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Performance of Upflow Anaerobic Bioelectrochemical Reactor Compared
to the Sludge Blanket Reactor for Acidic Distillery Wastewater Treatment
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Abstract : The performance of upflow anaerobic bioelectrochemical reactor (UABE), equipped with electrodes (anode and cathode)
inside the upflow anaerobic reactor, was compared to that of upflow anaerobic sludge blanket (UASB) reactor for the treatment
of acidic distillery wastewater. The UASB was stable in pH, alkalinity and VFAs until the organic loading rate (OLR) of 4.0 g
COD/L.d, but it became unstable over 4.0 g COD/L.d. As a response to the abrupt doubling in OLR, the perturbation in the state
variables for the UABE was smaller, compared to the UASB, and quickly recovered. The UABE stability was better than the UASB
at higher OLR of 4.0-8.0 g COD/L.d, and the UABE showed better performance in specific methane production rate (2,076 mL
CH4/L.d), methane content in biogas (66.8%), and COD removal efficiency (82.3%) at 8.0 g COD/L.d than the UASB. The
maximum methane yield in UABE was about 407 mL/g COD; at 4.0 g COD/L.d, which was considerably higher than about 282
mL/g COD; in UASB. The rate limiting step for the bioelectrochemical reaction in UABE was the oxidation of organic matter
on the anode surface, and the electrode reactions were considerably affected by the pH at 8.0 g COD/L.d of high OLR. The maximum
energy efficiency of UABE was 99.5%, at 4.0 g COD/L.d of OLR. The UABE can be an advanced high rate anaerobic process for
the treatment of acidic distillery wastewater.
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g COD/LAY] 2 #7185 ok&ol A e isSo] UASB uFg-2o] ulate] ebgstedon, §7] 25512 8.0 g COD/LAA
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JeFgAl AER 7] 816 Wh-2-Z(upflow anaerobic bioelectro-
chemical reactor, UABE)E ©]-&3}o] A &|5l= 529 pH, &
7Fel=, VFAs 59| JHisE2] vstel CODAIAE,
vleg ek 2 uho] 9 7pA o] wEksheF 58 Wlslgl o,
FUT 2AA AT UASB A nlmsheic.
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2.1, M2 RI%

UABERHg-29] 4bohd S 8l gl =2 SAadG4 e
(graphite fiber fabric, GFF, Samjung C&G Co., Korea),
29 A= & H (multiwall carbon nanotube, MWCNT, Car-
bon Nono-material Technology Co., Ltd., Korea), #3435
(exfoliated graphite, EG) 121 @3 ]A-E o]&3lo] A=t
skt Atetbd =it gk H =9 AAtas 7hers] ARy st

o= v

ot
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7] 918l NiCla 1 g/L& -3t sl g=to] 30 VoA 30
B 2ok H719 5O R GFF E9o] Nig B2 7T o]
ol GFF= Addso s 20gS 502 ARgshgith
GFFo| o] EG, MWCNT 12| Y& Egsto] vt
= WSS 239 ZRIYste] BlAE vhEglen, 200T
o4 Aekatsto] S Psisith. of uf WES EG 1 g
MWCNT 1 g, 183 NiCl, 0.1 g& &Fo =9 ¥, ZEt
237 1 g2 BRAo] %91 Sol3} Tastel Azt
7|14, EGE ol d oA ARg-E e whel Ak g
H dArS ¢A(Hyundai Coma Industry, Inc., Seoul, Korea)&
= Z2d37](KR-B151, 600 W, Daewoo Co., Korea)o| 4] 10
270 Az]stol AshE BAZAS Z0|e T, pH 6-70] =
7R B2 piEel AR F dEAzlien, EHe g
AAXZ17] §J3) ZF2 hydrazine (80%, Chameleon Analy-
tical Reagent, Japan)2 1000 : 1 H]- &2 &35t gHof 9]
3 5 2Sukz 2087 Hel3 5 ARAA Fulso @
A8 AT Song T Wilel whel 1% =dldgvE
F(sodium dodecyl sulfate, SDS) &Ho]| 24A|7F FoF A
AA ApdS FEAR 7 Aol ARk

