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22 1. Estimation of eVent laminate’s properties 

23 1.1. Estimation of porosity

24 The eVent laminate consists of an ePTFE membrane contained between an inner 

25 hydrophilic support fabric and an outer hydrophobic polyester fabric, where for the laminate-

26 lined toilet the hydrophilic fabric is filled with liquid. The effective porosity of the eVent 

27 laminate for water vapor diffusion is a function of the effective porosity of the hydrophobic 

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

29

𝜀𝑙 =  
(𝜌𝑓 ×  𝛿𝑓 ×  𝜀𝑓

 ) +  (𝜌𝑚 ×  𝛿𝑚 ×  𝜀𝑚
 ) 

(𝜌𝑓 × 𝛿𝑓) + (𝜌𝑚 × 𝛿𝑚)
S1

30 where  is dimensionless porosity,  is thickness,   is density, and superscripts f, m, and l 𝜀 𝛿 𝜌

31 represent the hydrophobic fabric, membrane and laminate, respectively. 

32

33 1.2. Estimation of thermal properties

34 The effective thermal conductivity for heat transport through the hydrophobic 

35 components of the eVent laminate was determined using 

𝑘 𝑓
𝑒𝑓𝑓 =   𝜀𝑓 𝑘𝑔 + (1 ‒ 𝜀𝑓)𝑘𝑓 S2

𝑘 𝑚
𝑒𝑓𝑓 =  𝜀𝑚 𝑘𝑔 + (1 ‒ 𝜀𝑚)𝑘𝑚 S3

𝑘𝑙 =  
𝛿𝑓 +  𝛿𝑚

𝛿𝑓

𝑘 𝑓
𝑒𝑓𝑓

 +
𝛿𝑚

𝑘 𝑚
𝑒𝑓𝑓

S4



36 where  and  are thermal conductivity and effective thermal conductivity, and 𝑘 𝑘𝑒𝑓𝑓

37 superscripts f, m, and g represent hydrophobic fabric, membrane and gas domain, 

38 respectively. The hydrophobic fabric and membrane are assumed to be filled with gas.

39 The specific heat capacity of the hydrophobic components of the eVent laminate was 

40 estimated using 

𝑐𝑙
𝑝 =  

(𝜌𝑓 × 𝛿𝑓 ×  𝑐𝑓
𝑝 ) +  (𝜌𝑚 × 𝛿𝑚 ×  𝑐𝑚

𝑝  ) 

(𝜌𝑓 × 𝛿𝑓) + (𝜌𝑚 × 𝛿𝑚)
S5

41

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

43 eVent laminate are listed in Table. S1.
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55 2. Tables 

56 Table S1. eVent laminate parameters

Parameter Description Value Reference

𝑐𝑓
𝑝

Specific heat capacity of 
hydrophobic fabric

1150 
J/kg K Ref. 1

𝑐𝑙
𝑝

Specific heat capacity of ePTFE 
membrane/hydrophobic fabric

1203 
J/kg K Estimated using equation S5

𝑐𝑚
𝑝

Specific heat capacity of ePTFE 
membrane

1300 
J/kg K Ref. 2

𝑘𝑓 Thermal conductivity of 
hydrophobic fabric

0.2 
W/m 
°K

Ref. 1

𝑘 𝑓
𝑒𝑓𝑓

Effective thermal conductivity 
of the air-filled hydrophobic 

fabric

0.1 
W/m 
°K

Estimated using equation S2

𝑘𝑔 Thermal conductivity of air
0.026 
W/m 
°K

Ref. 3

𝑘𝑙

Effective thermal conductivity 
of ePTFE membrane/ 
hydrophobic fabric

0.09 
W/m 
°K

Estimated using equation S4

𝑘𝑚 Thermal conductivity of ePTFE 
membrane

0.3 
W/m 
°K

Ref. 2

𝑘 𝑚
𝑒𝑓𝑓

Effective thermal conductivity 
of the air-filled ePTFE 

membrane

0.07 
W/m 
°K

Estimated using equation S3

𝛿𝑓 Thickness of the hydrophobic 
fabric

0.15 
mm Measured

𝛿𝑚 Thickness of the ePTFE 
membrane

0.05 
mm Measured

𝜀𝑓 Porosity of hydrophobic fabric 0.58 Ref. 4

𝜀𝑙 Porosity of ePTFE membrane/ 
hydrophobic fabric 0.67 Estimated using equation S1

