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Energy impact
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Introduction

Indoor environmental quality

In the IEQ literature, comfort is viewed from a physiological-technological perspective
and described through visual, thermal, acoustical and air quality parameters.

(Bluyssen, 2009)
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Indoor environmental quality
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Natural lighting

Protection against UV-radiation

Energy generation

Push and pull forces

from wind loads Interior loads

Viewin
Appearance of )
building in urban context Self-weight

Influence of Facades on indoor environmental quality
(Source: Knaack et al. (2018)
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Relevance
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Introduction
Shading Technologies
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Shading Technologies Herzog, Krippner, and Lang (2012)
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Introduction

Energy impact
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Shading Technologies
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Shading Technologies

Impact of desigining without occupant preferences
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Introduction

Problem statement

“Existing building shade design methods prioritize energy performance and comfort metrics but fail to describe

the users' personal preferences for environmental factors and visual aesthetics.”

AR3B025_ Building Technology Graduation Studio

38



Introduction

Problem statement

Visual
privacy

Thermal
comfort

o)

L "N

View
clarity

Daylight
intake

Energy
saving

AR3B025_ Building Technology Graduation Studio

39



Introduction

Problem statement

AR3B025_ Building Technology Graduation Studio

Indoor
Envrionmental
Quality

Design Criteria

Occupant
Preferences

Energy
Performance

40



Introduction

Problem statement

AR3B025_ Building Technology Graduation Studio

Indoor
Environmental
Quality

User Centered
Design

Occupant
Preferences

Energy
Performance

41



Introduction

Problem statement
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Archetypes for Design (Cooper 1990)
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Introduction

Research Question

“How can manually operated shading solutions be personalized to provide occupant

comfort and improve energy performance of buildings?”
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Research Question

What are the important shade parameters that
need to be evaluated based on their effect on Indoor

environmental quality and energy performance?
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Research Question

What are the important shade that

need to be evaluated based on their effect on

and ?

What are the used to understand the

of shading technologies?
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What factors (personal and external) should be
considered when evaluating user preferences for
building shading systems?
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Research Question

What are the important shade that

need to be evaluated based on their effect on
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of shading technologies?
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What (personal and external) should be
considered when evaluating for
building ?

Can archetypes be designed to describe user
demands with respect to building shading systems?
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Research Question
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Research Question

What are the important shade that What (personal and external) should be
need to be evaluated based on their effect on @ @ considered when evaluating for
and 2 ! ! building 2
What are the used to understand the @ Can be designed to user
of shading technologies? - demands with respect to building

..............................

How can archetypes be incorporated into the @
of shading devices? :
:
What is the potential of using the developed °

Archetypes within design scenarios for new users ?
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[01] Classification of shades

Motion
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[01] Classification of shades
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[01] Classification of shades
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[01] Classification of shades
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[01] Classification of shades

Venetian blinds

Views of residential building with venetian blinds (Source: Archdaily)
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[01] Classification of shades

Venetian blind parameters
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[01] Classification of shades

Venetian blind parameters
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[01] Classification of shades

Roller shades

Views of residential building with roller shades (Source: Archdaily)
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[01] Classification of shades

Roller shade parameters
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[01] Classification of shades

Roller shade parameters
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[01] Classification of shades
Shade combination design
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[01] Classification of shades

Shade combination design
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[01] Classification of shades

Shade combination design

~ - ) 4
) Y Slat color
\ e ( x White
\/ D — Slat width \_
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L
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[01] Classification of shades

Shade combination design
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[02] Shade system evaluation

Key Performance Indicators

Thermal Spatial effect
Operative User
Temperature Preference
PMV Rating

/ \
Energy use = Performance NSNS | View clarity
& indicators N

Energy used % /’ User
(kWh/m?) 3 Preference
Rating
(na)

Daylight Glare
Useful Daylight
Daylight Glare
illuminance Probability
(%) (na)
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[02] Shade system evaluation

Key Performance Indicators

L] L] L] L]
Energy Performance Thermal Comfort

Energy Use PMV
The amount of energy used by the office space for heating, Average sensation of thermal comfort perceived by a
cooling and lighting exclusively during the occupied hours group of individuals in a given indoor environment.

of the office.
range - -3 to +3
range - na unit - na
unit - kWh/m?

