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Microbial desalination cells (MDCs) are promising bioelectrochemical systems for desalination using the bacteria-
generated electricity from the biodegradation of organic wastes contained in the wastewater. Instead of being a
sustainable and eco-friendly desalination technology, the large-scale application of MDC was limited due to the high
installation cost of the metal-catalyst-coated cathode electrode and the poor performance of the cathode in long-term
operation due to catalyst fouling.
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| 1. Introduction

Globally, the rise of freshwater scarcity issues has become more evident due to the expanding population growth,
industrialization, and climate change M. To minimize freshwater demands, different nations installed their first
desalination initiatives in the late 1950s [El. Nowadays, the number of worldwide desalination plants reached almost
16,000, where 68.7% are reverse osmosis (RO) membrane-based technology plants . The conventional reverse
osmosis (RO) method for desalinating saline water consumes excessive electrical and mechanical energy 4. For
instance, the energy used to purify 1 m3 of seawater is approximately 0.36-0.47 kWh . Seawater desalination also uses
thermal technologies, such as multieffect desalination (MED) and multistage flash (MSF). However, they have several
disadvantages from a climate change perspective [,

Recently, numerous studies have focused on developing desalination processes powered by renewable energies, such as
wind, solar, geothermal, and bioenergy Z. However, renewable energy-powered desalination processes are more
expensive than conventional processes . Therefore, developing a sustainable, inexpensive, and efficient desalination
technology was necessary. Microbial desalination cells (MDCs) are a promising bioelectrochemical technology for
desalinating seawater, requiring little or no energy (Figure 1) 29 The sustainability of MDC is attributed to their use of
wastewater organics as the driving force to desalinate saline or brackish water via biological wastewater treatment and
power generation L1, Thus, integrating wastewater treatment with desalination can maximize the environmental benefits
as the energy contents are extracted from the wastewater before being released into nature 12,
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Figure 1. Schematic diagram of typical MDC.

Many publications have been published in the last decade on various MDC reactor configurations 1314115 |hyvestigated
reactors include biocathode MDC 8IILZI8] ajr cathode MDC [EIl28120] etc, The three-chamber microbial desalination cell
has been the focus of most researchers. The conventional three-chamber MDC reactors consist of anodic and cathodic
chambers with a central desalination chamber separated by ion-exchange membranes 1<,

The desalination mechanism in MDCs is a spontaneous process that needs no external power 221 |t js only dependent
on the electricity produced by exoelectrogenic bacteria 22, The organic-rich wastewater is utilized as a metabolic
substrate for the exo-electrogens (e.g., Shewanella, Geobacter, etc.) that grow on the carbonaceous anode in the anode
compartment 23], The attached anodic bacteria oxidize the organic contents of wastewater by the metabolic processes
that produce electrons that move to the anode by the bacterial nanowire piles, cytochrome C, etc. [BlI2425] Then, the
biogenerated electrons are sent to the cathode through an external circuit and load, where they are reduced by electron-
acceptors/oxidizing-agents (e.g., O,) present in the catholyte. Hence, a potential gradient between the electrodes is
created by the electrical current flow from the bioanode to the cathode for the cathodic reaction. As a result, the ions
(anions and cations) in the central compartment (desalination chamber) are forced to flow through the membranes to the
surrounding chambers by the current potential. The saltwater is desalinated as a result of this phenomenon. The charge
balance is maintained by ions migrating across ion exchange membranes. Through a cation exchange membrane (CEM),
cations (Na*) flow towards the cathode, whereas anions (CI”) migrate towards the anode, passing through the anion
exchange membrane (AEM). Generally, Equations (1) and (2) represent the redox reactions in MDC 29,
At the anode: Substrate + nH,O — nCO, + 4ne™ + 4nH* (1)

At the cathode: O, + 4ne™ + 4nH* - 2H,0 )

For a decade, microbial desalination cell scale-up initiatives focused on desalination limitations, such as limited power
output and high internal resistance caused by the MDC components 28], Several factors, including reactor configuration,
electrode materials, electrolyte conductivity, ion exchange membrane fouling, biofilm inhibition, and operational
circumstances, have contributed to these limitations 4. Electrode materials, as an illustration, affect both the MDC
system performance and cost efficiency due to internal losses (e.g., electrode overpotential) . High-performance
electrode materials with stable structures and a large surface area must be employed in MDC to increase the power-
output performance at low internal resistance 241,

