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WEATHER

4 MAIN REGIONS

COASTAL LOWLANDS

GALAPAGOS INSULAR



WEATHER
2 TYPES OF CLIMATE

1800-6310 MASL
0°C-30°C

HIGHLANDS

0-1700 MAS.L.
16°C-34°C

ISLANDS + COAST + RAINFOREST

......................

TEMPERATE CLIMATE
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LOCAL CONSTRUCTION STOCK
LINEAR WORKFLOW
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EXISTING CONSTRUCTION NORMATIVE
LACKS THERMAL COMFORT STANDARDS
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EXISTING FACADE TYPOLOGIES
POOR INDOOR COMFORT

TERRACED BALCONY BOXES

FLAT TYPOLOGY TYPOLOGY TYPOLOGY TYPOLOGY

Most of existing facade typologies do not respond to local climate conditions
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EXISTING FACADE TYPOLOGIES
POOR INDOOR COMFORT
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Most of existing facade typologies do not respond to local climate conditions
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VERNACULAR ARCHITECTURE

TEMPERATE CLIMATE 2\

Enclosed architecture to gain and store heat Permeable and shaded architecture

Use these concepts with Ecuadorian state-of-the-art technologies
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RESEARCH QUESTION
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How can a prefabricated facade system be mass customized, for Ecuadorian climate regions
and its existing building stock, to upgrade the indoor comfort, while providing a circular workflow

based on local production, the use of local resources and the reusability of the system?

() (Y [ €

NEW MASS EXISTING CLIMATE
FACADE PREFAB CUSTOMIZED BUILDINGS PARAMETERS REUSABLE
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REQUIREMENTS
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CIRCULAR WORKFLOW
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reusability
end-of-life activity
overall costs

weather adaptability
maintenance
lifespan

. . . MASS CUSTOMIZATION
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REFERENCES ANALYSIS

1. THE GENERAL PANEL
WACHSMANN & GROPIUS

2. SIP SYSTEM
USA

E
e
£

3. CHARRED TIMBER SYSTEM
ERDC, ECUADOR

4. WIKI HOUSE SYSTEM
CNC TECHNOLOGY

5. SELFIE
MULTI-LAYERS
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WIKI HOUSE SYSTEM

SELFIE SYSTEM

21

@oo

IMPORTANCE

MEETS REQUIREMENTS



WikiHouse
SYSTEM

MASS CUSTOMIZATION
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BUILDING SYSTEM
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PREFABRICATION SCALES

elements

components

panels
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WIKI HOUSE ASSEMBLY PROCESS
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LAYERS
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| INSULATION | WATER PROTECTION | ' COLLECTION
) = . ) =2 e =

CODE U VALUE CODE U VALUE CODE U VALUE CODE U VALUE CODE U VALUE CODE U VALUE
14 0.22 Wjm2K 1.2 0.18 W/m2K 13 0.18 W/m2K 34 5 Wjm2K 21 1.00 Wm2K 22 1,00 W/m2K

- SUN PROTECTION

| @
|
A ;
CODE U VALUE CODE U VALUE CODE U VALUE CODE U VALUE CODE U VALUE

41 (closed)s W/im2K 42 4.3 5 44 2.50 W/m2K 45 0.35 Wim2K




2

3
il L ) —4
1 insulation
2 vapor barrier/glazing
3 ventilated cavity
4 cladding/shading

g ,| 1 insulation
o 2 vapor barrier
' — 4 4cladding
- 900
2 vapor barrier
2 ,-I 1 insulation
: . : ' 4 cladding
= |
¥ 1 insulation
E 2 vapor barrier
3 ventilated cavity
r L'|__.|‘“ L'L 4 cladding
EE—
E 2 glazing
= — = 4 frame/sun shading
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Openings
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Enclosed facades
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COMPONENTS
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OPENINGS

| FIXED WINDOW OPERABLE WINDOW | HEATING WINDOW |
-2 | | & =2, | ) =

CODE FUNCTION U-VALUE CODE FUNCTION U VALUE CODE FUNCTION
Al GOLLEGTION + VIEWS 1.00 Wim2K A2 GOLLECTION + VENTILATION 1.00 W/m2K A3  COLLECTION + HEATING 098 WimZK
| FIXED SHADING | OPERABLE SHADING
o ) =2 | . ) =

CODE FUNCTION U VALUE CODE FUNCTION U VALUE

B1 COLLEGTION 1.00 Wim2H B2 SHADE + VIEWS 0.84 Wim2K
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ENCLOSED

