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Abstract In this article, microbial fuel cell (MFC) was used for simultaneous denitrification and carbon removal to ascertain their electricity

generation performance. The results showed that strengthening domestication and enrichment of electrogenic bacteria had the best start-up

effect. An increase in volumetric loading reduced the rate of pollutant removal but promoted the output voltage. The changes of working condi-

tions such as influent concentration, sludge concentration and temperature had a great influence on the electricity generation performance of
MFC, and their optimum values were 500 mg/L, 2 000 mg/L and 35°C, respectively.
Key words Microbial fuel cell (MFC), Denitrification, Carbon removal, Electricity production performance

1 Introduction

Microbial fuel cell (MFC) technology, which has emerged in re-
cent years, directly converts the chemical energy contained in pol-
lutants in sewage into electrical energy under the catalysis of mi-
croorganisms. It is a promising new sustainable wastewater treat-

=3 However, there are very few studies on the

ment technology
use of ammonia as a fuel for MFCs to produce electricity'* ™. The
use of MFCs for simultaneous denitrification and carbon removal
has not been reported in the literature. Anaerobic ammonium-oxi-
dizing bacteria are microorganisms that oxidize ammonia under an-
aerobic conditions, and the MFCs with them as the electrogenic
bacteria can achieve simultaneous denitrification and carbon re-
moval. The anaerobic ammonium-oxidizing rate reported in the lit-
erature has reached 76.7 kg N/(m’ - d)'®'. At such a high rate
of ammonia oxidation, there will inevitably be a high flux of meta-
bolic electrons. The potential of electricity generation of MFCs
through simultaneous denitrification and carbon removal is expec-
ted. In this article, the electricity generation performance of MFC
through simultaneous denitrification and carbon removal was stud-

ied in order to develop new biological denitrification technology.

2 Materials and methods
2.1 Experimental device The material of electricity-generating
MFC of simultaneous denitrification and carbon removal is plexi-
glass. The anode and cathode chambers are all of the same cylindri-
cal structure with a bottom diameter of 85 mm and a height of 120
mm. The reactor has an effective volume of 350 L. The two cham-

bers are separated by a proton exchange membrane (Nafion 117)
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sandwiched between the circular side tubes. The cross section of the
side tubes used is 50 mm. The caps of the anode and cathode cham-
bers have small holes, used for sampling, aeration and electrode fix-
ation. The anode electrode and the cathode electrode are both made
of graphite felt and have an effective area of 100 cm’. The electrici-
ty generated by the MFC is exported through a steel wire (diameter
2 mm) , and the steel wire is connected to the wire. The center dis-
tance between the two electrodes is 170 mm.

2.2 Inoculation of microorganisms The inoculated microor-
ganisms were enrichment cultures of anaerobic digestion and anae-
robic ammonium-oxidizing bacteria, respectively, which were
taken from a stable reactor operating in the laboratory. The SS,
VSS and VSS/SS were 2 530 mg/L, 1 956 mg/L and 0. 773, re-
spectively. The innovation amount accounted for 20% of the effec-
tive chamber volume of the MFC of simultaneous denitrification
and carbon removal.

2.3 Experimental wastewater
cathode chamber was simulated wastewater composed of KH,PO,
(0.02 g/L), NH,CI (0.4 g/L), CaCl, - 2H,0 (0.005 6 g/L),
MgSO, - 7H,0 (0.30 g/L), and trace element concentrates I and
IT (1 mL/L for each)”. COD and NH, -N were provided in the
form of C;H,,04 and NH,CI, respectively, and the concentration

The water in the anode and

was configured as needed. The initial pH was 7. 0.
2.4 Operating conditions Continuous water intake was adopt-
ed, and the hydraulic retention time (HRT) was set as 4 h. The
fixed COD to NH," -N ratio was 5:1. The temperature was main-
tained at (30 £1)°C. When the output voltage value of MFC of
simultaneous denitrification and carbon removal was above 6 HRT
and differed insignificantly ( <5% ), it was considered to reach
stable operation state, and the next test was carried out. Before
each water intake, both the anolyte and the catholyte were vented
with argon to remove oxygen. During the experiment, the anolyte
and catholyte were uniformly stirred by a magnetic stirrer.

2.5 Analysis methods COD was determined by potassium di-
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chromate method; ammonia nitrogen was determined by salicylic
acid-hypochlorite spectrophotometry ; nitrous oxide was determined
by N-(1-naphthyl) -ethylenediamine spectrophotometry ; nitrate ni-
trogen was determined by ultraviolet spectrophotometry; SS and
VSS were determined by gravimetric method; pH was measured
using an FE20 pH meter ( Mettler Toledo, Switzerland) ; and tem-

. 8
perature was measured using a mercury thermometer™ .

3 Results and discussions

3.1 Start-up performance of electricity-generating MFC of
simultaneous denitrification and carbon removal Microorgan-
isms were inoculated into the anode and cathode chambers of the
MFC, respectively, which were then added with the simulated
wastewater. Under suitable environmental conditions, ectopic do-
mestication (not connected to the circuit) , in-situ domestication
(connected to the circuit) and enhanced domestication ( applied
voltage ) were used to enrich the electrogenic bacteria. Taking the
start time, pollutant removal rate, internal resistance and output
voltage as indicators, the above three start-up methods were com-
pared. The starting performance of MFC of simultaneous denitrifi-
cation and carbon removal under different conditions is shown in
Table 1. Among the three start-up methods, the effect of enhanced
domestication was the best, followed by that of in-situ domestica-
tion, and the effect of ectopic domestication was the worst. Under
enhanced domestication (additional voltage ), the start-up period
was 28 d, the removal rate of pollutants was 1. 13 kg/(m’ - d),
the internal resistance was 430. 6 (), and the output voltage was as
high as 387.7 mV, which were comparable to other types of MFC

reported in the literature.

