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Supplementary materials 

 

Figure S1. Flow diagram of the performance evaluation of RED stack. 
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Table S1. Sodium chloride activity coefficient at the molar concentrations [1]. 

 
  

γNaCl 

0.936 
0.891 
0.871 
0.846 
0.679 
0.655 

3.7 
13.5 
20.3 
31.1 
516 
1180 

cNaCl [mM] 
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Figure S2. V-I and P-I curves using model SW (50 mS cm−1 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. 
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Figure S3. (A) ϕm measured in 50 mS cm−1 and 1.50 mS cm−1 NaCl solutions combination. 
(B) Total ϕm 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 κLS = 1.50 mS cm−1. 
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Figure S4. κLS dependence of Rint,cal using model SW (50 mS cm−1 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. RHS and RLS are calculated from Eqs. (9) and (10) using the conductivities of 
HS and LS, RCEM and RAEM are calculated from Eqs. (11) and (12) using values of the 
area resistance in Table 1. The symbols show experimental values. 
  

CSE/ASE CMX/AMX

CIMS/ACS-8T FKS-20/FAS-20

A B

C D

RCEM + RAEM

RHS

RLS

Rel

0

10

20

30

40

0.45 1.50 2.24 3.40

R i
nt

[Ω
]

κLS [mS cm−1]

0

10

20

30

40

0.45 1.50 2.24 3.40
R i

nt
[Ω

]

κLS [mS cm−1]

0

10

20

30

40

0.45 1.50 2.24 3.40

R i
nt

[Ω
]

κLS [mS cm−1]

0

10

20

30

40

0.45 1.50 2.24 3.40

R i
nt

[Ω
]

κLS [mS cm−1]



6 
 

 

Figure S5. V-I and P-I curves using model RO brine (90 mS cm−1 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. 
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Figure S6. (A) ϕm measured in 90 mS cm−1 and 1.50 mS cm−1 NaCl solutions combination. 
(B) Total ϕm 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 κLS = 1.50 mS cm−1. 
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Figure S7. κLS dependence of Rint,cal using Model RO brine (90 mS cm−1 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 S12. RHS and RLS are calculated from Eqs. (9) and (10) using the conductivities of 
HS and LS, RCEM and RAEM are calculated from Eqs. (11) and (12) using values of the 
area resistance in Table 1. The symbols show experimental values. 
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Figure S8. V-I 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. κLS dependence of Rint,cal 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-I curves shown in Figure 

S13. RHS and RLS are calculated from Eqs. (9) and (10) using the conductivities of HS and 

LS, RCEM and RAEM are calculated from Eqs. (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-I 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. I was varied from 0 A with the changing rate of 0.2 A min−1 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 0.85 to 1.3 Ω in 

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

 

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 βsol and βmem [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 βsol was performed as 
follows. 𝛽ୱ୭୪ = ఉ౗౨౛౗ାఉ౬౥ౢଶ        (S1) 

with 
 𝑎୤ = 𝐷୛𝑊 +𝐷୐(𝐿 − 𝐷୛)     (S2) 𝑎୲ = 𝑊𝐿 sin 𝜃       (S3) 𝐴′ = ௔౜௔౪        (S4) 

𝛽ୟ୰ୣୟ = ଵଵି஺ᇲ       (S5) 

𝑣୤ = గ൫஽౓మ ௐା஽మై௅൯ସ        (S6) 𝑣୲ = 𝑎୲𝑡ୱ୮       (S7) 𝑣′ = 𝑣୤/𝑣୲       (S8) 𝛽୴୭୪ = ଵଵି௩ᇲ       (S9) 

where af is the filaments area per unit cell, at is the unit cell area, A’ is the fiber area 
fraction, βarea is the area shadow effect, vf is the filament volume of each unit cell, vt is the 
unit cell volume, v’ is the fiber volume fraction, and βvol is the volume shadow effect. 

The calculation of βmem was performed as follows. 𝛽୫ୣ୫ = 1 + ଶఉ౗౨౛౗஽౗౬౛ఈ೔       (S10) 

with 𝐷ୟ୴ୣ = ஽౓ା஽ైଶ        (S11) 

where Dave is the average of horizontal and vertical filament diameters and αi is the 
dimensional coefficient related to the membrane thickness. The value of αi was set to 6.18 
as described in Mehdizadeh’s paper. 
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Figure S14. Spacer net geometry in this study. 
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Spacer thickness (tsp) = 0.199 mm  
L = 0.411 mm 
W = 0.409 mm 
θ = 90 degree 
DL = 0.138 mm 
DW = 0.138 mm 


