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Electricity Generation Performance and Treatment of Swine Wastewater

by Chlorella Biocathode Microbial Fuel Cell
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Based on the characteristics of large-scale swine wastewater and the problems existing in

a Chlorella biocathode microbial fuel cell ( MFC) was constructed to

Abstract
current treatment technologies,
explore the feasibility of simultaneous treatment of swine wastewater and electric energy recovery. When
the COD concentration of the anode substrate increased from 510 mg/L to 4 250 mg/L, the maximum
output voltage and power density of MFC increased from 279. 16 mV and 271. 15 mW/m" to 501. 16 mV
and 907. 52 mW/m’ respectively, and the internal resistance of MFC decreased from 795. 93 () to 256. 7

Q). With the increasing of COD concentration in anode, the removal efficiency of COD gradually
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increased and reached the maximum when the COD was 4 250 mg/1., which was 98.29% . However, the
Coulombic efficiency of MFC decreased from 5.97% to 2. 86% . The removal efficiency of NH,” = N and
TP also showed a downward trend. Based on comprehensive evaluation of electricity generation
performance, pollutant degradation ability and Coulombic efficiency, the Chlorella biocathode MFC had
the best performance when the initial concentration of COD, NH,” — N and TP was about 950 mg/L, 55
mg/ L. and 10 mg/L in anode chamber. These results demonstrate that the Chlorella biocathode MFC can
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degrade COD in swine wastewater and produce electricity by using pollutants.
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generation performance; pollutant degradation
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Fig.1  Schematic diagram of MFC
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Fig.2  Voltage output of MFC under four anode substrate

concentrations
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1 2 AR PR B 1 5k B I BHAR R /K S5 1
T, COD R 24598 6. 53 F110. 70 me/ (L -
h) #BE I Z61F T 9 COD [ R 15 J5 PR R AR Bk
JE TR . Mk ARBS TR T Bk S50 it
(I BORFEAR T 19. 93% , {H 355 T #e i T 594
FENVZ&AF PR G AR . H AR o b
PERER M el Jn e B2 1 Sk B2 11 kK 254 T B
BLE MFC f K Jy 3 5% B2 Je Wt o4 BEL 23 51 A
271. 15 .534.86 mW/m’ 5 795.93 387.54 Q, f] i,
W RE T HEK S0 B PR RE L T e 1o DIk,
M COD [ fifp 38R Ko™ v M BE 55 07 T %
JE,AEWIE 1T (COD =950 me/L) HE/K 45 1F T HL LY
7 LA AL R £ TR RE Bt

TE 4 Fft B 1 A B2 26 7R NHY - Ny 5Bk

RN 96.07% . 93.58% . 88.65% Fil 82.56% .
BT Jia 2650 FFH MEC B £ 50 5 7K 9 bR o
(16.1% ), 47k COD fy 510 mg/L F+ % 4 250
me/L iF ,NH, - N B L3 % 0.42 mg/(L - h)
F+Z1.06 mg/(L - h) . Kim 2 8%} MFC J &1
REFEAILHIIEAT T 05T, A48 AR BT ) L%
MFC Hf, BHAR 25 P4 % 22 AT 38 oo Jot 1 B 9 0 4 B i
(ky=6.2x107" em/s)  AIAF 8N J:bk . BEAh, AT
ZBAM A E A MFC FHAR (4 520, BAAR 25 P9 AR 7T G
RSV E X & AT T A AR R — S thds
O MFC A LY 25 B 8 B0 3 o il 1k 5 R AR 1R
F 73 AR 1o 78 v G B A 7 A ELAE
AR LT RIS 210 i 25 4R, T 42008 4 9 A F A0 FE
(4T BE M ARALS , 00 BH AR 28 P9 ) 22— 4 1) R



