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Abstract

Nutrients recovery has become a meaningful solution to address shortage in the fertilizer
production which is the key issue of nations’ food security. The concept of municipal
wastewater is based on its ability to be a major potential source for recovered nutrients
because of its vast quantity and nutrient-rich base. Microbial fuel cell (MFC) has emerged as
a sustainable technology, which is able to recover nutrients and simultaneously generate
electricity. In this study a two-chambered MFC was constructed, and operated in a continuous
flow mode employing artificial municipal wastewater as a substrate. The effects of hydraulic
retention time (HRT) on the recovery of nutrients by MFC were studied. The COD removal
rates were insignificantly influenced by varying HRT from 0.35 to 0.69 d, that were over 92%.
Furthermore, the recovery rate of nutrients was insignificantly affected while increasing the
HRT, which fluctuates from 80% to 90%. In contrast, the maximum power generation
declined when HRT increased and the lowest one was 510.3 mV at the HRT of 0.35 d. These
results demonstrate that the lab-scale double chamber MFC using municipal wastewater as
the substrate can provide a highly effective removal strategy for organic matter, nutrients
recovery and electricity output when operating at a specific HRT.
Keywords: Microbial fuel cell; Electricity generation; Municipal wastewater; Nutrient

recovery; Hydraulic retention time.



1. Introduction

Nitrogen (N) and phosphorus (P) are un-substitutable micronutrients for the growth of
all living organisms (Guo et al., 2020; Wang et al., 2020). Such nutrients are commonly
employed as fertilizers for crops and plants in agriculture (Hunter & Deshusses, 2020).
However, the supply of N and P is recently becoming more challenging, especially given the
projected increases in food production to satisfy the growing global population and the
relevant global fertilizer production, which is required to reach approximately 263 million
tons in 2050 (Alexandratos & Bruinsma, 2012). In industry, the Haber Bosch process utilizes
the N, gas from the atmosphere to produce ammonia for fertilizer production under high
pressure and temperature (Khan et al., 2020; Ye et al., 2018). Obviously, this generation
process demands a large input of energy and costs; this results in the emission of toxic gases
into the environment. On the other hand, Cordell et al. (2011) reported that nonrenewable
phosphate-based rocks serving as the main source of P can only serve the industrial demand
in the coming 50-100 years.

Apart from this, applications of nutrients (i.e., N and P) in a full-scale context may
eventually cause their accumulation in streams, and a high content of nutrients in the aquatic
environment may trigger environmental damage such as eutrophication (Zhou et al., 2020).
Besides, human activity has made possible the mobilization of phosphate from
phosphate-bearing rocks to the hydrosphere over the last 50 years in the global P cycle, and
this amount was approximately 500 million tons of P (Cordell et al., 2011). Thus, it is
critically important to combine the removal of nutrients with their recovery in waste
treatment, which: 1) reduces the need for fertilizer production; 2) curtails the impact of
fertilizer production and transportation on climate change; and 3) contributes to a more
healthier ecology, and sustainable development (Ajmal et al., 2020; Luo et al., 2018; Sobhi et

al., 2019; Ye et al., 2017).



Wastewater management has received increased attention for its efficiency and
sustainability in recent years (Walker et al., 2014). It is generally accepted that retrieving
nutrients (mainly N and P) from wastewater for use in agriculture could contribute to
sustainable and better wastewater management (Hermassi et al., 2017; Yan et al., 2018; Ye et
al., 2018). Due to containing rich ammonium and phosphate ions, such a recovery strategy in
the treatment system of municipal wastewater is attractive (Kataki et al., 2016; Li et al.,
2020). Reportedly, the recovery of phosphate in the sewage treatment process could
theoretically supplement 15-20% of the worldwide phosphate demand (Xia et al., 2016).

