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Background & problem statement
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Research question

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

interactive/adaptive = interaction between users and facade,

adapting according to users preferences & outdoor conditions
Optimally satisfy = users are comfortable

Comfort = certain limit values are met
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Literature study



Literature study - user satisfaction
Work productivity

g -

User satisfaction

Background Literature Design phase Evaluation phase Guidelines Conclusions



Literature study - facade design
. YOI
4 '.:> @ﬁ 1. Reduce the demand
2. |:> ‘:> 2. Reuse waste streams
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H

71\
3. &D 3. Use renewable energy sources (a) and ensure that
waste can be used as food (b)
The New Stepped Strategy c@

(van den Dobbelsteen, 2008) 11
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Literature study - interactive/adaptive technologies

Concepts & Projects Materials & Systems

ity
FULL-SCALE DEM&STRATION
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Literature study - energy

e

Energy efficient Local climate NZEB/BENG values
facade design principles conditions (Nearly Zero Energy Buildings)
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Literature study - integration

Facade design + user satisfaction factors:
Passive measures
Actlve meosures:

Facade design + user satisfaction + interactive/adaptive technologies

Data analysis

Perception !
and reasoning

Response
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Design considerations



Design criteria

User comfort User control Energy efficiency User preferences

Thermal comfort Temperature Energy reduction Archetypes
Visual comfort Air quality Energy production

Lighting Energy re-use

Aesthetics

16
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Archetypes €&

ACTUAL ENERGY COMFORT NEEDS

Waster More sensitive to comfort

Sensitive
Wasters

Incautious
Realists

Restrained
ntionals

Vulnerable Vulnerable
Pessimists Pessimists
Positive
Savers
Incautious
Realists
Saver Less sensitive to comfort
Ranking of Archetypes for energy use and comfort affordance needs.
Image by Dr. M.A. Ortiz (2019) 17
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Archetypes

Energy efficient Self-Adaptive Full Control
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Archetypes €&

Energy efficient (EF)

Archetype energy efficient Design principles

@ Outside view Large window area for a view:

. maximum WWR according to Dr. M. Kwon'’s study or
T . — high performance functioning fully glazed facade
(Kwon, Remay, & van den Bogaard, 2019)

Contact with nature Implementation of biomimicry/biophilic in design

Energy efficient As much energy production as possible within the facades’
components

High external control/low internal control Fagade components should go well together and
complement each other so that the facade can function
optimally according to the local climate conditions.

19
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Archetypes €&

Self-Adaptive (SA)

Archetype self—adaptive Design principles

Technologies is main experience Using or activating technologies for the enhancement of
the user experience

Space matching lifestyle Possibility to adapt the environment to the users’
preferences
High external control/low internal control Facade components should go well together and

complement each other so that the facade can function
optimally according to the local climate conditions

20
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Archetypes

Full Control (FC)

Archetype full control Design principles

Comfort above energy use User needs to feel comfortable at all times, completely
disregarding the energy this can cost. Smart features should
be designed in order to help them save energy and make
them aware of the ecological consequences

Own privacy and high freedom The use of components which enhance the users’ privacy
and allows them to have freedom in their space
High internal control/low external control Users have the possibility to control the components in
order to adapt them according to their current comfort
needs
21
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Facade components

Facade components
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Generic facade design guideline

il INillIii]iHllilliliillil|lllllnnumum.u..=

++ very applicable / + applicable / - not applicable

ing service:

ntegrated (BIS) in facade & User Control

. Component: Facade layers — mid layer layer —

= geah H Component: Facade layers — mid layer —
o BCH ﬁ Component: Facade layers — outdoor laye:

=
insc —
anex
and w Component: Facade layers — outdoor layer —
i H (Component: Facade openings — Window frame:
e ﬁ Component: Facade openings — Window glazing
= inst E Component: Facade openings — Air openings —
(UF: 1
e I =
o E E Component: Shading features
i ope Type of Type of
overh Archetype Archetype

solar controlled shading +
daylight expansion & energy
production

manually rotating shading solar and user controlled
——  systems
1
horize L. -
- » - what if it could deploy
4 elastic deformation of louvres
Ie | B louwres open and dose by by induced bending stress by optimized soler panels
;‘; 7 change of temperature sensors and motors
D ¢

