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A 30 printed building component to mitigate e s o
water stress in developing countries S S S e e
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~ Research context
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Research context
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Research context

“In 2018, 844 million people still lacked a basic drinking water service” (UN, 2018)




~ Research context

o
01 \ “40% of produced plastic is estimated to be single-use” (Parker, 2019)
| SoRGNRr



Problem statement

Urban population growth

O

o0

01 \ Adequate and affordable housing
| sweomr

Water scarcity

Atmospheric water harvesting

Mismanaged plastic waste

Additive Manufacturing

10



Research question

“How can AM (Additive Manufacturing) with rPET be used to design an atmospheric water harvesting system
that can be integrated into a building component and therefore mitigate water stress in semi-arid regions?”

0
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Research objective

“The design of a mono-material modular
building component, optimized for
atmospheric water harvesting and for
Additive Manufacturing with recycled PET
plastic. The design has to be adaptable to
different climatic conditions, be easily
manufacturable locally and on demand.”




Research methodology

PHASE 1 | PHASE 2
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constraints

Material
propert:
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question
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Mathematical
models

Building
sexodynamics

General case
study

Climate
parameters

Specific case
study




Research methodology
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Biomimetic inspiration
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Radiative condensers

RESEARCH CONTEXT FOUNDATION KNDWLEDGE



Condensation process

18



Condensation process

LE + a y, T, + %Te + SVFa, 0Tk,

Tf ] k .......... :
SVFCZ-,-ad + Aconv + E




Fog collectors

RESEARCH CONTEXT FOUNDATION KNDWLEDGE



Fog collection process

Ntot :'-fﬂA ‘..‘ncaptndrain

x = (1 —(1—s)N) Incidentfog fraction

c, .
L 0= |7 Filtered fog fraction

4l



Fog collection process

Liquid water content S

] = LWCvyneor

............... Number of catching layers

Solid coefficient



Case study definition ;"

Choice of a climate area:
predicted urban growth
predicted water scarcity
mismanaged plastic waste




Initi ey’
. GCase study definition R 0\0\:;:;6%.6

Choice of a country:
- availability of weather data
- similar precedents in literature

Choice of a location:
- population
- favourable weather conditions




Additive Manufacturing

Recycled filaments from fishing nets

a
/ W
¥ ' i

Plastic flakes and granulate from waste

RESEARCH CONTEXT FOUNDATION KNDWLEDGE



Additive Manufacturing

Fluid morphology 3d prlnted facades

RESEARCH CONTEXT FOUNDATION KNOWLEDGE



Pre-design for AM

0/



Pre-design for AM

: Radiative condenser set

Fog cullectom
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Nucleation rate tests

I3

Tested sample

Water nebulizer




Nucleation rate tests

. . o Collected Sky
- Average sky Sample weight Printed length Printing time  Collected " . . 4

Description Area [mmz] view [%] ig) m] (min] e — mass{prmung Sky view/Area wew{!’nntmg
time time
#1 Flat sample 2500 100 282 0,94 21 02l 0,010 0,040 476
#2 Ondulated (Sharp) 1005,12 86 34 L13 27 069 0,026 0,022 119
#1 Ondulated (Round) 403719 7168 35 L5 27 064 0,024 0,018 265
#4 Ondulated (Square) 5500 b 422 139 36 059 0,016 0,013 2,00
#5 IANANANANANANN Ondulated (Concave) 4103 B4 34l 114 27 07 0,026 0,020 31l
# [ Bumpy 2500 100 1,84 1 21 030 0,013 0,040 435

B Mass/Time [l SkyView/Area [l Sky view/Time
0,05

0,04

0,03

0,02

0,00
#1 #2 #3 #4 #5 #6



Nucleation rate tests

04

. e Collected Sky
Laplace Curvature
. Nl:?;hirsuf Area [mm2] Aﬁ:"gf;;( y Sampl: TElgm P""[tr'rr:i%][ HiE - alc:r":n[;::[ ] mass/printing view/Printing
ArRidges[mm]  Ar Grooves g : g g time time
#1 2 0 12 3305 8 212 21 0.4
#{ Z 0 b 2758 94 e 25 043
# 2 2 12 3483 84 273 2 047
#4 Z l b 2809 93 e 2 046
#5 4 - 12 7868 81 273 26 039 0,015 3,115
#0 Z - b 3100 87 273 a7 043 0017 3222
B Collected mass / Printing time ] Sky View / Printing time
0,04
0,03
0,02
0,01
0,00