In the domestic wastewater treatment, chemical precipitation and adsorption are
considered as the most common methods for recovering nutrients (Ye et al., 2017). However,
the nutrients recovery through adsorption needs additional desorption process, thus increasing
the operational complexity and overall costs. This is despite the fact that the adsorption
process for nutrients recovery is simple to design and operate. Therefore, chemical
precipitation is currently acted as a promising method for recovering nutrients and the
common final products in this process include hydroxyapatite and struvite, which could be
applied in agriculture as a slow-release fertilizer (Yan et al., 2018; Ye et al., 2017). It should
be noted here that struvite (MgNH4PO4-6H,0) precipitation could simultaneously recycle
ammonium and phosphate. For this reason, the nutrient recovery through chemical
precipitation in domestic wastewater treatment has been widely investigated, in order to
evaluate its feasibility from laboratory-scale to full-scale (De Vrieze et al., 2016; Ye et al.,
2017). To increase the economic feasibility of the nutrients recovery system, some membrane
processes such as forward osmosis, membrane distillation and electrodialysis have been
integrated with chemical precipitation to realize this objective (Yan et al., 2018; Ye et al.,
2018). This combination can enhance the enrichment of nutrients within the reactor, but the

membrane fouling is still a big challenge. Apart from this, the large-scale industrial



application for recovering nutrients by chemical precipitation is challenged by greatly
additional chemicals that are associated with high costs (Romero-Giiiza et al., 2015a;
Romero-Giiiza et al., 2015b). In particular, the addition of alkaline reagents for increasing the
pH solution is essential in the chemical precipitation process, which contributes a great deal
to the overall costs in the process, and greatly influences the economic feasibility of the
nutrient recovery system during wastewater treatment (Melia et al., 2017; Wang et al., 2019).
Considering this, it is challenging for implementing the proposed objective of nutrient
recovery in current conventional systems.

Using microbial fuel cell (MFC) system for recovering nutrients from wastewater has
attracted attention of researchers (Kelly & He, 2014; Pep¢ Sciarria et al., 2019; Ye et al.,
2019b) as this method could achieve the pH elevation without the addition of alkaline
chemicals. Thus, it could greatly enhance the economic feasibility of the chemical nutrient
recovery system. Initially, the MFC technology was used to transfer the energy stored in the
organics into the electrical energy s in wastewater treatment. In this scenario, the bio-catalytic
capabilities of microbes are utilized to generate a current field (Do et al., 2020; Xu et al.,
2018a), which applies to a range of organic fuel sources in the absence of metal catalysts. In a
typical double-chamber MFC, anaerobic bacteria at the anode chamber are employed to
oxidize biodegradable substrates, and electrons and protons are thus generated through the
anaerobic respiration process. After that, electrons generated transfer to the surface of anode
electrode and then to the cathode electrode through the external circuit. Furthermore, the
generated protons transport from the anode compartment to the cathode compartment through
a cation exchange membrane (CEM), after which they react with an electron acceptor (e.g.,
oxygen) and electrons to produce water (or other reduced compounds) (Hou et al., 2019;
Oliveira et al., 2013; Palanisamy et al., 2019). During the cathode reaction, hydroxyl ions

localized the cathode electrodes being generated, so the high pH zone of the cathode offers an



opportunity for applying chemical precipitation to the recovery of nutrients. Moreover, the
energy balance of the nutrient recovery system is improved because of electricity generated in
the MFC reactor. Also, the membrane fouling in the MFC reactor could be reduced since the
sludge on the membrane surface is electrostatically repulsed by the current field that is
formed by the reactor (Wang et al., 2013). Both of this indicates the sustainability of MFC
system for recovering nutrients from sewage.

In general, the MFC performance is governed by many factors such as configurations,
electrode materials, inoculum, operation conditions and oxygen supply (Mardanpour et al.,
2017; Xu et al., 2018b). At the beginning of these MFC studies, the reactors always operate in
batch mode, but have now been changed to the continuous mode. The possible reason for this
is that the MFC systems are expected to simultaneously generate electricity and purify
wastewater, and continuous mode facilitates the further scaling up of MFC reactors.