EF
SA
<

RN

solar controlled shading +
daylight expansion & energy

.
[E

bounce daylight deeper
high'
thickn

solar controlled shading panels

LN

-+ vry applicable
+ applcable
ot applicoble

(ER): outide view!
(5R):

Design phase
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Case study review - Applied Phy51cs bu1ldmg
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Case study review - sun study

Building:

A B C D

Sun study Applied Physics Building

_

Summer sun angle 61° - 7,5°

L S _

Winter sun angle 14,6° - 0,50°

N

block 111

block 11

. Sunpath Winter
Sunpath Summer Angle: 15°
Angle: 61° Sunhours: 07:44:31

Sunhours: 16:44:04 Sunrise: SE, 08:48 h

Sunrise: NE, 05:22 h Sunset: SW, 16:33 h
Sunset: NW, 22:06 h
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Case study review - facade analysis

Technical aspects Dimension/type } i
Applied Physics | i'l
building | ‘

B | Al | g

3,60 meter

e M e T ot o o P e e e O _::7‘

* Rc-value: 0,65 m?-K/W R

s

Sane

e

TVl \\‘
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Case study review - user experience interview

Extremely dissatisfied Extremely dissatisfied Somewhat dissatisfied
Too cold Too Hot Neutral comfort Symptoms

Sick Building Syndrome

No control

GO |
L-&s
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Desigh configurations per Archetype

|
iu

u:cnuu

T

|

i

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

7E ‘

29
Interactive Wall++ Controllable wall
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Design performance evaluation

User satisfaction values:

20-24 C Winter (21 () 7 1/s /pers or 2,5% or min. 0,5 m2
23-26 C Summer (24 () 25 m3/h/pers 500 lux

Nearly energy neutral values:

BENG 1 <115 BENG 2 <40 BENG 3 230
(Annual energy demand for heating &  (Primary energy consumption heating, cooling, fans, (Annual share of
cooling) lighting + office equipment) renewable energy ) 30
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Design performance evaluation - current situation

Simulated indoor environment
and energy performance facade
current situation:

BENG 1
126>115

S

[l i} Y
* -

BENG 2
193>40

19,7 C Winter<21 C 2,5% or min. 0,5 m2 BENG 3
25 CSummer >24 C 500 lux 0<+30
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Design performance evaluation - simulations
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Evaluation phase




Desigh configurations- evaluation

o

| B | ‘ \ ‘J— “\'»‘
PV-Trombe Wall SolarWall PV/T PCM Trombe Wall PCM Living wall

T
e
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Controllable wall
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SA

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

g r&ua B T U T 7 T (:'.,m'

ML

il
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Interactive Wall++ Controllable wall
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Final design



Energy Efficient Archetype

==\ - Outside view - High external control 05 Hi iciéh
p— - Highly energy efficient
Neutral comfort @g - Contact with nature Tlﬂ} - Low internal control




Energy efficient archetype - PV-Trombe Wall

WWR 50%

Static
] Summer air vent
= z A Indoor air vent
pre-heate c
airin E

Y PV-Trombe Wall: passive heating

m Transparent PV's
Thermochromic glazing + passive frame (insulated)
(Operable windows for extra ventilation/cooling)
Massive wall (static thermal storage)
Ventilated cavity
VIP insulation
Aerogel-based plaster
Possibility of green wall as indoor layer
Indoor air vent
Fresh air supply

Front facade Section
AN
== | - Outside view - High external control A icient 32
- Neutral comfort - Contact with nature o 9 Highly energy efficient
— - Low internal control 5
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Seasonal performance

Winter: Summer:

Transparent PV-Trombe wall
Winter situation (Oct-April)

Transparent PV-Trombe wall
Summer situation (May-Sept)

'__
}I_

_._{ ’____
I[|_
—

Fresh air supply through facade.
Supply: 80 m3/h (max. 3 people).