33



Radar charts

Flat condenser

Nucleation efficiency

Printing quality Collection efficiency
Printing efficiency Cooling efficiency

Ondulated condenser - Perpendicular layers

Nucleation efficiency

Printing quality Collection efficiency

Printing efficiency Cooling efficiency

RESEARCH CONTEXT FOUNDATION KNOWLEDGE PRE - DESIGN

Ondulated condenser - Parallel layers

Nucleation efficiency

Printing quality Collection efficiency

Printing efficiency Cooling efficiency

Ondulated condenser with less ridges

Nucleation efficiency

Printing quality Collection efficiency
Printing efficiency Cooling efficiency
DESIGN



Radar charis

Flat condenser

Nucleation efficiency

Printing quality Collection efficiency
Printing efficiency Cooling efficiency

Ondulated condenser - Perpendicular layers

Nucleation efficiency

Printing quality Collection efficiency

0“ Printing efficiency Cooling efficiency

Ondulated condenser - Parallel layers

Nucleation efficiency

Printing quality » Collection efficiency

______________________

Printing efﬁciency' ‘Cooling efficiency

Ondulated condenser with less ridges

Nucleation efficiency

Printing quality Collection efficiency

Printing efficiency Cooling efficiency

33
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single-layer collectors

. e Collected
. o Shade Sample weight Printing time  Collected o
Pattern picture Description Area [mm2] - igl [min,sec]  water mass [g] masst/if'r.:!nnng
Straight lines 2500 15 113 4,26 011 0,026
Wavy lines, with 6 bumps 500 15 132 3,13 011 0,01
Straight lines wnh_ protrusions on 2500 15 137 647 007 0011
one side
Radial pattern 2500 15 127 5,36 0,24 0,043
Wavy lines, with 12 bumps 2500 15 1,82 7,08 017 0,024
otaight lines with facing 2500 15 162 .22 0.1 0018
pratrusions
FOUNDATION KNOWLEDGE IPRE - DESIGN DESIGN



30-Infill Collectors

Description

Solidi
[%]

Structural
capacity

Shape Print time
flexibility [min]

Yy Print quality

N : o/
R ¥ . v

Print length
[m]

Mass [g]

Final mass [g]

Collected mass
[g]

Collected

| mass/time

#1 Infill collector. Gyroid 12 + - - 34 14 8,76 933
#2 Infill collector. Primitive 12 - + + 38 1,89 8,67 023 0,56 0,015
#3 Infill collector. Diamond 12 + - w 3 195 839 891 052 0,015

38
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Multi-layer collectors

Solidity Structural Shape  Printtime Print length

Collecredmass  Collected
Mass [g] Final mass [g] lg] mass/time

Description [  Printquality capacity flexibility [min] [m]

#) Hollow specimen. Tested 0 / / / 11 0,56 158 1,59 001 0,001
for reference
pp o |Muleyer l';‘;g:“”““”‘ 1w . - . 16 082 230 271 038 0024
#2 Multilayer radial collector. a0 N ~ B 15 07 172 g 028 0018
4 layers
#3 Infill collector. Lines. 40 ++ + = 100 6,57 1991 20 0,09 0,001
#4 Infill collector. Gyroid 40 + + - 86 523 12,83 13,66 0,83 0,010
0,025

0,020

0,015

0,010

Collected massitime

0,005

0,000
#0



Functional surfaces definition

Multilayer Harp Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity

Gyroid Infill Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency - ~ Structural capacity

