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Biomass energy utilization in microbial fuel cells: potentials
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Abstract: Microbial fuel cells (MFCs) that can harvest biomass energy from organic wastes through microbial catalysis have
garnered more and more attention within the past decade due to its potential benefits to ecological environment. In this article, the
updated progress in MFCs is reviewed, with a focus on frontier technologies such as chamber configurations, feedstock varieties and
the integration of MFCs with microbial electrolysis cells for hydrogen production. And on the other hand, the challenges like
development of cost-effective electrode materials, improvement of biomass energy recovery and power output, design and
optimization of commercial MFC devices are presented.
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AT X FEAEY R YR A=Y
EIR AN 73 F A Ui e e 2ty B W R
AR R R RO B TR W R B LSt (Miicrobial fuel
cells, MFCs) A — gt & % B 4 A 21 F e JR
MIT=, BATEA Y B REEE A AR ] 5 T 45
BRI T, RERTR R

1 REBH e bR

MFCs SZAREE R Wy i fi AL A TR P 7 el T
e AL RERAL B IR BB BOR . R AL R
FEYIFIER P BRI, AR E R S B AL
W R T, 3% 10 4EMFE L, 45 ¢ MFC f
SR TR E )z O, MR SR AT
TIRBISE K, PIRNAETET BEARE FIA 8%
T AR . RGN bR Jy T
IS T H KRR AEAR R, Rl e e o 1
b ML . RS D AR AR i R BE AR S I
HEAEAT R T BT TR R 7 MFC 8497
T, RHEFEAR AN, Sk 4R 1) MFC HL A AL
PR BB E A2, LA EF Geobacteraceae
J& MFC BHAR b 5 00 T bk, oAt 00 35 1T i 0 9
v-Z I W N Gammaproteobacteria . B-7% TE T 2N
Betaproteobacteria. I E B Rhizobiales UL M 15
WY Clostridia %Y, i ICICH & Shewanella Hi
AP AR i AR T . AT A L AR L
L BA KL, B 4R AR i 7 1 XU g
J1, A& MFC Ak, W MFC BRI E )
Bt MFC MR REIES Y miRAME T, Befhifgit
JEVER) MFC [HRAFAE Thermincola carboxydophila
WRE, MEEFTEKE MFC FHAR YIS ER S
Wi & AT B J& Deferribacter H1 #fi #4 3% ¥F W J&
Coprothermobacter™ . R I, AR PRBE 4 1 A0 35
PRRPE SR AL | SR 2R Fe(1Il) AR H
e DA b BRI BAS Bl , JR45 & R A bk
J - PERR L BERS LK (PCR-DGGE) . Ot
RERMB (LSCM) SFH0R, J& MFC FEM/AEY)
GERE (Rl SR E RO ZRAE 5 F O ik o i Bh v A= 4)
RIS A R R 7 A Bl B B L TR R T A= 1,

5% MFC HL TG P A 9 i 7 A5 s LR 0 3 2 BT
SUHE TSR S, BRIy T8
VI A3 . AREE WA PR I o) 2 71538
Yk S AL 3 RO gk AR
XPRB R RIN T, AL B 36 P 0 B 40 B A ] e 4K
SEok b= RN, S5 RENE
T MR ER , SR HL A i Y
HE R AFAE B — IR . FRAE X 2 2K
M, o R A M A TR 52 AR I % T ek
fifE R TR R , J5 A PR R VA PRI A Y kL
PR CcOM. FItk, MFC 2401 B ) A7
FE—E M PMES B BENST ARG T ) TH, B
& TR ERAM D 2R BT
%A BRSO PR BA A i 2 2T
EPEAUNEAR ZFE L B SURTE ) MFC I 2%, JF
L EEL R [ 9] STl % v A L A A A V5 T
T2 sl AT sE, BERE T RGN
R AEMRT IR, TR RN A
18 AN 2 AN & RN /q L Ry | -0 ok
US4 Y B e b et B LR 12, DA R AR B A i Ak
RSB B, 2558 TS (3 E MFC) .,
B (O B 28 2% AR B AR MIFC) 26727028 iy il ) 0
TR0 S A P A 2102028 D LA B MEC R
2, Ok R m 10 4ERTAY 1 pW/m?® 58 )
2kW/m’, ECRCRM R RPIA E 5 2 JL4R e 2 B AT
(1 809%~90%">*", K i i 5 F i AL s AL |
J N A AR RYFUBE R W5 e, 2 TR B N 28 % L)
PR A i L (A R 3 45 A 7 B A6 P T A 5 3 SR
FHI) MFC BE8L, RS X MFC AR A ASKTER A RN
REPERRMIE S, LR A TN AR MFC BF5E
PAESRE | T A TR, AFFE 45 5 MFC A4=9) 5
REHE AL = ML AR AL T AT AR SR RIRIIE

