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1. Materials

Bacterial cellulose nanofibers (BC) were purchased from Guilin Qihong Tech. Co., Ltd.
FeCl;-6H,0 and pyrrole were purchased from Shanghai Macklin Biochemical Co., Ltd, China.
Glutaraldehyde (GA, crosslinker, 50 wt% in H,O) and PEG-20000 were purchased from
Sinopharm Chemical Reagent Co., Ltd, China. A commercial TEG (3%3 cm?) was purchased

from Guangzhou Sirui Electronic Technology Co., Ltd, China.

2. Instruments and methods

The absorption spectra were obtained from a UV—Vis—NIR spectrometer (LAMBDA 1050+,
PerkinElmer) with an integrating sphere. The absorptance at each wavelength is defined by 1
—T —R, where T and R are the corresponding transmittance and reflectance, respectively. The
surface wettability of aerogels was evaluated by an optical contact angle meter (CA,
JC2000DM, POWEREACH) combined with a camera. The morphologies and elemental
mapping were characterized by a scanning electron microscope (VEGA3, TESCAN) in
combination with energy dispersive X-ray spectrometry. The open-circuit voltage and power
density were recorded and calculated using Keithley 2602B. The temperature was recorded by

infrared thermal imager (Fotric 223s) and thermocouple (VC6801).

3. FTIR characterization
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Figure S1. FTIR spectra of CNF and CNF/PPy aerogels.

4. Effective evaporation areas

250+

N

o

o
1

-

[6)]

o
1

197

=X

o

o
1

143
116

Effective area (cm?)

()}
o
1

29
oo T8 ee 2 e0 e 2 eo 2

Figure S2. Effective evaporation areas of SGs.

5. Thermal conductivity measurements

The thermal conductivities of aerogels were measured via an IR imaging method'. The
samples were sandwiched between two 1.1 mm glasses. The sandwich structure was placed
between copper plate heated by solar simulator and heat sink. The heat transfer rate (g)

permeating the sample can be calculated using the Fourier Equation S12,

T,-T, kT3 -T,

q= -k

where k; is the thermal conductivity of glass (1.05 W m™'K™"). 7} T, T; are the average

temperatures at the interface of copper plate—top glass, top glass—sample, sample—bottom
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glass, respectively. The thermal conductivities of samples (k) can be calculated by Equation
S1 based on IR images.

(a Parallel to the  Perpendicular to the (b Parallel to the  Perpendicular to the
printing direction  printing direction printing direction  printing direction
1 e LR TR LA AL - — — —

_____ 50°C 45°C
— —
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Figure S3. Thermal conductivities of aerogels in (a) dry and (b) wet state.

6. Energy loss and gain

a) Radiation loss:

The radiation loss was analyzed by Stefan-Boltzmann Equation S2,

® = eAa(T; - T3) (S2)

@ is heat flux (W), ¢ denotes emissivity (Supposing the evaporator has a maximum emissivity
of 1), 4 is hot evaporation surface area, o represents the Stefan-Boltzmann constant (o =
5.670373x10°8 W m 2 K™#), T is the average surface temperature of the solar absorber after

stable steam generation under 1-sun illumination. 7, is the ambient temperature around the
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evaporator. Therefore, based on Equation S2, we can calculate that the radiation heat loss is
5.3% for SG-TEG-1, 9.7% for SG-TEG-2.

b) Conduction loss:

The heat loss of convection was analyzed according to the following Equation S3,

Q = CmAT (S3)

Q denotes the heat energy, C is the specific heat capacity of pure water (4.2 kJ °C "' kg™"), m
represents the weight of bulk water and A7 is the increased temperature of the bulk water after
stable steam generation. In our experimental, m = 100 g, AT = 11 °C for SG-TEG-1, 4T =0
°C for SG-TEG-2. Therefore, based on Equation S3, we can calculate that the conduction heat
loss is 13% for SG-TEG-1, 0% for SG-TEG-2.

c¢) Convection loss:

The convection loss was calculated by Newton's law of cooling S4,

Q = hAAT (S4)

Q is the heat energy, i denotes the convection heat transfer coefficient (~5 W m2K™"). 4
represents surface area. AT is difference between the ambient temperature around the
evaporator and the surface temperature of the evaporator. Therefore, based on Equation S4,
we can calculate that the convection heat loss is 4.0% for SG-TEG-1, 7.4% for SG-TEG-2.
d) Reflection loss:

The refection loss is 4.0% for SG-TEG-1 and SG-TEG-2.

e) Energy harvest:

The average temperatures of the side surface of steam generators were lower than room
temperature, so energy was harvested from the environment through radiation and convection.
Based on Equation S2 and S4, 4 is area of cold evaporation surface, we can calculate that the

energy harvest of SG-TEG-1 and SG-TEG-2 are 0% and 52.6%.
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Figure S4. Schematic illustration of solar energy balance and energy transfer pathways of (a)
SG-TEG-1, (b) SG-TEG-2.

