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Electricity Generation from Volatile Fatty Acids (VFAs) Using a Microbial Fuel Cell
S-E. Oh* S.J. Kim, JE. Yang, and Y.-S. Jung (Department of Biological Environment, Kangwon National

University, Chuncheon 200-701, Korea)

ABSTRACT: A new technology that utilizes a microbial fuel cell (MFC) has been developed to generate
electricity directly from the oxidation of organic matters such as carbohydrates or complex organics in
wastewater. Fermentation of these organic matters results in production of volatile fatty acids (VFAs), alcohols,
CO; and H;. We investigated the electricity-producing potential of the VFAs and actual food processing
wastewater using a two-chambered MFC. The electrons produced by acetate degradation were proportional
to acetate concentration in the medium. Acetate concentration and generated power were linealy correlated
at a low range of acetate concentration (< 8 mg/L), but at above 8 mg/L. of acetate the power produced
was maintained at 0.1 mW. When butyrate was added to the anode acclimated to acetate, there was a lag
period of 30 hr for electricity generation. However, when propionate was added to the same anode bottle,
lag periods were not existed. The wastewater from baby food processing generated the maximum power
density of 8137 mW/m’ of electricity and exhibited the Coulombic efficiencies of 27.1% and 40.5% based
on TCOD and SCOD, respectively. Sugars in the food processing wastewater were reduced within 50 h

from 230 mg/L to < 30 mg/L.
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7k, Hlol o)A, o] glem o] glof nAYEAS.
ZA2)(Microbial Fuel Cell: MFC)E o|4-3F 7] Aatel] #
3t 77} F BidetA AT vy YubE o ® MFCE
PEM(proton exchange membrane)°l <3 Lrojzl Ak}
HAHanode)# FgHd(cathode) HHEFZE o|FHA YL,
78 Whex djel] A= gddsoe] vk WA 9 Abgkd
ol F2E oS Fud fUlEE daste] daieh ¢
4020 % RBgATIH, AAE S0l PEMe F3 &
AT (cathode) 2.7 o531 AAE AA= 9F M7&
53 #-dd(cathode) ©.F o|F8}. PEMS 53l o158
T4 o] 27 cathodeold Fa5HE Abah E2ke} W27t vt
L Eol Hol Atg} ghg whgo] SAErK2] 1,2,3). ol A
e} Bgo] AFEA A7l Bjgro]Zoltf?.

Anode:
GH,, O, + 6H,0 —~600, +24H" +24e” E*=0.014V (3 1)
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Cathode:
60, + 24H ' +24e” »12H,0  E° =123V 4 2)
Cathode:
Fe(CV)}™ +e — Fe(CN)i™  E°=036V A 3)

clull 2]

F71E(@ste, 9, Aol kR gAY A
(fermentation) HW A AWiK(Volatile fatty acids:
VFAs), 437, Ta7kA 9 obsietart whgsict, a0
Aol tig A7 T B2 A AgHw YN0 BE
&3] 44 Kdark fermentation) ¥ A= VFAs 5]
HE FAREE Wt ole f515E BODY] 80~90%% A
st g4 (methane forming bacteria) i £4)
B3} Al (purple non-sulfur bacteria)¥} 72 334
TRAES o831 vt (methanogenesis) B *4x(photo-
fermentation)Z WgEofop TP, B AFeaEs At
=5 HHE VFAsE AZsbr| ste] 7]&e] ALgE v
A A a3 A o AEARAAE o] 8351
VFAs ¥ acetate, butyrate, propionate} 2175542
FE 4719 A 7 oR-E Hrkstast Feich

A3 YR o Y

MXBOIHLt O[ME HiX|

B AqoA mEdsdRe] i) W75 DA
Sl AN f7 [ EE <= acetate(sodium acetate), propionic
acid, butyrate(sodium butyrate)$} 21E7+5 #Hollrh
AETFEHFE o4 7H FRNM AFEHY T AFH &
BE4C)o Bt AR A A AEAE F
oM A4 sAY e AP AEAR & 9Fd
olfiell AAIEIT. H5= 84 Al thed] 7498 7FA medi-

