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Supplementary Figure 1. Schematic of a PEMFC.
Supplementary Figure 2. Dataset development including 7621 reconstructed samples. (a-c) samples with different porosities, (d-f) samples with different orientations, (g-i) samples with different radii.
Supplementary Figure 3. Statistics of porous geometry properties in the dataset. (a) Input distribution, (b) output distribution.
Supplementary Figure 4. Machine learning results. (a) Training results, (b) prediction results.
Supplementary Figure 5. Computational domain 3-dimensional fuel cell model incorporating pore-scale results.
Supplementary Figure 6. SEM images of MPL derived with 8 wt% PAN solution.
Supplementary Figure 7. SEM images of GDL derived with PAN solutions of (a) 11 wt% , (b) 13 wt%, and (c) 15 wt%.
Supplementary Figure 8. Contact angle on MPL and GDL without hydrophobicity treatment.
Supplementary Figure 9. Morphologies of aGDL_d3 fibers before and after hydrophobicity treatment.
Supplementary Figure 10. EDS mapping of the electrospun GDL without hydrophobicity treatment.
Supplementary Figure 11. CT scanned 3D structure of aGDL and cGDL and the equivalent diameter distribution counted from pore network simulation.
Supplementary Figure 12. Digital photos of stacking aligned fibers in different orientation to form rGDL_d3, including (a-f) six layers of GDL and (g) one layer of MPL.
Supplementary Figure 13. SEM images of the six layers of aligned fibers in different orientations.
Supplementary Figure 14. (a) Polarization curves of PEMFC with GDLs of different fiber diameter at gas flow rate of 2/2 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. Polarization curves for PEMFC with (b) aGDL_d2 and (c) aGDL_d3 at flow rate of 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1 and different back pressure
Supplementary Figure 15. SEM images of (a) cross-sectional and (b) top view of commercial GDL. (c-d) EDS mapping of GDL, (e-f) SEM image of MPL of low and high magnifications.
Supplementary Figure 16. Polarization curves of PEMFCs with aGDL_d3 and aGDL_wo at gas flow rates of (a) 2/2  and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1
Supplementary Figure 17. PEMFC performance comparison between aGDL_parallel and aGDL_d3 at gas flow rates of (a) 2/2 and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. (c) polarization curves of PEMFC with aGDL_parallel under different back pressure at 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1.
Supplementary Figure 18. Illustration of the contact between the fibers of GDL and graphite plate for the parallel and vertical configurations.
Supplementary Figure 19. Schematic illustration of the water accumulation in PEMFC with aGDL placing in parallel to the flow field.
Supplementary Figure 20. PEMFC performance comparison between rGDL and aGDL_d3 at gas flow rates of (a) 2/2 and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. (c) polarization curves of PEMFC with rGDL under different back pressures at 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1.
Supplementary Figure 21. Summary of the peak power density of PEMFC with aGDL and cGDL at a, different gas flow rate, b, operating temperature, c, relative humidity, and d, back pressure.
Supplementary Figure 22.  a, PEMFC performance during AST test including initial and after 1000, 3000, and 5000 AST tests. b, PEMFC performance recovery after replacing CCM after AST tests.
Supplementary Figure 23.  Equivalent circuit model of EIS fitting. R1 is the resistor for ohmic resistance of PEMFC. R2 is a resistor for anode charge transfer resistance; R2 is a resistor for cathode charge transfer resistance; R4 is a resistor for cathode mass transport resistance; C1-C3 are the constant phase element (CPE).
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Supplementary Figure 1. Schematic of a PEMFC.
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Supplementary Figure 2. Dataset development including 7621 reconstructed samples. (a-c) samples with different porosities, (d-f) samples with different orientations, (g-i) samples with different radii
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Supplementary Figure 3. Statistics of porous geometry properties in the dataset. (a) Input distribution, (b) output distribution.
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Supplementary Figure 4. Machine learning results. (a) Validation loss and RMSE in the training process, (b) prediction results. 
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Supplementary Figure 5. Computational domain 3-dimensional fuel cell model incorporating pore-scale results.
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[bookmark: _Hlk173009336]Supplementary Figure 6. SEM images of MPL derived with 8 wt% PAN solution.
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Supplementary Figure 7. SEM images of GDL derived with PAN solutions of (a) 11 wt% , (b) 13 wt%, and (c) 15 wt%.
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Supplementary Figure 8. Contact angle on MPL and GDL without hydrophobicity treatment.
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Supplementary Figure 9. Morphologies of aGDL_d3 fibers before and after hydrophobicity treatment.
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Supplementary Figure 10. EDS mapping of the electrospun GDL without hydrophobicity treatment.
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Supplementary Figure 11. CT scanned 3D structure of aGDL and cGDL and the equivalent diameter distribution counted from pore network simulation.
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Supplementary Figure 12. Digital photos of stacking aligned fibers in different orientation to form rGDL_d3, including (a-f) six layers of GDL and (g) one layer of MPL.
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Supplementary Figure 13. SEM images of the six layers of aligned fibers in different orientations.
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[bookmark: _Hlk173010042]Supplementary Figure 14. (a) Polarization curves of PEMFC with GDLs of different fiber diameter at gas flow rate of 2/2 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. Polarization curves for PEMFC with (b) aGDL_d2 and (c) aGDL_d3 at flow rate of 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1 and different back pressure.
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[bookmark: _Hlk173010121]Supplementary Figure 15. SEM images of (a) cross-sectional and (b) top view of commercial GDL. (c-d) EDS mapping of GDL, (e-f) SEM image of MPL of low and high magnifications.
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Supplementary Figure 16. Polarization curves of PEMFCs with aGDL_d3 and aGDL_wo at gas flow rates of (a) 2/2 and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1.
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Supplementary Figure 17. PEMFC performance comparison between aGDL_parallel and aGDL_d3 at gas flow rates of (a) 2/2  and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. (c) polarization curves of PEMFC with aGDL_parallel under different back pressure at 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1.
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Supplementary Figure 18. Illustration of the contact between the fibers of GDL and graphite plate for the parallel and vertical configurations.


















[image: ]
Supplementary Figure 19. Schematic illustration of the water accumulation in PEMFC with aGDL placing in parallel to the flow field.
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Supplementary Figure 20. PEMFC performance comparison between rGDL and aGDL_d3 at gas flow rates of (a) 2/2 and (b) 1/1 stoichiometric number, and a minimum rate of 0.2/0.2 NL min-1. (c) polarization curves of PEMFC with rGDL under different back pressures at 3/3 stoichiometric number, and a minimum rate of 0.5/0.5 NL min-1.
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Supplementary Figure 21. Summary of the peak power density of PEMFC with aGDL and cGDL at a, different gas flow rate, b, operating temperature, c, relative humidity, and d, back pressure.
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[bookmark: _Hlk173012610]Supplementary Figure 22.  a, PEMFC performance during AST test including initial and after 1000, 3000, and 5000 AST tests. b, PEMFC performance recovery after replacing CCM after AST tests.
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Supplementary Figure 23.  Equivalent circuit model of EIS fitting. R1 is the resistor for ohmic resistance of PEMFC. R2 is a resistor for anode charge transfer resistance; R2 is a resistor for cathode charge transfer resistance; R4 is a resistor for cathode mass transport resistance; C1-C3 are the constant phase element (CPE).
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