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Integrated Saltwater Desalination and Energy Storage 
through a pH Neutral Aqueous Organic Redox Flow Battery

Camden Debruler, Wenda Wu, Kevin Cox, Brice Vanness, and T. Leo Liu*

Here, a pH neutral aqueous organic redox flow battery (AORFB) consisting of 
three electrolytes channels (i.e., an anolyte channel, a catholyte channel, and 
a central salt water channel) to achieve integrated energy storage and desali-
nation is reported. Employing a low cost, chemically stable methyl viologen 
(MV) anolyte, and sodium ferrocyanide catholyte, this desalination AORFB is 
capable of desalinating simulated seawater (0.56 m NaCl) down to 0.023 m 
salt concentration at an energy cost of 2.4 W h L−1 of fresh water—competitive 
with current reverse osmosis technologies. Simultaneously, the cell delivers 
stored energy at 79.7% efficiency with a cell voltage of 0.85 V. Furthermore, the 
cell is also capable of higher current operation up to 15 mA cm−2, providing 
4.55 mL of fresh water per hour. Combining energy storage and water desali-
nation into such a bifunctional device offers the opportunity to address two 
growing global issues from one hardware installation.

DOI: 10.1002/adfm.202000385

C. Debruler, W. Wu, K. Cox, Prof. T. L. Liu
The Department of Chemistry and Biochemistry
Utah State University
Logan, UT 84322, USA
E-mail: leo.liu@usu.edu
B. Vanness
The Department of Chemistry and Biochemistry
California State University
Chico, CA 95926, USA

The ORCID identification number(s) for the author(s) of this article 
can be found under https://doi.org/10.1002/adfm.202000385.

thermal distillation are very energy inten-
sive and are expensive for wide-spread 
desalination water production.[5] Electro-
chemical technologies including electrodi-
alysis, capacitive deionization, and faradaic 
deionization offer alternative means for 
saltwater desalination.[6] However, due to 
the use of solid state electrodes in these 
systems, desalination capacities of capaci-
tive devices are low and most suitable for 
the desalination of brackish water while 
faradaic deionization employing solid state 
electrodes suffer from slow desalination 
due to sluggish ion diffusions.[6] Thus, 
designing a more energy efficient and cost-
effective system is critical to improve sea-
water desalination’s ability and meet the 
growing freshwater need.

Coupled with increasing freshwater demand, the worldwide 
energy demand is also growing rapidly (Figure 1, red curve).[7,8] 
By a large margin, worldwide energy production relies on non-
renewable coal and fossil fuel sources.[9] Shifting the energy 
production paradigm toward renewable sources like solar and 
wind requires advanced energy storage technology to over-
come fluctuating demand and intermittent production.[10] 
Redox flow batteries (RFBs, Figure 2A) offer promising advan-
tages over traditional electrochemical energy storage methods 
like lithium ion including scalability, price, and safety.[11–14] 
RFBs employ two redox couples in liquid form as charge 
storage materials for energy conversion between electrical 
energy and chemical energy. The cathode and anode liquid 
electrolytes, called catholyte and anolyte respectively, are stored 
in two separate reservoirs and pumped through the electrode 
surface of an independent electrochemical cell where electro-
chemical reactions take place for energy conversion (Figure 2). 
RFBs represent one of the most promising battery technolo-
gies currently implemented for commercial, grid-scale energy 
storage.[15]

By modifying the traditional two channel RFB design 
(Figure  2A), it is possible to harness the internal charge bal-
ancing salt flow to selectively desalinate sea water while simul-
taneously storing energy electrochemically. This single device 
is poised to address both problems of water scarcity and renew-
able energy storage. A three channel RFB design for coupled 
energy storage and desalination is shown in Figure 2B. Because 
of this unique cell architecture, desalination RFBs have several 
advantages for faradaic desalination and beyond, 1) desalination 
capacity can be independently increased by increasing the con-
centrations of active material and the size of reservoirs; 2) they 
can be operated at relatively high currents benefited from fast 