22 MEHF U 2H

Hpeto] Jolx @2l A% 15 cme] of3Y & o] 3to]
FERTZ} OF 5.5 LY HFFA ugE 282 Axstolct
(Fig. 1). 2k2}2] WIg-2t SO RNE 5 om X &
QUBE Axshgon], vgrel el fETol upet
oF Fohe TS FYBH] RAAPO RN FY57}
ool Y uhere] FHOR Folslo] mEA e 4 9l
S5 soirh MR ARERE 15 om 9] §ETE
N2 9)uo] NS fETOIL U goe AXsto] &
272 B3 947l KU Austact Wexe A
L ZAAFY WAS Xkl WRIE o, YAl 7}
2ulET, vhol o7k AR el A A RAH B
2 77k AT vl QPR AT A A RAH B
o] Afehe Butyl-rubber stopper® o§:3to] 7| UATE|7L
AE S sheleh. vhol 9/l AHE WHE MRPBOR By
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Table 1. Characteristics of inoculum and distillery wastewater

Parameters Granular  Anaerobic Distillery
sludge sludge wastewater
pH 7.34 6.52 38=+02
Alkalinity (mg/L as CaCQOs) - 683 -
VFAs (mg/L as COD) - 364 -
TS (g/L) - 16.2 283+24
VS (/L) - 85 265+43
TCOD (g/L) - 20.6 369+14
SCOD (g/L) - 19 268+04
Sulfate (g/L) - - 139+£0.13

Hhg-zol S3AI7IAl AL A Fdste] 27]%
sttt ol 97]& Hs}%% 0.5 g COD/L.do| 3t} 4%
o AHESE E7AS 6.52, &712]%= 683 mg/L as
CaCOs0]git). 3= hﬂTt Bt pH 3.8+0.22 ZHAHgol3
on, %7118 E(total solids)o] 28.3 +2.4 g/Lo|iL TCOD7}
36.9+1.4 g/l gk 7] dH 40| ¢l tk(Table 1). UABE
HH-g-Z9 UASB W2 E 2-4sk= 59 pH, VFA, COD
gl vjo] @ 7}AEMNEF 9l wWElSleF =8 wUE sy vk
zZ7} ergsicta IdstaS o $7)1ERSHES 1.0 ¢ COD/
L.doJA] 8.0 g COD/L.d7HA] ©AIH o2 w7}l ct.

e A%

|

2.3. 24 3 ALt

UABE ®h§-x9} UASB Hhg-25 #45k= ¢t Hol2
7k WS 1Y 13] ARsiglon, vlo] @72 o) gk
A E=E=HE7]9F Porapak Q Z2|¥H(6 ft x 1/8" SS)o] A2t
El GC (Series 580, GawMac Instrument Co., PA, USA)2
olakod 191 18] jshelct. oln) WEH AL ofef 4
(3)S o]&3to] EEAre(standard temperature and pressure,
STP) &= F2ts}qict

z=
=

273 o«
213+ 7T

60— W
760

3)

VCH‘ (at STP,mL) = VCH1 (at T,mL) X

o714, T 714829 LA E(T)oln, W &
Zof|A 9] 23keE7|H(mmHg)olth F71AdWE -
9] pHe} &7lel=x= 1Y 13] pH v]E(Orion Model 370)
¢} Standards Methods (2005)°] u}e} £A4514 S, VFAsQ]
T WAL @71 W2 AE7E S e o
UV (ultraviolet) %719} Aminex HPX-87H &-2|3to] A2}
=l HPLC (DX-500, CA, USA)E o]&3}o] 243514t COD

w2

CHEtEtd S St3|R| | #1382 M6 ] 20164 62
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34 - 38 - R - B g - HCIF0I2 St - ASEL R0 - B

9 3FAFY-S Standards Methods (2005)0] wheh & 23] B4
SFSITHAPHA, 2005). UABE 4¥h-g-x9] A3bd =1t 3l
= Ateld] A9+ Foi-& A2 E e E(DM-1010, Dong
Hwa Electroics, Co., Incheon, Korea)S ©]-&35}o] =743}
t}. oy 7|ZA o= Ag/AeCl AHRE-1B, ALS Co., Ltd.,
Tokyo, Japan)Z AR8-5FIth UABE REg-ZoflA] €73 =0
2= AEE= XY EE R E(cDAQ-9174, National Instru-
ments, USA)E o] §ato] Tastglon, ARuEs #33
$5 UABE Wh320] §E 840 thro] A4lsieirt. 4
R R DR E R HEL e P E R EIC P
E33H (electrochemical impedance spectroscopy, EIS)T} E}
H7]&7)(Tafel ployE o]-&sto] HluL F7lstet. 1 7]3}st
Aol 2 AL 7S] 2/ oA 10 kHzol| 4] 10 MHz
o ks WololA AASHEOm, /| EHTOR AgAgC]
A =HRE-1B, ALS Co., Ltd., Tokyo, Japan)2 A}&3}%th
A5 e wa AE AT golo 2. 8A YT &
eelujel szt ue AAE T HAILALT Warburg £
2% ojolzl gidlo] dmEAsl WUR AAH Randle
o] S7HElm=RES o]gste] Feqitt Bl V&Y= AR-
AGAT Aol digt e o w vehd ) AR AR