Hydraulic retention time (HRT) plays an important part in designing and operating MFC
reactors, and greatly influences the energy requirements, which in turn directly affects the
MFC’s performance. It is reported that HRT exerts an important impact on the power output
of continuous-flow MFCs because the variations in HRT have a direct effect on the type and
quantity of bacteria in the bioreactor (Sharma & Li, 2010; Sobieszuk et al., 2017). Sharma
and Li (2010) believed that the optimum HRT is the time that is consistent with the time
taken to generate living microbes. Apart from this, the HRT determines the value of shear
stress which directly affects the formation of biofilm on a surface (Lecuyer et al., 2011). Thus,
the value of HRT should be correctly determined when utilizing MFC systems (Sobieszuk et
al., 2017). However, there are few studies with reference to the HRT effects on recovering
nutrients via MFC systems. In addition, our group has developed a new double-compartment
MFC which successfully retrieved nutrients from municipal wastewater (Ye et al., 2019b).

This work mainly focused on the investigation of the role of HRT with the aspects of the



efficiency of power output and recovery of nutrients while applying the developed new dual

compartment MFC reactor to recover nutrients in the urban wastewater treatment.

2. Materials and methods

2.1 MFC preparation

The anaerobic sludge used as inoculum in the anode compartment of the MFC reactor
was provided by an Australian wastewater treatment plant. The sludge was firstly cultivated
in a sequencing batch MFC under room temperature (22 + 2 °C), during which the synthetic
municipal wastewater — it had a fixed composition (see Table 1) - was fed to the anode
compartment. This process aimed to make the anaerobic microbes adapt to the new
environment, where the MFC reactor operated until the voltage stabilized. After that, the
double-chamber MFC system was continuously run and fed with solution (i.e., synthetic
municipal wastewater). The pH of feed solution was regulated to be approximately 7 through
the addition of HCI and NaCl solutions whilst the influent COD concentrations were
measured, which depend on the initial concentration of glucose. Apart from this, the catholyte

initially contained the distilled (DI) water in the cathode chamber.

Table 1. Composition of artificial municipal wastewater

Parameter Average * Std. Parameter Average = Std.
pH 7.00 +£0.02 COD 300 = 15 mg/L
NH4Cl 20+ 1.0 mg/L KH,PO4 4.6 £0.5 mg/L
MgSO,4-7H,0 54+ 0.5 mg/L CaCl,-2H,0 0.4+0.01 mg/L
Yeast 32+ 1.0 mg/L Trace nutrients 0.61 mL




2.2 MFC design and operation

The design of the double-chamber MFC applied in this work was on the basis of the
information in a recently published study (Ye et al., 2019a). The MFC reactor consisted of
two square chambers which were made by plexiglass plates with the thickness being at 5 cm.
The two chambers with an active volume of 350 mL were separated by a CEM membrane
(CMI7000, Membranes International Inc., USA). Furthermore the anode electrode was made
of cylinder-shaped graphite felt (6mm thickness, 30 mm in diameter) whereas the cathode
electrode was a carbon-fiber brush (30 mm long, 30 mm in diameter), in which both
electrodes were provided by Sanye Carbon Co. Ltd. in China. An external resistor (1000 Q)
was employed to complete the electric circuit, which was connected to the electrodes via the
copper wire. Besides, the hydraulic connection of these two chambers made the anode
effluent be used as the cathode influent. A peristaltic pump (Model 77202-60, Masterflex)
was utilized to transfer the feed solution to the anode chamber. To achieve different HRTs, the
flow control of this pump allowed for different flow rates to occur as required. Notably,
internal pH control was not needed throughout these experiments.