𝜀𝑚 Porosity of ePTFE membrane 0.84 Ref. 2

𝜌𝑓 Density of hydrophobic fabric
1345 
kg / 
m3

Ref. 1

𝜌𝑚 Density of ePTFE membrane
2250 
kg / 
m3

Ref. 2

57

58

59

60

61



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

Parameter Value

Laminate thickness (δ) 0.2 mm

Laminate porosity ( a𝜀𝑙) 0.67

Laminate density ( ) a𝜌𝑙 1571 kg / m3

Laminate thermal conductivity ( )a𝑘𝑙 0.1 (W/m 0C)

Laminate heat capacity ( ) a𝐶𝑙
𝑝 1.2 (kJ/kg 0C)

64 a Estimated for the hydrophobic components of the laminate: ePTFE membrane and 
65 hydrophobic fabric.
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96
97 Table S3. Initial conditions used for laminate jar, box and laminated-lined 40 L drum drying
98 simulation conducted in controlled conditions

Setup
Water vapor concentration in 

gas and laminate domains
(mol/m3)

Temperature in all domains
(° C)

Laminate jar 0.56 31.4

Laminate box 0.43 28.93

Laminated-lined 40 L drum 0.38 28.03

99
100
101
102

103
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110
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121

122 Table S4. Boundary conditions used in laminate jar drying simulation
123

Location Momentum 
transfer Mass transfer Heat transfer

Air inlet = 0.40 m/s𝑢𝑔
= 0.56 mol/m3𝐶𝑔

𝑤 = 31.4 ° C𝑇𝑔

Air outlet  𝑃𝑔 = 𝑃𝑎𝑡𝑚 ] = 0‒  𝑛⃗ .[𝐷𝑔
𝑤 ∇𝐶𝑔

𝑤 = 0‒ 𝑛⃗ .[ ‒ 𝐾𝑔 ∇𝑇𝑔]

Jar wall
(gas domain) = 0𝑢𝑔 ‒  𝑛⃗ . [ ‒ 𝐷𝑔

𝑤 ∇𝐶𝑔
𝑤 + 𝑢⃗𝑔 ∇𝐶𝑔

𝑤
] = 0

𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑔

Jar wall 
(aqueous 
domain)

NA NA 𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑎

Gas & laminate 
domain interface = 0𝑢𝑔 𝐶 𝑙

𝑤 =  𝐶𝑔
𝑤 𝑇𝑙 = 𝑇𝑔

Aqueous & 
laminate

domain interface
NA 𝐶 𝑙

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑙 = 𝑇𝑎

Aqueous & 
headspace

domain interface
NA 𝐶𝑔

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑔 = 𝑇𝑎

Symmetry plane
∂𝑢𝑔

𝑦

∂𝑦
= 0

 = 

∂𝐶𝑔
𝑤

∂𝑦

∂𝐶 𝑙
𝑤

∂𝑦
= 0

 =  = 
∂𝑇𝑙

∂𝑦
∂𝑇𝑎

∂𝑦
∂𝑇𝑔

∂𝑦
= 0
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125 Table S5. Boundary conditions used in drying simulation of the laminate box
126

Location Momentum 
transfer Mass transfer Heat transfer

Air inlet = 0.17 m/s𝑢𝑔
 = 0.43 mol/m3𝐶𝑔

𝑤  = 28.93° C𝑇𝑔

Air outlet 𝑃𝑔 = 𝑃𝑎𝑡𝑚  = 0‒ 𝑛⃗ .[𝐷𝑔
𝑤 ∇𝐶𝑔

𝑤]  = 0 ‒ 𝑛⃗ .[ ‒ 𝐾𝑔 ∇𝑇𝑔]