AR3B025_ Building Technology Graduation Studio

Spatial effect

User Preference Rating

User rating for visual effect (light quality, light uniformity,
shadows) of interior space when shading system is
deployed.

range-0to1l
unit - na



[02] Shade system evaluation

Key Performance Indicators

Daylight

Useful Daylight llluminance
The ratio of time when the lighting levels at the workplace
are fluctuating between the two 300 lux and 3000 lux is
known as the UDI.

range - 0 to 100
unit - na (%)

AR3B025_ Building Technology Graduation Studio

Glare

Daylight Glare Probability

DGP is expressed as a percentage and represents the
probability that an occupant will experience discomfort
due to glare from daylight.

range-0to1
unit - na

View Clarity

User Preference Rating
View clarity is a metric assessing how clearly the visual
content in the view can be seen by the occupant when
considering the visual obstructions present at the window.

range-0to1l
unit - na
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[02] Shade system evaluation
Weather
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[02] Shade system evaluation

Simulation workflow

( Ladybug Tools )

\4

( ")

Model Geometry
Construction set
Program set-up

Temperature setpoint

\_ epw file )
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[02] Shade system evaluation

Simulation workflow

( Ladybug Tools )
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Model Geometry
Construction set
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( Result Dataframe )

AR3B025_ Building Technology Graduation Studio 77




[02] Shade system evaluation

Simulation workflow

( Ladybug Tools )
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@ 2

Model Geometry
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[02] Shade system evaluation

Simulation workflow

( Ladybug Tools )
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[02] Shade system evaluation

Simulation workflow

( Ladybug Tools )

\d

r

Temperature setpoint
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Model Geometry
Construction set

Program set-up
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[02] Shade system evaluation

Normalisation of KPI's

)

I

Heating energy
demand

Geometry Thermal
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;f Cooling energy
demand

Lighting energy
demand
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Useful daylight
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Daylight glare
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[02] Shade system evaluation

o

Normalisation of KPI's
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Heating energy
demand
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demand

Lighting energy
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[02] Shade system evaluation

)

Normalisation of KPI's
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[02] Shade system evaluation

Shade score heatmap

Orientation
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[02] Shade system evaluation

Shade score heatmap
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[02] Shade system evaluation

Shade score heatmap
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[02] Shade system evaluation

Shade score radial-plot
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5% light roller shades

5% grey roller shades

5% dark roller shades

10% light roller shades
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25mm dark venetian blinds
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50mm dark venetian blinds

87



[02] Shade system evaluation
5% Light Roller shade score radial-plot
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[02] Shade system evaluation

50mm dark venetian blinds score radial-plot
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[03] Factors affecting user preferences

Literature Review

Explore the application of clustering techniques in analyzing user preferences and their
influence on indoor environmental quality (IEQ) and comfort in the context of facade

design.
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[03] Factors affecting user preferences

Literature Review
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[03] Factors affecting user preferences

Literature Review
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[03] Factors affecting user preferences

Literature Review

Energy attitude
Affordance

Preferences

Psychological

Perception
Time spent indoor
Cleanliness
Habits

Commute

Lifestyle

Tasks
Clothing
Activity

Discomfort

Health

Medical issues
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Age
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[03] Factors affecting user preferences

Literature Review
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[03] Factors affecting user preferences

Literature Review

Location and weather
Design factors

Workplace factors

Contextual factors
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[03] Factors affecting user preferences

Survey Design

Energy

Performance

Personal
Factors

Contextural

User Perception
reept Factors

User Behaviour

AR3B025_ Building Technology Graduation Studio

Facade User
Archetypes
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[03] Factors affecting user preferences

Survey Design
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[03] Factors affecting user preferences

Survey Design
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[03] Factors affecting user preferences

Survey Responses

AR3B025_ Building Technology Graduation Studio

Thermal comfort

View Quality

Acoustic comfort

Indoor Air Quality

Visual comfort

Glare control

1
Unimportant Somewhat
unimportant

Neutral

Somewhat
important

Important
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[03] Factors affecting user preferences

Survey Responses

Consciously sustainable

Change for sustainablility

Compromise on comfort for
sustainablility

Importance of comfort for
productivity

Influence of indoor on
productivity

Importance of interiors on
productivity

Wi

Unimportant Somewhat Neutral Somewhat  Important
unimportant important
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[03] Factors affecting user preferences

Survey Responses

Roller blind with 5% Roller blind with 10%
openness factor openness factor

Venetian blind with 50mm

Venetian blind with 25mm
slat size slat size
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Roller blind with 5%
openness factor