Fresh air supply through facade.
Supply: 80 m3/h (max. 3 people). % g

Air heating through facade. %} ‘/J’%E
Additional low temperature heating if necessary with

heat pump (COP=5) with supply from aquifer thermal
energy storage.
Summer air vent opens in case of overheating. ‘

Mechanical ventilation exhaust if necessary. @

Average winter temperature 21,9°C (Oct-April).

Air cooling through facade.

Operable windows for extra cooling/ventilation.
Additional low temperature cooling if necessary
with heat pump (COP=5) with supply from
aquifer thermal energy storage.

Summer air vent opens for continuous flow or air.

Mechanical ventilation exhaust if necessary.

Average summer temperature 24,0°C (May-Sept).

50% window-to-wall-ratio.

50% window-to-wall-ratio.

10,1% daylight factor.

Thermochromic glazing in order to avoid glare.
500 lux LED lighting with occupancy sensors.

Onyx Solar transparent PV-panels.
Winter electricity production: 316 kWh (Oct-April).

®

PV-Trombe wall:

®

10,1% daylight factor.
Thermochromic glazing in order to avoid glare.
500 lux LED lighting with occupancy sensors.

Onyx Solar transparent PV-panels.
Summer electricity production: 497 kWh (May-Sept).

PV-Trombe wall:
Re-value: 8,15 m2-K/W opaque areas.

[V

Re-value: 8,15 m2-K/W opaque areas.

4

]

U-value: 0,75 W/m2-K translucent areas.

42

OICIOICICIOIO

-
-

]

U-value: 0,75 W/m2-K translucent areas. Summer situation

OOOE®E

4
|

Winter situation
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Self-Adaptive Archetype

- Use of technologies is main

—— 1\ experience
oy . | e—
- Positive about comfort == _ Techno|ogies improves

~ standard of living
- Space matches lifestyle

- Low internal control

O

- High external control - Conflicted about energﬁjse
090
g




Self-Adaptive Archetype - Living wall

WWR 43%

No shading,
optimal PV-
Dynamic position
[ i ﬁ
Summer air vent
Ind [ t
pre_hg;ga 3 ndoor air ven
airin | ) )
TR PCM encased in glazing
i ) I Solar controlled shading feature with PV-cells on top
- for atleast its own electrical production
E
a—i
. +—N; - ' Operable windows:
| Triple glazing + passive frame (insulated)
-G
Bouncing ._{ Living wall:
daylight e PCM (encased in glazing thermal storage)
=1 Ventilated cavity
VIP insulation
Ventilated cavity
I Living glass ('gills’ open when needed)
N> Indoor air vent
: | Fresh air supply
Front facade Section
- Use of technologies is main
experience g - High external control /‘7\a” Conflicted about energy Use
- Positive about comfort - ies i . AT
Technolog|e§ Improves - Low internal control
standard of living

- Space matches lifestyle



Self-Adaptive Archetype - Design configuration

Living wall - WWR 43%

Dynamic

EXISTING PROTOTYPE
llL;thH‘l“rm Allgy Actual
Tri?"frm::‘m Pﬁmr ~

Surface

PROCESSING
- Microcontroller

INPUT
- Infrared Sensor
- Carbon Dioxide Sensor

FUTURE RESEARCH

a2 | |
FULL-SCALE DEMONSTRA

Demonstration Components

- Use of technologies is main

——\ experience
- Positive about comfort — | - Technologies improves
~ standard of living

- Space matches lifestyle

- High external control - Conflicted about energé%se

- Low internal control




Self-Adaptive Archetype - Design configuration

Living wall - WWR 43%

Winter performance

Summer air vent

hﬁg& 3 Indoor air vent
pre-hea :
airin

s Indoor air vent/open
pre-heate

PCM encased in glazing airin

= T
<= X0 T e R nu—

Solar controlled shading feature with PV-cells on top
for atleast its own electrical production

=

Solar controlled shading feature with PV-cells on top
= , Bouncing daylight & partial shading position

' Operable windows:
Triple glazing + passive frame (insulated)

Frr-—f o OE—=mt0

Living wall:

PCM (encased in glazing thermal storage)
Ventilated cavity

VIP insulation

Ventilated cavity

Living glass ('gills’ open when needed)

LERBLEEERS IS Q|

0 O O 6 O

nwrr—@ MmO OZ—Zmuo

(

Indoor air vent

Fresh air supply

: «j Fresh air supply/always open
Section

- Use of technologies is main

—— 1\ experience
oy . | e—
- Positive about comfort == _ Techno|ogies improves
[ e—1

~ standard of living
- Space matches lifestyle

- Low internal control

O

- High external control - Conflicted about energé%se
090
g




Self-Adaptive Archetype - Design configuration

Living wall - WWR 43%

Summer performance

Summer air vent

o | Indoor air vent = Summer air vent/open
pre-heated | ; ‘ Indoor air vent/open
airin | ) ] cooled air
il PCM encased in glazing in
1Ih )
= Solar controlled shading feature with PV-cells on top P . .
P for atleast its own electrical production II\EI Solar controlled shading feature with PV-cells on top
L | Bouncing daylight & partial shading position
+—N; - ' Operable windows: 2 ‘
:E Triple glazing + passive frame (insulated) & Operable windows: for ventilation as cooling
— Living wall: F
- PCM (encased in glazing thermal storage) G
gl Ventilated cavity !
VIP insulation L
Ventilated cavity 2
I Living glass ('gills’ open when needed)
N> Indoor air vent

Fresh air supply

«j Fresh air supply/always open

Section

- Use of technologies is main

—— 1\ experience
oy . | e—
- Positive about comfort == _ Techno|ogies improves
[ e—1

~ standard of living
- Space matches lifestyle

- Low internal control

O

- High external control - Conflicted about energ{ﬂ:se
090
g




Self-Adaptive Archetype - Design configuration

Living wall - WWR 43%

Summer performance (overheating)

Summer air vent

Summer air vent/open

3 Indoor air vent

P .
pre-heated Indoor air vent/closed

airin cooled air

PCM encased in glazing in
I Solar controlled shading feature with PV-cells on top @ Too hot!

for atleast its own electrical production

Solar controlled shading feature with PV-cells on top
Shading position & partial shading position

' Operable windows:
Triple glazing + passive frame (insulated)

Operable windows: for ventilation as cooling

Frr-—f o OE—=mt0

Living wall:

PCM (encased in glazing thermal storage)
Ventilated cavity

VIP insulation

Ventilated cavity

Living glass ('gills’ open when needed)

Arr-—@0 MO OZ—ZmMBO

LERBLEEERS IS Q|

0 A O

wnwrr—@ MmO OZ—zZmuwo

(

Indoor air vent

1

Indoor air vent/open

Fresh air supply

: ﬁ Fresh air supply/always open

Section
- Use of technologies is main

—— 1\ experience
oy . | e—
- Positive about comfort == _ Techno|ogies improves

~ standard of living
- Space matches lifestyle

- Low internal control

O

- High external control - Conflicted about energé%se
090
g
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Seasonal performance

Winter:

RN

Winter situation

Background

PCM living wall

Winter situation (Oct-April)

%*@@

OLOE®E

Literature

Fresh air supply through facade.
Supply: 80 m3/h (max. 3 people).

Air heating through facade by self-adaptive PCM thermal
storage, supplied by opening of gills.

Additional low temperature heating if necessary with heat
pump (COP=5) with supply from aquifer thermal energy
storage.

Summer air vent opens in case of overheating.

Mechanical ventilation exhaust if necessary.

Average winter temperature 21,0°C (Oct-April).

43% window-to-wall-ratio.

9,3% daylight factor.

Bouncing of daylight by solar controlled shading feature.
500 lux LED lighting with occupancy sensors.

Solar controlled PV-panels on top of shading feature.
Winter electricity production: >110 kWh (Oct-April).

PCM living wall:
Re-value: 7,85 m2-K/W opaque areas.
- : e f )

U-value: 0,75 W/m2-K translucent areas.

Design phase

Summer:

Summer situation

Evaluation phase

Guidelines

PCM living wall

Summer situation (May-Sept)

OICIOICICIOIO

Fresh air supply through facade.
Supply: 80 m3/h (max. 3 people).