#3545 H11#H

O 4 oK HE K

www. cnwwl1985. com

T BFRR A5, 28 B /N 3R 8 W W R A 31 T X
B 5 53— 3, B T IR AR o - e A T A
Al PR P A e o i Ak R A AR T A
HEAT T R AL B A

1 4 PR ISR BE 45, MFC K iy TP
W B Wit K TP Y B2 A i o e, R BRI E
WA, 4> Ak 53.09% . 45.29% . 36.81% Fl
26.16% o 5 SCHAE LIMESEAE 9 MFC AR, B
H TP {1 KBRFAH 16. 1% . B BAA oK 38 A B
e, 2 BRI AR B XoF ol 1) P R R ORI s, R G0 TP
EBRFIRB] T 81. 7% o A5 1 FHAR % 40 T 5™
& B DA, BT LA B 2 b (U 0 R A B S 0 1l
I LRARC . FEXFEMZBITHEE T, MFC [HLZE X
TR PRt 8 1 25 B 2 25 B B A K T S L /N B
5% ARG EBAR A E A BHB 2, 35 2 G A= 4y o T sk
P o 2SI K 7K B, BN 25 P 3B
ST WEREE BE RUE Y DU A W) DL S BRI - i 7%
(AT A R HE o T A 1) S B, A A5 1 S BRSO
BN T8 AL, AR AR A T T, R 2% SECKE P
HP 7RG A B, 38 28 BRI /)N 35K gk gt 1y Wi WSO
— PR K T R B . H R K A SIS
X/ INER G A AR A | FE A 7 E P B DL R BRI S e
o A A SR A S i) 5 S i — 20 B I
3 4

O /NEREEA YN MFC, 7ERE R 30 C 6
HEGR N 5 500 Ix BHAR 7KW1 46 pH {H = 10 Az
FLRH R 1 000 Q (9 5544 N84T, Y FHAR IS4 COD M
510 mg/L 1% 4 250 mg/L i}, MFC 1% K% 4
HLHEHY 279. 16 mV #2743 T 501. 16 mV, i KT %E
BEEE M 271,15 mW/m® $2755%]907. 52 mW/m’ , X)o7
L B T 795.93 Q F&Z 256.7 Q. A] WL, 42T+ FH
W7k COD ¥ B2 AT 44t vy H vl 1Y) 7= FELPE B

@  FEFMIEY COD Jy 4 250 mg/L 5544 F,
COD L BRFR B Fe K, 98.29% ., SR 10, Fli &
COD ¥ FZ By 35 hn , a1t PE SRR AN 5. 97% [ =
2.86% , MFC FH#) h NH - N By R ERR¥ & T
80% HXT TP (1) F: BRI AN AL, PR 888 1) 25 Bk
WAL IRER

@ LG HERE 5 YW AR RE R SR
FREETTTHATVEM , NERSEA W BA M MFC 7E FRAR IS
Py COD 2574 950 mg/L 2514 F iz 47}, MFC 177
FA YRR A R R I A fE . AT UL, /haskase sk

Yy AR AR A Pt ri i ] 20 Ak BRIl
HAERA ATk

SE

(1] TR, RAgE, EWME, 5. FE AR5 3

B XA 7 2 (1], [, 2018, 13
(1):23 -26.
Yu Hongkang, Wu Jianzhai, Wang Yahui,et al. Analysis
of current status, model and regional layout of pig
breeding industry in China [ J]. China Pig Industry,
2018,13(1) :23 =26 (in Chinese).

(2] ARURIE SRBRLL, SRIEA, 55, UL IR IR K AL BE )

R (D], AR ,2016,11(2) :66 - 68.
Song Chengmou, Cai Yinghong, Wu Zhengjie, et al.
Problems and countermeasures of large-scale swine
wastewater treatment[ J ]. China Pig Industry, 2016, 11
(2) :66 —68(in Chinese).

[ 3] Cheng S,Logan B E. Increasing power generation for scaling
up single-chamber air cathode microbial fuel cells[ J].
Bioresour Technol ,2011,102(6) :4468 —4473.

[ 4] Patl S A,Surakasi V P,Koul S,et al. Electricity generation
using chocolate industry wastewater and its treatment in
activated sludge based microbial fuel cell and analysis of
developed microbial community in the anode chamber
[J]. Bioresour Technol,2009,100(21) :5132 -5139.

[5] OhSE,Logan B E. Hydrogen and electricity production
from a food processing wastewater using fermentation and
microbial fuel cell technologies[ J]. Water Res,2005,39
(19) :4673 -4682.

[ 6] Wang X,Feng Y,Liu J et al. Sequestration of CO, discharged
from anode by algal cathode in microbial carbon capture
cells (MCCs)[J]. Biosens Bioelectron,2010,25(12) :
2639 —2643.