Roller blind with 10%
openness factor

Venetian blind with 25mm
slat size

Venetian blind with 50mm
slat size

1
Unpreferred Somewhat
unpreferred

Neutral

Somewhat
preferred

I
Preferred
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[03] Factors affecting user preferences

Survey Responses

Roller blind with 5%
openness factor

Venetian blind with 25mm
slat size

AR3B025_ Building Technology Graduation Studio

Roller blind with 10%
openness factor
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////;77

77

Venetian blind with 50mm
slat size

Roller blind with 5%
openness factor

Roller blind with 10%
openness factor

Venetian blind with 25mm
slat size

Venetian blind with 50mm
slat size

Unpreferred

Somewhat
unpreferred

Neutral

Somewhat
preferred

Preferred
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[03] Factors affecting user preferences

Statistical analysis
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[03] Factors affecting user preferences

Statistical analysis
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[03] Factors affecting user preferences

Statistical analysis
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[03] Factors affecting user preferences

Statistical analysis
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[03] Factors affecting user preferences

Statistical analysis

Environmental factors
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[03] Factors affecting user preferences

Statistical analysis

Design factors
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[03] Factors affecting user preferences

Statistical analysis
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Statistical analysis
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[03] Factors affecting user preferences

Feature selection
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[03] Factors affecting user preferences

Feature selection

Personal factors
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[03] Factors affecting user preferences

Feature selection
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[04] Facade user Archetypes

Feature selection
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User Profile ( Contextual Factors ) Beliefs Weights ( Preferences )

Thermal
View to outside
Daylight
Ariinciallight

Privacy

GCender

Type of work Importance - outdoor

BMI Cause - discomfort

Workplace typology

Country of origin Window distance Energy beliefs

Residence Window orientation Comfort behaviour

Country associated Shading systemn Affordances

Education level Time at work Al

O

Influence surrounding

Time spent indoor Cause - health Control - shades

Clothing level Work quality Control - lighting

Activity level Work concentration Control - vents

Health issues Work productivity Control - HVAC

Discomforts Work atmosphere Shade use - View

Cause discomfort Shades - awareness Shade use - Daylight

Shades - importance Shade use - Glare

IEQ - productivity Shade use - Privacy

Shade use - Thermal

Shade use - aesthetics
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[04] Facade user Archetypes

Feature selection

User Profile Beliefs

~
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( Contextual Factors ) Weights ( Preferences )
9

Importance - outdoor Thermal

Cause - discomfort View to outside

Daylight

Comfort behaviour Artificial light
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) Energy beliefs
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Influence surrounding

Cause - health Control - shades

Work quality Control - lighting

Work concentration Control - vents
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o o ) ) i M 6 G ) G G G ™
A A A B A A A A A A B A

Shades - awareness Shade use - Daylight

Shades - importance Shade use - Glare

IEQ - productivity Shade use - Privacy

Shade use - Thermal

Shade use - aesthetics
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[04] Facade user Archetypes

Archetype Development

( Survey responses )

\4

( Facade - User Archetypes )
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[04] Facade user Archetypes

Archetype Development

( Survey responses )

Feature engineering > Feature merging > Feature encoding > Feature scaling

AR3B025_ Building Technology Graduation Studio 121



[04] Facade user Archetypes

Archetype Development

( Survey responses )

——®—— Root mean square error -=---®---- Residual variance
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[04] Facade user Archetypes

Archetype Development

( Survey responses )
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( Feature engineering )
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[04] Facade user Archetypes

Archetype Development

( Survey responses )

\4

( Feature engineering )

\4

(Principle Component Analysis)

\d

( Agglomerative Clustering )

K-means Clustering
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[04] Facade user Archetypes

Archetype Development

( Survey responses )

y shace Interior
parameter Pref
( Feature engineering ) Preference reference
\i
6
(Principle Component Analysis) P
2 ® @ @
\ 2
( Agglomerative Clustering )
\i
( K-means Clustering )
Environmental En.ergy
attitude

importance

Designed Archetypes

Facade - User Archetypes
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[04] Facade user Archetypes

Archetype Description

Daylight e Energy

12

B "

O [T

©

U View Thermal

Importance rating

04

02

0.0

-02

Interiors e Glare

Al a2 A Ak —®— Archetype 1 —®— Archetype 2 —®— Archetype 3 —®— Archetype 4
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Classification of Evaluating user
shading systems preferences

