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Figure S1. Photos of (A) the double chamber MFCs with different tube cross-sectional areas (LT-MFC =
4.5 cm? on the left; ST-MFC = 1.2 cm? on the right) and (B) the electrode dimensions used in polarization
tests.
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Figure S2: Schematic representation of the parameters used for the EPS analysis. Ecatmo and Eanmo are
the cathodic and anodic potential measured at open circuit condition.The red dashed lines represent the
linearization that would be obtained from polarization tests, and the intercept of this line with the
electrode potential axis has been used to calculate the cathodic (Ecate0) and anodic (Eane0) €xperimental
potential at zero current. The thick solid lines show the linearized portion of the polarization data that
are used to calculate the anode (Ras) and cathode (Rcqt) resistances.
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Figure S3. EIS spectra on 4.5 cm? tube MFC (LT) and 1.2 cm? tube MFC (ST) varying the (A, B) anode and
(C, D) cathode projected area from 9.6 cm? to 0.8 cm?.



MFC equivalent circuit. Three depressed semicircles were obtained in the Nyquist plot of the whole
cell MFC for the large tube (LT- 4.5 cm?2) and small tube (ST- 1.2 cm?) MFCs, each of them representing a
distinct process (Figure S4). The first process (Qao/Rq) was likely due to the inner porosity of the carbon
materials over the electroactive region.[1,2] Previous studies have also identified this process and the
correspondent capacitance with the electrochemically active biofilm.[3,4] The second process (Qan/Ran)
was the anodic electron transfer while the third process was identified with the cathodic reaction
(Qcat/Rear) (Figure S4A). The spectra of the MFCs with the smaller cathode (0.8 cm?) was modified to
include a diffusion element in it, due to the mass-transfer limitations of oxygen (Figure S4B). A constant
phase element (CPE, correspondent to Q in the circuit) was used for fitting the spectra instead of a pure
capacitance. This is due to the fact that in our system the large porosity of the carbonaceous electrodes
resulted in an uneven distribution of the potential and a consequent dispersion of the time
constants.[4—6] This phenomenon is very common for highly porous materials, and has been extensively

explained in the literature.[6-8]
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Figure S4. Equivalent circuit used to fit the impedance diagrams of the MFCs.




Table S1. Inductance, pseudocapacitance and resistance derived from fitting the EIS spectra to the
equivalent circuit for the MFCs with tube area of 4.5 cm? (LT) and variable anode and cathode areas.

LT - 4.5 cm? tube

Variable Cathode Area Variable Anode Area
9.6 cm? 7.1 cm? 4.9 cm? 3.1cm? 1.8 cm? 0.8 cm? 7.1cm? 4.9 cm? 3.1cm? 1.8 cm? 0.8 cm?
2.5x107 | 9.5x107  8.9x107  7.2x10%  1.5x104 0.0 1.3x10¢  1.4x10%  7.8x107  1.7x10?7  1.3x101%5
Ra 258 273 270 268 268 276 257 267 265 263 262
Qpor | 8.0x103% | 3.5x10%  1.2x10°  7.8x10*  5.3x10*  7.5x10° | 1.7x10%?  6.5x10°  3.2x10° 2.3x10°3 2.0x10°3
a 0.31 0.47 0.56 0.65 0.65 1.00 0.32 0.44 0.44 0.49 0.51
Rpor 8.55 8.37 11.00 10.52 15.16 1.62 6.35 6.13 9.51 13.88 20.04
Qan 3.7x102 3.9x102  4.0x102  5.9x10% 5.3x1072 1.0x10* 3.5x102  2.3x107 1.4x102 1.0x102 5.7x107
a 0.94 0.92 1.00 1.00 1.00 0.86 0.89 0.83 0.81 0.85 0.91
Ran 12.2 15.6 12.4 9.0 15.6 20.4 18.6 23.3 30.9 32.2 54.8
Qcot | 5.5x101 3.9x101  2.1x107? 1.1x10? 1.3x10? 1.6x102 59x101  7.6x101  9.8x10% 8.1x101 1.0x10?
o 0.86 0.85 0.78 0.71 0.81 0.80 0.82 0.87 0.95 0.91 1.00
Rcat 87.3 73.5 98.2 101.8 150.0 153.0 90.2 84.2 76.0 92.6 62.8
R4 282.3
ty 9.7
Table S2. Inductance, pseudocapacitance and resistance derived from fitting the EIS spectra to the
equivalent circuit for the MFCs with tube area of 1.2 cm? (ST) and variable anode and cathode areas.
ST-1.2 cm? tube
Variable Cathode Area Variable Anode Area
9.6 cm? 7.1cm? 4.9 cm? 3.1cm? 1.8 cm? 0.8 cm? 7.1 cm? 4.9 cm? 3.1cm? 1.8cm? 0.8 cm?
-2.0x10° | -1.8x10%  -3.7x10°  -1.9x10°  -2.1x10°  -2.0x105 | -2.2x10°  -3.8x10° -1.8x10°  -3.5x10°5 -4.5x10°
Ra 860 847 862 865 875 867 876 895 879 884 873
Qpor | 1.9x10° | 47x10*  53x10*  1.6x10°  6.5x10%  2.5x10° | 2.7x10?  2.1x10?  1.2x10° 6.1x10° 7.3x10°3
a 0.43 0.47 0.51 0.45 0.57 0.92 0.32 0.17 0.25 0.68 0.30
Rpor 9.23 14.84 19.85 20.42 20.11 1.51 4.44 31.50 27.33 9.36 33.94
Qan 3.2x102 | 3.9x102  5.1x102  5.6x102  5.1x1072 1.3x10% 3.2x102  2.7x102  1.6x102 7.8x103 4.8x1073
a 0.80 0.70 0.39 0.99 1.00 0.79 0.80 0.98 0.83 0.77 0.89
Ran 24.4 35.4 44.4 12.1 13.8 27.4 26.9 22.6 34.9 46.1 55.3
Qcot | 84x101 | 8.4x101  3.6x10?  1.0x10?  8.1x10% 2.9x1072 1.1 13 9.6x10% 1.0 7.7x10%
a 1.00 1.00 0.90 0.73 0.80 0.75 1.00 1.00 1.00 1.00 1.00
Rcat 86.7 79.5 118.9 141.9 118.6 140.2 129.1 143.8 133.3 119.5 117.2
Ry 202.9
ty 23.5