%ol 0.999 o]l AA47te] 7712 248tk UABE
HEg29] oUAEES off] 4] (4)oll4 Ee vief go] 1
AT w7k o 42| FFgFS UABE RRg-Zo A A A
1= v dFH FaE A7l A Fo e

Lol AAbkstgleh!”
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A7) A, Weny (= AGeny % neny) = MIEHAY A %H= neny, mol/day)
o wgto] B3} ojikshetag AkshE o] A-follv A st
(AGen, =-818 ki/mol) o2 ¥-E] L3ch A AH CODZYE 7
ARE 719 ouA] TS Ws(= AGs x ns)oth 7|4, AG;
© Zrgo] £ olilstear Aehe wo] Ahfofuf A st
ZHAGs =-2870 kJ/mol)o]w, ny= A|7H 7] o] E4o|c) W
(=Earp x O)= 358 A7 A=K KI/day) o] T} 7] 4, Eaer
(V)= AePdS3 4735 Aleloll A7RE A 9jateloln, €
© ARl whE ARE A&ste] 73 FFF0lch UASBY
oA &&-2 A% CODE S| A] ol thet g7}
oA gteFe] WEL n (%)= Wen,/ Ws x 1002 A4S

Table 2. Perfromance of UABE and UASB reactor at different organic loading rates,

OLR (g COD/L.d) 1.0 20 40 8.0
H UABE 753+ 0.01 759 +0,03 7.46 =004 7.07 0,02
P UASB 7.56 + 0,04 752 +0,04 7.15+0.04 6.95 + 0,02
o UABE 5514 +70 6,164 + 249 5,892 +90 2,668 + 70
Alkalinity (mg/L as CaCOs)
UASB 5,281 +94 5,987 + 202 5,137 £ 82 2,524 + 53
UABE 479 + 47 865 + 87 719+ 96 2894 + 249
VFAs (mg/L as COD)
UASB 438 + 25 1226 + 120 1591 + 230 3654 + 356
UABE 0.09 0.14 012 128
VFA/Alkalinity ratio
UASB 0.08 0.21 0.31 145
o UABE 914+08 9B7+12 962+038 823+02
COD removal efficiency (%)
UASB 942 +05 R21+14 881+04 775+03
N UABE 830+06 875+18 915+08 421+40
Sulfate removal efficiency (%)
UASB 300+32 591 +31 555+51 390+18
B ) UABE 176+ 8 550 + 43 1705 +£19 2076 + 54
Specific methane production rate (mL/L.d)
UASB 177+ 6 492 + 31 1097 + 60 1213 £ 36
UABE 873+14 85+22 778+09 66.8 +1.1
Methane content (%)
UASB 81+07 7707 56+15 56 +123
UABE 195+ 14 273 £ 41 407 =3 311 £1
Methane yield (mL/g COD)
UASB 190 +10 257 + 27 282 + 10 189 +4
) Anode (V) -0.21 £0.01 -0.24 +0.01 -0.14+0.083 0.01 +£0.,02
Electrode potential UABE
Cathode (V) -0.71 £0.01 -0.74 +=0.01 -0.64+0.03 -049+0.02
Ws (kJ/d) 739+13 1482 +52 3411+104 6317+94
UABE W, (kd/d) 113+ 0,01 118+0.02 133+0.03 0.57 +0.01
Overall energy Wen, (kJ/d) 370+37 1094 +42 3406+89 4264+119
balance Efficiency (%) 493+25 732+34 95+14 674+24
(kJ/d) Wi (kJ/d) 739+25 1482 +75 3411+67 3617 +104
UASB Woen, (kd/d) 368+14 982+56 2210+84 2379+135
Efficiency (%) 498+19 662 +30 648+15 376+32
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Fig. 2. Changes of (a) pH and (b) alkalinity for UABE and UASB
reactor at different organic loading rate,
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Fig. 3. (a) Concentration and (b) composition of VFAs in the WEo 2 ol AR UABE B2 20| 7#oon vﬂ%—'?lél'
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Fig. 5. (a) Specific methane production rate and (b) methane
composition in the UABE and UASB reactor at different
organic loading rate,
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Table 3. Charge transfer resistance and Tafel slope for anode
and cathode at different organic loading rates
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