The dual-chamber MFC operated at four different times for a period of 120 days (see
Table 2). In the present experiments, the volumetric flow rate was changed by the pump (0.35,
0.47, 0.59 and 0.70 mL/min), resulting in different HRTs (0.69, 0.52, 0.41 and 0.35 d). When
operating the MFC, electricity generation is the most important parameter for the reactor. The
MFC’s working condition would be considered as steady when the value of voltage generated
remains constant or changes in a negligible range. In each experimental period, the MFC

reactor continuously operated until reaching the steady state at the new HRT.



Table 2. Operational parameters of the double-compartment MFC

Experimental period

Parameters
i ii iii iv
Days 1-30 31-60 61-90 91-120
Flow rate (mL/min) 0.35 0.47 0.59 0.70
HRT (d) 0.69 0.52 0.41 0.35
Influent COD concentration (mg/L) 300 300 300 300
OLR (mgCOD/L-d) 435 580 725 870

2.3 Calculations
In the present study, equation (1) was exploited to calculate the power density (P,
mV/m?).

UZ
P =L 1)

where R (Q) is the resistance at 1000; U (mV) is the voltage generated by the MFC reactor; 4
(m?) is the anode electrode’s surface area in both sides.
Apart from this, coulombic efficiency (CE, %) presents electrons’ recovery in the MFC

reactor and be achieved by the following equation (Logan, 2008).

t
C. = 8 J, Idt
= —2—
FACODV

X 100% 2
where / (mA) is the current across the resistor in the MFC reactor at operation time (¢, d); V'
(mL) is the anode chamber’s active volume; ACOD (mg/L) is achieved through the
subtraction of influent COD concentration to effluent COD concentration; ' (96485 C/mol) is
the Faraday’s constant.

The recovery efficiency of nutrients was calculated by the following equation.

RE — Canode—effluent_Ccathode—effluent X 100% (3)
Canode—effluent




where Conode-cfiuen: represents the concentration of NH4"-N or PO4*-P in the anode effluent;
and Ceashode-efuen: represents the concentration of NH4"-N or PO4>-P in the cathode effluent.
2.4 Analysis

The effluents from the anode chamber and cathode chamber were daily analyzed for the
measurement of the pH solution and concentration of COD and nutrients to determine the
MFC'’s performance. Prior to analysis, all the liquid samples were firstly centrifuged and then
filtered by 0.20 um-filters (Merck Millipore, Burlington, USA). The concentrations of COD
and nutrients were measured by different test kits provided by Hanna Instruments Australia
and Merck Millipore, respectively. For monitoring the solution pH, a pH meter (HI9025,
Hanna Instruments) was utilized. Regarding electricity generation, a universal digital meter
purchased from Shenzhen City Station Win Technology Co. Ltd. was employed to monitor
the changes in the voltage generated across the resistor in the MFC.
3. Results and discussion

3.1 Electricity generation

The impacts of HRT on the power output in the MFC reactor were evaluated, and Figure
1 shows the variations of voltage generated by the MFC reactor during the operation period.
In the anode chamber, the electrically active bacteria (EBA) are responsible for the power
output, and their activity and concentration directly affects the energy production. From this
figure, at the beginning of the first period (HRT = 0.69 d), the generated voltage increased
rapidly, probably due to the change in operation mode from batch to continuous.
Subsequently, the voltage became stabilized within nine days and the maximum voltage
generated in this period was 598.9 mV. When the HRT was 0.52 d (period II), the maximum
voltage fell to 577.6 mV. A further reduction in the HRT resulted in reducing the maximum
generated voltage to 564.5 mV at the HRT of 0.41 d (period III). As the HRT declined to 0.35

d (period V), the maximum voltage was approximately 10% lower than the value obtained at
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the HRT of 0.41 d.
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Figure 1. Power output vs operation time at different HRTs (0.35-0.69 d) in the

double-compartment MFC.