Furthermore, MDC performance is influenced significantly by anodic and cathodic reactions. However, cathodic reduction
is a limiting factor for stable and effective MDC performance (22, Generally, cathodes in microbial desalination cells can be
divided into cathodes submerged in liquid electrolytes and air cathodes exposed to open air [28. Reagents are consumed
as electron acceptors in the liquid-cathode MDC, which must be treated before reuse or disposal. On the other hand, air-
cathode MDC uses oxygen as an electron acceptor. Thus, it can be seen as an ecofriendly and commercially scalable
alternative compared to liquid-cathode MDC due to the abundance of O, 12 Hence, most MDC research utilizes
atmospheric oxygen as an oxidant species 239 Although, limited cathodic performance was recorded due to the high



overpotential of oxygen reduction reaction that reduces cathode reaction kinetics and the system’s efficiency B[22,
Accordingly, effective electrocatalysis is required to boost the oxygen reduction reaction (ORR) performance 12!,

| 2. MDC Performance Indicators and Limiting Factors

The performance and efficiency of the MDCs system are indicated and measured by considering the various parameters
listed in Table 1. However, any technology’s overall performance and efficiency are determined and controlled by the
magnitude and conditions of specific factors before, during, and after the operation 3. The MDC system’s efficiency and
output are affected significantly by the configuration of the reactor constructed, including the material, dimensions, and
electrode materials used. It is also influenced by the membrane (IEMS), substrate (electrolytes), and operational
conditions, i.e., temperature, hydraulic retention time (HRT), and pH imbalance, as shown in Figure 2.
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Figure 2. Limiting factors of MDC performance.

Table 1. MDC performance and efficiency indications.

Perf ormance Remarks Mathematical Expression References
Indicator
Desalination Reduction percentage in saltwater’s _ . . [34]
Efficiency (DE) conductivity. DE=(Salt conc. i-Salt conc. f)(Salt conc. i)
Desalination Amount of salt removed per unit of time. DR=Total salt removedTotal desalination time (251
Rate (TDR)
COD Removal The amount_of or_ganlc matt(?r removed via CODRE=(Conc.i-Conc.f)(Conc.) [36]
microbial metabolism.
The ratio of produced current to the chamber’s
Current working volume or the number of ions . [37]
Efficiency separated per electron transferred at both ni=FZVAcNcpfidt
electrodes.
Power generation in a cell-based on the
[38]

Power Density projected surface area of electrodes or PD= Power produced Electrolyt's volume
electrolytes volume.

The ratio of actual charge produced to the
available charge is theoretically calculated CE=(MO2fidt)(neFVanACOD) (291401
based on the reduction in COD.

Coulombic
Efficiency

The exchange efficiency of IEMs to allow the
number of produced ions by anodic and -
cathodic reaction in MDC

lon-exchange
Efficiency

[41]

Precisely, the reactor dimension, such as the volumetric ratio utilized in constructing and processing the MDC system, has
shown a notable impact on its performance. Jingyu et al. (2017) revealed that a lower volume of anolyte and catholyte
chambers accompanied lower reactor efficiency 23, Cao et al. (2009) and Meng et al. (2014) used a volumetric ratio
(Vanode:Vcathode:Vdesalination) of (3:3:1) and (100:33:1) for the desalination of a 5 g/L synthetic seawater (NaCl) [411[42],
Meng et al. (2014) achieved a high desalination efficiency (DE) of 90% and a power output of 31 W/m?3 compared to Cao
et al. (2009), who recorded a DE of 46.37% [41421 |n addition, constructing an MDC with a shallower-depth desalination
compartment and reducing the gap between electrodes could be beneficial in overcoming the high internal resistance and
optimizing the electromotive potential and power generation.



