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What should be the design of an adaptive façade system based on PCMs and how should 
it respond to different climate conditions so as  to provide thermal comfort in the indoor 
space of libraries whilst minimising the energy use for heating, cooling and lighting?

Design Climate responsiveness Thermal Comfort Energy efficiency

?
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THERMAL COMFORT

PANEL PLACEMENT / THERMAL PERFORMANCE 
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                       FIRST LOGIC : MODULAR UNITS PER PANEL

MODULAR SYSTEM 

1ST LOGIC 
EACH MODULE CONTAIN ONE PANEL

2ND LOGIC 
EACH MODULE CONTAIN MULTIPLE PANELS

PERSPECTIVE VIEW AND DRAWINGS

A PANELS 12-15  C
0

DESIGN CONCEPT / MODULAR FACADE UNITS

B PANELS 21-23  C0 0C PANELS 25-29  C STACKING LOGIC

Placed in the lower
part of each �oor

Placed in the central
part of each �oor

Placed in the higher part
of each �oor

Each modular unit is composed by PCM panels with the same
melting temperature ans is placed on the top of another unit.

     SECOND LOGIC : MODULAR UNITS PER MULTIPLE PANELS

MODULAR SYSTEM 

1ST LOGIC 
EACH MODULE CONTAIN ONE PANEL

2ND LOGIC 
EACH MODULE CONTAIN MULTIPLE PANELS

PERSPECTIVE VIEW AND DRAWINGS
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HIGH WIND SPEED MEDIUM SOLAR IRRADIATION

AVERAGE TEMPERATURE

140C 30C 13.50C 200C

POSSIBLE PCM TYPES 

SP11       SP21     SP25    SP29



WEAK WIND SPEED INTENSE SOLAR IRRADIATION

AVERAGE TEMPERATURE

140C 30C 13.50C 200C

POSSIBLE PCM TYPES 

SP21       SP25     SP29      SP31



2.INTERNAL SKIN

3.FACADE PATTERN

4.EXTERNAL SKIN

5.PCM GROUPING

6.MODULAR UNITS

7.GLAZING PERCENTAGE

1.STRUCTURE
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FACADE SEGMENT 2

FACADE PATTERN 3

FACADE SEGMENT 1 FACADE SEGMENT 2

FACADE PATTERN 4

FACADE SEGMENT 1 FACADE SEGMENT 2

FACADE PATTERN 3

FACADE SEGMENT 1 FACADE SEGMENT 2
FACADE SEGMENT 2

FACADE PATTERN 4

FACADE SEGMENT 1 FACADE SEGMENT 2

ATHENS

AMSTERDAM

FACADE PATTERN 1

FACADE SEGMENT 1 FACADE SEGMENT 2

FACADE PATTERN 2

FACADE SEGMENT 1

FACADE SEGMENT 1 FACADE SEGMENT 2 FACADE SEGMENT 1

FACADE PATTERN 2FACADE PATTERN 1



FLOWCHART _ PCM GROUPING

FLOWCHART _ PCM -GLAZING AREA MEASUREMENTS (example for group A)
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FACADE SEGMENT 1

FACADE SEGMENT 2

FACADE SEGMENTATION

ACTUAL PATTERN

PATTERN TRANSLATED TO WINDOW TO WALL RATIO

FIRST FLOOR ( 1 THERMAL ZONE:INDOOR SPACE, 6 THERMAL 
ZONES : DOUBLE SKIN FACADE

GROUND FLOOR ( 2 THERMAL ZONE:INDOOR SPACE, 6 THER-
MAL ZONES : DOUBLE SKIN FACADE



AMSTERDAM

50% Glazing

40% Glazing

30% Glazing

20% Glazing

30-40

21 0C

BOUNDARY CONDITIONS



ATHENS
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40% Glazing

30% Glazing

20% Glazing

20

21 & 25 0C

BOUNDARY CONDITIONS
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FACADE SEGMENT 2

PATTERN
FACADE SEGMENT 1

INPUT DATA 

Column1 Column2
INPUT DATA
PATTERN 3
TOTAL GLAZING PERCENTAGE 17.60%
FAÇADE SEGMENT 1
TOTAL PERCENTAGE A PANELS 26.55%
TOTAL PERCENTAGE B PANELS 46.90%
TOTAL PERCENTAGE C PANELS 26.55%
GLAZING PERCENTAGE A PANELS 10%
GLAZING PERCENTAGE B PANELS 21.00%
GLAZING PERCENTAGE C PANELS 20.00%
FAÇADE SEGMENT 2
TOTAL PERCENTAGE A PANELS 33.30%
TOTAL PERCENTAGE B PANELS 33.30%
TOTAL PERCENTAGE C PANELS 33.30%
GLAZING PERCENTAGE A PANELS 15.00%
GLAZING PERCENTAGE B PANELS 20.00%
GLAZING PERCENTAGE C PANELS 18.00%
TOTAL GLAZING PERCENTAGE (SEGMENT 1) 17.50%
TOTAL GLAZING PERCENTAGE (SEGMENT 2) 17.66%

