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What should be the design of an adaptive facade system based on PCMs and how should
it respond to different climate conditions so as to provide thermal comfortin the indoor
space of libraries whilst minimising the energy use for heating, cooling and lighting?
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PHASE TRANSITION FOR ICE
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FACADE LEVEL SALT HYDRATES
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PANEL PLACEMENT
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THERMAL COMFORT
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DESIGN CONCEPT

FIRST LOGIC : MODULAR UNITS PER PANEL

PERSPECTIVE VIEW AND DRAWINGS
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SECOND LOGIC : MODULAR UNITS PER MULTIPLE PANELS

PERSPECTIVE VIEW AND DRAWINGS
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FACADE DESIGN CHOICE
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PCM PLACEMENT
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FACADE SEGMENTATION

FACADE SEGMENT 1
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-5 AMSTERDAM BOUNDARY CONDITIONS

TOTAL ENERGY CONSUMPTION(kWh/mZ2)

152
151.5

N 50% Glazing
150.5

150
145.5

149
1485

5P21 SP25

148
2 2 5P23 5P31 5P11

TOTAL ENERGY CONSUMPTION(kWh/m2)

150

149 40% Glazing

148

146
145
144
143

142
SP21 SP25 P25 SP31 5P11

TOTAL ENERGY CONSUMPTION(K\Wh/m?2)

148

147

146 30% GIaZing
145
144
143
142
P21

141
SP25 SP2% SP31 SP11

w

TOTAL ENERGY CONSUMPTION(kWh/m2)

150.5
= 20% Glazing
145
148.5
148
SP25

SP21 SP23 5P31 5P11



+'® ATHENS

%

166.5

166

165.5

165

164.5

166.5
166
165.5
165
164.5
164
163.5
163
162.5
162
161.5

TOTAL ENERGY CONSUMPTION(kWh/m2)

l | I 50% Glazing

P21

SP25

5P29

5P31

TOTAL ENERGY CONSUMPTION(kWh,/m?2)

5P23

40% Glazing

sP31

TOTAL ENERGY CONSUMPTION(kWh,/m2)

I ‘ ‘ 30% Glazing

TOTAL ENERGY CONSUMPTION(kWh/m2)

1

5P21

5P25

5P25

5P23

SP25

5P31

-‘ 20% Glazing

BOUNDARY CONDITIONS

& 2%
(B)nazsec



PATTERN PATTERN INPUT DATA IMPORTANT POINTS
FACADE SEGMENT 1 FACADE SEGMENT 2

Glazing percentage
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PROPOSED DESIGN

PATTERN
FACADE SEGMENT 1

PATTERN
FACADE SEGMENT 2

INPUT DATA

INPUT DATA

PATTERN 2

TOTAL GLAZING PERCENTAGE

FACADE SEGMENT 1

TOTAL PERCENTAGE A PANELS

TOTAL PERCENTAGE B PANELS

TOTAL PERCENTAGE C PANELS

GLAZING PERCENTAGE A PANELS

GLAZING PERCENTAGE B PANELS
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33.30%
33.30%
39.16%
39.16%
39.16%

IMPORTANT POINTS

Glazing percentage

35.73%

Annual energy consumption

146.69 kWh/m?

Energy efficient PCM combination

SP11 SP21  SP25

o
Py

Y/




u
LA |

Uny,

"taa,,
ii‘ﬁ'ﬁ‘.ﬂ
LA I T
EEEEnp
REN ]
R S
EEEENN
| W EEUN
THRR R
| gl s NE
l | m | m |
mavE
gmm-
TR

]
= B B =
] B ® N =

146.69 - .

121.35

s B E E E EEEEEEESE NSNS -~ -

.

ENERGY CONSUMPTION (kWh/m?)
ENERGY CONSUMPTION (kWh/m?)

»
» W A & B B B =

43631 kWh

27432 kWh

27170 kWh

24666 kWh

i 0
o o

13135 kWh

1
0o > |

15021 kWh

)
J

ENERGY CONSUMPTION (kWh)

COMPARISON



SP 21 / RUBITHERM Columnl
PROPERTIES

Melting area °C 22-23
Congealing area °C 21-19
Heat storage capacity(kJ/kg) 180
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m>) 1.5
Density liquid(kg/m®) 1.4
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.6
Max. operation temperature °C 45
Heat stored in 0.03 thk container (J/m2) 7560000
SP 25 / RUBITHERM Columnl
PROPERTIES

Melting area °C 24-26
Congealing area °C 24-23
Heat storage capacity(kJ/kg) 180
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m°) 1.5
Density liquid(kg/m®) 1.4
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.6
Max. operation temperature °C 45
Heat stored in 0.03 thk container (J/m2) 8100000
SP 31 / RUBITHERM Columnl
PROPERTIES

Melting area °C 31-33
Congealing area °C 28-30
Heat storage capacity(kJ/kg) 210
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m°) 1.35
Density quuid(kg/m3) 1.3
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.8
Max. operation temperature °C 45
Heat stored in 0.03 thk container (J/m2) 8505000
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TEMPERATURE MEASUREMENTS

SAMPLE 1: PCM 21
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SAMPLE 2 : PCM 25
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TOTAL HEAT STORED IN SAMPLES

SAMPLE 1: PCM 21
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THE PERFORMANCE
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THE DESIGN
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FACADE COMPONENTS
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UNITIZED FACADE SYSTEM

FACADE ASPECTS
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DESIGNER’S MANUAL



STEP 1

THE CHOICE OF PCM TYPE | FACADE LEVEL

PARAFFINS
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STEP 2

PCM TO GLAZING RATIO

. O

[ 1 GLAZING
B PCMm

A) ATHENS |MEDITERRANEAN CLIMATE

20% cLazinG
80% pcm

O

B) AMSTERDAIM | TEMPERATE CLIMATE

_ 30-40% cLazING
70-60% pcvm




STEP 3

MELTING TEMPERATURE

A) ATHENS | MEDITERRANEAN CLIMATE

_ SP21(21°C)
SP25 (25°C)

> OC

B) AMSTERDAIM | TEMPERATE CLIMATE

> SP21 (21°C)




STEP 4

PCM COMBINATIONS

PCM TYPE 1

PCM TYPE 2

T

PCM TYPE 3

A) ATHENS | MEDITERRANEAN CLIMATE

g SP21 - SP25 - SP29
SP21 - SP25 - SP31

w

TEMPERATURE RANGE

B) AMSTERDAIM | TEMPERATE CLIMATE

SP11 - SP21 - SP25
SP11 - SP21 - SP29




STEP 6

PCM PROTECTION

vy
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INTENSE SOLAR

IRRADIATION INTEGRATED SHADING SYSTEM

MAXIMUM OPERATIVE
TEMPERATURE

B) AMSTERDAM | TEMPERATE CLIMATE

MEDIUM SOLAR
IRRADIATION

ADAPTIVE SHADING SYSTEM



STEP 7

RESPONSIVENESS

HEAT RELEASE HEAT STORAGE

®0

SOLID LIQUID
T <T T > T oM

air PCM ai

SUMMER

HEAT STORAGE AVOID OVERHEATING

/ ’ .'/‘l;,./"
HEAT RELEASE TO THE  NIGHT COOLING
OUTSIDE

J

WINTER

HEAT RELEASE TO THE
INSIDE

J
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