The membranes employed in MDC reactors can segregate ionic species in a solution using electrical current, resulting in
a bipolar process. During reactor operation, membranes can cause the dissociation of water, which significantly reduces
power output due to the loss of electrons for the dissociation process. The findings of various studies revealed that
different types of membranes with high surface areas and great ion-exchange capacity could improve the removal of the
salts, enhancing the desalinization efficiency by 50-63% B4l However, fouling and scaling are issues that appear due to
IEMs used in bioelectrochemical systems (BESs) for long-term operations, imposing extra resistance to salt removal 43!,

Moreover, electrolytes have a remarkable impact on BES performance as they are considered a reservoir for ion species,
a source of organic matter, and a medium for pH fluctuations 441451461 Therefore, high salinity removal demands a large
volume of electrolytes, especially anolytes 2. In addition, the properties of substrates used to feed biofims in an anode
chamber influence the MDC efficiency. As an illustration, Kuichang et al. (2016) improved the performance of M-MDC by
increasing the concentration of anolytes through adding more glucose, resulting in a maximum performance of high DE
(47.3%), COD (40.2%), and a current output of 0.6 mA 48],

Further, the modes of operating MDC (batch or continuous) can significantly influence MDC stability and performance. For
instance, in a batch mode, the conductivity of the electrolytes decreases with time, resulting in high internal resistance and
a reduction in the overall performance 23, In continuous mode, the reactor chambers are fed with a solution circulating
continuously in cycles under specific HRT. Consider the comparative performance of UMDCs operated in batch mode and
continuous mode. High performance with a maximum power density of 38 W/m?, current production (62 mA), salt removal
(>99%), total dissolved-solids removal rate (7.50 g TDS-L™1.d™1), and efficiency of charge (98.6%) was achieved by
operating UMDC under continuous mode &, On the contrary, Jafary et al. (2020) MDC reactor operated under batch
mode recorded energy production of 8 mW, current generation (43 mA), and a desalination rate of 24.3 mg/h 11,
However, one promising future recommendation for METs is to be operated by a recirculation batch mode. Jafary et al.
(2017) revealed that MFC performed in recirculation in batch mode gave a high performance of maximum power density
of 38 W/m® compared to batch and continuous modes, respectively 42,

Aside from modes of operation, hydraulic retention time plays an essential role in overall desalination efficiency. To
illustrate, Jacobson et al. (2011) investigated the UMDC under HRT on days one and four using the continuous mode of
operation. The results showed a maximum boost in their system’s performance by increasing the HRT from 1 to 4 days. It
was evident that the HRT of salt solution significantly influences the TDS since the longer hydraulic retention time allows
more involvement of salt in the current generation, and thus it being removed &,

Equally important, the external resistance (Rey) is another factor that may majorly affect the MDC efficiency outputs.
Numerous publications reveal that MDC performance (current production) increases by decreasing the Rg,; “2IBJEL A
constructed upflow-stacked microbial desalination cell (USMDC) reactor operated under applied external resistance (Ret,
1000 Q-1 Q) recorded a high desalination ratio of 91.9% when Ry was 1.5 Q Bl The USMDC's current production
increased as the Reqy Was reduced from 500 Q. Nevertheless, Wang et al. (2020) reported reductions in the current
generation when Ry continued to decrease, proving the fact that there is an optimal external resistance in which the
current production can be maximized (1 Q-5 Q) [B1l. In previous studies, the optimum external resistance values of the
MDC reactors were approximately 10 Q 52,

Furthermore, the released protons react with anions transported from the desalination chamber, producing internal biofilm
acidification due to the metabolic process. As the desalination process operates over time, protons accumulate due to
microbial respiration, decreasing pH in the anode compartment. Hydroxides accumulate in the cathode compartment
because of oxygen reactions and rising pH values. The pH of an anode impacted the anode’s potential of many METs and
was the main cause of desalination efficiency reduction in MDC. Accordingly, controlling pH fluctuation has become a
critical factor in optimizing the performance of BES, including MDC, especially in terms of power production and water
desalination. Luo et al. (2012) introduced anolyte’s continuous recirculation between a feed container and an anode
compartment. This operational mode helped mitigate the anode chamber’s pH reduction and raised the current output by
61% compared to results obtained under batch mode 531, Additionally, Jafary et al. (2020) established a proof-of-concept
study for a two-chamber UMDC, using a new arrangement of anion-exchange membrane and cation exchange membrane
that resulted in a self-generated pH control approach 14,

To drive a desalination process in an MDC reactor, several electrons are needed to remove an equal quantity of salt from
saline water. However, this number of electrons could be lost while running other reactions instead of salt removal,
affecting the overall system’s efficiency. The loss of electrons is caused by back diffusion and membrane resistance 3.
Further, required electrons for saltwater desalination may be influenced by other electron acceptors, such as O, diffusion
into the anode compartment 24!, Under those circumstances, more organic oxidation reactions are needed to drive the



desalination process [, The split of large pairs of ions due to electron transport through the systems enhances the charge
transfer efficiency, improving desalination (221, More studies on optimizing charge transfer efficiency are needed.