AIRTIGHT CLADDING VENTILATED CLADDING | PASSIVE HEATING | GREEN |

o ) = o ) = (o ) = o ) = |

e B e O S TR e T e e o B e D e

c1 SHADE 022 WimzK c2 SHADE 018 Wimn2k G2 SHADE + HEATING 0.15 Wima2K C4 BHADE + AIR PURIFICATION  0.23 W/m2iK
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PANELS
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ASSEMBLY

STEP 1

STEP 2

STEP 3

STEP 4
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SHEET MATERIALS + CNC TECHNOLOGY AN

. - : d 4ol
— — [ e i T Ll

2. VAPOUR BARRIER 2. WINDOW BACK COVER BACK COVER

4. CLADDING 4. WINDOW COVER 4. CLADDING / SUN SHADING
N ©
I I

T T T
Digital design
Local production
[ j: Local and natural sheet materials
Lego assembly
Material efficiency
L 1L 1L = Easy transport

High precision
Demountable

% Reusable
|
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COMBINATIONS

Existing building
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COMBINATIONS

Stationary air ca\vity cladding
+improved glazing

Ventilated cavity cladding
+improved glazing

Responding to climate

Ventilated air cavity cladding
+ vertical louvers

Stationary cavity cladding
+ blinds
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COMBINATIONS

Stationary air cavity cladding Stationary air cavity cladding Passive heating cladding Green cladding
+ reduced shaded glazing + reduced shaded glazing + reduced glazing + no glazing
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CLIMATE DESIGN
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SUN PATH

R TR 21 june solstice
—\-‘ . }: 70:1 -- 21 may_ju.(y

\

= 1000° 21 febr-oct

------ 21 jan-nov
- 21 dec solstice

Temperature fluctuations between day and night
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-

Single glazing Box window
Double facade

Heat gain + storage

TEMPERATE CLIMATE 2A\

Insualted glazing

Bioclimatic passive strategies

T — uF
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lmmm;l—m ml

Ventilated-shaded facade

Ventilated facade

Horizontal shadding

Horizontal shadding

II
L

Vertical shadding

(R

Vertical shadding

Shading + ventilation
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SIMULATIONS
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ADAPTIVE COMFORT MODEL

_CTRO PICAL CLIMATE
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If a change occurs that produces discomfort, people react in ways which tend to restore their comfort.

anpajpnt?

47



TROPICAL CLIMATE

TEMPERATE CLIMATE

JRWW

ol

0-1700 MASL.

16°C-34°C

ISLANDS + COAST + RAINFOREST

TEMPERATE CLIMATE 1800 - 6310 MASL.
0°*C-30°C

HIGHLANDS
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TROPICAL CLIMATE
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SUN ORIENTATION (GTEELTE D
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EXISTING BUILDING

CLIMATE DATA | PARAMETERS |UNITS [~
Tout.min. 16°C Toperative :C
6-July Trapiant C
3:00AM GAINS winpow KW 0
' LIGHTING | «w | o
Tout.mu_ 340(: TDPERATWE °or
TRH.D'.HHT l:IC
23-July
3:00PM GAINSwwoow | kw | 1948
' LIGHTING | kw | 3.35

SINGLE GLAZED

SINGLE LAYER OF
COMCRETE BLOCK
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SINGLE LAYERED
EXISTING BUILDING CONCRETE BLOCK
SINGLE GLAZING

IMPROVEMENT <--| MNOTINSULATED | --| WOTINSULATED | --| INSULATED =
TYPOLOGIES IMPROVED GLAZING IMPROVED GLAZING MPROVED GLAZING