Overall, the electricity generation of the MFC reactor revealed a downturn in HRT
during the experiments. A possible reason for this is that decreasing HRT may result in: firstly,
high flow rates of feed solution which may worsen the mixing conditions (Sobieszuk et al.,
2017); and secondly, the loss of anaerobic microbes to some extent in the anode chamber.
These two outcomes may greatly influence the concentration of EBA and seriously
compromise the growth of the EBA. Moreover, higher HRT enhanced the residence time of
the substrate within the MFC reactor and thereby facilitated the degradation of substrates via
EBA. As a result of this, more electrons would be generated and transferred to the surface of
the anode electrode (Sharma & Li, 2010). Consequently, the power output could be improved.
Santos et al. (2017) found that the EBA’s activity could be enhanced by increasing HRT,
which contributes to the EBA’s degradation and transforms the substrate into electricity.

11



Another possible explanation for this is that lower HRT may result in an increase in the OLR
correspondingly, and sufficient organics were thus retained in the anode chamber (Ma et al.,
2016). In this scenario, the organic biodegradation was enhanced as well as the formation of
biofilm attached to the anode electrode. Consequently, the thickness of the biofilm on the
anode surface was increased as well as the mass transfer resistance, which inhibited the
generation of power. In their analysis, Wei et al. (2012) indicated a dynamic equilibrium
existing in the anode chamber, which demonstrated a constant proliferation rate of EBA. For
this reason, the voltage would generally become stabilized.

The present results have also been observed in other studies (Li et al., 2013; Rahimnejad
et al., 2011; Srikanth et al., 2016). In contrast, a few MFC analyses reported an opposite
conclusion in that increasing HRT may adversely influence the voltage generation in MFCs
(Akman et al., 2013; Ge et al., 2013; Juang et al., 2012; Wei et al., 2012). This contradiction
may be attributed to the MFC configuration and other factors which influence the power
output in the MFC reactors. For example, Ge et al. (2013) explored the impacts of HRT on
the power output in an osmotic microbial fuel cell fed with municipal wastewater. In their
study, decreasing the HRT from 24 h to 6 h caused electricity generation to increase
significantly. Apart from this, some researchers thought high HRT may reduce the
concentrations of substrate and the cell metabolism at the anode chamber (Liu et al., 2008),
which inhibited the MFC reactor’s production of energy. A reduced HRT results in more
degradation of the substrate used for generating electricity at a unit time in the MFC system,
thereby enabling biomass to convert energy (Luo et al., 2017). However, this scenario may
require a higher concentration of EBA or stronger biofilm, which could oxidize more
organics in a shorter time.

In addition, it is possible that there is an optimum HRT for the electricity generation of

each continuously operated MFC reactor, but these optimum values vary from MFC
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configurations to another (Rahimnejad et al., 2011). Apart from this, the maximum power
output (598.9 mV) in the present study was observed at the HRT of 0.69 d, which was also
optimal for this MFC configuration. Akman et al. (2013) reported that it was about 40%
higher with reference to the maximum voltage generated at a HRT of 0.5 d. By contrast, this
value was around 30% lower than that achieved at the HRT of 0.28 d by Juang et al. (2012)
who analyzed a continuous MFC. This may be attributed to the use of neutral red in the anode
chamber, which was served as an electron transfer mediator and thereby improved electricity
generation.

For generating electricity in the MFC system, how to increase the output power is
hugely important. For this reason, the power density is a critical constant in MFC reactors as
well as coulombic efficiency. Figure 2 depicts the maximum voltage generated and
corresponding power density at each HRT. The maximum coulombic efficiency and power
density were 25.01% and 253.84 mW/m?, respectively, at the HRT of 0.69 d. In this work,
optimizing HRT to generate electricity in the dual chambered continuous MFC was one of the
main objectives. For this reason, the HRT of 0.69 d could satisfy this purpose. However, the
HRT is expected to be minimized when the effective removal of COD is the main objective
of MFCs for wastewater treatment because this could increase the economic feasibility of the

MEFC system (Chang et al., 2004).
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Figure 2. Maximum voltage generated and corresponding power density at different HRTs

(0.35-0.69 d) in the double-chamber MFC.