The concentration of ionic content in an electrolyte, which can transmit electrical charges, is referred to as conductivity,
which remarkably affects MDC performance. High conductivity values resulting from high saltwater concentrations create
a higher concentration gradient between chambers. If the concentration of electrolytes is lower than that of the saline
water, the MDC's desalination performance is enhanced by dialysis. In addition, desalination performance is influenced by
some ionic species and impurities that prohibit the overall performance. lon transport efficiency is affected by salt solution
concentration and composition. For instance, seawater contains various ions and impurities, such as Ca,*, Mg,*, K*, Br~,

S0,472, clay, and silica, which decrease the conductivity and result in a higher internal resistance during MDC operation
(58]

Finally, the anode surface contributes highly to the activation losses, despite the amount of gained energy by biofilm
metabolism activities 2158l Therefore, electrodes should be created from materials with a larger surface area, so that a
larger mass of biofilm can adhere to the anodic oxidation process. The adhesion of large biomass onto anode electrodes
can consequently enhance the current generation 23], Accordingly, most studies used an extensive surface area of the
material. For example, carbon-based products, such as carbon felt, fiber brushes, cloths, graphite granules, graphite
plates, parous graphite, activated carbon (AC), and 3D carbon nanotube (CNT) matrices 14!, However, each type of these
electrodes exhibits different performances and output efficiencies because of the variations in their effective surface
areas, structures, operational conditions, and metal-catalyst coatings. As an illustration, the large surface area of AC
results in high electron transfer in anode compartments, as it enables microbial growth, which leads to more significant
bacterial cultures B2, In addition, AC electrodes utilized in MDC achieved a complete NH3-N removal (99%), high removal
of COD (96.9%), and removal of total PO, (98.3%) 89, In comparison, applying rough surface graphite (RSG) catalysts to
MDC electrodes led to a remarkablely high power output of 10.8 W/m3 [61],

Cathode electrode materials also play a crucial role in retrieving electrons and in their consequent use in the reduction
reaction (2. |n cathodes, the suitable terminal electron acceptors (TEA) are reduced by electrons coming from the anode,
completing the cathodic half-cell reaction €3], Further, the performance of METs significantly depends on the cathode’s
electron harvesting efficiency. For instance, MDC was investigated with several cathodic electron acceptors, such as
oxygen, hypochlorite, permanganate, and dichromate 4. However, cathode effectiveness is determined by TEA's
reduction reaction kinetics, which is one of the critical things in microbial electrochemical technologies (MET) [62166],

References

1. Nayak, J.K.; Gautam, R.; Ghosh, U.K. Bioremediation Potential of Bacterial Consortium on Different Wastewaters for
Electricity and Biomass Feedstock Generation. Biomass Convers. Biorefinery 2022, 1, 1-14.

2. Zahid, M.; Savla, N.; Pandit, S.; Thakur, V.K.; Jung, S.P.; Gupta, P.K.; Prasad, R.; Marsili, E. Microbial Desalination
Cell: Desalination through Conserving Energy. Desalination 2022, 521, 115381.

3. Curto, D.; Franzitta, V.; Guercio, A. A Review of the Water Desalination Technologies. Appl. Sci. 2021, 11, 670.

4. Voutchkov, N. Energy Use for Membrane Seawater Desalination—Current Status and Trends. Desalination 2018, 431,
2-14.

5. Wakeel, M.; Chen, B.; Hayat, T.; Alsaedi, A.; Ahmad, B. Energy Consumption for Water Use Cycles in Different
Countries: A Review. Appl. Energy 2016, 178, 868—885.

6. Shatat, M.; Riffat, S.B. Water Desalination Technologies Utilizing Conventional and Renewable Energy Sources. Int. J.
Low-Carbon Technol. 2014, 9, 1-19.

7. Zhang, J.; Yuan, H.; Deng, Y.; Zha, Y.; Abu-Reesh, |.M.; He, Z.; Yuan, C. Life Cycle Assessment of a Microbial
Desalination Cell for Sustainable Wastewater Treatment and Saline Water Desalination. J. Clean. Prod. 2018, 200,
900-910.