Evaluation of @ @ Facade user
shading systems Archetypes

Personalisation e
of shades

Archetypes for @
new users
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[05] Personalization of building shades

Objective evaluation

Thermal comfort

Daylight

3 i \ ;rPersonaIisation of
( Design Objective J Vk shading systems
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Glare

Evaluation of KPI \

,f Recommended

scores

Energy performance

shading system




[05] Personalization of building shades

Integrating user preferences

User weights and \
preferences

View clarity

(Visual preferences)

. o \ ;rPersonaIisation of\
( Design Objective J Vk shading systems J
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Spatial Aesthetics

Thermal comfort

Daylight

Evaluation of KPI \

,f Recommended

scores

Glare

Energy performance

shading system
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[05] Personalization of building shades

Integrating user preferences

User weights and \
preferences

View clarity

(Visual preferences)

. o \ ;rPersonaIisation of\
( Design Objective J Vk shading systems J
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Thermal comfort

Daylight

Glare

Energy performance
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importance
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Evaluation of KPI \
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[05] Personalization of building shades

Objective evaluation

Base Scenario

East Facing Facade
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[05] Personalization of building shades

Objective evaluation

Thermal

Daylight
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Energy

5% light roller shades

5% grey roller shades

5% dark roller shades

10% light roller shades

10% grey roller shades

10% dark roller shades
25mm light venetian blinds
25mm grey venetian blinds
25mm dark venetian blinds
50mm light venetian blinds
50mm grey venetian blinds

50mm dark venetian blinds
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[05] Personalization of building shades

Objective evaluation

Archetype 1
Thermal
N
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Archetype 2

Energy

uDl

Archetype 3

Energy

uDl

Archetype 4
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[05] Personalization of building shades

Integrating user preferences

Archetype 1

Thermal uDI

uDI

>
) a
Q
g a
L
Interior Val

VQl
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Archetype 2

Thermal

Interior

Energy

DCP

uDl

VaQl

Archetype 3

Thermal

Interior

Energy

DGP

uDI

VQlI

Archetype 4

Thermal

Interior
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DGP

Integrating user preferences

Archetype 1
uDI Thermal
{
/‘\
/
// \\
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/ \ >
# >
= s B
o L
VQl Interior
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DGP

[05] Personalization of building shades

Archetype 2

uDlI

VQl

Thermal

Energy

Interior

DGP

uDlI

Val

Archetype 3

o

Thermal

Interior

Energy

DGP

uDlI

Vval

Archetype 4

Thermal

Interior
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DGP

[05] Personalization of building shades

Integrating user preferences

Archetype 1

Thermal uDl

uDI

Energy
DGP

VQlI s Interior VaQl

Recommended shades

10% Light Roller shades
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Archetype 2

Recommended shades

10% Light Roller shades

Thermal

Interior

Energy

DGP

uDlI

VaQl

Archetype 3

Thermal

Interior

Recommended shades

50mm slat Light Venetian Blinds

Energy

uDlI

vaQl

Archetype 4

Recommended shades

5% Light Roller shades

Thermal

Interior
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[05] Personalization of building shades

Shade recommendation for Archetype 1and 2

Energy

115.80 kWh/m?

Recommended shade
10% light Roller shades

Slat width
10%

Transmittance
0.25

Reflectance
055

Absorptance
0.20

Performance

Thermal Daylight

37.56%
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[05] Personalization of building shades

Shade recommendation for Archetype 4

Recommended shade
5% light Roller shades

P4
(\\ Slat width
/ 5%
&A\)

Transmittance
0.25

Reflectance
0.55

Absorptance
0.20

Performance

Energy Thermal Daylight

116.02 kWh/m? 325572 38.05%
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Classification of Evaluating user
shading systems preferences

Evaluation of @ @ Facade user
shading systems Archetypes

Personalisation @
of shades

Archetypes for e
new users
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[06] Archetypes for new users
Workflow

( New users )

\d

Facade - User Archetypes

AR3BO025_ Building Technology Graduation Studio

141



[06] Archetypes for new users
Workflow

( New users )

Feature engineering
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[06] Archetypes for new users
Workflow

( New users )

\4

( Feature engineering )

Principle Component Analysis
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[06] Archetypes for new users
Workflow

