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Figure S1. Photographs illustrating the fabrication of the loofah based evaporator from loofah fruit.
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Figure S2. Photographs of (A) features of loofah sponges, (B) loofah sponge fiber bundles from four parts, 

which is composed of an outer, inter, middle, and inner layer.  
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Figure S3. Morphology characterization of the loofah sponge. (A), (B), (C) SEM images show the micro-

channels inside the loofah fiber, and there are also some small pores in these micro-channels, (D), (E), (F) SEM 

images show the pores structure of the surface of the loofah fiber at different magnifications. These unique 

porous structures play an essential role in the passage of salts and salt exchange.
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Figure S4. Absorption, reflection, and transmission spectra of loofah based evaporator in the wavelength 

range 200-2500 nm. The absorption spectrum is calculated from reflection and transmission spectra (A=1-

R-T).  
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Figure S5. Absorption, reflection, and transmission spectra of natural loofah sponge in the wavelength 

range 200-2500 nm. The absorption spectrum is calculated from reflection and transmission spectra (A=1-

R-T).   
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Figure S6. Thermal conductivity of dry loofah sponge and wet loofah sponge. The thermal conductivity of 

dry loofah sponge and wet loofah sponge is 57.5 mW m-1 K-1 and 62.0 mW m-1 K-1, respectively. 
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Figure S7. Digital images of the experimental temperature and humidity detector, which displays the 

indoor temperature of 20 ℃ and humidity of 40%.  
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Figure S8. (A) Photograph of Loofah sponge evaporator with different thicknesses of the carbonized layer. 

(B) Mass changes of carbonized loofah sponge with different thicknesses of the carbonized layer under 1 

Sun of illumination. 
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Figure S9. Digital images of the loofah based evaporator under different intensity illumination. (A) The 

loofah based evaporator can float on the water. (B), (C), (D) The steam coming from the carbonized loofah 

sponge surface at 1, 3, 5 sunlight intensities. 
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Figure S10. Photographs illustrating the fabrication of the wood evaporator. 
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Figure S11. Morphology characterization of the carbon felt with salt accumulation after 10 h of 1 sun 

illumination in 20 wt. % seawater and pristine carbon felt. (A) SEM images show the precipitated salt on top of 

the carbon felt evaporator after 1 h. (B), (C) Magnified SEM images of A show salt accumulate on the carbon 

felt surface, these accumulated salts could severely affect the performance of the evaporator. (D) Salt crystals 

were observed starting from the carbon fiber and then gradually spreading over the carbon felt surface. (E), (F) 

SEM images show pristine carbon felt fiber at different magnifications. 
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Figure S12. Morphology characterization of loofah sponge evaporator after 10 h of 1 sun illumination in 20 wt. % 

seawater. (A), (B) SEM images show the surface of the loofah fiber at different magnifications after desalination. 

(C), (D) SEM images show the internal microchannels of the loofah fiber at different magnifications after 

desalination. There was no obvious salt accumulation on the loofah fiber surface and internal microchannels.  
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Figure S13. Digital images of the PU sponge coated with a carbon black material. A collapse in the center 
of the PU material due to oxidative degradation appeared.
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Energy loss analysis

The energy losses of the evaporator with an exposed area of 19.6 cm2 under one sun irradiation is 

calculated as an example. The evaporator is fixed in white polystyrene (PS) foam framework to prevent the 

heat loss of the bulk solution from conduction and convection during test. The localized thermal energy at 

loofah based evaporator via photo-thermal conversion can be divided into five parts: energy consumption 

by water evaporator, loss of reflection on evaporator surface, heat radiation loss, heat conduction loss and 

heat convection loss. The detailed calculation of heat loss is analyzed below.

Evaporator surface reflection loss.

Considering the optical absorption of loofah based evaporator is about 95.4 %, the reflect heat loss should 

be about 4.6 %. 

Radiation loss

The radiation loss of the evaporator is calculated by the Steafan-Boltzmann equation, as below,

Φ= Aεσ(T1
4- T2

4)                                                             (1)

Radiation loss= =                                                  (2)

Φ
𝐴𝑐𝑜𝑝𝑡𝑞𝑖

𝜀𝜎(𝑇4
1 ‒ 𝑇4

2)

𝑐𝑜𝑝𝑡𝑞𝑖

Where Φ is the heat flux, ε is the emissivity of the absorbing surface (0.95), A represents the exposed area, 

σ is the Stefan-Boltzmann constant which is 5.67×10-8J m-2 s-1 K-4, T1 is the surface temperature of loofah 

based evaporator (38.7 ℃).T2 is the adjacent environment temperature (33.3 ℃). The radiation heat loss is 

3.4% for the evaporator under 1 sun.

Conduction

Although PS foam are set as to prevent the heat loss of the bulk solution from conduction and convection, 

a portion heat loss conducted to bulk water might be occur via the loofah fiber path.  The conduction loss 

is calculated based on the bulk water absorption heat Q as follows,
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Q=Cm△T                                                                    (3)

Conduction loss= =                                                (4)

𝑄
𝐴𝑐𝑜𝑝𝑡𝑞𝑖 △ 𝑡

𝐶𝑚 △ 𝑇 
𝐴𝑐𝑜𝑝𝑡𝑞𝑖 △ 𝑡

Where Q represents the heat flux, C represents the specific heat capacity of water (4.2 kJ ℃-1 kg-1), m is the 

bulk water used in the experiment (100g), △T is the temperature change of the bulk water during the △ 

t (0.5 ℃ after 1 h). The conduction heat loss is 3.0 % in this experiment.

Convection

The convection loss is calculated based on the Newton’s Law of Cooling as below,

Ψ=ξ A△T                                                                  (5)

Convection loss= =                                                  (6)

Ψ
𝐴𝑐𝑜𝑝𝑡𝑞𝑖

𝜉 △ 𝑇
𝑐𝑜𝑝𝑡𝑞𝑖

Where Ψ is the heat flux, ξ is the convection heat transfer coefficient (2.24 J m-2 s-1 K-1), 1△T is the 

temperature difference between the surface temperature of the evaporator (38.7℃) and the adjacent 

environment temperature (33.3℃). The convective heat loss is 1.2% in this experiment.

In summary, the total heat loss for the loofah based evaporator under 1 sun is about 12.2%. Therefore the 

total energy consumption of the five parts is about 87.8%, which is in good agreement with the 

experimental photo-thermal conversion efficiency 89.9%.
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Table S1. Steam generation performance of our loofah based evaporator compared to other steam 

generation devices under one sun illumination.

Materials
Evaporator rate under 1 sun

(kg m-2 h-1)

Efficiency

(%)
Ref.

Graphite film 1.01 62.7% R12

F-wood/CNTs 0.95 65% R23

F-wood 1.05 72% R34

CNF/CNT aerogel 1.11 76.3% R45

Carbon Felt 1.22 79.4% R56

CNF membrane 1.32 82% R67

CB/GO 1.27 87.5% R78

Graphene oxide film 1.14 89.2% R89

Wood-PDA 1.04 87% R910

C-L-Wood 1.08 74% R1011

Carbonized Loofah sponge 1.42 89.9% Our work
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