< Teo] AREISITE SRTE ol838te] NaHCOs(3.13
g/L), NHCI(0.31 g/L), NaH,PO,- HO(0.75 g/L), KCl
(0.13 g/L), Na:HPOy(4.22 g/L), Na;HPO4(2.75 g/L)%}
metal £9¥(12.5 mL), vitamin £%(12.5 mL)7} $5H%
5 2A18k3 NaOH T HCIE 0|43t pH 72 9]
o, Ade 30°C FAlA A EIT

MFC ®IZF & 23

HgE AR 2719] H|HjobE(310 mL capacity, Cor-
ning Inc. NY)°ll #E]l2 FEE W5 Fig. 13 2o] ¥4
sto] Hdstgior 79 9 FH 2o 1 gasket(3.5
T 6.2 em” cross section)S 27 Y11 11 7k PEM
(Nafion™ 117, Dupont Co., Delaware)< 44]3to] 2
= 315k PEMO] AA s H0x(30%) ol 1417 B2t
20|12 T, 0.5 M HeSOy, 555 0% ZH} 1AIRF #9
HAEBIon Bike SHE Yol Aold nasigic)

Fig. 1. The two-chambered microbial fuel cell used in
this study.

A+s}=(anode) 2 Z+ carbon paper(without wet proo-
fing; 2.5 cm x 4.5 cm)E ARSI om A =(cathode)
© 23 carbon paper?] ¥ Wo| PtZ IHH Z(0.5 mg/
cm’; 10% Pt; De Nora North America, Inc.)& ARE3131
o} AL Tz A2s 1 FH(Chemfluoi® FEP Tu-
bing; inner diameter: 0.8 mm)& T&Ael 241l carbon
paper} 1] F&E)= FEl epoxy(Dexter Corp. N,
USA)E o]§3ste] F2|Ado] AtelhgZ(anode chamber) F
ol Abg}t |2 Fales P TR d50] Az
A UEA multimeterE o]-8-sto] G 7F A5
< A% A FRF 3 F¢ B TR ARSI o
TeAz AA9 AldZHanode)S WH-Zo| U= setum
o 7HE& 8ol A7 HUE& T3 AA AR wkezr)
#7)8x7e] 2 5 JuF ARtk

nAEASAA Y] AL v 2T AReE vz
(anode chamber)ell €74 F%2] AxFAA|(eletron donor)
£ f71E0] Qi n8EuA Y AarkaE 10871 9
sk, sErgEA g 71 dastxzz e 7HHL 05
g9 PAES ol AlgFo] AlE septumS HH b
o 71931 7L 2gith 3AAT witjopHell= 22 viA
E AE 250 mL 1 FAASL ¥l A7 MRleR
S $4AF Afololl Adke Aol I A7 Alol
o] A EEIAE BEUE(2700, Keithley)E ©]-8-3l% 30
A 0s Aoz EAlon diojde AFH oo
ARE =R Sk

oy

738 Il P=IVE ARISIGlom 7194 P(mW)E
gelr (A)E AF, V(V)E EEx|olh 34U Z(power
density) AlHe H9lof X MFC9) A3} =i(anode) ] &
WA E o] Fo ARSIt Coulombic H8(CE)>
ths Aol st A=k
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%3714 CE¥ Coulombic efficiency(%), Cet 534
EEAZRE A48 Coulombol™, Cre §7189 552
& At Coulomb®] %olth 7 Cp9} Cmiz o}29] 4]
of gJste] A=k

Cop=FbMv (2] 6)

# 2A F= Faraday's constant(96,485 C/mol e),
bt BFAX Al AMEEHE AR £ M 189 55
(mol/L), V& AZ2] F3|(L)o]t}.
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Veen = Vcathode = Vanode A7
UYH-A & (Internal resistance, Ri) electrochemical
impedance spectroscopy(PC4/750 potentiostat, Gamry
Instruments)E AR8-8lo] A3t At8ld=el= working
electrode® A4t FAATNE counterst reference
electrodeS 94 313125 frequency range: 10°¢14 0.1
HzZ 3} sinusoidal perturbation 10 mVZ 33t}