-@i@@ +++++++++++

HEI}UCED OPENINGS

M[WABLE
SUN PROTECTION
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RESULTS
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SIMULATED CASE STUDIES
CLIMATE DATA | PARAMETERS UNITS
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
T *C 2424 23.51 2318 22 91 23.02
Tout.min. 16°C oA . e . 2318 EEEIN
6-Jul Trapant C £ . 27.02 E 26.08 L 25.66 2545 25,
3-00 As;ﬂ GAINS winoow KW 0 0 0 0 0] D 0 0 0 0 0 0 0 0 0 0 0
i LIGHTING KW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Torerative *C 42 47 36.64 325 3239 3225 3222
T%a:'.yu"c TraDANT °C 4236 3727 _ 315 313 3117 3113
3:00PM GAINS winoow kW 11.64 11.64 11.64 11.64 10.77 10.77 10.77 10.77 6.78 6.78 6.78 6.78 31 3.1 3.1 3.1
i LIGHTING KW | 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35
0 2 3 4 5 6 T B8 9 10 1 12 13 14 15 16
NOTVENTILATED,|  VENTILATED, NOT VENTILATED.|  VENTILATED, NOTVENTILATED,  VENTILATED, NOTVENTILATED,|  vENTLATED.
NOTVENTILATED | VENTILATED, NOTVENTILATED,|  VENTILATED, NOTVENTILATED,|  VENTILATED, NOT VENTILATED,|  VENTILATED, NOTINSULATED, | MOTINSULATED, |  INSULATED, NOTSULATED, | NOTINSULATED, | NOT INSULATED, |  INSULATED, INSULATED,
EXSTNG WOT INSULATED | NOT INSULATED. |  INSULATED. INSULATED. NOTINSULATED, | NOT INSULATED, | INSULATED, INSULATED. | ysproneD GLAZING | IMPROVED GLAZING | IMPROVED GLAZING | IMPROVED GLAZING | REDUCED GLAZING | REDUCED GLAZING | REDUCED GLAZING | REDUCED cLAZING
IMPROVED GLAZING| IMPROVED GLAZING| IMPROVED GLAZING| IMPROVED GLAZING] P o ve0 GLAZING, IMPROVED GLAZING,) IMPROVED SLAZING, IMPROVED GLAZING | o0y ) oiveRs = | HORIZ. LOUVERS + | HORIZ. LOUVERS +| HORIZ LOUVERS +| HORIZ. LOUVERS +| HORIZ LOLWERS +| HORIZ. LOUVERS +| HORIZ. LOUVERS =
HORIZ.SVERT. LOUVEIRORIZ.*VERT. LOUVEIHORIZ +VERT. LOUVEIHORIZHVERT. LOUVE SLINDS BLINDE BLINDS BLINDS BLINDS BLINDS BLINDS BLINDE
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- SIMULATED CASE STUDIES
CLIMATE DATA | PARAMETERS UNITS [
= 0 1 2 3 4 5 6 T 8 9 10 1 12 13 14 15 16
T °C 24 24 23.51
Tout.min. 16°C TERATE . p— :
6-July Trapiant C 27.02 26.08
3-00AM GAINS winoow kW
i LIGHTING kW
T max. 34°C ToreraTive :C ]
23-July Trapiant C I 315
3:00PM GAINS winpow kW 11.64 11.64 11.64 11.64 1077 10,77 10.77 1077 6.78 6.78 6.78 6.78 31 3.1 31 31
i LIGHTING kW 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35
TITTTITnnnn
0 - 2 3 4 5 [ 7 B8 9 10 11 12 13 14 16
E NOT VENTILATED, VENTILATED, MOT VENTILATED, VENTILATED, MOT VENTILATED, WENTILATED, MNOT VENTILATEL VENTILATED,
3 NOT VENTILATED VENTILATED, NOT VEMTILATED, WVENTILATED, NO TUENTILATED, VENTILATED, NOT AENTILATED, VENTILATED, MOT INSULATED, NOT INSULATED, INSULATED, NOT SULATED, NOT INSULATED, NOT INSULATED, INSULATED,
EXSTING = NOT INSULATED MOT INSULATED, INSULATED, INSLLATED, NOT INSLLATED, NOT INSULATED, INSULATED, INSULATED, IMPROVED GLAZING | IMPROVED GLAZING | IMPROVED GLAZING | IMPROVED GLAZING | REDUCED GLAZING | REDUCED GLAZIMG | REDUCED GLAZING | REDUCED GLAZING
E IMPROVED GLAZING| IMPROVED GLAZING| IMPROVED GLAZING| IMPROVED GLAZING| IMPROVED GLAZING, IMPROVED GLAZING, IMPROVED GLAZING, IMPROVED GLAZING HORIZ. LOUVERS # | HORIZ. LOUVERS + | HORIZ. LOUNVERS + | HORIZ. LOUNVERS +| HORIZ. LOUVERS +| HORIZ. LOUVERS + | HORIZ. LOUVERS HORIZ. LOUNVERS
| HORIZ +VERT. LOUNWE|HORIZ +VERT. LOUNE|HORIZ +VERT. LOUVE|HORIZ +VERT . LOUNVE| SLINDS BLINDS BLINDE BLINGS BLINDS BLINDS BLINDS