2 BRI R AL A R
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MFC #58, MFC H1 e i gl e fe Ay vl REAE T5 7K Ak
PRATINAT B S bR P, FEXC SRR g, R TR Rh
K (AR AP E R SEAR) R MFC [
PSR U], A7 88 B g AR RUAH ], 5 AR A
LB S5 AR L A ) B DA B S - B2 AR R R L AR
JHANA o v Z M N R S 2R R MFC R R LA
&I A Wy R K IS ) i Y 2 R A BEASOR A
), DATI ik 2 235 R i) i AL A LA BAT — i 1Y SR PR
PN HES T IZ TR IR S0 % R S8 MFC B4k A Bk
IKWFSER R, SRR B - 2= s B TS KA B
HU0 Y Keller 4% fil Rabaey i+ 1 i1 T SR
12 m* iy MFC J2 I i , #E47 MFC A6 A1) F 75 1%
AKIBORIRE , {0 MFC i th R4 8 W/m®, Kik
B Betoebr, R B SEBR K BAR Y o, S 32 1 2
K MFC i 2y 38 1) S 22 J5t 9 BT R A ot e
b S B K AR B g 1 BE IR A T — B AT
RUE R IR R] R T ) A S B s BF S A R R
15U 19% A PLER . 37 % Bl PEA BLBK . 15%~
32% B IR Y R AE L MFC [f fnghil, Rt p= e
9 W/m’, MFC #2375 Y RE B A9 25 8 nl 35 e b 07
RAE WAL 66% , MIAMA HLTY KRN 48 %
~65%PN, BIRIGIRA MFC ZRLFE RIS A 52
[ RS i R A M, HIX — B S B T BE N 5 TR Y
HERTER v IN A1 oy RIDEEEod e N Sy $7 e
2.2 WEMBERMELEYAERNAER
GER7/EARA DTS 8= s E R AN s oy Y R X7
BRI, —MORH 40%~50% 2P HEFR | 25%~30% )
YR 1090~20% R FTR AN . MFC FALLF4ER
FIAEPI 2T A AR R AN SRR R Z — . HF5ER
Wi, BRWE Clostridium ZEHEZ AR B ™ HL
R, WRRASKM NAgER SN FERD .
Niessen 221 kR E 7 HHIRIREH Clostridium
cellulolyticum FIWEINEE Clostridium thermocellum 1.
PP e 20l i RE , (FRRERY ™ AR R T 2F
A KB P- 2 U R R TS B, T A 2 4
HAEEALT AR BEE AT TAERD], MFC
AL TG MR Geobacter sulfurreducens g5 £F
A RIEMRE Clostridium cellulolyticum W [RIVE T2
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HHJELF 2 R A A, (R B 046 Clostridium
cellulolyticum YEF T ) 42% 32 55 %) 64% H L T
25 FE M Enterobacter cloacae W, 2 MFC Yl{k
7 326 R YRR 5 DT R 7 HL B ) RN AT 4 2% B A 18 0 ) oy
Fi B, a4 v 4R ] FH B K Hh G E Ak 2 3
FHE, MFC 1] DATE R K 96 % 41 4 2= 1Y) [R] Bl 4
HHLAEDY T EkAE N AR A R A A AR IR
IO 45 B ISR DA B A B A 22 43, T (44 2R Ha R
HE T 20 5000, [RIRE, TR R e AR R AT
e R, Z BWGHE 0 -8 1 B B BE RS L UK (PCR-
DGGE) W#F/ TR, Atk b 20 R R w ik,
A o b U &5 AN BN R & Comamonas T
BRUT . DK 8 o 5 110 e St 2F A 3R TR RE S A TR AL
R Rhodopseudomonas palustris ZFH AR, & H
TRERE T B2 W FOK RS AT RS 11 L BB 0.5 W/mPY, i
AR T 5 K Ak BRT IR S 1 R RE 20 ) R /N BR
Chlorella vulgaris FIRB /K AEFY) Ulva lactuca Fi
HLAE 277 W/m® F1 215 W/m® ™, B S 20T,
FEAME H HUE Y 1) MFC RE B4 A K M) Canna
indica F2H, 0.4 W/m®, Canna indica W42 | J4F
HERAAFUR KBRAFMMIE 46% . 61% M 22% ,
MFC & P AAEA AN ST 188 Acinetobacter . W] H
BRWE @ Trichococcus, JSFF )& Bacteroides V) J %
5 B 58T Bacteroidetes 53T I )&, vl
B, N LI ) 2T 4E R IR G T AR e b 25
HR TIUAL 3 ORFEFF g AR O e, B T