Air cooling through facade by self-adaptive PCM thermal
sforage, supplied by opening of gills.

Operable windows for extra cooling/ventilation.
Additional low temperature cooling if necessary with heat
pump (COP=25) with supply from aquifer thermal energy
storage.

Summer air vent opens for continuous flow or air.

Mechanical ventilation exhaust if necessary.

Average summer temperature 23,5°C (May-Sept).

43% window-to-wall-ratio.

9,3% daylight factor.

Bouncing of daylight by solar controlled shading feature.
500 lux LED lighting with occupancy sensors.

Solar controlled PV-panels on top of shading feature.
Summer electricity production: >199 kWh (May-Sept).

PCM living wall:
Re-value: 7,85 m2-K/W opaque areas.

V¢
U-value: 0,75 W/m2-K translucent areas.
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Full Control Archetype

. s==\ - Own privacy
- High comfort - High freedom

- Low external control ‘255 - Negative emotions about
- High internal control o2 energy awareness




Full Control Archetype - Interactive Wall++

WWR 37%

Static

¢ Outdoor layer: space for energy production for electricity use of
g controlable components!
R
pre-heated i E Next active facade (heating/cooling/ventilation +heat exchanger)
o \
airin < edieme—"—————— \yith user control function connected to Wall + +

Permanent shading feature with sun-angled lamellas

Triple glazing + paossive frame (insulated)

Interactive wall:

Outdoor layer for energy production (BIPV's)
Concrete

Ventilated cavity

VIP insulation

Gypsum

Wall+ +:

Two layers waterbase nickle paint (high conductivity)
Copper tape as insulation for transmitter electrodes
| | Diamond electrode pattern

| Latex paint

E
m=mnnZzdJ /'*‘

Front facade Section

- High comfort = O,Wn privacy - Low external control ‘255 - Negative emotions about
s £=) - High freedom - High internal control J2°  energy awareness

| c—]




Full Control Archetype - Interactive Wall++

WWR 37%

Static

Demonstration

Touching Human presence Swiping

- High comfort - Own privacy - Low external control 271 - Negative emotions about
g - High freedom - High internal control oz energy awareness
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Seasonal performance

Winter:

+d

Winter situation [ S|

Interactive Wall+ +
Winter situation (Oct-April)

OOOE®E

Literature

Fresh air supply by NEXT Active Facade Building Integrated
System (BIS) and heat exchanger.
Supply: 80 m3/h (max. 3 people).

Air heating through NEXT Active Facade BIS with user
control function connected to Wall++. Wall++ reacts
to human presence, patterns, and signs.

Additional low temperature heating if necessary with heat
pump (COP=5) with supply from aquifer thermal energy
storage.

Air exhaust by NEXT Active Facade BIS.
Mechanical ventilation exhaust if necessary.

Average winter femperature 22,1°C (Oct-April).

37% window-to-wall-ratio.

2,8% daylight factor.

Sun-angled shading feature with sun-angled lamellas.
500 lux LED lighting with occupancy sensors.

Possibility to place Building Integrated PV-Panels (BIPV's)
on outer facade without influencing the performance of the
facade.

Possible winter electricity production: 235 kWh (Oct-April).

Interactive Wall++:
Re-value: 7,15 m2-K/W opaque areas.
T : ve f )

U-value: 0,75 W/m2-K translucent areas.

Design phase

Summer:

R [ @
@
(&) M

Evaluation phase

Guidelines

Interactive Wall+ +
Summer situation (May-Sept)

Fresh air supply by NEXT Active Facade Building Integrated
System (BIS) and heat exchanger.
Supply: 80 m3/h (max. 3 people).

Air cooling through NEXT Active Facade BIS with user
control function connected to Wall++. Wall++ reacts
to human presence, patterns, and signs.

Operable windows for extra cooling/ventilation.
Additional low temperature cooling if necessary with heat
pump (COP=5) with supply from aquifer thermal energy
storage.

Air exhaust by NEXT Active Facade BIS.
Mechanical ventilation exhaust if necessary.