Gas & laminate 
domain interface = 0𝑢𝑔 𝐶 𝑙

𝑤 =  𝐶𝑔
𝑤 𝑇𝑙 = 𝑇𝑔

Aqueous & 
laminate

domain interface
NA 𝐶 𝑙

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑙 = 𝑇𝑎

Aqueous & 
domain interface NA 𝐶𝑔

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑔 = 𝑇𝑎

Symmetry plane ∂𝑢𝑔
𝑦

∂𝑦
= 0

 = 

∂𝐶𝑔
𝑤

∂𝑦

∂𝐶 𝑙
𝑤

∂𝑦
= 0

 =  = 
∂𝑇𝑙

∂𝑦
∂𝑇𝑎

∂𝑦
∂𝑇𝑔

∂𝑦
= 0
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141 Table S6. Boundary conditions used for laminated-lined 40 L drum drying simulation under 
142 controlled conditions.
143

Location Momentum 
transfer Mass transfer Heat transfer

Air inlet  = 0.13 m/s𝑢𝑔
= 0.38 mol/m3𝐶𝑔

𝑤 = 28.03 ° C𝑇𝑔

Air outlet 𝑃𝑔 = 𝑃𝑎𝑡𝑚  = 0 ‒  𝑛⃗ .[𝐷𝑔
𝑤 ∇𝐶𝑔

𝑤] = 0‒  𝑛⃗ .[ ‒ 𝐾𝑔 ∇𝑇𝑔]

Drum wall
(gas domain) = 0𝑢𝑔

] = 0 ‒  𝑛⃗ . [ ‒ 𝐷𝑔
𝑤 ∇𝐶𝑔

𝑤 + 𝑢⃗𝑔 ∇𝐶𝑔
𝑤 𝑇𝑤𝑎𝑙𝑙 = 𝑇𝑔

Gas & laminate 
domain interface = 0𝑢⃗𝑔 𝐶 𝑙

𝑤 =  𝐶𝑔
𝑤 𝑇𝑙 = 𝑇𝑔

Aqueous & 
laminate

domain interface
NA 𝐶 𝑙

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑙 = 𝑇𝑎

Aqueous & 
headspace

domain interface
NA 𝐶𝑔

𝑤 =  𝐶𝑔 ∗
𝑤 𝑇𝑔 = 𝑇𝑎

Symmetry plane ∂𝑢𝑔
𝑦

∂𝑦
= 0

 = 

∂𝐶𝑔
𝑤

∂𝑦

∂𝐶 𝑙
𝑤

∂𝑦
= 0

 =  = 
∂𝑇𝑙

∂𝑦
∂𝑇𝑎

∂𝑦
∂𝑇𝑔

∂𝑦
= 0
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156 3. Figures 

157

158

159

160 Fig. S1.  Schematic view of the laminate jar containing deionized (DI) water along with the 
161 modeled domains.
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171

172

173 Fig. S2. Distribution of water vapor concentration (a) and temperature (b) for laminate jar 
174 drying simulation after 252 min 

175

b

a



176

177

178

179 Fig. S3.  Schematic view of the laminate box that contained DI water and the modeled 
180 domains. The capillary fringe was 4.43 cm in height.
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199

200

201

202 Fig. S4. Distribution of temperature (a) and water vapor concentration (b) for the laminate 
203 box drying simulation after 252 min. 
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206

207

208

209

210 Fig. S5.  Schematic of the laminated-lined 40 L toilet and the modeled domains. The drying 
211 experiment was conducted at the controlled experimental conditions  (capillary fringe = 4.43 
212 cm).
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230

231

232

233

234

235

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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243

244

245

246

247

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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251

252

253

254 Fig. S8. Drying rate versus water height inside the laminated-lined 40 L drum for three wind 
255 speeds used in filling time estimations: calm (<0.1 m/s), light air (1.67 m/s) and gentle breeze 
256 (3.4 m/s) for Assab, Eritrea. Drying rates for filling time calculations were linearly 
257 interpolated between modeled drying rates plotted here. Similar figures created for the eight 
258 other locations shown in Fig. 8 of the manuscript.
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