IMPORTANT POINTS

17.6%

Glazing percentage

Annual energy consumption

Energy efficient PCM combina-
tion

SP21 SP25 SP29

148.85 kWh/m2
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FACADE SEGMENT 2

PATTERN
FACADE SEGMENT 1

INPUT DATA IMPORTANT POINTS

35.73%
Glazing percentage

Annual energy consumption

Energy efficient PCM combination

SP11 SP21 SP25

146.69 kWh/m2

Column1 Column2
INPUT DATA
PATTERN 2
TOTAL GLAZING PERCENTAGE 35.73%
FAÇADE SEGMENT 1
TOTAL PERCENTAGE A PANELS 26.55%
TOTAL PERCENTAGE B PANELS 46.90%
TOTAL PERCENTAGE C PANELS 26.55%
GLAZING PERCENTAGE A PANELS 11%
GLAZING PERCENTAGE B PANELS 32.44%
GLAZING PERCENTAGE C PANELS 32.80%
FAÇADE SEGMENT 2
TOTAL PERCENTAGE A PANELS 33.30%
TOTAL PERCENTAGE B PANELS 33.30%
TOTAL PERCENTAGE C PANELS 33.30%
GLAZING PERCENTAGE A PANELS 39.16%
GLAZING PERCENTAGE B PANELS 39.16%
GLAZING PERCENTAGE C PANELS 39.16%
TOTAL GLAZING PERCENTAGE (SEGMENT 1) 25.46%
TOTAL GLAZING PERCENTAGE (SEGMENT 2) 39.16%
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Graph 1:Temperature measurements of the PCM 21. Graph exported from Eltec Darca Plus.

SP 21 / RUBITHERM Column1
PROPERTIES
Melting area oC                     22-23
Congealing area oC                     21-19
Heat storage capacity(kJ/kg) 180
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m3) 1.5
Density liquid(kg/m3) 1.4
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.6
Max. operation temperature oC 45
Heat stored in 0.03 thk container (J/m2) 7560000

SP 25 / RUBITHERM Column1
PROPERTIES
Melting area oC                     24-26
Congealing area oC                     24-23
Heat storage capacity(kJ/kg) 180
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m3) 1.5
Density liquid(kg/m3) 1.4
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.6
Max. operation temperature oC 45
Heat stored in 0.03 thk container (J/m2) 8100000

SP 31 / RUBITHERM Column1
PROPERTIES
Melting area oC                     31-33
Congealing area oC                     28-30
Heat storage capacity(kJ/kg) 210
Specific heat capacity (kJ/kg *K) 2
Density solid(kg/m3) 1.35
Density liquid(kg/m3) 1.3
Volume expansion(%) 3
Heat conductivity (W/ m*K) 0.8
Max. operation temperature oC 45
Heat stored in 0.03 thk container (J/m2) 8505000
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SAMPLE 3: PCM 31
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PCM TO GLAZING RATIO

A) ATHENS|MEDITERRANEAN CLIMATE

20% GLAZING

80% PCM

GLAZING

PCM

B) AMSTERDAM|TEMPERATE CLIMATE

30-40% GLAZING

70-60% PCM
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MELTING TEMPERATURE
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A) ATHENS|MEDITERRANEAN CLIMATE

SP21 (210C)
SP25 (250C)

B) AMSTERDAM|TEMPERATE CLIMATE

SP21 (210C)
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PCM COMBINATIONS

A) ATHENS|MEDITERRANEAN CLIMATE

SP21 - SP25 - SP29
SP21 - SP25 - SP31

PCM TYPE 1

PCM TYPE 2

PCM TYPE 3

B) AMSTERDAM|TEMPERATE CLIMATE

SP11 - SP21 - SP25
SP11 - SP21 - SP29

HIGH

MEDIUM LOW

TEMPERATURE RANGE
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A) ATHENS|MEDITERRANEAN CLIMATE

INTENSE SOLAR 
IRRADIATION INTEGRATED SHADING SYSTEM

SUN PROTECTION

B) AMSTERDAM|TEMPERATE CLIMATE

60 0C

MAXIMUM OPERATIVE
 TEMPERATURE

 MEDIUM SOLAR 
 IRRADIATION ADAPTIVE SHADING SYSTEM
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T air < T PCM T air > T PCM

HEAT RELEASE HEAT STORAGE
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