( New users )

\4

( Feature engineering )

\4

(Principle Component Analysis)

Logistic Regression Model
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[06] Archetypes for new users
Workflow

( New users )

\4

( Feature engineering )

\4

(Principle Component Analysis)

\d

( Logistic Regression Model )

User labelling
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[06] Archetypes for new users
Workflow

( New users )

\4

( Feature engineering )

\4

(Principle Component Analysis)

\d

( Logistic Regression Model )

\4

( User labelling )

Facade - User Archetypes
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Conclusion

Thermal Spatial effect
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T T Temperature Preference
! ! PMV Rating
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Evaluation of Facade user
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' 1 \
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S\t DT e e View clarity
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The Future of Archetypes in Design

Building envelope design Market analysis Building system control
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Shading Technologies

T

12
10
— Py 8
X X
. s °
Q a
4
2
0
Distance from facade (m) Distance from facade (m) Distance from facade (m)
ANY M72A MAA mAKR ®mRAN m1N1) 00-2 M2-4 M4-6 M6-8 MB810 m10-12 00-2 @24 W46 m6-8 m38-10 m10-12
80 ' 80
70 -
60 ook =
e 60 oS
o 50 L gy e | i
& e \ &
= 40 ! A..‘ﬂ,_ < 20
8 &8 T, | a
> 30 A..." “'.,g S 30
20 x.“x'"_a‘__,x..-)(-"x... s -~'.';,' ...‘... .....ix]....-* 20 “b.‘.'a.f
10 T T 10 1
01— - 0 4
O M O G of NN O @ OGN O MY QNN K
O 0O 00 " J " N NN NOM M O 0 0O O = = Ofﬂcedepth(m)
Office depth (m) Office depth (m

AR3B025_ Building Technology Graduation Studio 164



[B] Annex

Shading Technologies

VERY MUCH

NO
DISCOMFORT DISCOMFORT

Close windows

22.8 (23.0)

| | | i
4. Freshness / stuffiness —H— ! ! ! ! 9.6 (14.5)
| 1 1 1 1
i i i i i
6. Noise : . : : : : 26.2 (23.8)
i i i i i
o 50 100
VERY VERY
DISSATISFIED NEUTRAL SATISFIED

8. Dynamic facade 24.6 (31.1)

-100 4] 100
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Sources of
multi-

domain
discomfort

Human-
building
interactions

P4 [ To have fresh air

=]

S

£ [ Indoor temperature
: too cold/hot

2 [ Listen to outdoor

e sounds

[ To let more
daylight in

[ To have a view
to the outside

Open blinds

[ To warm up the office

[ Indoor temperature
too hot

[ Indoor temperature
too cold

Adjust thermostat

[ Do not adjust or
does not work

Main sources of discomfort:

Reduce outdoor
noises

Indoor temperature
too cold/hot

Outdoor temperature ]

cold/hot

Prevent
pollutants/insects

4
I(
/

To reduce glare ]
(screen/space)

To reduce overheating ]

[

To block the view ]
(privacy)

[ I need more daylight ]
{ Too much light ]

in my office

Close blinds

Adjust lights

M Thermal discomfort
" Visual discomfort

M Acoustic discomfort
M Air quality discomfort
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Shading Technologies

Slat Width Blind Placement | Blind Position '_ Slat Angle

Possible range
O fo 90 degrees

FPossiblelienge
15mm to 80mm

Range selection
0, 15, 30, 45, 60, 75, 90

Range selection
25mm and 50mm Possible range

external, interpanel, infernal

Parameter fype shades
Test parameter

Possible range
Open fo close (O to 100%)

Venetian Blinds

Parameter type
_ Variable parameter
Range selection

Range selection :
Dynamic

Exfternal shades

Parameter type
Variable parameter

Parameter type
Fixediparameier

Not applicable

Not applicable

Roller shades
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Shading Technologies
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Possible range
Static or dynamic shades

Venetian Blinds

Range selection
Dynamic shades

Parameter fype
Fixed parameter

Roller shades

Movability Control system

Possible range
Manual, semi-automatic,

automatic

Range selection

Manual operation
(Irradiation or
illuminance or

energy management system
confrolled)

Paramefer fype
Fixed parameter
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[B] Annex
Shading Technologies