8. Jacobson, K.S.; Drew, D.M.; He, Z. Bioresource Technology Efficient Salt Removal in a Continuously Operated Upflow
Microbial Desalination Cell with an Air Cathode. Bioresour. Technol. 2011, 102, 376-380.

9. Al-mamun, A.; Ahmad, W.; Said, M.; Khadem, M. A Review of Microbial Desalination Cell Technology: Configurations,
Optimization and Applications. J. Clean. Prod. 2018, 183, 458-480.

10. Al-Mamun, A. Effect of External Resistance on Microbial Electrochemical Desalination, Sewage Treatment, Power and
Resource Recovery. Sustain. Energy Technol. Assess. 2022, 49, 101718.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jafary, T.; Al-mamun, A.; Alhimali, H.; Said, M.; Rahman, S.; Tarpeh, W.A.; Ranjan, B.; Hong, B. Novel Two-Chamber
Tubular Microbial Desalination Cell for Bioelectricity Production, Wastewater Treatment and Desalination with a Focus
on Self- Generated PH Control. Desalination 2020, 481, 114358.

Jatoi, A.S.; Hashmi, Z.; Mazari, S.A.; Mubarak, N.M.; Karri, R.R.; Ramesh, S.; Rezakazemi, M. A Comprehensive
Review of Microbial Desalination Cells for Present and Future Challenges. Desalination 2022, 535, 115808.

Aliaguilla, M.; Bossa, N.; Martinez-crespiera, S.; Huidobro, L.; Schweiss, R.; Schwenke, A.; Bosch-jimenez, P.
Nanomaterials-Based Air-Cathodes Use in Microbial Desalination Cells for Drinking Water Production: Synthesis,
Performance and Release Assessment. J. Environ. Chem. Eng. 2021, 9, 105779.

Rahman, S.; Jafary, T.; Al-Mamun, A.; Baawain, M.S.; Choudhury, M.R.; Alhaimali, H.; Siddiqi, S.A.; Dhar, B.R.; Sana,
A.; Lam, S.S.; et al. Towards Upscaling Microbial Desalination Cell Technology: A Comprehensive Review on Current
Challenges and Future Prospects. J. Clean. Prod. 2021, 288, 125597.

Al Hinai, A.; Jafary, T.; Alhimali, H.; Rahman, S.; Al-Mamun, A. Desalination and Acid-Base Recovery in a Novel Design
of Microbial Desalination and Chemical Recovery Cell. Desalination 2022, 525, 115488.

Khazraee Zamanpour, M.; Kariminia, H.R.; Vosoughi, M. Electricity Generation, Desalination and Microalgae
Cultivation in a Biocathode-Microbial Desalination Cell. J. Environ. Chem. Eng. 2017, 5, 843-848.

Wen, Q.; Zhang, H.; Chen, Z.; Li, Y.; Nan, J.; Feng, Y. Bioresource Technology Using Bacterial Catalyst in the Cathode
of Microbial Desalination Cell to Improve Wastewater Treatment and Desalination. Bioresour. Technol. 2012, 125, 108—
113.

Zhang, H.; Wen, Q.; An, Z.; Chen, Z.; Nan, J. Analysis of Long-Term Performance and Microbial Community Structure
in Bio-Cathode Microbial Desalination Cells. Environ. Sci. Pollut. Res. 2016, 23, 5931-5940.

Mehanna, M.; Saito, T.; Yan, J.; Hickner, M.; Cao, X.; Huang, X.; Logan, B.E. Using Microbial Desalination Cells to
Reduce Water Salinity Prior to Reverse Osmosis. Energy Environ. Sci. 2010, 3, 1114-1120.

Zuo, K.; Wang, Z.; Chen, X.; Zhang, X.; Zuo, J.; Liang, P.; Huang, X. Self-Driven Desalination and Advanced Treatment
of Wastewater in a Modularized Filtration Air Cathode Microbial Desalination Cell. Environ. Sci. Technol. 2016, 50,
7254-7262.

Rahman, S.; Siddiqi, S.A.; Al-Mamun, A.; Jafary, T. Sustainable Leachate Pre-Treatment Using Microbial Desalination
Cell for Simultaneous Desalination and Energy Recovery. Desalination 2022, 532, 115708.