16

18
20
22
24
26
28
30
32

34
36
38
40
42
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CASE | CASE
CLIMATE DATA | PARAMETERS | UNITS 0 15
. o Torerative °C 28.68 22.8
T°Uté'3':l'|'y16 ¢ Traoiant °C 28.94 = 2513
3:00AM GAINS winoow kw 0 0
LIGHTING kw 0 0
TVARIATION °C -5.88°C
Tout_max_ 34°c TO PERATIVE :C 32.25
23-July TrapianT C 6 31.17
3:00PM GAINS winoow kW 31
LIGHTING kw 3.35 3.35
TVARIATION °C -10.22°C

NOT VENTILATED
INSULATED
IMPROVED GLAZING

TN

N NN

NORTH/SOUTH

Iﬁ \i I SN

EAST/WEST
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CASE | CASE
CLIMATE DATA | PARAMETERS | UNITS 0 16
°C 8.68 22.91
Tout.min. 16°C Torerarve - > ,
6-July Trapiant C 8.94 8
3:00AM GAINS winoow kW 0 0
) LIGHTING KW 0 0
TVARIATION °C -5.77°C
o 42 .4 32.22
Tout.max. 34°C Torerarve c
23-Jul Trapiant °C 4 B 31.13
3-00P|\!¢,| GAINS wnoow | KW 3.1
: LIGHTING KW 3.35 3.35
TVARIATION °C -10.25°C
VENTILATED
INSULATED

IMP

ROVED GLAZING

T

4

b

OO0

O

R

NORTH/SOUTH

EAST/WEST
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TEMPERATE CLIMATE
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TROPICAL CLIMATE TEMPERATE CLIMATE

TROPICAL CLIMATE 0-1700 MAS.L TEMPERATE CLIMATE 1800 -6310 MASL
6°C-34°C 0°C-30°C

ISLANDS + COAST + RAINFOREST HIGHLANDS




SUN ORIENTATION

S
g
\- _//

N &
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WIND ORIENTATION

Ny
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L /—-"r- 1 L R‘} 1
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y o

A DAY sE
OPEN

--- 21 april-aug

- 21 march-sept

- 21 jan-nov
= 21 dec solstice

TEMPERATE CLIMATE &
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EXISTING BUILDING CASE
CLIMATE DATA | PARAMETERS | UNITS 0
Tuut. ﬂ-zdnc TUFERATW’E :C
2-March Traoiant C :
3:-00AM GAINS winoow kKW 0
’ LIGHTING kw 0
TUFERATI‘U’E DC
TR.FIDIANT DC -
GAINS winpow kKW 25.2
LIGHTING kW 3.35
SINGLE GLAZED
R SINGLE LAYER OF

! CONCRETE BLOCK




SINGLE LAYERED
EXISTING BUILDING mn::rl—:l::m
SINGLE GLAZING

FACADE NOT VENTILATED VENTILATED
IMPROVEMENT <--| WOTINSULATED |[---| NOTINSULATED --
TYPOLOGIES IMPROVED GLAZING | | IMPROVED GLAZING

REDUCED OPENINGS '
+
MOVABLE T I I
SUN PROTECTION




RESULTS
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CASE 0| CASE 1| CASE 2| CASE 3| CASE 4| CASE 5|CASE 6 | CASE 7| CASE 8| CASE 9]|CASE 10[CASE 11|CASE 12|CASE 13|CASE 14ICASE 15|CASE 16
CLIMATE DATA | PARAMETERS | UNITS
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
ToreraTivE °C 18.5 17.6 19.8 20.02 16.26 16.8 18.59 18.76 17.39 L
Trapiant “C 18.69 2073 20.95 16.96 19.48 19.67 18.15 20. 20.5¢f
GAINS winpoow kw 0 0 0 0 0 0 1] 0 0 0 0 10.2 (MDDAY) 0 0 0 0
LIGHTING kW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ToreraTivE “C 34.83 35.06 34.98 31.24 316 31.56
Trapiant “C G 3592 35.81 . 309 31.35 313
GAINS winpow kw 262 18.07 18.07 18.07 18.07 13.59 13.58 13.59 13.59 10.5 105 10.5 105 206 296 296 2.96
LIGHTING kw 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 335 3.35
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
HOT VENTILATED, VENTILATED, HOT VENTILATED, VENTILATED, NOT VENTILATED, VENTILATED, NOT VENTILATED, VENTILATED,
HOT VENTILATED VENTILATED, HOT VENTILATED, WENTILATED, :DGTT:'::IJTII_L::E? M?::;;?J-IL-E':I"‘ED "FJSU"EL::EE T::TLII.L:'I-'IE? MNOT INSULATED, HOT INSULATED, INSULATED, NOT SULATED, MOT INSULATED, HOT INSULATED, INSULATED, INSULATED,
PASSIVE HEATING PASSIVE HEATIMG | PASSIVE HEATING FASSIVE HEATING