Apart from this, the present study’s maximum power density achieved was greater
compared to the values reported by other studies. For example, Song et al. (2018) operated an
up-flow MFC and achieved the maximum power density of 15.41 mW/m? at the HRT of 3.0 d.
Recently, Yang et al. (2019) found that the modification of the cathode surfaces could
accelerate the electron consumption, and thereby improve the power density of a MFC. In
their study, the MFC with the mesoporous carbon-modified cathodes could have higher
power density compared to that equipped with bare carbon electrons, and the maximum
power density could reach 1.179 + 0.031 W/m?. The possible explanation for this is that the
mesoporous carbon-modified electrode had approximately double the porosity utilization
compared to the bare carbon electrode. Similarly, in the study by Luo and He (2016), their
results showed that maximum power density of tubular MFCs could rise from 4.29 to 6.50
W/m® when the carbon fiber cathode was coated with nickel. It is certain that the power

density could be improved by optimizing the MFC through changing the operational
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parameters (e.g., influent COD concentration and solution conductivity).

3.2 COD removal

The performance of this double-chamber MFC with reference to wastewater treatment
efficiency was evaluated by the COD removal efficiency. The COD reduction was tested
while increasing the HRT from 0.35 to 0.69 d. As shown in Figure 3, the double-chamber
MFC reactor effectively removed COD in the HRT range of 0.35-69 d. This may well have
been due to the lowest HRT (i.e., 0.35 d), which was still sufficient for the microorganism in
the anode chamber to efficiently degrade organic material. Similar results were reported
elsewhere (Song et al., 2018; Xie et al., 2018). For instance, Song et al. (2018) observed this
phenomenon when they utilized an up-flow MFC coupled constructed wetlands for the
removal of sulfadiazine. In this scenario, the removal efficiencies of COD were in the range

of 92.4%-94.4% under different HRT conditions.
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Figure 3. COD reduction efficiencies vs operation time at different HRTs (0.35-0.69 d) in the

double-compartment MFC.
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The content of all microbial species in the anode chamber of MFC reactors highly
determine the removal of COD as well as the balance between the different species of
bacteria. Many researchers reported that higher HRT favorably influences the COD
degradation (Fazli et al., 2018; Kim et al., 2016; Kim et al., 2015). A commonly stated
explanation for this is that higher HRT results in longer residence time of substrate in the
anode chamber, and subsequently anaerobic microbes are allowed to have more contact time
to digest the organics, which leads to higher removal efficiencies of COD and better effluent
quality (Li et al., 2013). Luo et al. (2017) found that longer HRT could even cause full
oxidization of organics in domestic wastewater.

In the study by Ge et al. (2013), they found that the removal efficiencies of COD were
approximately 40-60% and 70—-80% at the HRT of 10 h and 24 h, respectively, whilst
continuously operating an osmotic MFC for domestic wastewater treatment. Similarly,
Haavisto et al. (2017) employed a two-chamber up-flow MFC to produce electricity from
xylose, in which decreasing the HRT from 3.5 d to 0.17 d resulted in reduced removal of
COD from 95% to 78%. In contrast, Akman et al. (2013) reported that increasing HRT from
0.5 to 1.5 d may lead to an increase in the removal of dissolved organic carbon from 38% to
45% in the dual-chamber MFC. Similarly, Li et al. (2013) found that the activity of EBA and
organic matter degradation was not inhibited in animal carcass wastewater treatment. This
difference in findings may result from the MFC’s configuration (Li et al., 2013). Moreover,
lowering HRT could increase the quantity of substrate entering the anode compartment, so
the total amount of substrate degraded by the microbes (i.e., COD removal efficiency) may be
increased (Juang et al., 2012).

