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LED lighting 

PV panel

Decentralized air handling  unit 

Automatic window

Solar shadingIntroduction| Smart facade
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Faculty of Civil Engineering and Geo-sciences(CEG), TU Delft
Architect: Van den Broek & Bakema
Location: Delft, Netherlands
Area: 66,600m2
Project year: 1957-1975

source: https://www.tudelft.nl/citg/
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Facade Leasing Demonstrator Project (FLDP)
-> 2017 Began
-> 2018.11 East facade analysis, monitoring, prototyping

North Heating

East
West

?

source: http://campusdevelopment.tudelft.nl/en/project/heating-network-transition-programme/
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The CEG east facade has poor thermal performance and energy con-
sumption and needs a solution to fulfill the indoor comfort requirement.

How can the integrated control of smart facade contribute to the indoor 
comfort for the east of CEG?

Reseach question

Problem statement

Introduction| Project statement



CEG east facade



East Facade
13.5m

35.0m14.0m

11.0m

CEG east facade| Surroundings



No air conditioning
No heating in summer

2th-5th floors: Office

BENG:          50 kWh/m2
CEG 2017: 107.60 kWh/m2

East RoomEast facade

CEG east facade| Settings



Single glazing
Ug=5.42 W/m2K    Uf=2.2 W/m2K    g=0.81

Manual controlConstruction

Top:
tilt outwards

Bottom:
turn ourwards

Blinds:
 adjust height
Slats: 
 horizontal
 vertical

CEG east facade| Settings



Adiabatic

Adiabatic

Adiabatic

Adiabatic

DesignBuilder
Base model

OfficeVitae 
monitoring data

Old constrcution

Annual performance

259.5 hrs
108.2 kWh/m2
9.7     kWh/m2

Discomfort
Heating
Lighting

CEG 2017: 107.60 kWh/m2

CEG east facade| Performance



Design logic
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  Ug=0.7 W/m2K
  g=0.53
  Lt=0.698
  Uf=1.1W/m2K
  Us=0.8W/m2K

Old construction
 
       Ug=5.42 W/m2K
       g=0.81
       Lt=0.88
  Uf=1.1W/m2K
  Us=0.8W/m2K

CEG east facade| Design options



AutoManual

Tilt 20°
(36%)

Tilt 10°
(18%)

Modulation
factor

1

min

Δmin Δmax DeltaC

Design logic | Control variables



Window control

Tin

DeltaC

Opening number

Opening size

Schedule

Design logic | Control variables



Inside

0°

45°

Slatted blinds Slat angle

90°

135°

Block beam solar

Blinds covered area

Design logic | Control variables



Shading control

Blinds

Tin

Horizontal solar irradiance

Solar radiation

Night Tin

Schedule

Slats

0°

45°

90°

135°

Block beam solar

Design logic | Control variables



Illuminance ≥ 500lux

Air change rate ≥ 0.66ach 

Tin ∈ [20, 26] 

Control requirement

Design logic| Basic process



Heating Tin>20℃

Illuminance ≥ 500lux

Air change rate ≥ 0.66ach 

Tin ∈ [20, 26] 

Illuminance ≥ 500lux

Control requirement Blank group

Design logic| Basic process



Heating Tin>20℃

Illuminance ≥ 500lux

Air change rate ≥ 0.66ach 

Tin ∈ [20, 26] 

Inside

Illuminance ≥ 500lux Hot day :
Cold day : Less energy

Tin ∈ [20, 26]

Control requirement Blank group Shading group

Design logic| Basic process



Heating Tin>20℃

Illuminance ≥ 500lux

Air change rate ≥ 0.66ach 

Tin ∈ [20, 26] 

Inside

Illuminance ≥ 500lux Hot day :

Hot day Cold day

Cold day : Less energy

Air change rate 
≥ 0.66ach 

Tin ∈ [20, 26]

Tin ∈ [20, 26] 

Control requirement Blank group Shading group

Vent group

Design logic| Basic process



Design proposals



Summer

Overheating 280hrs

Overheating 46hrs

Overcooling 17.5hrs

Overheating 23hrs

Overcooling 16.5hrs

Shading

+ Manual top window

+ Auto top window

+ Auto bottom window

≥200W

SRBlock
beam
solar

Overheating 300hrs

Design proposals | New construction



Summer

Design proposals | New construction

Overheating 300hrs

Overheating 46hrs

Overcooling 17.5hrs

Overheating 23hrs

Overcooling 16.5hrs

Shading

+ Manual top window

+ Auto top window

+ Auto bottom window

Manual
27%

Overheating 280hrs



Design proposals | New construction

Overheating 300hrs

Overheating 280hrs

Overheating 23hrs
Overcooling 16.5hrs

Shading

+ Manual top window

+ Auto  windows

Summer

+ Auto  windows

32 33.5 37.5 23
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<21.5℃≥21.5℃ ≥200W

SRBlock
beam
solar

Manual
27%

Auto
36%
Auto
18%

Manual

27%

Design proposals | New construction

Summer



Design proposals | New construction

Spring

Overheating 45hrs

Overheating 0hrs

Shading

+ Two top windows

+ Auto bottom window

Overheating 84hrs
Heating 26.96kWh

Overheating 69hrs
Heating 29.64kWh

No shading Shading 18:00-8:00



Spring

Design proposals | New construction

Overheating 84hrs

Overheating 0hrs

Shading

+ Two top windows

+ Auto bottom window

Auto
36%

Manual

12%

Overheating 45hrs



Spring & Autumn

Design proposals | New construction

Overheating 84hrs

Overheating 45hrs

Overheating 0hrs

Shading

+ Two top windows

+ Auto bottom window

45
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Overheating

+ Auto bottom window



<22℃≥22℃

Auto
36%
Auto
18%

Manual
12%

Manual

12%
Auto
36%

Manual

12%

Design proposals | New construction

Spring & Autumn



Winter

Design proposals | New construction

Heating 530.74kWh

Shading

+ Auto top window

Fully
closed <21℃

Heating 443.76kWh



Design proposals | New construction

Heating 443.76kWh

Heating 530.74kWh

Shading

+ Auto top windows

Winter

443.6

662.66

530.74

440

480

520

560

600

640

680

Shading Auto top 36%
Manual top 10%

Auto top 10%
 Auto bottom 1%

H
ea

tin
g 

[k
W

h]