The solution resistance (Rqp) was not affected by the relative area of the electrode in both LT-MFC
and ST-MFC. By decreasing the anode area the respective resistance increases while the cathode
resistance was fairly stable. For example, in LT-MFC, when the anode area was reduced from 9.6 cm? to
0.8 cm?, the anode resistance increased by 4x, from 12.2 Q, to 54.8 Q while the cathode resistance
changed less than 28% (from 87.3 Q to 62.8 Q). The resistance associated with the cathodic reaction
increased by diminishing the cathode area, for example Rt increased from 87.3 Q to 153 Q by reducing

the cathode area from 9.6 cm? to 0.8 cm?.
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Figure S5. Polarization curves of the LT-MFC with variable (A,B) anode and (C,D) cathode electrode areas
(A, C) not including the solution resistance or (B, D) including solution resistance. The thick solid lines
show the linearized portion of the slopes that are used to calculate the internal resistance (Rin:) and the
internal and solution resistance (Rin: + Ra).



Cell potential (mV)

Cell potential (mV)

1000 1000
E A —o—ST- Anode 9.6 E 5 ——ST- Anode 9.6
900 —&A—ST- Anode 7.1 900 —&—ST- Anode 7.1
Cm —0—ST- Anode 4.9 Lt —0@—ST- Anode 4.9
800 | A B ST Ahoge 3.l 800 —@—ST- Anode 3.1
E : ’ —_ FoN ——ST- Anode 1.8
700 F Nﬁ ST{')A”;dé_Q-S = 700 £ * ST Anode 0.8
600 [ e 97 = 600 F
: D 3 2
500 f = S 500 f
400 f 2 400
300 f 8 300 f
200 200 F
100 f 100 [ R,
O E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 E 1 1 1 1 1 1 1 1 1 1 1 1 1 l_ll_l_‘_':'! f |O| \ 1
900
900 C LI:, D —&— ST- Cathode 9.6
800 | 800 —A—ST- Cathode 7.1
k> o —Q@— ST- Cathode 4.9
700 PR 700 £ —@—ST- Cathode 3.1
- 7 — Eoy —o—ST- Cathode 1.8
600 f 2 2600 [ v ST- Cathode 0.8
500 F S 500 f
- v S -
400 — *g_ 400 -
- 3 300 F
300 C —o—ST- Cathode 9.6 o E
200 E —A—ST- Cathode 7.1 200 [
- —0—ST- Cathode 4.9
C =@ ST- Cathode 3.1 E @AY
100 ——ST- Cathode 1.8 100 ¢ FO&,_CF .
0 F v—ST- Cathode 0.8 o b |'.'. R s 8
0.0 0.2 0.4 0.6 0.8 0.0 0.2 04 0.6 0.8