M I AR T 2 0 AL B R OR RS A AR AR (R
1), U Y A W o Ak 2H B RN AR ) A M 52
MFC Hi g P4, BORAF 4E R B AE MFC g i
PRIt e AR i Re, (HAVART T, AR
fik, BRI T MFC RGERH et o UL BRET 2 2K 5
FE )£ 4 V] B 2 5 MFC HL BB 5t A R 42 .
Y RS T AL WA )5, AT AR b
INAKE ., H%wE . BTRAR . ZoTRE AR pERE |
FUMERE . BOMERE . BURCfawsms . HeErms . iALmELL
Fe—rE R pgwkmg . By2RaE. MFC SR Y) BOREA
BT 5 T A v 7 F A 2 T P TR X 3 28 /N 1 A AL
YA e L )7 E . Catal 251 If1 Huang 4514440
WE5E T MBS 1T SR MFC AL SR A
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Table 1 Biodegradation of cellulose and lignocellulosic biomass in microbial fuel cells
Power (W/m®)
Type of Type of Reactor and electrode Bacteria Electron or poised References
substrate pretreatment acceptor .
potential
B Two chambers, carbon felt anode Clostridium cellulolyticum, %
Cellulose and carbon rod cathode C. thermocellum 02+ Pt 0.2'Vvs SHE (31]
_ Two chambers, carbon C. cellulolyticum,
plateanode, carbon paper cathode Geobacter sulfurreducens K3Fe(CN)s 0.9 [33]
Two chambers, carbon cloth
anode, graphite fiber cathode Enterobacter cloacae K;3Fe(CN)s 0.06 [34]
_ Two chambers, carbon plate in .
both anode and cathode Mixed culture K;Fe(CN)s 1.2 [37]
- Two chambers, graphite fiber 4 o jure 0,+ Pt 0.06 [49]
anode, carbon paper cathode
Enzymatic Two chambers, graphite fiber .
hydrolysis anode, carbon paper cathode Mixed culture 0+ Pt 0.6 [49]
_ Single chamber, graphite fiber .
anode, carbon cloth cathode Mixed culture 0.+ Pt 0.3 [33]
-~ Single chamber, graphite fiber .
anode, carbon cloth cathode Mixed culture 0.+ Pt 3.9 1361
Hydrothermal Two chambers, carbon paper in
Wheat straw :)r:itment, liquid both anode and cathode Mixed culture K;5Fe(CN)s 2.1 [50]
Steam exploded . .
Single chamber, carbon cloth in .
Corn stover (_neu_tral pH), both anode and cathode Mixed culture 0,+ Pt 1.6 [41]
liquid part
Steam exploded . .
e Single chamber, carbon cloth in .
(gc@lc pH), both anode and cathode Mixed culture 0,+ Pt 1.3 [41]
liquid part
_ Single chamber, carbon paper .
anode, carbon cloth cathode Mixed culture 0.+ Pt 0.5 (38]
Steam exploded Single chamber, carbon paper
(ne_utral pH), anode, carbon cloth cathode Mixed culture 0,+ Pt 0.7 [38]
solid part
o _ Two chambers, graphite fiber - _
Chitin anode, carbon cloth cathode Mixed culture 0O, + Pt 0.4-0.6 [51]
B Single chamber, graphite fiber .
Phytoplankton anode, carbon cloth cathode Mixed culture 0,+ Pt 277 [39]
B Single chamber, graphite fiber .
Macrophyte anode, carbon cloth cathode Mixed culture 0,+ Pt 215 [39]
Aquatic plant — Single chamber, carbon paper in Mixed culture 0,+ Pt 0.4 [40]