Heating

+ Two windows



Fully
closed <21℃

Auto
36%
Auto
1%

Design proposals | New construction

Winter



Design proposals | New construction

185.0 hrs
58.5   kWh/m2
10.8   kWh/m2

Discomfort
Heating
Lighting

39.5   hrs
36.1   kWh/m2
11.2   kWh/m2

Without control With control

100%
100%

-78.7%
-31.7%

Discomfort

Energy

Annual performance



Design proposals | Old construction

<21.5℃ ≥21.5℃ ≥300W
SRBlock

beam
solar

Manual
20%

Auto
36%
Auto
18%

Manual

20%

<23℃ ≥23℃

Auto
36%
Auto
18%

Manual
25%

Manual

25%
Auto
36%

Manual

25%

Fully
closed <21℃

Auto
36%
Auto
1%

Summer

Spring&Autumn

Winter



Design proposals | Old construction

Discomfort
Heating
Lighting

Without control With control

100%
100%

-62.0%
-38.3%

Discomfort

Energy

Annual performance

259.5 hrs
108.2 kWh/m2
9.7     kWh/m2

98.5   hrs
63.0   kWh/m2
9.8     kWh/m2



With 
control

Without 
control

Old construction New construction

100%
100%

-28.7%
-41.6%

-62.0%
-38.7%

-84.8%
-60.2%

Discomfort

Energy

Discomfort

Energy

Annual performance comparison

Design proposals | Final choice



Refinement



0.66achRequirement 0.33ach 0.00ach

Opening modulation

Refinement | Occupancy control



0.66ach

Manual 12%
Auto top 36%

Manual 12% Manual 12%
Spring

& 
Autumn

Requirement

Winter

0.33ach 0.00ach

Auto top 36%
Auto bottom 1%

Auto top 15% Vent off

Opening modulation

Refinement | Occupancy control



0.66ach

Manual 12%
Auto top 36%

Manual 12% Manual 12%
Spring

& 
Autumn

Requirement

Winter

0.33ach 0.00ach

Auto top 36%
Auto bottom 1%

Auto top 15% Vent off

Opening modulation

Absent at 12:00-14:00

-0.22 -0.12 0.08

-0.03 0.11 0.06

Apr 15th Oct 25th Jan 6th
Spring Autumn WinterHeating

saved
[kWh]

Refinement | Occupancy control



ShadingManual windows

Blinds:
 adjust height
Slats: 
 horizontal
 vertical

Refinement | Manual control



0.9m

0.00Velocity

Temperature

0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.77 m/s

20.56 20.75 20.93 21.12 21.31 21.50 21.68 21.87 22.2522.06 22.43 22.62 ℃

Aug 13th 1.8m 1.8m

0.01Velocity

Temperature

0.05 0.09 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44 m/s

5.24 5.64 6.03 6.43 6.82 7.22 7.62 8.02 8.818.41 9.20 9.60 ℃

working areaworking area
working areaEa

st

Ea
stEa

st

0.9mFeb 7th

working area

Entrance

Space for people movement
& construction

Suitable air

W
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e

Refinement | Working area



1.8m

working area
Entrance

Space for people movement
& construction

Suitable daylight
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Entrance

W
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2m

2.5 mWorking space

Ea
st

Percentage of time during occupied 
that  UDI fell in between 100lux and 2000lux

working area

Refinement | Working area



Estimation



Keeping the door opened 8:00-18:00

Single-sided Cross vent

100%
100%

172.2%
-2.8%

Discomfort

Energy

Annual performance

Estimation



Operating internal shading at  16:00-18:00 Opening manual window at 8:00-9:00

-3.84 -4.15 -13.89

-3.11 -3.36 -14.52

Apr 15th Oct 25th Jan 6th
Spring Autumn WinterHeating

saved
[kWh]

0.17 0.10 -0.07

-0.49 -0.10 -0.01

Apr 15th Oct 25th Jan 6th
Spring Autumn Winter

-

-0.53

Aug 13th
Summer

Heating
saved

[kWh]

Lighting
saved

[kWh]

Estimation



Conclusion



Cross ventilation, 
Economical cost, CO2 footprints, maintenance,
life cycle assessments were

It shows the possibility of improving thermal comfort and energy efficiency by 
shading and natural ventilation control of facade. the project could help en-
hancing the idea of ‘integrated facade as a service’ for the future building, 
especially the retrofit projects. In the future, with more profound integration of 
different functions, smart facade can have a wider application and lead the 
market to a more sustainable direction.

Compared with the single-sided ventilation,
the discomfort increased 68 hrs (172.2%). The energy demand decreased 1.02kWh(2.8%) because of the influence of
middle zone lighting.

-SR, Tin & Schedule for shading control
-Tin & Schedule for window control

Integrated control for CEG east facade 

Recommendations for future research 

-Reduced occupant discomfort 84.8% 
-Saved energy 60.2%

-On-site test of the integrated control
-Comprehensive evaluation of the control 

Conclusion



Compared with the single-sided ventilation,
the discomfort increased 68 hrs (172.2%). The energy demand decreased 1.02kWh(2.8%) because of the influence of
middle zone lighting.

Thank you