7. Water evaporation measurements at dark
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Figure S5. (a) Mass changes and (b) corresponding evaporation rates of SGs at dark.
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8. Water evaporation of SGs in harsh water conditions
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Figure S6. Mass changes of water over 1 h in different water conditions.

9. Salt resistance characterization
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Figure S7. Digital photographs of salt sediment on (a, c) SG-TEG-1 and (b, d) SG-TEG-2.
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10. Temperature of SGs under 1 sun

(a)40 (b)4o (0)40

836- gae- gae-

g 2 g

2 324 2 321 3 32

© © ©

S S S

8 28 8 28 8 28

£ £ £

IS T IE |2

24 —o-T2 24 24

—Oo—T13 —0—T2 —0—T4
01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
Time (h) Time (h)

(d)4o (e)4o (f) 5

O 36 O 36 44 §

il e,

o (] -3

5 321 5 321 o "4

et et Y

o o = 21 -

328- 328 < —9— SG-TEG-1
£ £ 1] —0—SG-TEG-2-0.5
O 24 @ 24 —— SG-TEG-2-1
= T1—o—T3—o—Ts5| F T1—0—T3—0-T5—0—T7 0ld —9—SG-TEG-2-2

- —0—T2—0—T4—0—T6 sgl_—S-T2—8-Ti-—8-T6 —0—SG-TEG-2-3

01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8 01 2 3 4 56 7 8
Time (h) Time (h) Time (h)

Figure S8. Temperature of (a) SG-TEG-1, (b) SG-TEG-1-0.5, (¢) SG-TEG-1-1, (d) SG-TEG-
1-2, (e) SG-TEG-1-3, and temperature differences of SGs under 1 sun.
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11. Temperature of SGs under different solar irradiations
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Figure S9. Temperature of SG-TEG-1 (a) under 0.8 sun and (b) under 2 sun, (c) temperature
differences of SG-TEG-1 under different solar irradiations, temperature of SG-TEG-2-3 cm

(d) under 0.8 sun and (e) under 2 sun, (f) temperature differences of SG-TEG-2-3 cm under
different solar irradiations.

12. I,. of SGs under different solar irradiations
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Figure S10. /;. of SG-TEG-1 and SG-TEG-2 under different solar irradiations.
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13. Summary of thermoelectricity generation

Table S1. Thermoelectricity generation of SG-TEG-1 and SG-TEG-2 under different solar

irradiation.

Device SOl?li\i{f"r‘l‘lﬁﬁ;ion Vo (mV) I, (mA) %:;‘;g‘y“gvpfnwf)r
SG-TEG-1 0.8 13.5 4.2 0.016
SG-TEG-1 1 30 6.4 0.052
SG-TEG-1 2 62 9.6 0.17
SG-TEG-2 0.8 39.5 9.8 0.11
SG-TEG-2 1 60 11.5 0.19
SG-TEG-2 2 99.5 204 0.56

S11



14. Summary of water-energy cogeneration

Table S2. Summary of water-energy cogeneration in recent reports.

Ref. Ev(al‘(%ofgﬁzoﬁlf)ate Ve (mV) I (mA) (Tr:lrll;e) Li%g,nrfﬁsj“y
3 0.83 35.73 i 5 1
4 1.35 40 975 90 1
5 137 50 1 30 1
6 1.45 76 7.8 60 1
7 1.65 12.5 i 30 1
8 170 75 12 10 1
9 0.89 8 i 5 1
10 139 19.76 i 8 1
1 1.29 59 9.5 30 1
12 139 60 26 60 1
13 1.40 235 25 7 1
14 1.21 45 9 15 1
15 0.98 55 i 5 1
16 1.02 513 13.8 10 1
17 1.26 40 957 90 1
18 2.30 89 i 60 1
19 1.00 51.9 i 3.3 1
20 1.98 273 138 5 1
21 3.54 52 i 60 1

This work 2.65 60 118 480 1
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Figure S11. Summary of water-energy cogeneration in recent reports.
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