Saeed, H.M.; Husseini, G.A.; Yousef, S.; Saif, J.; Al-Asheh, S.; Abu Fara, A.; Azzam, S.; Khawaga, R.; Aidan, A.
Microbial Desalination Cell Technology: A Review and a Case Study. Desalination 2015, 359, 1-13.

Sophia, A.C.; Bhalambaal, V.M.; Lima, E.C.; Thirunavoukkarasu, M. Journal of Environmental Chemical Engineering
Microbial Desalination Cell Technology: Contribution to Sustainable Waste Water Treatment Process, Current Status
and Future Applications. Biochem. Pharmacol. 2016, 4, 3468-3478.

Al-Mamun, A.; Jafary, T.; Baawain, M.S.; Rahman, S.; Choudhury, M.R.; Tabatabaei, M.; Lam, S.S. Energy Recovery
and Carbon/Nitrogen Removal from Sewage and Contaminated Groundwater in a Coupled Hydrolytic-Acidogenic
Sequencing Batch Reactor and Denitrifying Biocathode Microbial Fuel Cell. Environ. Res. 2020, 183, 109273.

Al-Mamun, A.; Baawain, M.S. Accumulation of Intermediate Denitrifying Compounds Inhibiting Biological Denitrification
on Cathode in Microbial Fuel Cell. J. Environ. Health Sci. Eng. 2015, 13, 81.

Patel, M.; Singh, S.; Kumar, P.; Pada, D.; Singh, B.; Akram, M.; Singh, S. Advancements in Spontaneous Microbial
Desalination Technology for Sustainable Water Purification and Simultaneous Power Generation: A Review. J. Environ.
Manag. 2021, 297, 113374.

Barua, S.; Zakaria, B.S.; Al-Mamun, A.; Dhar, B.R. Anodic Performance of Microbial Electrolysis Cells in Response to
Ammonia Nitrogen. J. Environ. Eng. Sci. 2018, 14, 37-43.

Guang, L.; Koomson, D.A.; Jingyu, H.; Ewusi-mensah, D. Performance of Exoelectrogenic Bacteria Used in Microbial
Desalination Cell Technology. Int. J. Environ. Res. Public Health 2020, 17, 1121.

Venkata Mohan, S.; Velvizhi, G.; Annie Modestra, J.; Srikanth, S. Microbial Fuel Cell: Critical Factors Regulating Bio-
Catalyzed Electrochemical Process and Recent Advancements. Renew. Sustain. Energy Rev. 2014, 40, 779-797.

Elawwad, A.; Ragab, M.; Hamdy, A.; Husein, D.Z. Enhancing the performance of microbial desalination cells using
dMnO2/graphene nanocomposite as a cathode catalyst. J. Water Reuse Desalination 2020, 10, 214-226.

Schréder, U.; Santoro, C.; Gunda, M.; Zamora, P.; Ortiz, J.M.; Ramirez-Moreno, M.; Rodenas, P.; Aliaguilla, M.; Bosch-
Jimenez, P.; Borras, E.; et al. Comparative Performance of Microbial Desalination Cells Using Air Diffusion and Liquid
Cathode Reactions: Study of the Salt Removal and Desalination Efficiency. Front. Energy Res. 2019, 7, 135.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bosch-Jimenez, P.; Martinez-Crespiera, S.; Amantia, D.; Della Pirriera, M.; Forns, |.; Shechter, R.; Borras, E. Non-
Precious Metal Doped Carbon Nanofiber Air-Cathode for Microbial Fuel Cells Application: Oxygen Reduction Reaction
Characterization and Long-Term Validation. Electrochim. Acta 2017, 228, 380-388.

Huang, J.; Ewusi-Mensah, D.; Norgbey, E. Microbial desalination cells technology: A review of the factors affecting the
process, performance and efficiency. Desalination Water Treat. 2017, 87, 140-159.

Ziaedini, A.; Rashedi, H.; Alaie, E.; Zeinali, M. Performance Assessment of the Stacked Microbial Desalination Cells
with Internally Parallel and Series Flow Configurations. J. Environ. Chem. Eng. 2018, 6, 5079-5086.

Morel, A.; Zuo, K.; Xia, X.; Wei, J.; Luo, X.; Liang, P.; Huang, X. Microbial Desalination Cells Packed with lon-Exchange
Resin to Enhance Water Desalination Rate. Bioresour. Technol. 2012, 118, 243-248.

