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1. Estimation of eVent laminate’s properties
1.1. Estimation of porosity

The eVent laminate consists of an ePTFE membrane contained between an inner
hydrophilic support fabric and an outer hydrophobic polyester fabric, where for the laminate-
lined toilet the hydrophilic fabric is filled with liquid. The effective porosity of the eVent
laminate for water vapor diffusion is a function of the effective porosity of the hydrophobic

components, the ePTFE membrane and outer hydrophobic fabric, and was determined using

€l=(pf>< &/ x ef)+(pm>< 8™ x em) o
(0" x 8N + (o™ x &™)

where € is dimensionless porosity, 0 is thickness, P is density, and superscripts £, m, and [

represent the hydrophobic fabric, membrane and laminate, respectively.

1.2. Estimation of thermal properties

The effective thermal conductivity for heat transport through the hydrophobic

components of the eVent laminate was determined using

kJr= & k9+(1-eNHK/ S2
e’]?f = e"k9+ (1-MHE™ S3
, &+
K= -
sf sm S4
—
kepr  Kefy



36

37

38

39

40

41

42

43

44
45
46
47
48
49
50
51
52
53
54

where k and keff are thermal conductivity and effective thermal conductivity, and
superscripts f, m, and g represent hydrophobic fabric, membrane and gas domain,
respectively. The hydrophobic fabric and membrane are assumed to be filled with gas.
The specific heat capacity of the hydrophobic components of the eVent laminate was
estimated using

(pfx s x c’;) + (pmxdmx c’g)

cl= S5
(0 x 8" + (p™ x &™)

where ? is the effective specific heat capacity of the laminate. All parameters defined for the

eVent laminate are listed in Table. S1.
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Table S1. eVent laminate parameters

Parameter Description Value | Reference
o Specific heat capacity of 1150 Ref |
P hydrophobic fabric J/kg K )
! Specific heat capacity of ePTFE | 1203 . . .
P membrane/hydrophobic fabric | J/kg K Estimated using equation S5
om Specific heat capacity of ePTFE | 1300 Ref 2
P membrane J/kg K '
.. 0.2
o Thermal cond'uctwlt'y of W/m | Ref !
hydrophobic fabric oK
Effective thermal conductivity | 0.1
ke;f of the air-filled hydrophobic | W/m | Estimated using equation S2
fabric °K
0.026
K9 Thermal conductivity of air W/m | Ref.3
°K
Effective thermal conductivity
of ePTFE membrane/ 0.09
K hydrophobic fabric W/m | Estimated using equation S4
°K
Thermal conductivity of ePTFE | O
o ermal conductivity of e W/m | Ref 2
membrane oK
Effective thermal conductivity | 0.07
ke?f of the air-filled ePTFE W/m | Estimated using equation S3
membrane °K
s Thickness of thg hydrophobic | 0.15 Measured
fabric mm
5m Thickness of the ePTFE 0.05 Measured
membrane mm
el Porosity of hydrophobic fabric | 0.58 Ref. 4
gl Porosg}}: d?i;ﬁgkljilj gg;?(})rane/ 0.67 Estimated using equation S1
en Porosity of ePTFE membrane | 0.84 Ref. 2
1345
of Density of hydrophobic fabric kg/ | Ref.!
m3
2250
p™ Density of ePTFE membrane | kg / Ref. 2
m3




62 Table S2. Parameters of the eVent laminate used for simulating three drying replicate drying

63 experiments

Parameter Value

Laminate thickness (J) 0.2 mm
l
Laminate porosity (€ )a 0.67
Laminate density (Pl) a 1571 kg / m3
l
Laminate thermal conductivity (k )? 0.1 (W/m °C)
l

Laminate heat capacity (CP) a 1.2 (kl/kg °C)

64 aEstimated for the hydrophobic components of the laminate: ePTFE membrane and
65 hydrophobic fabric.
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97 Table S3. Initial conditions used for laminate jar, box and laminated-lined 40 L drum drying
simulation conducted in controlled conditions
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Water vapor concentration in

Temperature in all domains

Setup gas and laminate domains o
(mol/m?3) ¢ O
Laminate jar 0.56 31.4
Laminate box 0.43 28.93
Laminated-lined 40 L drum 0.38 28.03
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Table S4. Boundary conditions used in laminate jar drying simulation