Multilayer Radial Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity

Linear Infill Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity



Functional surfaces definition

Multilayer Harp Collector

Interception efficiency

Printing quality -~ . Shape adaptability

Printing efﬁciency' ‘Structural capacity

Gyroid Infill Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity

Multilayer Radial Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity

Linear Infill Collector

Interception efficiency

Printing quality Shape adaptability

Printing efficiency Structural capacity

40



Component Design Workflow

0
i
<L

F1. AIRFLOW F2.FOG FLOW F3. DEW COLLECTION F4. WATER DISTRIBUTION

pr

F5. STRUCTURAL CAPACITY F6. WATER STORAGE F7. CONNECTIONS




Component Design Workflow

44



Workflow flexibility

45







Workflow flexibility
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Orientation Studies
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Orientation Studies

Air Outlet ot
7N R
2 N B
> o ! S
A }\ S
o | E 2
; e —
Refinement region. - - |
Y o A
AN ~ Pe |
Air Inlet . A \ o =3 .
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Orientation Studies

Average SVF: 1,00 Average SVF: 0,61

Fog (iyhm2] Dew 1/hmz] Totalyynm21 ~ Weighted total (/mma)
Vertical 22 19E-03 2.0 44E-02
Horizontal 18 15E-02 18 4 9E-02




Final Design

> Printing axis
<« == Cravity load axis

50
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Fog Section Design
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Fog Section Design

0=0.173m3/s

0=0424mi/s

0=0.144mi/s

0-0.282 m3/s

0=0.145m3/s

3)
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Final Design
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Final Design

A closed continuous printing path is designed to
reduce travelling and therefore improve printing
efficiency.

60
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Printing Settings Definition

_______________________

9

Layer height: 0.3 mm

_______________________

10

Layer height: 0.9 mm

3
3

0.4mm Nozzle - Fast 1.2mm Nozzle

Structural efficiency

Structural efficiency

Wall count: 1
Wall speed: 80

Wall count: 1
Wall speed: 60,

I Time efficiency —— Material efficiency | S 2 Material efficiency
Inf flow: 120% Inf flow: 120%

Time: 9h36min ‘] A Time: 4h23min

Mass: 444g Energy efﬁciency:"’/" " Ease of printing Mass: 1280g — efficiency;" .............. Ease of oiifiog

Length: 133.84m Length: 565./1m






Outdoor Testing




Outdoor Testing

RESEARCH CONTEXT FOUNDATION KNOWLEDGE PRE - DESIGN DEIN FINAL EVALUATION



Outdoor Testing

- DewPT Tempeature

———— Temperature

8 2
(9) 3¥NLVYIINIL

il§




WATER YIELD (/m2)

Outdoor Testing

TelC]

RH [%]

DewPT [C] vwind [m/s] Rain [I/m2] Cloud coverage

Dew [I/mz]

Theoretical value [I/m2]  arad (w/m2K) | cirad theory [W/mz2K]

01/05/2021| 07:00 39 91,8 2,0 19 012 3AE-02 4,20E-03 43 40

13/05/2021| 07:00 84 93,8 72 0,0 0,25 2,0E-03 498E-03 45 42 107%

20/05/202L| 07:00 17 96,6 7.0 00 1 1,0E-02 7,36E-09 45 42 108%
FOUNDATION KNDWLEDCE PRE- DESIGH DBIN FIRAL EVALUATION

P ecipitation
[T

Relative Humidity



Outdoor Testing

RH &1 Etheory [w/m2K] Ecorrected (W/m2K] % .
90% 222802 2A0E-02 108% 125%
8% 1,54E-02 1,72E-02 112%
80% 8,44E-03 1,02E-02 121%
Vw [m/s] Etheary [W/m2K] Ecorrected [W/mzK] 120%
1 ¢,02E-02 ¢ A0E-02 108%
2 ¢,09E-0? 2 52E-02 110%
3 ¢, 15E-02 ¢ 41E-02 112%
115%
15 ¢,20E-02 ¢ 40E-02 108%
13 ¢,20E-02 ¢,37E-02 108% R
10 ¢,11E-02 2, 27E-02 108%
110%
105%
100%
RH 90% 85% 80%
Vw 1 2 3
Te 15 13 10
RESEARCH CONTEXT FOUNDATION KNDWLEDGE IPRE - DESIGN FINAL EVALUATION