1. Introduction

Freshwater scarcity is one of the global grand challenges faced 
by the development of modern society (Figure 1, blue curve).[1–3] 
By the year 2025, 3.5 billion people will live in regions (espe-
cially in most populated countries) with water scarcity.[1] The 
most promising approach to address this challenge is to harness 
the vast water supply in the world’s oceans (covering 97% of the 
total water of the planet) without impairing natural freshwater 
ecosystems (only 0.5% of the earth’s total water).[4] Unfortu-
nately, this water must first be pretreated to remove dissolved 
salts before it is usable for human consumption or agricul-
ture. To date, reverse osmosis (RO) represents the state of the 
art water desalination technique with commercial installations 
worldwide, but the high costs (>$0.53 m−3) and high energy 
demand (≈3–6 W h electricity L−1 water production) to generate 
fresh water from sea water are the limiting factors for large 
scale implementation.[1,4] Other desalination methods including 
multistage flash distillation, multiple-effect distillation and solar 
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electrochemical reaction kinetics, and the solution phase active 
materials overcome sluggish intercalation processes found in 
solid state electrodes; 3) they can be easily refreshed by replacing 
electrolyte solutions without opening the battery framework; 4) 
they enable the combination of charge mismatched redox cou-
ples to construct more versatile flow battery designs, which oth-
erwise cannot be used in traditional RFBs where both catholyte 
and anolyte need to possess the same charge; and 5) they still 
retain the scalable energy storage function.

To date there have been very few examples of reported 
desalination RFBs, and only at the concept stage.[16–18] 
These first attempts show promising ability as desalinators, 
with energy efficiency of <15 KJ mol−1 of salt removed.[16–18] 
However, simple metal salts (ZnCl2, VCl2, and NaI) used 
as charge storage materials in these reported desalina-
tion RFBs are subject to the issue of membrane crossover 
which causes irreversible capacity loss, thus reducing the 
cycling life of these desalination RFBs. In addition, high 
cell resistance of these systems limits the current density 
available to <2 mA cm−2. This current density is too low for 
practical energy storage and desalination. Moreover, the Zn 
system using the solid Zn2+/0 redox chemistry loses the flex-
ibility of standard all-flow RFBs including tunable storage, 

desalination capacity, and easy maintenance. Vanadium and 
iodide elements are not abundant enough for wide-spread 
applications. Based on these limitations, there is a signifi-
cant opportunity to employ molecular engineering and cell 
design to improve performance both in terms of integrated 
energy storage and desalination capability.

Recently sustainable, structurally tunable redox active 
organic and organometallic molecules have been increas-
ingly populated as charge storage electrolyte materials in both 
aqueous[19–40] and nonaqueous redox flow batteries.[41–51] We 
and others have made contributions to the development of pH 
neutral aqueous organic redox flow batteries (AORFBs) for safe 
and low cost large-scale and residential energy storage using 
sustainable, noncorrosive, nonflammable aqueous redox-active 
organic electrolytes and low cost ion exchange membranes.[11–14] 
Specifically, pH neutral AORFBs employing water-soluble, 
structurally tunable viologen (anolyte), TEMPO (catholyte), fer-
rocene (catholyte), and ferrocyanide active materials have been 
extensively demonstrated.[19–26] We have envisaged pH neutral 
AORFBs with their stable cycling performance and noncor-
rosive nature are the most suitable system for coupled energy 
storage and desalination functions. As shown in Figure  2B, 
these pH neutral AORFBs with their tunable and robust 
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Figure 1. Plot showing the steady increase in world fresh water and energy consumptions by year. Data adapted from The Food and Agriculture Organi-
zation of the United Nations (2012), and The United States Energy Information Administration respectively (2017).

Figure 2. Graphic representation of A) traditional RFB design and the B) desalination RFB design with their cell components labeled. 1) Anolyte res-
ervoir; 2) Catholyte reservoir; 3) Carbon electrodes; 4) Ion exchange membrane (4a for anion exchange membrane (AEM) and 4b for cation exchange 
membrane (CEM)); 5) Pumps; 6) Three-way switch; 7) Reservoir for desalinated water; 8) Reservoir for concentrated brine.
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organic electrolyte active materials are readily adapted into 
desalination AORFBs.

2. Results and Discussion

2.1. Desalination Capacities and Energy Efficiencies 
of the MV/Na4[Fe(CN)6] Desalination AORFBs at Different 
Charge Capacities

The active materials for this cell consist of methyl viologen (MV) 
(−0.45 V vs NHE) anolyte and sodium ferrocyanide (+0.40 V vs 
NHE) catholyte as they are proven redox electrolyte materials 
in reported pH neutral AORFBs.[21,26,39,40] The working prin-
ciple for the viologen/ferrocyanide desalination RFB is illus-
trated in Figure 3. In a traditional RFB, the MV2+ cation and 
Fe(CN)6