Absorptance Reflectance Openness factor

Venetian Blinds

Roller shades

Possible range
Oto1

Range selection

Based on shade material
(Light shade / blinds,

grey (medium) shade / blinds,
black (dark) shade / blinds

Parameter type
Test parameter

AR3B025_ Building Technology Graduation Studio

Possible range
Ofo1

Range selection
Based on shade mafterial

(Light shade / blinds,

grey (medium) shade / blinds,

black (dark) shade / blinds

Paramefter type
Test parameter

Possible range
Oto1

Range selection

Based on shade mafterial
(Light shade / blinds,

grey (medium) shade / blinds,

black (dark) shade / blinds

Paramefter type
Test paramefter

Not applicable

Possible range
O to 10% openness factor

Range selection
5% and 10% openness factor

Paramefter type
Test parameter
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Shading Technologies

Permeability

OF / slat size

Roller Shades

Venetian Blinds

Type 1 (RB_05_L)
Type 2 (RB_05_M)
Type 3 (RB_05_D)
Type 4 (RB_10_L)
Type 5 (RB_10_M)
Type 6 (RB_10_L)

pe ety ER Ao E
Type 8 (VB_25_M)
Type 9 (VB_25_D)
Type 10 (VB_50_L)
Type 11 (VB_50_M)
Type 12 (VB_50_D)

5 7% openness factor
O 7 openness Tacion
5 7 openness factor
10% openness factor
10% openness factor
107% openness factor

25mm slat width
25mm slat width
25mm slat width
50mm slat width
50mm slat width
50mm slat width

AR3B025_ Building Technology Graduation Studio

White (0.94902 , 0.94902, 0.9294)
Grey (0.52941, 0.52157, 0.50588)
Black (0.05490, 0.05490, 0.06275)
White (0.94902 , 0.94902, 0.9294)
Grey (0.52941, 0.52157, 0.50588)
Black (0.05490, 0.05490, 0.06275)

White (0.94902 , 0.94902, 0.9294)
Grey (0.52941, 0.52157, 0.50588)
Black (0.054390, 0.05490, 0.0627/5)
White (0.94902 , 0.94902, 0.9294)
Grey (0.52941, 0.52157, 0.50588)
Black (0.054390, 0.05490, 0.06275)




[03] Shade Evaluation

Base model

HB Room

Base geometry

IDF File

Construction Set

Occupancy
Schedule

Infiltration
0.003m?/s

Ventilation
0.063 ACH

Heating setpoint
21°C

Setpoint

Cooling setpoint
25°C
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[03] Shade Evaluation

Energyplus workflow

Shade states

Operative
temperature

Shade properties

Shade

Shade states ; :
orientation loop

Energy
consumption

North orientation
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[03] Shade Evaluation

BSDF workflow
Rhino geometry
1 1
1 1
1 1
1 1
1 1
1 1
1 1
. ! Sample size
1 1 dimensions
1 1
1 1
1 1
1 1
1 1
1 1
1 1
.obj file obj2rad rad file genBSDF xml file
Material
properties
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[03] Shade Evaluation

Daylight workflow

HB Room HB Room

Dynamic
aperture group

Aperture group

UDI
xml file (300 < x <3000)
Shade states o
AR3BO025_ Building Technology Graduation Studio 173



[03] Shade Evaluation

Glare workflow

Base Model

Fenetrations as
subsurfaces

modifier

xml file

Shade states

AR3B025_ Building Technology Graduation Studio

DGP without
shades

DGP
EREINSS

Worst hour

DGP

analysis DGP with shades
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[03] Shade Evaluation

Thermal Discomfort Rating
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[03] Shade Evaluation