Case Study Performance Simulation

January February March  April July August September October November December  Total
D'im;]'d 067 | 095 | 070 | 064 | 822 15,67 938 1418 | 1854 1021 159 1.46 82,10
Dewyield | o5 | 50 | 024 | 022 | 2 5,33 3,19 482 6,30 547 054 050 27,95
[I/module]
20
15
10
5

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

RESEARCH CONTEXT FOUNDATION KNOWLEDGE PRE - DESIGN DEIGN FINAL EVALUATION



Case Study Performance Simulation

e - 4

RESEARCH CONTEXT

Num. screens  Shade coefficient  Area [m2] Flow [m3/s] ver[m/s]  Total efficiency ) [I/hm¢] %

Standard collector 1 06 0,08 / 3 0,29 1,58 100%

Water-catcher 4 06 0,08 0,106 1,325 097 231 146%
January February March  April  May June July August September October November December  Total
F‘;Fﬁ:g;" 3893 | 1262 | 9394 | 392 | 1108 477 869 639 | 2.3 | 6609 | 3824 | 3193 | swm
Fogyield | 5y |y | 75 | o3 | og 038 0,70 051 | 170 5,28 3,06 255 27,02

[I/module]

FOUNDATION KNOWLEDGE IPRE - DESIGN DESIGN FINAL EVALUATION




Case Study Performance Simulation

Water yield [l/module] Water demand = 50 litres Water demand = 32 litres
y Required area [m2]  Required modules Required area [m2]  Required modules
Yearly supply scenario 015 113 332 72 212
Summer supply scenario 0,26 i 195 42 125
Water yield [/modle] Water demand = 50 litres Water demand = 32 litres
y Required area [m2] Required modules Required area [m2]  Required modules
Yearly supply scenario 051 34 99 ¢l 63
1421 m?
72.24 m?
1 21.48 m?
DEW DEW + FOC DEW + FOG + RAIN



Economic Feasibility Evaluation

Shred Extrude Print

GRANULATE ILAMEN

Turbo
washing
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conomic Feasibility Evaluation

WASTE UPCYCLING

Waste ‘ K i Intermediate . = \ Intermediate P \‘ R S 3d printing

pickers company 1 company 2 company
1kg 1kg 1kg
Plastic Flakes Filament

—_“7‘7]



Economic Feasibility Evaluation

Tools Labour

0,16 euro/kg

Material Energy

0,69 euro/kg

1,46 euro/kg 0,36 euro/kg

Price [eutro/kg]
2,61 euro/kg

N

~ R e i -~ eememeem—————— . eemmeme—m—————
Enexgy 1 Cost of one printer : | Power consumption : Working hours
0,12 euro/kg 1 372 euro i N 400W i i 0,25 hours/hours
. J/ Wizo s somaer Coaio oo ’ W s e e e e & W msan comeme oese snsa
d 5 Y @ . : ST s e e =i D = e e
Extrude write-off \ Printer lifespan i Enexgy cost Al Number of printers
0,11 euro/kg | 3 years i 0,41 euro/kWh - 6
N D O o i o S il ’ N i i i T S i ehale: i S 7’ I s O bl i RS S S I
( X I A T i, i i Rl i b
Waste plastic ' Working hours ' ' Labour cost
0,41 euto/kg 1 50 h/week ' I 1,64 euro/h
. X Wi Loiien SnIh s T o oo o oo - o -
- N
Labour
0,82 euro/kg

Water-catcher
2,5 kg

Water-catcher price
6,52 euro




Economic Feasibility Evaluation

Solar disinfection Chlorination

Equipment Basic water cost >N
feuro/l] additional cost  Total cost [euro/1]

Cost Units eura/l]
Solar disinfection 0 euros 0,008 0 0,008
05 Chlorination 017 euros/bottle 0,008 0,0002 0,0082

Sanitation method




Economic Feasibility Evaluation

Hydrophilic foil
0,010 euro/I

Hydrophilic paint
0,006 euro/I

Bottled water

1 euro/I

Water-catcher (Dew)
0,010 euro/l .