Figure S6. Polarization curves of the ST-MFC with variable (A,B) anode and (C,D) cathode electrode areas
(A, C) not including the solution resistance or (B, D) including solution resistance. The thick solid lines
show the linearized portion of the slopes that are used to calculate the internal resistance (Rin:) and the
internal and solution resistance (Rin: + Ra).
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Figure S7. (A) Power and (B) electrode potentials not including solution resistance (Rq) of MFCs with 4.5
cm? tube area (LT) and anode projected area of 0.8 cm? before and after additional acclimation at low
external resistance. The thick solid lines show the linearized portion of the slopes that are used to
calculate the anode (Ras) and cathode (Rcar) resistances.
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Figure S8. Electrode potentials not including solution resistance (Rn) of MFCs with 4.5 cm? tube (LT) and
1.2 cm? tube (ST) and variable (A, B) anode projected areas (from 9.6 cm? to 0.8 cm?) and (C, D) cathode
projected areas (from 9.6 cm? to 0.8 cm?). Anode and cathode potentials including ohmic losses are

reported in the Supporting information. The thick solid lines show the linearized portion of the slopes
that are used to calculate the anode (Ras) and cathode (Rc.t) resistances.
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Figure S9. Electrode potentials measured in (A, B) large tube MFC (LT- 4.5 cm?) and (C, D) small tube
MFCs (ST- 1.2 cm?) using only the reference electrode in the (A, C) cathode chamber and (B, D) anode
chamber, including solution resistance (Rq) with variable anode projected area, from 9.6 cm? to 0.8 cm?.
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Figure S10. Electrode potentials measured in (A, B) large tube (LT- 4.5 cm?) and (C, D) small tube MFCs
(ST- 1.2 cm?) using only the reference electrode in the (A, C) cathode chamber (REc::) and (B, D) anode
chamber (REas), thus including solution resistance (Rq) with variable anode projected area, from 9.6 cm?
to 0.8 cm?.
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EPS analysis and current. The solution resistance of the ST-MFC was 3x that of the LT-MFC (860 Q,
SM-MFC; 258 Q, LT-MFC), increasing the internal resistance of the cell with the small membrane and
reducing the current output at the same external resistance. This shifted the electrode potentials closer
to their open circuit potentials (Figure S11), likely increasing the contribution of the activation losses in
the cathode resistance. For example, Rey: in LT-MFC, measured from 0.54 + 0.00 mA to 1.66 + 0.05 mA,
was 61 £5 Q. In the ST-MFC, due to a different current range of currents where Ppx occured (from 0.13
1+ 0.00 mA to 0.49 + 0.02 mA), Rcet increased to 181 + 22 Q, even though the cathode potential showed a
very similar behavior in the ST-MFC and in the LT-MFC (Figure S11).

The anode resistance was not affected by the current range selected to calculate it. For example, Ran
was 26 + 1 Q in the LT-MFC and 26.5 + 0.8 in the ST-MFC, independently of the current range, thus, the

impact of activation losses on the anodic reaction is limited.
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Figure S11. Electrode potentials measured in large tube (LT- 4.5 cm?) and small tube MFCs (ST- 1.2 cm?)
with electrode areas of 9.6 cm?.
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Impact of moving the electrodes on the MFC performance. Increasing or reducing the electrode

spacing by moving the electrodes in the bottles did not impact the MFC performance (Figure S12).

Reducing the electrode spacing from 14 cm to 7.5 cm (length of the tube) decreased the internal

resistance of only 9 Q in the LT-MFC and 6 Q in the ST-MFC. Increasing the distance between the

electrodes by 43% from 14 cm to 20 cm by moving the electrodes on the opposite side of the bottle

increased the internal resistance of 20 Q in the LT-MFC and 5 Q in the ST-MFC, impacting the solution

resistance by less than 8% in LT-MFC and 0.7% in the ST-MFC.
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Figure $12. (A) Cell potential measured in the large (LT) and small (ST) MFCs with an electrode spacing of
14 cm, 7.5 cm and 20 cm. (B-E) Photos of the LT- MFCs with an electrode spacing of 14 cm, 7.5 cm and
20 cm.
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Power as a function of electrode resistance and experimental potential. The MFC can be modeled as
an electrochemical system comprising a voltage generator in series with the internal resistance (Rint).
The potential is represented by the difference between the operative cathode and anode potentials
(Ecateo; Eane0) While the internal resistance is the sum of the solution (Rq), anode (Ran), cathode (Rcat) and
membrane (Rmem) resistances.[9,10] Each of these parameters can be obtained through the EPS analysis
and by modelling this system with variable external resistances is possible to reproduce the power
production by MFCs (Figure S12). The analysis of the specific resistances and electrode potentials and
their impact on the total performance will allow evaluating specific improvement independently by the

overall MFC configuration.
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Figure S14. Comparison of the power produced in LT-MFC (4.5 cm?) and the power curve modeled
(Pmodel) Using EPS analysis from the electrode specific resistances and potentials with (A) variable anode
and (B) variable cathode areas.
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Figure S15. Maximum power (P) and maximum power density (PD) produced by the ST-MFCs by varying
the (A) anode or (B) cathode projected area normalized by the smaller electrode area or by the area-
normalized resistance.
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