= Hot

= Exfreme hot
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Figure 38: Image manipulation, Detail design solution and Simscale Wind simulation.
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500 > KWh/m2

South

Figure 39: Above: 3D perspective of detail solution, Below

The form has been opfimized to get the
maximum solar radiafion, these results
also suggest placement of windows,
when solar radiation enters a building
through windows, it can directly heat the
interior spaces. The radiafion is absorbed
by surfaces inside the building, such as
floors, walls, or furnitfure, increasing the

---- 150 KWh/m2

North

350 KWh/m2

: Radtiation analysis simulation results.

temperature and conftribufing to the ove-
rall heat gain. Solar radiafion can also in-
directly conftribute to heat gains by hea-
ting the building's thermal mass. Thermal
mass refers to materials with high heat ca-
pacity. The absorbed solar energy is
stored in the thermal mass and slowly re-
leased into the inferior space, conftribu-
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ting to the overall heat gain over time.

Based on the radiation analysis conduc-
ted over the annual period, it is evident
that the windows receive the highest
levels of solar radiafion. To enhance the
energy efficiency of the building design,

Energy Intesity Kwh/m2

Jan Feb Mar Apr May Jun

Cooling Load (kWh/m2)0Heating Load (kWh/m2)34

Energy Intesity Kwh/m2

5

Feb Mar Apr May Jun

Cooling Load (kWh/m2)0Heating Load (kWh/m2)34

have been implemented. This choice of-
friple glazed windows with a U-value of 0.8
have been implemented. This choice of
windows prioritizes energy conservation
by minimizing heat loss and maximizing in-
sulation properties, resulting in improved
overall energy efficiency.

,\l,,
CH
58

=8

50
g8 §¢
=5 =8
23 =@

ST
88

(Monthly)

Cooling
(Monthly)

Heating
(Monthly)

Figure 40: Energy simulation bar chart. Above: Totaled daily. Below: Totaled monthly

During the detailed design phase, the
energy demand of the Pareto solutfion in-
creased from 31 kWh/m? to 34 kWh/m?,
mainly attributed to openings like win-
dows and doors. It is important to highlight
that several energy calculation parame-
ters were not taken into consideration, in-
cluding lightning density per area, me-
chanical ventilation, appliances, and
equipment. These factors significantly in-
fluence the overall energy consumption

of the building. Infegrating these para-
meters intfo the energy calculations is cru-
cial for accurately assessing and optimi-
zing the building's energy performance. .
Considering these factors will enable a
more comprehensive understanding of
the building's energy usage and facilitate
informed decision-making for energy-effi-
cient design and operation.

35



12 AM

1.60

1.20

0.80

Figure 41: Outdoor thermal comfort, generated with Ladybug, grasshopper. 0.40
0.00
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Figure 42: Indoor thermal comfort, generated with Ladybug-Honeybee, grasshopper.

According fo the data presented in the
outdoor and indoor comfort charts (figure
41 and 42) , we can clearly observe that
the indoor temperature maintains a com-
fortable and neutral level during the
summer months. This implies that the
indoor environment remains adequately
cool, dllowing occupants to escape the
sweltering heat outside. It provides a
pleasant atmosphere that promotes rela-
xation and relief from the scorching tem-
peratures associated with the summerti-
me.

Furthermore, during the winter season, the
indoor temperature is slightly colder than
the neutral range. Although it may not
reach uncomfortably low levels, it sug-
gests that additional heating measures
may be desirable fo ensure optimal
warmth and coziness indoors. This infor-
mation highlights the need to prepare for
colder temperatures by utilizihng heating
systems or implementing insulafion to
maintain a comfortable indoor environ-
ment.

+3 hot,
2.00<

<-2.00

Extreme hot
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APPENDICES

Appendix A: Radiation simulation Pareto font Solution

Pareto Solution 01

Top View Perspective

Pareto Solution 02

kwWh/m2
500.00<
455.00
410.00
365.00
320.00
275.00
230.00
185.00
140.00
95.00

<50.00

Top View Perspective

Pareto Solution 03

Top View Perspective

Figure Al: Radiation results of Pareto front solutions, Winter period.
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Appendix B: Customizing material in Energy simulation

Construction of material in grasshopper to get targeted U values.

Walls and Roof:

| Honeybee_EnergyPlus Opaque Material |

Tl ation 400m

| Honeybee_EnergyPlus Construction

Window:

IHoneybee_EnevgyPlus Window Air Gap |

|Honeybee_EnergyPius Construction |

|Honeybee_EnergyPlus Glass Material |
A4

4 TrippleGlazedGlass

d o-004
0.ss

0.69

0.25
0.77 4 TrippleGlazedWindow }

Figure Bl: Honeybee_EnergyPlus Opaque Material component, customize materials with target U values.
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Appendix C: Heat load simulation

Grasshopper script flow chart, with reference to figure 25.

Setting up Single Zone

01: Zone Setup

02: Customizing construction
03: Components

04: Zone loads

05: Run Simulation

06: EPW file input

07: Simulation controlls

08: Read results

09: Calculate loads

Figure C1: Honeybee Energy simulation flowchart screenshot of grasshopper script.

Displaying Model
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Appendix D: Climate analysis, Wind rose script.

The following script is used to generate Wind charts in Chapter 3.3.

e

-north_ readMe!

Bt et

Ewse] 1o b
.

IR

Adjusted Ground Wind Speeds
—

{0}
‘key:location/dataType/un

0 its/frequency/startsit/e
ndsAt

< 1 Geilo

2 Wind Speed

3m/s

4 Hourly

5 (1, 1, 1)

6 (12, 31, 24)

Figure D1: Ladybug Wind Rose and Wind boundary profile Simulation script in grasshopper.
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Appendix E: Modular nature of the opptimization set-up

2: Energy simulation
4: Radiation Simulation

1: Geometry
3: Optimization

Figure E1: Modular nature of optimization setup, grasshopper scripf.
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Appendix F: Sun path diagram inputs

The following script is used to generate Sun path in Chapter 7.4.

Figure Fl1: Sun path diagram input values, grasshopper script.
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