4− anion are incompatible across a single ion exchange 
membrane due to their charge mismatch. However, the dual 
membrane setup in the desalination RFB allows for MV2+ and 
Fe(CN)6

4− sequestration via the anion exchange and cation 
exchange membranes respectively. During cell charge, MV2+ is 
reduced to MV+ and releases a Cl− ion into the central chamber. 
Simultaneously, Fe(CN)6

4− is oxidized to Fe(CN)6
3− and releases 

a Na+ ion into the central chamber. The central chamber gen-
erates concentrated brine during cell charge. At 100% state of 
charge (SOC), the brine solution is switched to a new batch 
of sea water. During cell discharge, the oxidation of MV and 
reduction of Fe(CN)6 remove NaCl from the central chamber, 
delivering both power and desalinated seawater simultaneously. 
A detailed description of the cell setup is provided in the sup-
porting information.

To examine the desalination performance of this system, the 
central chamber was filled with 10 mL of 0.56 m NaCl to simu-
late the typical salinity of seawater, which requires a theoretical 
total charge capacity of 150 mA h to achieve 100% desalination 
depth. The desalination chamber was flanked on the anode 
side by a Selemion AMV anion exchange membrane, and on 
the cathode side by a Nafion 115 cation exchange membrane. 

To investigate the coupled desalination and energy storage per-
formance, three cells were constructed using 15 mL MV anolyte 
and Na4FeCN6 catholyte at increasing concentration. The first 
cell employed 0.1 m active materials on both anode and cathode 
side, followed by 0.25 and 0.50 m. On the anode side, 2.0 m 
NaCl supporting electrolyte was used in all three cells. On the 
cathode side due to the already high conductivity of Na4FeCN6 
solutions, and the solubility limit of Na4FeCN6, the 0.1 m cell 
employed 2.0 m NaCl supporting electrolyte, the 0.25 m cell 
employed 1.0 m NaCl, and the 0.5 m cell did not use additional 
electrolyte. For all concentrations, pH was adjusted to 7 using 
HCl for anolyte and NaOH for catholyte before cycling. Each 
cell was galvanostatically cycled at 5.0 mA cm−2 between 0.0 V 
and 1.25  V. The representative charge/discharge curves at dif-
ferent concentrations are given in Figure 4A. During the charge 
step the central solution increased salt concentration. The brine 
was collected and replaced with seawater before galvanostatic 
discharge to 0.0 V to produce desalinated water. NaCl concen-
trations were calculated from measured conductivities using a 
calibration curve of standard NaCl solutions (see Figure S1 in 
the Supporting Information). At 0.10 m active material concen-
tration, during the charge process, the cell increased the salt 
concentration of the center channel (Figure  3B) from 0.56 to 
0.70 m. During the discharge process, the desalination RFB 
did not have enough capacity (40.2 mAh) to significantly dis-
place NaCl, only achieving a desalination level of ≈24.6% (dark 
green bar in Figure 4B). At 5.0 mA cm−2, the desalination RFB 
delivered an energy efficiency of 72.1% and a coulombic effi-
ciency of nearly 100%. The data disclose that in addition to the 
energy consumption of desalination, the RFB still can deliver 
26.6 mW h of energy for other uses. Electrochemical imped-
ance spectra of each cell collected before cycling, after brine 
concentration (fully charged), and after desalination (fully dis-
charged) show how the varying salt concentration in the cen-
tral chamber affect overall cell resistance. The EIS data revealed 
that the cell resistance remained ≈16 Ω cm2 regardless of state 
of charge (Figure 4C) which is attributed to a small conductivity 
change in the central chamber.

Adv. Funct. Mater. 2020, 2000385

Figure 3. Working principles of desalination RFB design using methyl viologen anolyte and sodium ferrocyanide catholyte: A) salt water is concentrated 
during the charging process and B) salt water is desalinated during the discharging process.
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By increasing the active material concentration to 0.25 m, 
because of the increased battery capacity (100.5 mA h, Figure 4A, 
light green curves), the desalination depth was largely increased 
to ≈65.9% (92.8 mA h) after the discharge process while the 
brine concentration was increased to 0.91 m (Figure  4B) after 
the charge process. Because of the increased battery capacity, the 
0.25 m battery could deliver a higher energy output of 62.9 mW h. 
The 0.25 m delivered a slightly higher energy efficiency of 76.7%, 
though it remains comparable with the 0.1 m battery. According 
to the EIS data for the 0.25 m desalination RFB, the increased 
conductivity of the central solution after brine concentration 
delivered a small reduction in cell resistance, while the slightly 
increased battery resistance after desalination is attributed to the 
more complete desalination. (Figure 4D).