64




HORIZ AVERT. LOUNVEHORIZ +VERT. LOUVE|HORIZ +VERT. LOUVEHORIZ +VERT. LOUVE

| CASE 1| CASE 2| CASE 3| CASE 4] CASE 5|CASE 6 | CASE 7| CASE 8| CASE 9|CASE 10{CASE 11|CASE 12|CASE 13|CASE 14
CLIMATE DATA | PARAMETERS
2 3 4 5 6 7 8 9 10 11 13
ToreraTivE 18.5 17.6 19.8 20.02 16.26 16.8 17.39 19.33 20.08
TrapianT 18.69 2073 20.95 16.96 18.15 20.34 202
GAINS winpow 10.2 (MDDAY)
LIGHTING 0
ToreraTivE 35.06 3498 3124 316 3156
TrapianT 3592 35.81 309 31.35 313
GAINS winpow 18.07 18.07 18.07 10.5 10.5 10.5 105
LIGHTING 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 3.35 335
;"""I;"m = 2 3 4 5 [ 7 8 9 10 11 12 13
é E HOT MENTILATED., WENTILATED, HOT VENTILATED, WENTILATED, MNOT VENTILATED,
: E NOT VENTILATED VEMTILATED, NOT VENTILATED, VENTILATED, :DGTT:IJTHTE N‘[’:E:IIL;TJE:ED M:::;:EL:I;E' :l::TLIIf:TTEEIlJ.} MNOT INSULATED, MOT INSULATED, INSLULATED, MOT SULATED, MOT INSLULATED,
FIETINE ] emoten SLATING| MPROVES GLAZING] IMPROUED GLAZING] IMPROVED GLzG] MPROVED GLAZIG] IMPROVED GLAZING, IMPROVED GLAZING, weroven cuazic|'ECR Bl WRie SRt RCe BEtues) PEer Seis) asn S

BLINDS BLINDZ

BLINDS BLINDE BLINDS

PASEIVE HEATING

2°C
4°C
6°C
8°C
10°C
12°C
14°C
16°C
18°C
20°C
22°C
24°C
26°C
28°C
30°C
32°C
34°C
36°C
38°C
40°C
42°C

ADAPTIVE COMFORT
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CASE | CASE
CLIMATE DATA | PARAMETERS | UNITS 0 15
Toul_ 0-24“(: TGF‘ERATI\"E :C
2 M h TRHDIHNT C
300 AM GAINS wwoow | KW 0 0
) LIGHTING kW 0 0
TVARIATION °C +12.13°C
Torerarive °C ke
TrapianT °C B J
GAINS winpow kW 2.96
LIGHTING kW 3.35 3.35
| TVARIATION °C -4.91°C
E NOT VENTILATED
R INSULATED
IMPROVED GLAZING

\w&rﬁ
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CASE | CASE
CLIMATE DATA | PARAMETERS | UNITS 0 16
Tout. 0-24°C Joeersmve g v
2-March Traowant i
3-00AM GAINS winoow kW 0
) LIGHTING kW 0 0
TuariATION °C +12.20(
ToreraTivE °C B
Trapiant °C 7
GAINS winoow KW 2.96
LIGHTING kW 335 3.35
| TvaRIATION °C -5.02°C
VENTILATED
_____ INSULATED
IMPROVED GLAZING
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CONCLUSIONS
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RESEARCH QUESTION

How can a prefabricated facade system be mass customized, for Ecuadorian climate regions
and its existing building stock, to upgrade the indoor comfort, while providing a circular workflow

based on local production, the use of local resources and the reusability of the system?
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Facade development must be based on static and dynamic parameters. The sun orientation, and wind prevailing direction, are

the main dynamic parameter to be taken for this facade system development.

The study of new technologies that can be used for indoor comfort improvement of existing buildings is one of the most important

steps within this research.

The final design was developed by adding the advantages of climate mass customization of the SELFIE fagade and the

assembly mass customization of the WikiHouse.

By combining multiple layers with different properties, components with different functions can be created. By combining these

different components, an existing fagade can be upgraded, to improve the indoor comfort of the building” s stock in Ecuador.

The design of the fagcade system was tested multiple times with Design Builder software. There was a constant loop between
designing and testing, until the final results where reached, where the indoor comfort temperature of the two tested climates

stayed inside the adaptive comfort parameters.
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THANK YOU

Amelia Tapia
August 2020
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