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Figure S1. Flow diagram of the performance evaluation of RED stack.



Table S1. Sodium chloride activity coefficient at the molar concentrations [1].

Cnact MM] y
3.7 0.936
13.5 0.891
20.3 0.871
31.1 0.846
516 0.679
1180 0.655



Figure S2. V- and P-I curves using model SW (50 mS ¢cm ™! NaCl) as HS and model RW
as LS with (A) CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-S8T, and (D) FKS-20/FAS-20.
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Figure S3. (A) ¢m measured in 50 mS cm ™' and 1.50 mS ¢cm ™! NaCl solutions combination.
(B) Total ¢m with 40 pairs of CEM/AEM. The dashed line shows the theoretical value
calculated from Eq. (3). The symbols show Voc values of the RED stack using model SW

at ks = 1.50 mS cm ™.
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Figure S4. xs dependence of Rintcal using model SW (50 mS cm™!' NaCl) as HS and
model RW as LS with (A) CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-8T, and (D) FKS-

20/FAS-20. Rel (gray) are the experimental values obtained from the V-I curves shown in

Figure S11. Rus and Ris are calculated from Egs. (9) and (10) using the conductivities of

HS and LS, Rcem and Raem are calculated from Egs. (11) and (12) using values of the

area resistance in Table 1. The symbols show experimental values.
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Figure S5. V-1 and P-I curves using model RO brine (90 mS cm™! NaCl) as HS and model
RW as LS with (A) CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-S8T, and (D) FKS-20/FAS-
20.
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Figure S6. (A) ¢m measured in 90 mS cm ™' and 1.50 mS ¢cm ™! NaCl solutions combination.
(B) Total ¢m with 40 pairs of CEM/AEM. The dashed line shows the theoretical values
calculated from Eq. (3). The symbols show Voc values of the RED stack using model RO

brine at xrs = 1.50 mS cm ™.
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Figure S7. xLs dependence of Rint,cal using Model RO brine (90 mS cm ™! NaCl) as HS and
model RW as LS with (A) CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-8T, and (D) FKS-
20/FAS-20. Rel (gray) are the experimental values obtained from the V- curves shown in
Figure S12. Rus and Rvs are calculated from Egs. (9) and (10) using the conductivities of
HS and LS, Rcem and Raem are calculated from Egs. (11) and (12) using values of the

area resistance in Table 1. The symbols show experimental values.
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Figure S8. V-1 and P-I curves using natural SW as HS and surface water as LS with (A)
CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-8T, (D) FKS-20/FAS-20, and (E) C-2/A-2.
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Figure S9. xLs dependence of Rintcal using natural SW as HS and surface water as LS with
(A) CSE/ASE, (B) CMX/AMX (C) CIMS/ACS-8T, (D) FKS-20/FAS-20, and (E) C-2/A-
2. Rel (gray) are the experimental values obtained from the V- curves shown in Figure
S13. Rus and Ruis are calculated from Egs. (9) and (10) using the conductivities of HS and
LS, Rcem and Raem are calculated from Egs. (11) and (12) using values of the area

resistance in Table 1. The symbols show the experimental values.
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‘Measurement of Rel

Before and after a series of power generation test of the RED stack with each
CEM/AEM (V-1 curve measurements at the all conductivities of LS), 3.0 M NaCl solution
was supplied to the stack without IEMs (Figure S10). DC power supply was operated in
constant voltage mode with the voltage value of 6.0 V, which is close to the RED stack
Voc in this study.  was varied from 0 A with the changing rate of 0.2 A min™! to measure
V-I curve. The average of the absolute values of slope of the two V-I curves before and

after the series of power generation test was taken as Rel. Rel ranged from 0.85to 1.3 Q in

all experiments (Figure S11, S12, and S13).

Circulation Hold plate

AgCl

—| DC power supply

External load

A4

Data logger

— Electrode solution (3.0 M NaCl)

Figure S10. Set up of electrode resistance measurement.
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Figure S11. V-I curves of the stack without IEMs before and after a series of power
generation test using model SW and model RW with (A) CSE/ASE, (B) CMX/AMX (C)
CIMS/ACS-8T, and (D) FKS-20/FAS-20.
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Figure S12. V-I curves of the stack without IEMs before and after a series of power
generation test using model RO brine and model RW with (A) CSE/ASE, (B) CMX/AMX
(C) CIMS/ACS-8T, and (D) FKS-20/FAS-20.
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Figure S13. V-I curves of the stack without IEMs before and after a series of power
generation test using natural SW and surface water with (A) CSE/ASE, (B) CMX/AMX
(C) CIMS/ACS-8T, (D) FKS-20/FAS-20, and (E) C-2/A-2.
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*Calculation of Bsol and Pmem [2]

Spacer net geometry used in this calculation is shown in Figure S14. Using the

values of spacer net geometry in Figure S14, the calculation of fsol was performed as

follows.
ﬁarea"’ﬁvo
,Bsol = > 1 (S1)
with
a; =WLsinf (S3)
r_ af
A= (54)
1
IBarea = 1A (SS)
2 2
ve = Tt(DWVZ+DLL) (S6)
Ve = aytsp (S7)
v = v/v; (S8)
1
Byol = 11— (S9)

where ar is the filaments area per unit cell, a: is the unit cell area, 4’ is the fiber area
fraction, farea is the area shadow effect, vris the filament volume of each unit cell, vt is the
unit cell volume, v’ is the fiber volume fraction, and fvol is the volume shadow effect.

The calculation of fmem Was performed as follows.

ﬁmem =14+ 23area’Dave (SlO)

aj
with

_ Dw+Dy,
DaVe - 2

(S11)

where Dave is the average of horizontal and vertical filament diameters and ai is the
dimensional coefficient related to the membrane thickness. The value of ai was set to 6.18
as described in Mehdizadeh’s paper.
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Spacer thickness (zsp) = 0.199 mm
L=0411 mm

W =0.409 mm

6 =90 degree

Dr=0.138 mm

Dw =0.138 mm

Figure S14. Spacer net geometry in this study.
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