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Table S1. The contrast between horizontal structure and vertical structure.

Ref. Core Advantage  Mechanical Stability  Encapsulation Difficulty
[1,2], \‘ﬁ Stable structure, Sturdy, integration, Low
this work \ S easy to integrate long-life

Horizontal structure

[3-5] /"-_ High output Relatlvelly fr.aglle, High
power density prone to misalignment

Vertical structure

Table S2. A comparison of representative MEGs reported in the literature in recent years.

Open Short Circuit Power Density

Functional . Working Device Circuit Current _ Operating
Ref. Materials Physical State Principles Geometry Voltage Density PM(n\;//(/)fl::Z{SC Humidity (%)
Voc (V) Jsc(nA/em?)
Electrospun . . .
[3]  Cellulose Acetate nanofiber Dlrgcteq ron Vertical 0.3 0.08 8 85
migration structure
membrane
Lignin sulfonate- Directed ion Vertical
[4] AP*-PAA Hydrogel migration + 0.55 3.28 - 55
structure
hydrogel Redox
Electrospun . . .
[S]  SF/PEO/Sericin nanofiber Directed ion - Vertical 0.18 0.0175 13 95
migration structure
membrane
(PSSA- . . .
[6] PVA)/(HPC- Aerogel Dr‘;iecrfg;g“ s\t/r?lrgflile 1.1 0.0089 9.79 20
KGM) g
7] PSSA-PDDA Polymer composite Dlr_ecteq ion Vertical 0.95 0.05 475 25
film migration structure
Electrospun . . .
(8] SAlignin nanofiber Directed ion - Vertical 0.28 0.125 445 Wikg 99
migration structure
membrane
Electrospun . . .
[9] PEO nanofiber Directedion  Vertical 0.83 30 243 99
migration structure
membrane
Electrospun . . .
[10] TiOy/ZrO, nanofiber Directedion  Vertical ~0.8 ~0.001 ; 99
migration structure
membrane
SO4-MOF- Modified filter Directed ion Horizontal
2] 808/ZIF-8 paper migration structure 0.2 206 270 63
Electrospun Directed ion Horizontal
This work Al/SDBS nanofiber migration + 0.06 0.375 433 93
structure
membrane Redox
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Figure S2. SEM image of CNT distribution on the surface of PAN nanofiber films.
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Figure S3. XPS diagram of PAN nanofiber film impregnated with CNT. The main peak at approximately 284.6—
284.8 eV is the strongest peak, corresponding to C-C, mainly derived from the PAN molecular skeleton and the
graphitized carbon structure of CNT, which is the main component of the carbon material in the composite film. A
secondary peak can be observed near 286.0 eV, which usually belongs to C-O and is related to the hydroxyl (-OH)
or ether bonds introduced on the CNT surface, indicating that a certain degree of oxidative functionalization has

occurred on the CNT surface [11].
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Figure S4. FTIR results of the original PAN nanofiber film and the PAN nanofiber film with SDBS. The weak
absorption peak in the 1260—1150 cm? region and the new absorption band in the 1452 cm? region can be attributed
to the vibration of the C-O-C bond combination and the symmetrical bending of -CHz, which is related to the

addition of SDBS, indicating its successful incorporation into nanofibers [12].
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Figure S5. Power density with variable external resistance.

Figure S6. On-site testing equipment.
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Figure S7. Humidity test environment.
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Figure S8. Short-circuit current output of HAMEG under different film lengths. The HAMEG was soaked three
times with SDBS and CNT, respectively. The experiment was conducted at room temperature and 93%RH. When
the film length was less than 4 cm, the performance of HAMEG was poor. This could be due to the insufficient
film length, which limits the amount of SDBS introduced and reduces the ion concentration gradient, resulting in
lower performance. On the other hand, when the film length exceeded 4 cm, the performance of HAMEG also
decreased, likely because the ion transport distance became too long, leading to an insufficient driving force from
the ion concentration gradient and fewer ions reaching the opposite end.
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Figure S9. Short-circuit current output of HAMEG under different film width. The HAMEG was soaked three
times with SDBS and CNT, respectively. The experiment was conducted at room temperature and 93%RH. When
the width of the film is less than 4cm, the performance of HAMEG improves with the increase in width. This might
be because the increase in the amount of SDBS enables the dissociation of more ions. However, when the width
reaches 4 cm, the performance of HAMEG does not improve, which might be due to certain obstacles in the
horizontal transport of ions.
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Figure S10. Thin-film resistors under different CNT impregnation times. As the number of impregnations
increases, the resistance gradually decreases.
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Figure S11. Short-circuit current output of HAMEG under different temperature. The HAMEG was soaked three
times with SDBS and CNT, respectively. The experiment was conducted at room temperature and 93% RH.
Overall, the short-circuit current increases with the rise in temperature, which can be attributed to the enhanced ion
mobility and the accelerated kinetics of moisture adsorption. It is worth noting that a relatively high current output
was also observed at 10 °C, which might be due to the improved moisture retention of the hygroscopic components,
compensating for the reduction in ion mobility. These results indicate that the device can operate over a wide
temperature range, although research on the temperature dependence of the system will be conducted in future work.
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Figure S12. The short-circuit current signal changes before and after being covered at the impregnated SDBS of
the device.
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Figure S13. SEM image at the EDS scanning point.
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Figure S14. Short-circuit current output of HAMEG at different respiratory rates. At different breathing rates, the
short-circuit current signal output by HAMEG varies, among which rapid breathing generates a higher and faster
current response.
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