Location Mtil:lfsl}g:'m Mass transfer Heat transfer
Air inlet u’=0.40 m/s Ci = 0.56 mol/m’® T9=31.4°C
Air outlet PI=P,. - n.[D§ VCf,] -0 -n.[-KIVT9)=
Jar wall g - n.[-DIVCI +uIVC g
i w=0 . Ty =T
(gas domain) 1=0
Jar wall
(aqueous NA NA Toar =T"
domain)
Gas & laminate g 1
domain interface =0 w w r=r
Aqueous &
laminate NA cl= co Tl =18
domain interface
Aqueous &
headspace NA cd= 9% T9 =T
domain interface
ol acy ac, or'  oT* oTY
Symmetry plane o T - — —=
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Table S5. Boundary conditions used in drying simulation of the laminate box

Location Momentum Mass transfer Heat transfer
transfer
Air inlet w=0.17 m/s Cl = 0.43 mol/m? T9 = 28.93° C
Air outlet PI=P,. -n.[D4VCI] _ -n.[-KIVTI] =
Gas & laminate g !
.. = C: =Y l_T1g
domain interface w=0 w r=r
Aqueous &
laminate NA C\i, =C9; Tl=T°
domain interface
Aqueous & x
c9=c9 g _ Ta
domain interface NA w =T
g l l a g
Symmetry pane | % PR S
dy dy = dy dy = dy = dy




141 Table S6. Boundary conditions used for laminated-lined 40 L drum drying simulation under

142 controlled conditions.
143
Location Momentum Mass transfer Heat transfer
transfer
Air inlet w = 0.13 m/s Y = 0.38 mol/m? T9=28.03 ° C
Air outlet PI=P,. - n.[pgvey| ~ R [-KIVTY)=
Drum wall W= ~n.[-DIVCI +uIvCY —0 T —T9
(gas domain) wTw w] = wall
Gas & laminate 5g ! g !
= C = C = g
domain interface w=0 w r=T
Aqueous &
laminate NA cl= co T! =T
domain interface
Aqueous &
headspace NA cy=1c9; T9 =T%
domain interface
Symmetry plane duy, ocy, oc, _ a_Tl T oT% _
ay dy = dy dy = dy = 0y
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Fig. S1. Schematic view of the laminate jar containing deionized (DI) water along with the
modeled domains.
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Fig. S2. Distribution of water vapor concentration (a) and temperature (b) for laminate jar
drying simulation after 252 min



176

177
178

179
180

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

Wall Symmetry plane Adjacent box’s wall E
| Headspace l :
e : :
Outlet —» " l H
S o il e E
Box ' ) i
Inlet E C?Plllary E
I:I + wall { ringe ;
" v H
. wy 1
: < :
Anemometer i :
H 1
Wall H - :
l s Y gem s :
- = 1
"i\:{é}_ﬂ 115 C"L ___,_:P\\‘,,—"‘

Fig. S3. Schematic view of the laminate box that contained DI water and the modeled
domains. The capillary fringe was 4.43 cm in height.
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202  Fig. S4. Distribution of temperature (a) and water vapor concentration (b) for the laminate
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Fig. S5. Schematic of the laminated-lined 40 L toilet and the modeled domains. The drying
experiment was conducted at the controlled experimental conditions (capillary fringe = 4.43
cm).
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236 Fig. S6. Distribution of temperature (a) and water vapor concentration (b) for drying
237 simulation of the laminated-lined 40L toilet after 252 min.
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248 Fig. S7 Correlations developed between wind measured at the drying site and wind recorded
249  at the weather station for high drying rate simulation (a) and low drying rate simulation (b).
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Fig. S8. Drying rate versus water height inside the laminated-lined 40 L drum for three wind
speeds used in filling time estimations: calm (<0.1 m/s), light air (1.67 m/s) and gentle breeze
(3.4 m/s) for Assab, Eritrea. Drying rates for filling time calculations were linearly
interpolated between modeled drying rates plotted here. Similar figures created for the eight
other locations shown in Fig. 8 of the manuscript.
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