At 0.50 m active material concentration, the cell had 
enough capacity to reach near complete desalination of the 
central chamber, down to 0.038 m NaCl or 93.2% removal at 
5.0  mA cm−2. The solution pH after desalination was 7.87. 
The 0.50 m battery retained an energy efficiency of 74.1% rep-
resenting a desalination energy cost of 3.52  W h L−1 of fresh 
water, thus capable of supplying 100.4 mW h additional energy 
to powering other loadings, which is higher than the 0.1 and 
0.25 m batteries. It is noted the extent of desalination is ulti-
mately limited by the continuously decreasing conductivity of 
the central chamber. Eventually, a desalination depth of 93.2% 
was reached, yielding water with a salt concentration of merely 
0.038 m. As seen in Figure 4E, because of the deep level desali-
nation of the central channel, the high frequency area specific 
resistance of the RFB increases from 13.1 Ω cm2 for the freshly 

assembled cell to more than 50 Ω cm2 after deep discharge. 
Conversely, the increased conductivity of the central chamber 
during brine concentration causes a slight reduction of cell 
resistance down to 10.7 Ω cm2 at 100% state of charge.

Because the salt concentration in the central chamber is the 
capacity limiting factor during discharge of the 0.50 m battery, 
the discharge curve shows a unique shape compared to the 
other curves in Figure  4A. For the 0.10 and 0.25 m cells, the 
final cell capacity is limited by active material concentration 
only, with little contribution from increasing cell resistance. 
This causes a more traditional sharp drop in voltage when the 
active material capacity is exhausted. For the 0.50 m battery, the 
gradually increasing central chamber resistance is the capacity 
limiting factor, which causes a much more gradual voltage 
drop-off near cell discharge.

2.2. Current Dependence of Desalination Rate and Energy 
Efficiency of the MV/Na4[Fe(CN)6] Desalination AORFB

Above studies revealed the desalination depth and effective 
energy storage capacity of the MV/Na4[Fe(CN)6] desalination 
AORFB are simultaneously impacted by the charge capacity 
of the battery. Next, using the 0.50 m battery with its deep 
level desalination capacity, we sought to examine how the 
operating current can affect the desalination rate or fresh 
water production rate and energy efficiency of the desalina-
tion battery. Upon increasing the operating current density to 
10 mA cm−2, the rate of fresh water production increased from 
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Figure 4. Cycling data and electrochemical impedance (EIS) Nyquist plots of the MV/Fe(CN)6 desalination RFB. A) Charge and discharge curves of 
the RFB at varying concentration of active materials at 5.0 mA cm−2 current density. B) Percent seawater desalination, full cycle energy efficiency, and 
measured cell capacity plotted as functions of active material concentration. EIS Nyquist plots collected before cell cycling, after brine concentration 
at full cell charge, and after desalination at full cell discharge for 0.10 m C), 0.25 m D), and 0.50 m E) active materials.
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1.6  mL fresh water/hour to 2.9  mL h−1, while the round trip 
energy efficiency decreased to 56.3% representing an energy 
cost 7.07  W h L−1 of fresh water. The increased overpotential 
caused the cell discharge to reach 0.0 V before complete desal-
ination was achieved, so a secondary discharge at 5 mA cm−2 
was employed to complete the discharge step (Figure 5A, light 
blue trace). The secondary discharge’s contribution to overall 
performance is represented by the light shaded portions of 
Figure  5B. The secondary discharge step provided an addi-
tional 7.1% salt removal which allowed the cell to match the 
depth of desalination achieved at 5  mA cm−2. Doubling the 
current density provided slightly less than double the rate of 
fresh water production due to the additional time necessary to 
discharge.

Further increasing the current density to 15  mA cm−2 sees 
continuations of the observed trends. The fresh water produc-
tion rate increased to 4.55  mL h−1 at a decreased energy effi-
ciency of 42.3% representing an energy cost of 9.06 W h L−1 of 
fresh water. The further increased overpotential during cycling 
necessitated a secondary discharge at 10 mA cm−2 and a tertiary 
discharge at 5 mA cm−2 to reach the same deep level of desali-
nation demonstrated at the slower cycling rates (Figure  5A, 
dark blue trace). The data collected in the current dependent 
experiments is summarized in Table 1.