VFAs(acetate, propionate ¥ butyrate)?} ¥T&F
(acetone, ethanol, propanol ¥ butanol)™ GC-FID(A-
gilent, 6890)°l fused-silica capillary column(DB-FFAP
30 m x 0.32 mm x 0.5 pm)& ARSI BAEITE MEL
0.2 pm pore-diameter®] membrane$ ©]-g3}] o3t &
#4317 Aol formic acid(0.65 M)E Yol pHES ko] 3
Atk 289 £EE 60ColX 120C7H 20C /min 2 4
SAAFI 120C oA 240C7H4) 30C /minC.2 ThA] A
AA Fol O 25A 3R w2 itk AR /el
AEFY 25 250C 0|1 AEIAE carrier gasE )4
Tt E: 103 kPa).

% carbohydrate’s =+ phenol-sulfuric acid method®]
i EA=eHY. L2els, COD, TSSE Standard Me-
thodsell gJsted BAHJHY. g8 7718 B4 9l
membrane FE|(0.2 um pore-diameter, Pall Corp., Ann
Arber, MDE 3t 22 o833t

k-

An

AcetateZEE{2| F7| MAl

IS 27] vlAE HFA] vitiolel] o} gl AbA

S, vitlel, 459 40 vVIE Sl miek £3AIe] o

[}
A vehd = gtk vAEAEAA Y AT §HE(anode
chamber)dl acetate® T3 & 74 v|AEE FEstn
ArgbAZ anode) -9 =(cathode)< 1 k@ A% A4
ek HERHRE A7) WE BEAE 5% 29 254
7 o) FRE BEIAVL MA3] Asslr] ARkl 80~904
ZF Fetell ZEX|7F g A deste] Ade] 035ER #
AHR T H3 FEA 455 EE 25 mV/ho]tHFig. 2).
3HE, acetate9} butyrateE T Z-Foll= 50A13% ®of
EEA7F 03 VR st HAeTiFig. 7) ole Hel 2]
& AL E BAEAEAA Y A S Hhg oA
o) Qe HENG FHste] FFSI] wWitel =8k
Folx AOoF AlgHL)
| BEAF AR E acetateE A D LR o]g3to] 7]
RS O 2913 acetated] FEok S| A
AZHO) = vEErla HAEE BEAE % acetate
S5 WM Fst #AG0]l dAEUTHFig. 3 and 4).
Acetate stock(0.25 M acetate) £ 0.5 mLE FAVIE
o] g3le] mAEAT AR ARl WEEFol| TS
W] Fof 303 well FASH A7} 0.32 V7] AEi
AN FABE B 4 AUTE B2 552 acetate stock
Ag 09 ml, 1.5 mLE 798I Wk 0.3250.003 V
FA519 ) AcetateS WAIAL EE|A7} G4 A
3k o]f+= A3 A=Hanode) oA £7]E(acetate) S T3NelE
AAE Adske s vAEFo] TSt 449
3 Q7] wZelch Fig. 38 A#E Fig. 28 Hehd 23
acetate =9 HAZE F3 EE Coulomb(C)8] 42
BEBAE K or(y=86.964x + 21.643; R* = 1), CE:= &
To] 2 @Al 59.2+7.7%F Rt Fig. 3°14 voltage
7} Jo g WolfS uf acetatel] FE AEFL ©J810]%Ith
2 acetate 55(8 ppmolshellrl= W7} acetate
9] Fwo) vl APAo 7 Zrlsldom 1 oY F

Rl
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Fig. 2. Voltage generation and rate in the two-chambered
MFC (external load=1000 £, liquid volume=250 mlL,
electron donor: acetate; Appw: 3.5 cm®, and Aanode=
Acathode=22.5 cm’).
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TollA] wAlme) o] Wshs ol Aoz vehdth md W
FEANMY CEE & v59 718 FoiA] ®r} Fglon
Acetate T 2, 4, 6 ppm= FolElge o AAHE
voltaget 217} 0.07 V, 0.19 V£ 0.27 VOIIthFig. 5A).
w3 7 o)A FEAME 032 VE FR8I L, ol A4
ez Bigsle] JHZE JEESE W 8ppmolslellAl
acetate o wel A7) HE7 0 2(R*=0.9854) =
7¥et{tHFig. 5B). ol MAAEJZAAT e f71E B
oA BOD MMz 3-go] 7Fsd Zlox sddct e
acetate ¥5%1 2 ppmelA CE= 6%0190.H 52 5%
A& 1t 53.8%2) CERSILE o] 991 Atehd= ukex
78 BANE nRBE 2ol SRR E, Hehygv
E(MPB), 84v]E(SRB) U t]AE 3] 507 A3k
+ o] TR yis Axbdn Addid o W) mE
o CE7} Yol oz ek,