Das, D. Microbial Fuel Cell: A Bioelectrochemical System That Converts Waste to Watts; Springer: Berlin/Heidelberg,
Germany, 2017; pp. 1-506.

McGovern, R.K.; Weiner, A.M.; Sun, L.; Chambers, C.G.; Zubair, S.M.; Lienhard V, J.H. On the Cost of Electrodialysis
for the Desalination of High Salinity Feeds. Appl. Energy 2014, 136, 649-661.

Salman, H.H.; Ismail, Z.Z. Desalination of Actual Wetland Saline Water Associated with Biotreatment of Real Sewage
and Bioenergy Production in Microbial Desalination Cell. Sep. Purif. Technol. 2020, 250, 117110.

Kokabian, B.; Gude, V.G. Sustainable Photosynthetic Biocathode in Microbial Desalination Cells. Chem. Eng. J. 2015,
262, 958-965.

Logan, B.E. Microbial Fuel Cells; John Wiley & Sons: Hoboken, NJ, USA, 2008.

Cao, X.; Huang, X.; Liang, P.; Xiao, K.; Zhou, Y.; Zhang, X.; Logan, B.E. A New Method for Water Desalination Using
Microbial Desalination Cells. Environ. Sci. Technol. 2009, 43, 7148-7152.

Meng, F.; Jiang, J.; Zhao, Q.; Wang, K.; Zhang, G.; Fan, Q.; Wei, L.; Ding, J.; Zheng, Z. Bioelectrochemical
Desalination and Electricity Generation in Microbial Desalination Cell with Dewatered Sludge as Fuel. Bioresour.
Technol. 2014, 157, 120-126.

Casademont, C.; Farias, M.A.; Pourcelly, G.; Bazinet, L. Impact of Electrodialytic Parameters on Cation Migration
Kinetics and Fouling Nature of lon-Exchange Membranes during Treatment of Solutions with Different
Magnesium/Calcium Ratios. J. Memb. Sci. 2008, 325, 570-579.

Chen, X.; Liang, P.; Zhang, X.; Huang, X. Bioelectrochemical Systems-Driven Directional lon Transport Enables Low-
Energy Water Desalination, Pollutant Removal, and Resource Recovery. Bioresour. Technol. 2016, 215, 274-284.

Kokabian, B.; Gude, V.G. Photosynthetic Microbial Desalination Cells (PMDCs) for Clean Energy, Water and Biomass
Production. Environ. Sci. Process. Impacts 2013, 15, 2178-2185.

Walter, X.A.; Greenman, J.; leropoulos, I.A. Oxygenic Phototrophic Biofilms for Improved Cathode Performance in
Microbial Fuel Cells. Algal Res. 2013, 2, 183-187.

Kim, Y.; Logan, B.E. Microbial Desalination Cells for Energy Production and Desalination. Desalination 2013, 308, 122—
130.

Zuo, K.; Liu, F; Ren, S.; Zhang, X.; Liang, P.; Huang, X. A Novel Multi-Stage Microbial Desalination Cell for
Simultaneous Desalination and Enhanced Organics and Nitrogen Removal from Domestic Wastewater. Environ. Sci.
Water Res. Technol. 2016, 2, 832-837.

Jafary, T.; Daud, W.R.W.; Ghasemi, M.; Kim, B.H.; Bakar, M.H.A.; Jahim, J.M.; Ismail, M.; Satar, |.; Kamaruzzaman,
M.A. Assessment of Recirculation Batch Mode of Operation in Bioelectrochemical System; a Way Forward for Cleaner
Production of Energy and Waste Treatment. J. Clean. Prod. 2017, 142, 2544—-2555.

Jafary, T.; Al-mamun, A.; Alhimali, H.; Said, M. Enhanced Power Generation and Desalination Rate in a Novel
Quadruple Microbial Desalination Cell with a Single Desalination Chamber. Renew. Sustain. Energy Rev. 2020, 127,
109855.

Wang, Y.; Xu, A.; Cui, T.; Zhang, J.; Yu, H.; Han, W.; Shen, J.; Li, J.; Sun, X.; Wang, L. Construction and Application of
a 1-Liter Upflow-Stacked Microbial Desalination Cell. Chemosphere 2020, 248, 126028.