To date, this system demonstrates the fastest cycling in 
terms of both current density and fresh water production 
rate of any desalination redox flow battery. To more directly 
compare this cell’s performance to other reported systems, 
the cell was also cycled at slower current density (charge at 
2.5  mA cm−2, discharge at 1.33  mA cm−2) to more directly 
compare its energy efficiency to literature examples (Table  1, 
Figure S2, Supporting Information). Among reported desali-
nation flow batteries (Zn/K4[Fe(CN)6],[16] VCl3/NaI,[17] and 
FMN-Na/4-HO-TEMPO[18]), the Zn/K4[Fe(CN)6] desalination 
RFB represents the most efficient system truly capable of 
providing both power and near completely desalinated water 
(Table  1). Slowing the current to still twice that of the previ-
ously reported Zn system, the MV system achieves a deeper 
level of salt removal at a much more comparable energy cost. 
The combination of higher current density and larger cell 
capacity delivered a nearly ninefold increase in the freshwater 
production rate compared to the zinc system,[16] while main-
taining a competitive energy efficiency compared to reverse 
osmosis. The slower applied current allowed for a deeper level 
of desalination. At a discharge current of 1.3 mA cm−2 the cell 
achieved 95.9% NaCl removal, down to 0.023 m. Our results 
are comparable with the energy efficiency (3–6  W h L−1) and 
water purity of the reverse osmosis technology for sea water 
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Figure 5. Charge and discharge curves of the MV + FeCN6 desalination RFB collected at current densities of 5, 10, and 15 mA cm−2 A). At 10 mA cm−2, a 
secondary discharge of 5 mA cm−2 was necessary to reach complete desalination. At 15 mA cm−2, secondary and tertiary discharges of 10, and 5 mA cm−2 
were employed. Energy efficiency (EE), % desalination, and desalination rate are plotted as functions of current density B). Desalination rate increases 
with current density, while EE decreases. The contribution of the additional discharge step(s) is represented by the shaded regions of the graph. The 
cell achieved >92% salt removal regardless of current density.

Table 1. Comparison of cycling current and desalination performance between MV/Na4[Fe(CN)6] and reported desalination RFBs.

Cell Tested Charge Current  
[mA cm−2]

Discharge Current  
[mA cm−2]

Percent  
NaCl Removal

Energy Cost  
[W h L−1 fresh water]

Energy Cost  
[W h mol−1 NaCl removed]

Desalination Rate  
[mL fresh water h−1]

MV/Na4[Fe(CN)6] (this work) 15.0 15.0 92.1 9.06 17.57 4.55

“ 10.0 10.0 92.4 7.07 13.66 2.86

“ 5.0 5.0 93.2 3.52 6.74 1.59

“ 2.6 1.4 95.9 2.40 4.47 0.60

Zn/K4[Fe(CN)6] (Ref.13) 1.3 0.7 85 2.1 4.08 0.068

VCl3/NaI (Ref.16) 0.22 0.22 0.42 n/aa) 1.49 n/a

FMN-Na/4-HO-TEMPO 
(Ref.17)

0.13 0.13 n/ab) n/a n/a n/a

a)Due to the low percent NaCl removal, it is unreasonable to report the energy cost in units of liters of fresh water; b)Reference does not report the percent NaCl removal, 
negating energy cost calculation.
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(≈0.56 m salinity) desalination[5] but at a much deeper level of 
desalination than other reported solid electrode based battery 
and capacitor deionization technologies (25–40% salt removal, 
Table S1).[16]

2.3. Desalination and Cycling Stabilities of the MV/Na4[Fe(CN)6] 
Desalination AORFB and a Desalination Demonstration of Sea 
Water

To demonstrate the robust cell stability and repeatable and fast 
desalination performance, the 0.50 m desalination AORFB was 
cycled over 10 cell charge/discharge cycles for more than 60 h at 
5 mA cm−2. The cell first underwent a pre-charge step to bring 
the cell to 100% SOC, meaning the first collected data point was 
a discharge (desalination) step shown in green in Figure  6A. 
Charge and discharge curves from the experiment are given in 
Figure S3 in the Supporting Information. As shown in Figure 6, 
the desalination AORFB maintained a stable level of desalina-
tion at 92%. The average coulombic efficiency over the 10 cycles 
was more than 99.9% (Figure  6A, purple trace). Meanwhile, 
the average energy efficiency was retained at more than 69.0%. 
Moreover, post-cell analysis of MV and Na4[Fe(CN)6] using 
NMR studies confirmed there was no electrolyte crossover into 
the central solution, which is consistent with reported stable 

flow battery performance of these two molecules (Figure S4, 
Supporting Information).[21,26,39,40]