Average summer temperature 23,4°C (May-Sept).

37% window-to-wall-ratio.

2,8% daylight factor.

Sun-angled shading feature with sun-angled lamellas.
500 lux LED lighting with occupancy sensors.

Possibility to place Building Integrated PV-Panels (BIPV’s)

on outer facade without influencing the performance of the
facade.

Possible summer electricity production: 371 kWh (May-Sept).

Interactive Wall++:
Re-value: 7,15 m2-K/W opaque areas.

V¢
U-value: 0,75 W/m2:K translucent areas.

57
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Interpretations
Guidelines



Optimal “all users”
design guideline
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Optimal “all users” facade design guideline

Shading feature:
Heat protection by solar controlled (a) or sun angled shading feature(s).

a) b)

Ventilation through facade:
Supply of natural ventilation through facade to the indoor space by one
opening (a) or by multiple openings (b).

Additional ventilation + heating/cooling:

Supply of additional ventilation + heating/cooling, in case needed, by using
the user controlled Next Active Facade system integrated in the facade (a) or
by using low femperature heating/cooling systems (b) integrated in the floor
and ceiling.

pre-heated

Interior design:
User freedom on adapting the indoor space to user’s preference and taste, because
of the different interior design preferences of every type of user (a/b/c).

WWR:

WWR percentage depending on orientation (a), taking into consideration
most of the users preferences linked to WWR (b), such as outside view,
privacy, and so on, and finding the right balance between the preferable
amount of WWR per orientation and the user preferences linked to WWR.

a)

eg. eg.
West 37-43% West >43%
due to user preferences

|
vent. through
facade

additional

interior design

vent./heating/cooling

shading feature

window
opening

facade technology
+
insulation

—

Window glazing:

For heat gain/heat loss through window openings, triple glazing (a) can be
used when the window has a solar controlled or sun angled shading feature.
If this is not the case, then a thermochromic triple glazing (b) window is the
best option or the user controlled option of electrochromic glazing.

a)
it et il gos)
oot

Window frame:
For window frame, passive (insulative) window frames (a) can be used or the
option of electricity producing window frames (e.g. Physee SmartWindow) (b).

Facade technology:
For the optimal “all users” design, the Trombe wall method of the SA design
with adaptive heat storage (a) can be used together with the user control
technologies of the FC design (b). In this way the indoor environment would
self-adapt according to the outdoor conditions and to the users’ preferences at
any moment in time.

self-adapiive
heat storage

Facade insulation:

For facade thermal insulation, the Vacuum Insulated Panel (VIP) is a high
performing thermal insulation (a) (A=0,006 W/m-K) with slim thickness giving
the users more office area. Another very good thermal insulation is the Aerogel
(silica) nano-insulation (b) (A=0,013 W/mK).

rclusions




Ventilation through facade:
Supply of natural ventilation through facade to the indoor space by one
opening (a) or by multiple openings (b).

P

a) N
C vent. through
facade
pre-heated N additional
airin B vent./heating/cooling
T [T
E

interior design

shading feature

window
opening
facade technology
+
N insulation

N

Interior design:
User freedom on adapting the indoor space to user’s preference and taste, because
of the different interior design preferences of every type of user (a/b/c).

Background Literature Design phase Evaluation phase

Additional ventilation + heating/cooling:

Supply of additional ventilation + heating/cooling, in case needed, by using
the user controlled Next Active Facade system integrated in the facade (a) or
by using low temperature heating/cooling systems (b) integrated in the floor
and ceiling.

pre-heated

airin

Facade technology:

For the optimal “all users” design, the Trombe wall method of the SA design
with adaptive heat storage (a) can be used together with the user control
technologies of the FC design (b). In this way the indoor environment would
self-adapt according to the outdoor conditions and to the users’ preferences at
any moment in time.

self-adaptive
heat storage

Guidelines Conclusions
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Conclusions

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

Facade design Interactive/adaptive

0 _j>/}—:> technologies

Work productivity

s

User satisfaction
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Conclusions

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

egrated (BIS) in facade & User Control
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Any questions?

Thank you for your attention!
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