Chen, X.; Xia, X.; Liang, P.; Cao, X.; Sun, H.; Huang, X. Stacked Microbial Desalination Cells to Enhance Water
Desalination Efficiency. Environ. Sci. Technol. 2011, 45, 2465-2470.

Luo, H.; Xu, P.; Roane, T.M.; Jenkins, P.E.; Ren, Z. Microbial Desalination Cells for Improved Performance in
Wastewater Treatment, Electricity Production, and Desalination. Bioresour. Technol. 2012, 105, 60-66.

Gil, G.C.; Chang, I.S.; Kim, B.H.; Kim, M.; Jang, J.K.; Park, H.S.; Kim, H.J. Operational Parameters Affecting the
Performannce of a Mediator-Less Microbial Fuel Cell. Biosens. Bioelectron. 2003, 18, 327-334.



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Ping, Q.; Cohen, B.; Dosoretz, C.; He, Z. Long-Term Investigation of Fouling of Cation and Anion Exchange
Membranes in Microbial Desalination Cells. Desalination 2013, 325, 48-55.

Alhimali, H.; Jafary, T.; Al-mamun, A.; Baawain, M.S.; Vakili-nezhaad, G.R. New Insights into the Application of
Microbial Desalination Cells for Desalination and Bioelectricity Generation. Biofuel Res. J. 2019, 24, 1090-1099.

Logan, B.E.; Hamelers, B.; Rozendal, R.; Schroder, U.; Keller, J.; Freguia, S.; Aelterman, P.; Verstraete, W.; Rabaey, K.
Microbial Fuel Cells: Methodology and Technology. Environ. Sci. Technol. 2006, 40, 5181-5192.

Santoro, C.; Guilizzoni, M.; Correa Baena, J.P.; Pasaogullari, U.; Casalegno, A.; Li, B.; Babanova, S.; Artyushkova, K.;
Atanassov, P. The Effects of Carbon Electrode Surface Properties on Bacteria Attachment and Start up Time of
Microbial Fuel Cells. Carbon N. Y. 2014, 67, 128-139.

Aidan, A.; Husseini, G.A.; Yemendzhiev, H.; Nenov, V.; Rasheed, A.; Chekkath, H.; Al-Assaf, Y. Microbial Desalination
Cell (MDC) in the Presence of Activated Carbon. Adv. Sci. Eng. Med. 2014, 6, 1100-1104.

Liu, F.; Wang, L.; Zuo, K.; Luo, S.; Zhang, X.; Liang, P.; Huang, X. A Novel Operational Strategy to Enhance
Wastewater Treatment with Dual-Anode Assembled Microbial Desalination Cell. Bioelectrochemistry 2019, 126, 99—
104.

Ebrahimi, A.; Yousefi Kebria, D.; Najafpour, G.D. Co-Treatment of Septage and Municipal Wastewater in a
Quadripartite Microbial Desalination Cell. Chem. Eng. J. 2018, 354, 1092—-1099.

Heard, D.M.; Lennox, A.J.J. Electrode Materials in Modern Organic Electrochemistry. Angew. Chemie Int. Ed. 2020, 59,
18866—-18884.

Khilari, S.; Pradhan, D. Role of Cathode Catalyst in Microbial Fuel Cell. In Microbial Fuel Cell: A Bioelectrochemical
System That Converts Waste to Watts; Springer: Cham, Switzerland, 2018; pp. 141-163.

Pradhan, H.; Ghangrekar, M.M. Effect of Cathodic Electron Acceptors on the Performance of Microbial Desalination
Cell. In Waste Water Recycling and Management; Springer: Singapore, 2019; pp. 305-315.

Rismani-Yazdi, H.; Carver, S.M.; Christy, A.D.; Tuovinen, O.H. Cathodic Limitations in Microbial Fuel Cells: An
Overview. J. Power Sources 2008, 180, 683—694.

Noor Juma Al Balushi, Jagdeep Kumar Nayak, Sadik Rahman, Ahmad Sana, and Abdullah Al-Mamun; A
Comprehensive Study on Air-Cathode Limitations and Its Mitigation Strategies in Microbial Desalination Cell—A
Review. Energies 2022, 15, 7459, https://doi.org/10.3390/en15207459.

Retrieved from https://encyclopedia.pub/entry/history/show/74998