To further demonstrate membrane and active material com-
patibilities, the cell’s performance was tested by desalinating 
a sample of seawater collected from the Pacific Ocean (Depoe 
Bay, Oregon). As shown in Figure 6B,C, the desalination perfor-
mance was very comparable to performance of the simulated 
solution meaning the ion selective membranes, and active 
materials are fully compatible with other trace ions present in 
real seawater. It is important to note that due to the presence of 
trace ions other than NaCl in seawater, the conductivity calibra-
tion curve can only approximate the salt concentration of real 
seawater. Nevertheless, the resulting conductivities measured 
during testing closely mimic the performance of the simulated 
seawater solution.

2.4. Cost Estimation of Scalable Fresh Water Production

It is economically interesting to make an estimation of the cap-
ital cost for fresh water production using the reported organic 
desalination flow battery. This device will follow the same eco-
nomic trajectory predicted for traditional redox flow batteries 
according to our previous publications on aqueous organic 
redox flow batteries (see additional supporting information).[22,26]  

Adv. Funct. Mater. 2020, 2000385

Figure 6. A) 10 cycle desalination performance at 5 mA cm−2. At full discharge, the desalinated solution (green) was collected and the central RFB 
chamber was refreshed with seawater solution (blue). After cell charge, the concentrated brine (grey) was collected and again refreshed with seawater 
solution. Round trip coulombic efficiencies are reported for each cycle (purple). B) Comparison of the starting conductivity measurements of real and 
simulated seawater, conductivities after brine concentration, and after desalination. The secondary y axis is calibrated to NaCl concentration. C) Charge 
and discharge curves of the desalination RFB tested with actual Pacific Ocean seawater.
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Materials costs of MV ($1.0 kg−1)[22] and sodium ferrocyanide 
($1.0 kg−1)[26] of this desalination flow battery could be esti-
mated around $16 kW−1 h−1.[22] Selemion AMV is already very 
cost effective at ≈$50 m−2, equivalent to ≈$12 kW−1 h−1.[22] How-
ever, Nafion membrane is expensive ($500 m−2), equivalent to 
≈$120.7 kW−1 h−1.[22] Other cell components (cell framework, elec-
trodes, and pumps etc.) were estimated ≈$100 kW−1 h−1.[22] Adding 
all cost together, the reported MV/Na4[Fe(CN)6] desalination RFB 
has a capital cost of $248.7 kW−1 h−1.[22] In the meanwhile, the 
energy cost of fresh-water production is ≈2.4 W h L−1, and cor-
responds to a capital cost of $0.6 L−1. In addition to the energy 
storage benefit, for fresh water production at a scale of 1000 L, 
the water production cost is $0.06 L−1, which means a larger scale 
leads to a lower cost. We are currently looking into utilizing an 
equally low cost Selemion CSO membrane (≈$50 m−2) as AMV 
to replace the more expensive Nafion 115. Then capital cost can 
be further down to ≈$140 kW−1 h−1, and drives the cost of fresh 
water production down to $0.34 L−1 or $0.034 L−1 for a scale of 
1000 L. This cost estimation only provides a benchmark on the 
scalable fresh water production using the reported organic desal-
ination flow battery but is subject to more accurate economic 
analysis.

3. Conclusion

In summary, high performance aqueous RFB electrolytes 
methyl viologen and sodium ferrocyanide were paired together 
in a three-chamber dual membrane cell. Harnessing the charge 
balancing salt flow during charge/discharge allowed this cell to 
deliver coupled water desalination and energy storage. From 
simulated seawater (0.56 m NaCl), the RFB delivered 95.9% 
desalination at an energy cost as low as 2.4  W h L−1 of fresh 
water, and at demonstrated current densities up to 15 mA cm−2. 
Simultaneous with desalination, the RFB was able to deliver 
reliable energy up to 79.7% energy efficiency. The desalination 
RFB was also shown to be fully functional with a sample of real 
seawater. Unlike previous reported desalination RFB studies, 
this desalination battery can provide more energy efficient 
fresh water production, and also deliver high current energy 
storage. It is expected that designable and tunable redox active 
molecules will not only enable versatile designs of desalina-
tion AORFBs but also further improve desalination and energy 
storage performance. As both renewable energy production and 
water scarcity increase, this technology’s bifunctional capability 
offers opportunities to address both of these issues through one 
device.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
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