r

=
[€
Q
[}

ooz 2 2

£ Ao AE two chamber MFCollA #3128y}
& 0.1 mWolltHFig. 6). ©1& A8} ={anode)2] X4
05
0.5 mM acetate 1.5 mM
0.9 mM
0.4 / /
203
o
o
8
o 0.2
>
0.1
00 , |
0 200 400 600 800
Time (h)

Fig. 3. Voltage generation with acetate as an energy
source (external load=1000 2, liquid volume=250 mlL,
Arev: 3.5 sz, and Aancde=Acathode=22.5 sz).
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Fig. 4. Coulomb generated and Coulombic efficiency
(%) as a function of acetate concentration.

o7 3Pl AXEIRAS 1 455 mW/m o] s|EEH). Open
circuit potential(OCP)<> 0.8 Vo|lom & La5¢d
2] B4 voltagetr 320 mVolAiL 1w %43 1000
Qo]3itk. o] two chamber MFC2] W§-#|8}(internal resis-
tance)< 1100 Q2.2 9)FA3Hexternal load)d WHF-#F
o] 53 Aol H st TaHe & 5 g
Y wiAE olg3t] the FHY TAES £ A" A
Fotol A A7 AL e S A0lE HolA itk

Sodium acetate 2 ppm 8 ppm 12 ppm

6 ppm
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o
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Time (h)
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Fig. 5. Effect of acetate concentration on (A) volta%e and
(B) power (liquid volume=250 mL, Apev: 3.5 cm’, and
A Anode=Acathode=22.5 sz)-
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Fig. 6. Polarization curve with acetate as an electron
donor in the two-chambered MFC.
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Butyrate2 FE{2| 7| M4

ButyrateZ2FH 9 H7|4Ahs dobry] f3te] 27)9)
4} HhgZ(anode chamber)el 0.25M acetate 1 mL
9} 1 AE0] RAHA L M2 A3 Hanode) S o
BTl HAFAoZE acetateE IR YO R AMLEHE V)
& PBEASHA AP ke Z(anode chamber)olA
10 mLE FH3lo] &4 A} 25417F o|FHE voltage’}
5810 50413k ©)F 031 VE X810 voltage
0°% Bojxl F 93, 164A17t] 0.8 mL butyrate(10 g/L
sodium butyrate stock)E 93 200A]7tel] 0.9 mLe] 2
< RS FAPIZ TSI Fig. 701 B nie} go] 93
ARkl butyrateZ Y& o lag A17HS Holthrh AAM3] &
7¥staL 133217ke] butyrate?] #5522 voltage’} F23H
Holde & 7 AU butyrates WS o voltage”} A
X8| F7Vet ol AMEE anode”} acetateo]l +=3H8 w48

0.6

—— Vel
0.4 -

0.2 4

0.0

e\

Acetate Butyrate

Voltage (V)

Butyrate
4 Butyrate

100 150
Time (h)

0 50 200 250
Fig. 7. Voltage profile when acetate and butyrate are
spiked in the two chambered MFC (external load=1000
Q, liquid volume=250 mL, Appw: 3.5 em’, and Aanode=
Ac,ﬂ“,de=22.5 cm2)
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0.4 / Propionate Propionate
2 03 / /
)
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© 024
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0.0
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Fig. 8. Voltage generation from propionate in the
two-chambered MFC (acetate: 1 M; propionate: 0.26 mM
and 0.53 mM) (Test conditions: 480 2, liquid volume=
250 mL, Apev: 6.2 cm2, and Aanode=Acathode=22.5 cm’).