both anode and cathode

SHE*: standard hydrogen electrode; —: none pretreated.

= HLPERE , 45 53 B X S BRI RTEE 4 ]y MFC
BRRE, IR R Tk 44 Wim®, JECRICR 13%~
28% , COD E[RE 71%~92% . B ARRIEZR A
fdt MFC (% B RF2H R A2 784k, 77 FL B 03 17 i )
A Y L P 000 B TR 0 S 1 S T T AR T
B ORI 2 0 R R (AN IR, ZEPITBFAE Y 2 Ahok
Mg A 8 R AL G, AXLA 5-58 Y Rk A 1y 4R
FHE MFC fEf AR H e, 107 AR nk g Ry 251k A
Py ¥R R RERE I A &R MFC e g i,
Ut Anar SR A 2500 T B 3k R AT Rk /b mi okt

i 2 R IR 25 AL A5 0 10 2 I MFC B0 4T 4k K i
YA TG ey E 2R, AL, RV ARis T
XA W i 2 S 5 4 R T A R TR, R 7
T SEa A7 ] H 7= AR ) OB U i A2 A= 4 o B Ak
AR A Z ARG A RE AR Y Mk, R A%
et iE1T MFC W 8 2 Ui /b Sk 6o 191 A0 40 o 551
S I — A RGRAS . 5 R e AL B Y
MFC Fl| A, Zao 5B A F v ik AR
ZEIR AL H EORFEFFVE N MFC BRBH, RSk IR
1.3~1.6 W/m®, W5 , Rezaei 25 5T T B AL 31
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YR X MFC 7= HPERE Y IR, 2 BLAT 4 25 i e 731
S BN ) MEC /7 LR RE , 10 HL RO 1
LR AEF KM BE A MFC it D42 1075 (& 1),
INEREFF R —REEARR . FARERMATTED
EE7/E R I & L Y SR N S N
BB . MFC Rl ELE A K i = 4 )
K21 Wm', FECRUR 16%~37%Y", ke, 75158
A B FOKFEFF 5 00 AAY) & A KR ge R . ok
FHRMATRE, 5ARG WA FRFEFFA
L S S B MFC BERE M AT 60% 2F 4 %
15% 42 119% AR ZE I A EE 0.7 W/m?,
[IRSIEE-F T S S & IV N il 5% ]l
N A2% . 17%M 4%, HiHDI%E 0.5 Wm’P*, g
VRIHFER , 28K AL BN PR aT 4 R A, 12
1 T MFC it %, (HFEAR T R G0 ReaE e
5 TC Ak 3 SRR PTIACRE 3.6% AR L, £8Pl ik 3
(4 22 0 B RE TR DBCRA R 1.6% 5%, HI S i e 5 47 4
REMERIN Y — K REEEWAY T, EZLUE
7o, oo, RMREAETHE . MFC HUIEGPERL
Az Wt m R PR 58 S A L R AR, EL T 5 O ORL K/
L E R MPC #i i o =00 BB Irak B, ek
WKL 200 MFC R AE 53 A7 AN [7] 1/ N0k i v 4
WURL 72 5 PR E , DASSUREAR A= 90 )5 MIFC 8B,
R /INE TR B E N R,