Useful Daylight Illuminance

North West

orientation

West

orientation

= South West

orientation

South

orientation

100

60

a0s 8A

W™0S™8A
D o e

a’sz'eA

WSZEA @
a
Tszen =
o

aoey §
h =
woLay P
150 8y
a7so 8y
W08y
TS0 8y

aos A

7705 8A
a’szeAa

3
0
o~
@
>

I7szTeA
aoL ey

Shade type

wooL ey
77s078y
asoay
W'so 8y
150 8y

|aos7an
B o5 o
T70578A
a’szen
I < o g
I o 2

aoey &
-y

North West

woL gy P

aso 8y

orientation

WS0™8y
R

B oo
B s en

77057 8A

a sz en
T
B o S

aoL ey

Shade
orientation

woL ay

TS0 8y
aso ay
W'S0 8y
1s0 8y

40
20
0

g

orientation = South East

= East

orientation

West

100

60

aos eA

7705 8A

asz en

=2
w0
~
@
>

17STTeA

TR T

aoL 8y

Shade type

WoL 8y
17s07 8y
aso ey

W'so 8y

1750 9y

7705 8A

=
0
~
23]
>
e

2
g
e typ

goed o
R

woL ey @

Ts078y

aso ey

W S0 8y

Ts0"ey

|
40
20

0

g

176

AR3B025_ Building Technology Graduation Studio

O-------0------ @ === Or=--==-0 - O == - == O-=----0



[03] Shade Evaluation

Daylight Glare Probability
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[B] Annex

Shading Technologies

©
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Daylight glare probability at 1m from window

©
o

South South West
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Shading Technologies
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Shading Technologies
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[04] Occupant Preference

Systematic Literature Review
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[04] Occupant Preference

Systematic Literature Review
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Thermal Visual View Control Vibration Acoustical 1AQ Energy Design
Personal Descriptors 22 19 12 3 0 18 17 7 5
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Visual 19 21 12 3 0] 16 15 3 4
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Control 12 12 7 1 0] 9 9 6 1
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[04] Occupant Preference

Conceptual Framework

User beliefs, affordances
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[04] Occupant Preference

Conceptual Framework
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[04] Occupant Preference

Conceptual Framework
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[04] Occupant Preference

Su rvey responses
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[04] Occupant Preference

Survey responses
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[04] Occupant Preference

Su rvey responses

0.14 0.10
0.12
0.08 |
0.10 }
0.06
0.08
£ =
> =
Q Q
O O
0.06
0.04
0.04 /
0.02
0.02
0.00 — 0.00 / h
5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60 70

Body-Mass index Age

AR3B025_ Building Technology Graduation Studio 189



[04] Occupant Preference

Survey responses
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[04] Occupant Preference

Survey responses
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[04] Occupant Preference

Survey responses

The environmental factors
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[04] Occupant Preference

Survey responses
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[04] Occupant Preference

Su rvey responses
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[0O5] Facade-User Archetypes

Principle Component Analysis
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[0O5] Facade-User Archetypes

Principle Component Analysis

Reconstruction Error and Residual Variance for Different Numbers of Components

1.0
g $—3
> $— ———3% =¥
~4 8 e e -
: 0.8
” " T3 5
) >
el VW Toe—d . T2 T /
i 74t N R F g /
J . ¢ P . ~1 g ‘\/,
’ : R % : J 3 il Y 0.6 X - b
" S e S - 0 ~ \
Co® Pl P '\ ok, 4
. I o8y -1 g L4
8 e ] 5 \\\\\
< & / c
e, ATl 2 204 %
= =
) : a E N, »
-2 o 0 g \‘\\\ o
0 g =, PC2 ] ..
2 4/ 4 -1 ' 0.2 \:\ o
PC1 6 -2
8 \\‘i\
Dimensionality reduction using PCA \1\‘.\
0.7894787152927261 0.0 -
$0601085415311540 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20
Number of Components
AR3B025_ Building Technology Graduation Studio 196



[0O5] Facade-User Archetypes

Principle Component Analysis

Reconstruction Error and Residual Variance for Different Numbers of Components

1.0
————— % 3
- ———¢% —% = :
=6 8  — .~
e \® c =
£ e % 0.8
- . & >
s © /
‘ e . S » \2 F '8 b /(/
s #7973 ", S8 a )74
st e — ~0 x 0.6 Ak
VB - PR L 5 5 4
. e H # by L (= S
” D ."- N — w W\
8, A =~ c N\
£ w - < 204 %
¢ ) 4 2 \ -
~ . = 1] N
-2 . £ & .
0 . "o PC2 3 RN ~e.
2 . e, ® 0.2 - ~ee
PC1 4 2 -2 o
6 e
Dimensionality reduction using PCA \1\\
0.49692911793039796 0.0 -
DFTRA2TRR00bI00R1 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20
Number of Components
AR3B025_ Building Technology Graduation Studio 197



[0O5] Facade-User Archetypes

Archetype analysis

Violin Plot of vb_50 by Archetype
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[0O5] Facade-User Archetypes
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[0O5] Facade-User Archetypes

Archetype analysis

Violin Plot of sr_viewd4_vb_50 by Archetype
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