3.3 Recovery of nutrients

The effects of HRT ranging from 0.35 to 0.69 d on recovering nutrients in the

dual-compartment MFC were assessed and the results are shown in Figure 4. At the anode
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chamber, the nutrients were mainly removed by microbial activity for their growth. Besides,
some ammonium ions may transport from the anode to the cathode compartments through the

CEM to realize its removal at the anode compartment.
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Figure 4. Average removal and recovery efficiency of (a) NH,"-N and (b) PO,>-P in the

anode chamber and cathode chamber at different HRTs (0.35-0.69 d) in the

double-compartment MFC.

Reportedly, lower HRT resulted in higher OLR, which may cause more bio-consumption
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of nutrients (Xu et al., 2014; Ye et al., 2019a). However, the analysis of the removal of

NH;"-N and PO4”-P undertaken in the present study shows that the average removal
efficiencies of NH4'-N and PO43 -P at the anode chamber were in the 13%-15% and 12%-14%
ranges, respectively. The removals also occurred at different HRTs, which indicated that such
HRT ranges wielded an insignificant impact on the removal of ammonium and phosphate (see
Fig. 4). One possible reason for this is that the enhanced bio-consumption of nutrients at

higher OLR resulted from a higher concentration of COD at a unit time whereas changes in

the HRT in this work did not vary the influent COD concentration. Again, the lowest HRT
could still offer sufficient contact time for the anaerobic bacteria to take up NH,'-N and
PO,>-P.

Isma et al. (2014) reported that the microbial growth could be improved by decreasing
the HRT which leads to a higher F/M ratio, and thus provides more nutrients to the biomass.
However, the employment of synthetic domestic wastewater as a substrate in the present
study is readily available with sufficient nutrients for the bacterial growth even at low HRT.
Apart from this, in the acidic wastewater treatment, Liu et al. (2016) designed a
photobioreactor system and documented the significant impacts of HRT on the nutrients
removal in this system. This may be attributed to the different functional microorganisms
organized in the photobioreactor system and MFC system for the nutrients removal.

On the other hand, at the cathode chamber, the generated electrons and electron acceptor
(i.e., O;) may have the following reaction.

2H,0 + 0, + 4¢” — 40H (4)

The pH elevation may result in the nutrients recovered through chemical precipitation
and the shrinking concentrations of nutrients within the cathode compartment being
confirmed. Furthermore, partial NH,"-N ions were removed through air stripping in this

scenario, in which the transformation of ammonium into volatile ammonia occurred (Ye et al.,
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2019b). The changes in the average recovery efficiency of NH, -N and PO,*"-P at the cathode
chamber were negligible.

Furthermore, the experimental results indicated that the average recovery efficiencies of
nutrients were approximately 85% of NH, -N and 83% of PO4”-P at different HRT
conditions. As discussed above, lower HRT could still result in efficient COD removal and
effective recovery of nutrients despite the slight inhibition of electricity generation. For this
reason, the HRT could be somewhat reduced to enhance the recovery system’s economic
feasibility, especially if the system’s main objective is to recover nutrients and reduce COD
concentrations.

4. Conclusion

The impacts of HRT (0.35-0.69d) on the dual-chamber MFC’s performance were
investigated in this research study.Results demonstrated that the maximum voltage generated
was 598.9 mV with a corresponding power density of 253.84 mW/m?” at HRT = 0.69 d. The
effective removal of COD was achieved coupled with the recovery of NH,;'-N (85%) and
PO,>-P (83%) proving successful at different HRT conditions. Overall, the dual-chamber
MFC was feasible for producing power and recovering nutrients with simultaneous COD
reduction in sewage treatment. This is unique compared to the previous nutrient recovery
systems as it provided a high pH zone and essential chemicals such as magnesium ions for
recovering nutrients through struvite precipitation while others introduced additional
chemicals for the pH increase and chemical precipitation. Nevertheless, the HRT could be
reasonably reduced if the MFC’s application to the recovery of nutrients is the major priority.
Conclusively, the study provides theoretical and technical supports for the commercial

application of nutrient recovery via the MFC system from municipal wastewater.
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