3 WAEMBHERBEE LALLM ED
Rt
3.0 WEMER. MEYREEESEYHS
oA W EL It (MEC) 2 A 58 13 28 W i AR 1
M, ESMNN—E B R T A AR, T
MEC P& AMmnE /N E (B E 0.11 V)P,
Sun B3 T MEC-MFC #4 &%8, i B MFC 7
A HLRBIR 8 MEC 2B 7= &S A i R G0 7= S0 T
ik 0.4 mL/(L-d), ZSUCFEN 0.08 mol Hy/mol TR o
AR FR G R PR RN S IBCR AR A A o 100 A
&, {H MEC-MFC #6119 S L 564 ' T MFC
A= ) Il A AN ) D %) 408 A0 L
32 EY. MEYRHBEHEBE R
IKFEAR AT & AR PR E Y, 8 KA
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R o S0 R, A B AR B B 0 1 A 2 A A
VEFIF K FE-MFC A& R G5, RN RE i K R AR R
BT A7 HLAD I 4 LR, S MFC AR W T e % AL A A
R 5 —Fpoy KB, 5I0KFEAFFER MFC 28 FAH
o, BUE DR REHN 765, K5 0.1 Wim’,
FUKRETETZESRAL T MEC PERE . [RIRE, HEY 45
3 (Reed mannagrass)-MFC #& 40t nl f i e
fit 0.58 kW-h/(m*4F)P>7 ) X BEHF5E 45 iR & MFC
HA 5KRE . FEESEYARG, feqk M+ sl i
15 Y8 S AT K 4 A R Y B o

R — R E R R BRGOK A . T 50
FF R B eA: KA Rt 2 58 3 R4 AL MFC
S RS Mk BE (AN TRl 25K, Schamphelaire 25050 2 T
K PH GO 3h 1 4 36 AR K- R R AL -MFC 414 I
f . AR KOt K EA MEC BB, Horb v i e
g MFC B L F 3244 Az i e e AR R Ak
W WA K BEA MEC BAB:, A HLBITE MFC
A S E — 25 B A RT3 28 9 A K T A9 A
ARG T W 5.9~7.4 kg/(m*4F), Bl ke
0.5 NM'/kg #, MFC F=#i 0.25 W/m’, F=RE&IT
2.2~5.7 Wim’ o BRI , PR k3l 2 e b, ] B 7= A e M
BT | 2SS AT, TR M R G T
M, SHERGBITARE.

4 OB v R A R A R B R
BH5RE

MFC H S Ae A0 s AT H AR A ) i
AT & T A 4. FHET, MFC BB £ 2L
HAEP )T T s — il o AR A I ) TR AR
P20 M F R T AR AR EL AR T, oAt A 4 R 3
peast7/E )i I G NN R R e Su R D (|
B 25500 DL S A B ikt LU
— B4 E MFC 7 L DA A Y B RE A AR . — 2
JFJE MFC Pl Ab®tse . WEFDIM MR ,
MFC & H BRI HH AT MFC il & 184 i
R, AR 2T U ELRRAR . B 5T B TR A A 50 A BT A
FHEHE MFC A i 1 2 2 5 BT S mdk g |
R AS A S AR R0 AR AL B 2 B A R MFC
AW S REA T B9 A e T 1wl o AEA W) ORI T T, R
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IKAEAEW) AT LUIgE MEC B RUFIH o Y- 4E 24 W)
FERRAT YDA 2, I B B 5% 790 4b 381 5 5% e I 26 B
FA T 2 | ok I 2K A5 0 ) 351 6T A 9 0% P B 5 I JE: MIFC
FEIRALA P A b R B R i R, R, 4
G MFC LA TEREFIRR 5 A JR B >R 1 L RE FNAL 27
B R A R MFC Rl H,0,'U | FIH CO, 1Y
MFC &l 7= B sl A HL %> CL2 MFC & JR 1B i
Wl Z5G3E MFC BREZ5H P RE FRE s T ke >k 11
MFC KR AR LU S MEC 2B 7= R,
iR T MFC W & =3 [l fn Y BBl o 4k,
WIEAR . UK RHEAR | B2 EOR | b2 R
TREME XKML, S MFC BFR AL T A A
P . FRR R R 48 . Rtk 7ER I Aok
MFC A7 S 76 A= ) S5 i 1) 1 280 A0 RR) FE T A o
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