[ 7] Campo A G D,Caiiizares P,Rodrigo M A et al. Microbial
fuel cell with an algae-assisted cathode; A preliminary
assessment [ J ]. Journal of Power Sources, 2013, 242
(35) :638 —645.

[ 8] Kakarla R, Min B. Photoautotrophic microalgae Scenedesmus
obliquus attached on a cathode as oxygen producers for
microbial fuel cell ( MFC) operation [ J]. Int J
Hydrogen Energy,2014,39(19) :10275 - 10283.

[9] WuY C,Wang Z J, Zheng Y, et al. Light intensity
affects the performance of photo microbial fuel cells with
Desmodesmus sp. A8 as cathodic microorganism [ J].
Applied Energy,2014,116:86 —90.

[10] Brennan L,Owende P. Biofuels from microalgae—A review



www. cnwwl1985. com

BAE SRR A M A MFC 4L 22 3k i K B b 4k

#3545 H11#H

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

of technologies for production, processing,and extractions
of biofuels and co-products [ J ]. Renewable &
Sustainable Energy Reviews,2010,14(2) ;557 - 577.
Jia Z. Modeling on Economic Feasibility Analysis of
Biodiesel Production from Microalgae in China [ D ].
Singapore ; National Univerisity of Singapore,2014.
Pt S5 BER U W OB L Tt 7 H A v K b PR
HMe P ARWEFE D] S IR, 2016.

Tong Hailong. Study on Electricity Production
Characteristics and the Treatment of Aniline Wastewater
by Photosynthetic Algae Microbial Fuel Cells [ D ].
Xiangtan ; Xiangtan University,2016 (in Chinese).

TR AL, FE R, AF . ANRDE IR BEXT /N R AR
KT ] Y2, 2016,43 (5) - 1027 -
1034.

Xu Hui,Ji Daobin, Cui Yujie,et al. Effects of different
light intensity on the growth of Chlorella[J]. Bulletin of
Microbiology ,2016,43(5) ;1027 — 1034 (in Chinese) .
XA R, PO, S PR AT O G
ST YRk v 7 R R R R DN R AR Y R )
[J]. BT RE44,2015,9(10) ;5109 - 5112.

Liu Chenghong, You Zhimin, Tong Hailong, et al. Effects
of two electron donors on the electricity production
performance and Chlorella growth of photosynthetic algae
microbial fuel cells [ J].
Engineering,2015,9(10) :5109 —5112(in Chinese).
BRAE . [ A/ INER R A R R b Ak B 3 %
KBFFELD]. FE R RS, 2016.

Wu Rongwei. Study on the
Wastewater by Chlorella Immobilized Microbial Fuel Cell
[D].
Chinese) .

Oh S, Min B, Logan B E. Cathode performance as a

Journal of Environmental

Treatment of Swine

Nanchang: Nanchang University, 2016 ( in

factor in electricity generation in microbial fuel cells
[J]. Environ Sci Technol,2004,38(18) :4900 —4908.

KRG 2R SR, 5. pHL{ELX 3% 26 K Bl A= 9
MR L PERERYSE IR [T ] BHISERR 5 T AR
2441 ,2010,18(s1) ;1 -9.

Zheng Yu, Li Tianhong, Zhou Shungui, et al. Effect of
pH on the electricity production performance of microbial
fuel cells treating swine wastewater[ J]. Journal of Basic
Science and Engineering, 2010, 18 (s1):1 - 9 (in
Chinese) .

Ding W,Cheng S,Yu L,et al. Effective swine wastewater
cells  with

treatment by combining microbial fuel

flocculation[ J]. Chemosphere,2017,182:567 - 573.

[19]

[20]

[21]

(22]

(23]

(24]

[25]

[26 ]

Al HGURE KA B R T Z05E (D], 7
B VYR FRHF 2011

Yang Liwei. Research on Treatment Technology of
Dispersed Swine Wastewater [ D ]. Xi’ an; Xi’ an
University of Architecture and Technology, 2011 ( in
Chinese) .

5 S, A, XA, 45 FIRDGHCE YRR L it
TIFHE K GEIRARI IR TE [T ], PR R 274,
2015,35(2) :456 —-460.

Wu Yicheng, Wang Zejie, Liu Lidan, et al. Study on
resource utilization of swine wastewater by using light
microbial fuel cells [ J]. Journal of Environmental
Science ,2015,35(2) :456 =460 (in Chinese) .