' Water - catcher (Dew Fog)
i/l




Economic Feasibility Evaluation

@ Water-catcher @ Botlled water Condenser standard foil
1 —_—
05 —+
3
3
2 01T
(2]
o
o
g 005+
(]
=
0,01 4+ p—t-
oo o oo o de oo o o\ o\ o\o o\e o\o g\o o\o
FSSESECESE S S S S P SN
Collected water [%)]
RESEARCH CONTEXT FOUNDATION KNOWLEDGE IPRE - DESIGN
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C_ 3 C_ 3C_ 3 C” 33" 3”3

C T 3C” 3 C3eC 3 C3cC 3" 3

oC T 3 3o C 3 3 oC T 3C” 3T 3

C 3 C 3 C 3 C” 3 C” 3C” 3" 3

CT 3 3 C T 3eC 3 C T 3eC 3C "3

C T 3 3 C " 3 3oC 3 3oC "3

1 WATER-CATCHER =77 bottles

CT 3 C" 3 C" 3 C 3 C 333

C 3 3 C 3 C 3 C " 3cC 33

C 3 3 C " 3eC” 3 C T 3cC”3oC "3

T 3oC” 3T 3oCT 3o 3T 3”3

1 BOTTLE = 33g

Economic Feasibility Evaluation

05)




CTD LT3 T3 CT3oCT 3 CT 3 T3

O -0 -0l OfS Of Ois Oms

CTDCT3 LT CT3CTS CT3 T3
COCR LR CT3CTSCTS C3
CT 3 T3 o C A T3 CT 3 T3 T3
L I s 0w I s Il el

IS OIS O OIS O O OTms

~ Economic Feasibility Evaluation
)
[}
J
0
B
J
0

11551

/0

* Durability of 2 years

8]




1 2. 3. 4.

Research Foundation Design through Final
context knowledge prototyping evaluation




conclusion and next steps

== Flexible workflow for the design and fabrication of a water-catcher

== Design of a solution easy to replicate with a mid-size 3d-printer

== Significant reduction of required surface to provide minimum water supply
== Competitive solution in the field of atmospheric water harvesting




conclusion and next steps
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conclusion aml next steps

/ Long-term /
/ Computer models outdoor testing

Water collection
potential mapping

AVAILABLE
RESOURCES

Company

General designs

Water potential
simulation

.....“.,....J

Available waste
polymers

Fiament testing Wesccacng

development

Water-catcher
design workflow

Define printing
material

DESIGN

YTy
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Thank you for the attention

Questions




Printing Settings Definition

#1

Layer height: 0.2 mm
Wall count: 2

Wall speed: 40

Inf%: 40

Inf speed: 40

Inf flow: 100%

Time: 50h58min
Mass: 8032
Length: 241.86m

#2

Layer height: 0.2 mm
Wall speed: 40

Infi: 40

Inf speed: 40

Inf flow: 100%

Time: 26h28min
Mass: 414g
Length: 124.77m

#3

Wall speed: 40
Inf%: 40

-»Inf speed: 40

Inf flow: 100%

Time: 18h1min
Mass: 421¢
Length: 126.94m

e

Layer height: 0.3 mm
Wall count: 1

Wall speed: 60
Inf%: 40

Inf speed: 40

Inf flow: 100%

Time: 12h35min
Mass: 4219
Length: 126.94m

#3

Layer height: 0.3 mm
Wall count: L

Wall speed: 80

Inf%: 40

Inf speed: 40

Inf flow: 100%

Time: 9h33min
Mass: 421g
Length: 126.94m

I, S

Layer height: 0.3 mm
Wall count: L

Wall speed: 80

Inf%: 40

Inf speed: 80
Inf flow: 120%
Time: 8h17min

Mass: 427¢
Length: 128.67m

Layer height: 0.3 mm
Wall count: 1

Wall speed: 80

Inf': 40

Inf speed: 60

Inf flow: 120%

Time: 8h29min
Mass: 4279
Length: 128.67m

r-

, #8

 Layer height: 0.3 mm

. Wall count: 1
+ Wall speed: 80
| Inf%: 30

» Infspeed: 80
Inf flow: 120%

4

' Time: 9h8min
'+ Mass: 419g
. Length: 126.09m

Time: h36min
Mass: 444
Length: 133.84m

8/
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