Table 1 Start-up performance of electricity-generating MFC of simulta-
neous denitrification and carbon removal under different con-

ditions
Ectopic In-situ Enhanced
domestication domestication domestication
Start-up period //d 45 33 28
Pollutant removal rate //kg/ (m® « d) 0.98 0.96 1.13
Internal resistance // Q) 850.3 652.1 430.6
Output voltage // mV 151.8 254.3 387.7

3.2 Operating performance of electricity-generating MFCs
of simultaneous denitrification and carbon removal  After
start-up, the efficiency and stability of electricity-generating MFC
of simultaneous denitrification and carbon removal were tested by
continuously increasing the influent flow rate to increase the volu-
metric loading (the influent flow rate was gradually increased from
0.01 t0 0.5 L/h). The operating performance of electricity-gener-
ating MFC of simultaneous denitrification and carbon removal un-
der different influent flows is shown in Table 2. As shown in
Table 2, under fixed influent concentration, when the influent
flow rate was gradually increased from 0.01 to 0.5 L/h, the COD
removal rate, ammonia removal rate and coulombic efficiency were
gradually reduced, from 93.2% , 89.1% and 15.6% to 78.9% ,
69.5% and 3.7% . However, the output voltage gradually increased

from 286.5 to 387.7 mV and then reduced to 254.6 mV. It suggests
that under certain conditions, the increase in volumetric loading re-
duces the rate of pollutant removal, but promotes the output volt-
age'”. Therefore, in the operation of electricity-generating MFC of
simultaneous denitrification and carbon removal, care should be
taken to select a suitable influent flow rate to balance the removal of

pollutants and the function of producing electricity.

Table 2 Operating performance of MFC at different influent flow rates

Influent flow COD Ammonia Output C()l'll(.nnhic
rate //L/h removal removal voltage efficiency
rate // % rate // % mV %
0.01 93.2 89.1 286.5 15.6
0.05 90.2 86.7 302.9 10.7
0.10 86.8 80.2 387.7 8.9
0.20 80.4 75.6 402.8 4.6
0.50 78.9 69.5 254.6 3.7

3.3 Working conditions of electricity-generating MFC of
simultaneous denitrification and carbon removal The opti-
mum working conditions for electricity-generating MFC of simulta-
neous denitrification and carbon removal were explored through
chemical analysis and electrochemical monitoring analysis, in or-
der to provide technical parameters for the application of MFCs of
simultaneous denitrification and carbon removal. As shown in
Fig. 1, when the influent concentration was gradually increased
from 100 to 2 000 mg/L, the COD removal rate and output voltage
first increased and then decreased, and the ammonia removal rate
gradually stabilized. The optimum influent concentration was about
500 mg/L. Fig.2 showed that when the sludge concentration was
gradually increased from 1 000 to 8 000 mg/L, the COD removal
rate and ammonia removal rate first increased and then stabilized,
and the output voltage rose first and then fell. The optimum sludge
concentration was about 2 000 mg/L. As shown in Fig. 3, when
the temperature was gradually increased from 15°C to 40°C, the
COD removal rate, ammonia removal rate and output voltage all
increased first and then decreased. At a temperature of about
35°C, the performance indicators all reached the maximum. The
results above showed that the changes in working conditions such
as influent concentration, sludge concentration and temperature

had a great influence on the operating performance of electricitygener-
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ating MFC of simultaneous denitrification and carbon removal.
Therefore, when operating the electricity-generating MFCs of sim-
ultaneous denitrification and carbon removal in the future, the ap-
propriate parameters should be determined through process optimi-
zation experiments to ensure the stable and efficient operation of

MFCs!™?.
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Fig.3 Electricity-generating performance of MFC of simultaneous
denitrification and carbon removal at different temperatures

4 Conclusions

The effects of ectopic domestication ( not connected to the cir-
cuit) , in-situ domestication ( connected to the circuit) and en-
hanced domestication (additional voltage) on enriching the elec-
trogenic bacteria were compared, with start-up time, pollutant re-
moval rate, internal resistance and output voltage as indicators.
The results showed that the effect of enhanced domestication was
the best, followed by that of in-situ domestication, and the effect
of ectopic domestication was the worst. The efficiency and stability
of the electricity-generating MFC of simultaneous denitrification

and carbon removal were tested by continuously increasing the in-

fluent flow rate to increase the volumetric loading ( the influent
flow rate was gradually increased from 0.01 to 0.5 L/h). When
the influent flow rate was gradually increased from 0. 01 to 0.5
L/h, the COD removal rate, ammonia removal rate and coulombic
efficiency were gradually reduced, from 93. 2%, 89. 1% and
15.6% t078.9% , 69.5% and 3.7% ; and the output voltage was
gradually increased from 286.5 to 387. 7 mV and then gradually
reduced to 254.6 mV. An increase in volumetric loading reduced
the rate of removal of pollutants, but it had a positive effect on the
output voltage. By changing the working conditions such as influ-
ent concentration, sludge concentration and temperature, the opti-
mum process parameters for electricity-generating MFC of simulta-
neous denitrification and carbon removal were explored. The study
found that the changes of working conditions such as influent con-
centration, sludge concentration and temperature had a great influ-
ence on the operating performance of electricity-generating MFC of
simultaneous denitrification and carbon removal, and their opti-

mum values were 500 mg/L, 2 000 mg/L and 35°C , respectively.
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