SV WUEY ORI B BIARAE RS A 1 T B AL
MR & K BRI FE [ D] K BT R 2%,
2012.

Jin Tao. Coupling Effect of Anode and Cathode
Modification of Microbial Fuel Cell and Its Electricity
Production Performance of Livestock and Poultry
Wastewater[ D ]. Tianjin; Nankai University, 2012 ( in
Chinese) .

SKSE. TR ik Ak 1 TR P ORE H Tl £
PR ERESRAL[ D], PR PR, 2014,

Zhang Liang.  Transmission Characteristics and
Performance Enhancement of Microbial Fuel Cells Based
on Proton Transfer Enhancement [ D ]. Chongging:
Chongqing University,2014 (in Chinese) .

Hou Q,Cheng J,Nie C,et al. Features of Golenkinia sp.
and microbial fuel cells used for the treatment of
anaerobically digested effluent from kitchen waste at
different dilutions [ J ]. Bioresour Technol, 2017, 240 .
130 - 136.

Moon H, Chang I S, Kim B H. Continuous electricity
production from artificial wastewater using a mediator-
less microbial fuel cell[ J]. Bioresour Technol,2006,97
(4).621 -627.

IR AR R, B U5, 45 TR MR LIt 7™ FiL A9 52
MR R[], R T A4 ,2009,9(3) :526 - 530.

Ye Yejie, Song Tianshun, Xu Yuan, et al. Influencing
factors of microbial fuel cell power generation [ J ].
Chinese Journal of Process Engineering, 2009,9 (3) .
526 - 530(in Chinese).

Aboutalebi H, Sathasivan A, Krishna K C B, et al.
Expediting COD removal in microbial electrolysis cells

by increasing biomass concentration [ J ]. Bioresour

Technol ,2011,102(4) :3981 —3984.



%3545 %114

b OE % K H oK

www. cnwwl985. com

[27]

(28]

(29]

[30]

[31]

[32]

[33]

Hussain A, Manuel M, Tartakovsky B. A comparison of
simultaneous organic carbon and nitrogen removal in
microbial fuel cells and microbial electrolysis cells[ J].
J Environ Manage ,2016,173 .23 -33.

Fan Y, Hu H, Liu H. Enhanced Coulombic efficiency
and power density of air-cathode microbial fuel cells with
an improved cell configuration [ J]. Journal of Power
Sources ,2007 ,171(2) :348 —354.

Saratale R G, Saratale G D, Pugazhendhi A, et al.
involved in microbial electrochemical

systems( MESs ) ;: A review [ J ]. Chemosphere, 2017,
177.176 - 188.

Microbiome

Min B,Cheng S, Logan B E. Electricity generation using
membrane and salt bridge microbial fuel cells [ J].
Water Res,2005,39(9) :1675 - 1686.

Jia J,Tang Y,Liu B,et al. Electricity generation from food
wastes and microbial community structure in microbial
fuel cells[ J]. Bioresour Technol,2013,144(5) :94 —
99.

Kim J R,Zuo Y,Regan J M, et al. Analysis of ammonia
loss mechanisms in microbial fuel cells treating animal
wastewater[ J ]. Biotechnol Bioeng,2008,99(5) ;1120 -
1127.

Zhang X,He W,Ren L,et al. COD removal characteristics in

air-cathode microbial fuel cells[ J]. Bioresour Technol,

[34]

[35]

2015,176:23 -31.

Zhang G, Zhang H, Ma Y, et al. Membrane filtration
biocathode microbial fuel cell for nitrogen removal and
electricity generation [ J ]. & Microbial

Technology,2014,60:56 — 63.
Li Y, Williams I,Xu Z H,et al. Energy-positive nitrogen

Enzyme

removal using the integrated short-cut nitrification and
autotrophic denitrification microbial fuel cells ( MFCs )

[J]. Applied Energy,2016,163:352 -360.

EEE T A (1971 -

VI S TR DN L & o
5, 2N T g il e R KA BT E o

E - mail :408802216@ qq. com

s HH#E:2019 - 01 - 14

ﬁ;&m’gy"#ﬁé’ir«* T g



