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Nearly zero
energy buildings

2021

Background & problem statement
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A+++

Background & problem statement
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interactive/adaptive = interaction between users and façade, 

adapting according to users preferences & outdoor conditions

Optimally satisfy = users are comfortable

Comfort = certain limit values are met 

Research question

“How can an interactive/adaptive office building façade element be
designed to optimally satisfy its users in order to increase work
productivity and to support nearly energy neutrality of office buildings?”
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Approach and methodology



Literature study
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Literature study – user satisfaction

User satisfaction

Work productivity
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Literature study – façade design

The New Stepped Strategy                                       
(van den Dobbelsteen, 2008)
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Literature study – interactive/adaptive technologies
Concepts & Projects Materials & Systems
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Literature study - energy

NZEB/BENG values 
(Nearly Zero Energy Buildings)

Energy efficient 
façade design principles

Local climate
conditions
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Literature study – integration 

Façade design + user satisfaction factors:

Façade design + user satisfaction + interactive/adaptive technologies



Design considerations
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User comfort
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Thermal comfort

Visual comfort

User preferences

Archetypes

User control

Temperature

Air quality

Lighting 

Aesthetics

Energy efficiency

Energy reduction

Energy production

Energy re-use

Design criteria
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Ranking of Archetypes for energy use and comfort affordance needs.
Image by Dr. M.A. Ortiz (2019)

Archetypes
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Archetypes

Energy efficient Self-Adaptive Full Control
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Archetypes

Energy efficient (EF)

Archetype’s preferences to design principles:

 Outside view  large window area;

 Contact with nature  implementation in design;

 Less comfort, more energy saving  energy efficient

 High external control, low internal control.



Self-Adaptive (SA)
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Archetypes

Archetype’s preferences to design principles:

 Space matching lifestyle;

 Technologies are main experience;

 High external control, low internal control.



Full Control (FC)
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Archetypes

Archetype’s preferences to design principles:

 Own privacy and high freedom of space;

 Comfort above energy use;

 High internal control, low external control.
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Façade components



++ very applicable / + applicable / - not applicable
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Generic façade design guideline
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Case study review – Applied Physics building
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Sun study Applied Physics Building
Orientation West-southwest 
Summer sun angle 61° – 7,5°
Sun hours exposure 8 hours (13:45-21:45)

Winter sun angle 14,6° – 0,50°
Sun hours exposure 4 hours (12:45-16:45)

Case study review – sun study



• Rc-value: 0,65 m2·K/W

26

Technical aspects 
Applied Physics 
building

Dimension/type

Length 5,94 meter
Width 3,60 meter
Height 3,67 meter
Window 1 external window 

Door 1 internal door

Case study review – façade analysis
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Case study review – user experience interview

Too cold Too Hot

:

Extremely dissatisfied Extremely dissatisfied Somewhat dissatisfied

No control

Symptoms 

Sick Building Syndrome
Neutral comfort



Design exploration
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PV-Trombe Wall SolarWall PV/TEF
PCM Trombe Wall PCM Living wall

Interactive Wall++ Controllable wall

Design configurations per Archetype

SA

FC
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Design performance evaluation

2,5% or min. 0,5 m2
500 lux

20-24° C Winter (21° C) 
23-26° C Summer (24° C)

BENG 1 ≤115
(Annual energy demand for heating & 

cooling)

7 l/s /pers or
25 m3/h/pers

BENG 2 ≤40
(Primary energy consumption heating, cooling, fans, 

lighting + office equipment)

BENG 3 ≥30
(Annual share of 

renewable energy )

User satisfaction values:

Nearly energy neutral values:
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Design performance evaluation – current situation
Simulated indoor environment 
and energy performance façade 
current situation:

19,7° C Winter < 21° C 
25° C Summer > 24° C

BENG 1
126>115

BENG 2
193>40 

BENG 3 
0<+30

2,5% or min. 0,5 m2
500 lux
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Design performance evaluation - simulations
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EF

Design configurations- evaluation

SA

FC

PV-Trombe Wall SolarWall PV/T PCM Trombe Wall PCM Living wall

Interactive Wall++ Controllable wall



36

PV-Trombe Wall SolarWall PV/TEF
PCM Trombe Wall PCM Living wall

Interactive Wall++ Controllable wall

Design configurations- evaluation

SA

FC



Final design
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Energy Efficient Archetype

38- Outside view
- Contact with nature- Neutral comfort - High external control

- Low internal control
- Highly energy efficient



- Outside view
- Contact with nature- Neutral comfort - High external control

- Low internal control
- Highly energy efficient

Front facade Section

Static
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Energy efficient archetype – PV-Trombe Wall
WWR 50%
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Seasonal performance
Winter: Summer:



Self-Adaptive Archetype

43
- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use



44
- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use

Dynamic

Front facade Section

No shading, 
optimal PV-

position

Bouncing 
daylight

Self-Adaptive Archetype – Living wall
WWR 43%



45
- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use

Dynamic

Demonstration Components

Self-Adaptive Archetype – Design configuration 
Living wall – WWR 43%
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- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use

Section

Self-Adaptive Archetype – Design configuration 
Living wall – WWR 43%

Winter performance
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- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use

Self-Adaptive Archetype – Design configuration 
Living wall – WWR 43%

Section

Summer performance
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- Use of technologies is main

experience
- Technologies improves

standard of living
- Space matches lifestyle 

- Positive about comfort - High external control
- Low internal control

- Conflicted about energy use

Self-Adaptive Archetype – Design configuration 
Living wall – WWR 43%

Section

Summer performance (overheating)
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Seasonal performance
Winter: Summer:



Full Control Archetype

52- Own privacy
- High freedom- High comfort - Low external control

- High internal control
- Negative emotions about

energy awareness



- Own privacy
- High freedom- High comfort - Low external control

- High internal control
- Negative emotions about

energy awareness

Static

Front facade Section

53

Full Control Archetype – Interactive Wall++
WWR 37%



- Own privacy
- High freedom- High comfort - Low external control

- High internal control
- Negative emotions about

energy awareness

Demonstration

Touching Human presence Swiping
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Full Control Archetype – Interactive Wall++
WWR 37%

Static
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Seasonal performance
Winter: Summer:
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Optimal “all users” 
design guideline
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Conclusion
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Conclusions

User satisfaction

Work productivity Façade design Interactive/adaptive
technologies

“How can an interactive/adaptive office building façade element be
designed to optimally satisfy its users in order to increase work
productivity and to support nearly energy neutrality of office buildings?”
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Conclusions
“How can an interactive/adaptive office building façade element be
designed to optimally satisfy its users in order to increase work
productivity and to support nearly energy neutrality of office buildings?”



“How can an interactive/adaptive office building façade element be
designed to optimally satisfy its users in order to increase work
productivity and to support nearly energy neutrality of office buildings?”
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Conclusions

Review of possible Archetypes 
per building
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Conclusions

Optimal “all users” design 
guideline

“How can an interactive/adaptive office building façade element be
designed to optimally satisfy its users in order to increase work
productivity and to support nearly energy neutrality of office buildings?”



Thank you for your attention!
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Any questions?
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