25| 22 o|%gy] WEo AR BAZ] bu-
tyrate= o) nAEE0] &8 ofF 16441 OJFHEIE

butyrate® FatA A 3248 voltageZt 2etdE &
& A3tk o) AlZto] AUA butyrateE o83k 1|4
BEo| FEEQAL T butyraters 4 $57} ol W
4 7% butyrate”} acetateZ WS 22 o] H3LH acetate
7} anode®l #33k1 Qe wAEel g3 o] &= Aom
et

PropionateZ2RE{2| H7| MLt

Fig. 82 Butyrate®} 2> WY OE propionates A&
0 A5 WYHE voltageE BolF1L §ir} Butyrate®
Y3lS mel= 22 propionated ¥E Wi A G
o] voltage”t #23H 458 € 4 UTh 200413L o
Zof acetateZ THUIAHAST WE A 031 VR 453t
Bl CEE 49.9+0.3%0]3thFig. 8). ol Arghd=o] £
2= n| &) acetate 9} propionateE FAl ©]43 5
At vAE) A propionates 33k H|AE0] anode

of gof #of At J&e AR

AMEZSTE T2 EE2| MI|MA

& Agle] AR o4 FFA RS CODE 8920152
mg/L, dissolved COD(DCOD)<= 5,950+119 mg/L, total
sugart 7,170 mg/Lol3T, #Fel &3 e A7l A
Fo] ofF HomA Fi A #1E £ B HFY
34 AV Atk gRYopdAAY FEE 05 mg/L
ola} o]glom 7] #Hl4 A& Wiof| acetate 139+12 mg/L,
ek 221424 mg/LE 31 Q3L 7]EF propionate,
butyrate 5 U4 R FE FLAYALNVFAs) I ¢t

=& ekl ATk

300 350
—#— Voltage L 300
g 250 —@— Glucose
= O Acetate L 250
£ 200 - Propionate >
= L 200 £
kel )
® 150 %
g ) t 150 £
g 100 L 100 =
Q
© s 50
0 - 0
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Time (h)

Fig. 9. Electricity generation using a two-chambered
MEFC from the food-processing wastewater, and changes
of sugar, organic acid, and alcohol concentrations in the
liquid in the anode bottle over time (Test conditions: 480
£, liquid volume=250 mL, Apem: 6.2 cm’ and Aanode=
Acathode=22.5 cm’).
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Fig. 9= two chamber MFCeX A|3tel] @2 voltage
Hsle} 7180 WEE 42 Vet 949 COD %=
7} 8,920+152 mg/LE ol ¥7] wliel Z-2 A1zt Yol 5
2 A71E B 130 108 FAste] ARgEtgit) Atald =
(anode)ellE ©7] 2714y w]gE<] AFF 7R T carbon
electrode) & AHE3IG7] whitel] HE WAlwiAl 477}
SE5 AdsHe A& F F UAAh I F voltage7t o1
A= 7157t 400413F 0% F35H voltage?t Hold&
& AT EF 24 5041 744 Tl glucose?] 5
%7} 44 FAlol acetate 9} propionate’} WHE £ E
RHNET olE f7180] Zael o8 AYHASES ¢
T Ak I FE2E XA3] acetate$}t propionate 557}
A3} Fig. 9014 voltage?} F28H ZasE Al
A 7129 sk oFF Wi a9 §71% =& DCOD
< 30 mg/Lolgith o]2A £ A¥e AM-E MFC7} %9
F7189] 95%013e] AAELES HolHA FAd 4717} %
AEE &+ AN

=)

VA RAAE #7178 718 MelstEA sAle A
1FAE 25 7 Aths SHedA Akt 3L 71
ATE iR f71wEEe] HaddE AXAA aF
9 VFAs7F AAHEZ njAEAZHA 7} 0|5 VFAsER-
B 718 98 7 UEA dokie AL ol Fesith ukt
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T AFELEHFERE nBE AnAAE olgste] W]
WY AFE dofrgton] v 248 AEE Atk A
A8 AAF o]83o] VFAs(acetate, propionate, buty-
rate) o} AF7FEAFERE A7E A& 5 YYD Fd
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o} Z28v} propionateE ¥3lS W= 37 glo) S48}
Al voltage7} “F53kict. webs vAEAT AR B s}
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o7 g
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