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Abstract

Microbial electrochemical technology (MET) has recently been studied to improve the efficiency of a traditional anaerobic
digestion (AD). The purpose of this study was to investigate the impact of MET in the system when MET was combined with
traditional AD (i.e., AD-MET). Electrodes used in the MET were Cu coated graphite electrodes. They were supplied with a
voltage of 0.3 V. AD started to generate methane in 80 days. But AD-MET started to generate methane from the initial
operation after the system started. It was observed that AD-MET reached steady state faster and produced higher methane
yield than AD. During the steady state, the average daily methane productions in AD and AD-MET were 2.3L/d and 4.9L/d,
respectively. Methane yields were 0.07-CH4/g*CODre in AD and 0.25L-CH4/g-CODre in AD-MET. In AD-MET, the
production rates of total volatile fatty acids (TVFAs) and soluble chemical oxygen demand (SCOD) were 0.12 mg TVFAs/mg
VS-d and 0.35 mg SCOD/mg VS-d, respectively. They were significantly (p < 0.05) higher than those in AD. However, the
concentrations of residual TVFAs in both systems were not significantly (p > 0.05) different from each other, confirming that
methane conversion in AD-MET was greater than that in AD.
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1. Introduction AE ASAA(microbial fuel cell, MFC) A|2ElS W3
F(Jung, 2013), 71 &8tz ?%o}ﬂ #7148 H7E
rsdd WADS ud 27} 40| H(MOE, 2013), A ¢t AN Hlo]o7tA Y] §8& FHES e AT
seadx AFET7t ZAPG o) 2A P wat F 7v A2 43S 23 ATHSun et al, 2015)
AN 28, n¥s, Hug, 27t 59 Ha-HAE @o] A MET+= A%(Voltage)s ¥H&Zxo| FFstH RAE A7
€53 ITth(Ha, 2006). 1% F714 adte SAZEH 3t S fEste 71EE o9 Ax Zo] AT
Hes AAstozy ZHA 7 B Asst Lolsn oAl Exoelectrogenic grH|Elol7l §71ES Edls A
#A7e 92 + o) dg AgHel FrhGuo et al, = FTESLA (1), ¥EE AAe FLATAN (4 @),
2013). AT oy EF AE9] Yo A wgow @34 AZigtgS Sl T4 2 WEgs YA 7
AAFH= F74 Asts agy TAF =8 HFEE & °]tH(Logan et al., 2014).
g2 AstE g, 71 YA AFAIL 52 25 522 9
dl 2349 A8 EAFEC] UTHAhring et al., 1995). ©] Anode : C§H402+4H20_H 2ICO St s
g @74 2o 58g A dF PHoz $] VS SHE) = 028V W
=2 WAE AVESH R Jgate A71E Aitete T Cathode : CO, + 8H' + 8¢ — CHa + 2H,0
E° (VS SHE) = -0.24V Q)
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F& oA &3 AAHOE wrFo] dojd F glon,
T 3)9 AA HSAYE 0,14 VE 27182 o]
F& stoofgt whEo] dojuhs HAPLE wh-E-o]tH(Cheng
et al, 2009). ©]H T o]FZ METZ <% vlgrggdo] Uof
7] A E 014V o]dY A%E FF3 Folok A
7, Wang 59 AFZAFHo YstH WFEATY FFe=
HEAHS A HFH 7bAg2 03VvE A
(Wang et al., 2009).

Z7] MET##H A7E Membrane©] EA]3l= Two-chamber
whexdlA A7Ig a7 E BYskE MFC(Microbial
fuel cells) ¥ MEC(Microbial electrolysis cells)o] X,
2= Membraned & WHAZSE FEE 4 &= Mem-
brane-free single chamberg ©] & W&oz A7}
AP It Wang et al.,, 2010; Zhang et al., 2013).

stATE AA MET #d 97 Z7|9AZ H84g<] Al
SHAola HEAFo R Q8] AE&sE g Scale-upS Ao
A AF7t F-Z31cHZhang et al., 2013).

olo] & AFdANE FFEHUAE VAR st dut &
7173 23} Z(anaerobic digestion, AD)$} Scale-up 7FsA<
Brtst7l A8 vsdSE AHgete AREEE AR
nAE 755} 7les A A7 A8 E(anaerobic diges-
tion-microbial electrochemical technology, AD-MET)E &
A, HAE 785 7se] F71E A AL Heddo
nXe %S st wgx T AFEE o=

QA3 Scale-up 7548 S Fobstaat drh
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2. Materials and Methods
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Fig. 2. Schematic diagrams of electrodes.

Area : 0.045 m)F FLHAZH(WI150 x 300 mm, Area : 0.045 m?)
2 % 6HER FHsged 24 439 & WFL 027m’
otk Zztel AZE Graphite Carbono 2 FAH AT &
el YA S Exstgen sdds2 A FE 293t
o AMGEATE wEE Wl 2F S ) ok =2E =S Al Fste
Fig. 19 (a)¢ 2] ¥h&2U X ete] A4AS PSR
W, $HEFS Y5t w7 (Agitation speed, 100 rppm)E
AX 59 Fig. 29 o] MET ¥39 a3 2439
WEAGS Haselr] A8 AF0AE JLhsstd o,
AT FLAFY AHAQ FELRE QIS dFALS
WA 5] fete ArstA=Sd SAAS5 Abolel] F2 3(1 mm)
£ AAstanh

2HgstE 2ot E AR 7HEEF 7 (headspace @ 20 L)
& AHAS wgTlolA AR blo]lertARS FFSHA
© ™, Titanium wire (0.1 mm, Gongguone, Korea)Z =3}
AYFFZA(Triple channel DC POWER SUPPLY 2230-30-1,
Keithley, America)s HEZ AZ3t] Wang o] ZxT
Hadgs 99 vAE A7|Serge] g4 7AW
03VZ FF3ATHWang et al., 2009).

x9 B 2518, fFEFIE 150L2 23S IPs
A THFig. 1). 22 Hi2x 2™
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Fig. 1. Schematic diagram of single-chamber MET reactor (a) and control reactor (b).
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Table 1. Characteristics of waste sludge

Characteristics Range Average
pH 6~7 6
Alkalinity"

(mglL as chog) 2,044~3,860 | 3,124
TCOD¢;

(Total chemical oxygen demand) 37,600 ~ 53,500 | 44,628
(mg/L)
SCODc¢

(Soluble chemical oxygen demand) | 6,700 ~ 13,500 9,599
(mg/L)

NH, - N(mg/L)
TS (Total solids)(mg/L)
VS (Volatile solids)(mg/L)

1,120 ~ 1,567 1,395
37,240 ~ 49,460 | 42,278
21,060 ~ 29,260 | 25,353

o ZFEHA(BEEA-12 FAAAA FAF dPEA
Jod&e] A2t 1A FAH" £8A], 4.1)F AHESHA
on I A4S Table 16 AAH uvhe} 2o}
L ARy @74 A8z RE AFSd &
HAE AFste AMEstRen Wz £ F248)
9] HH2EQl 35°C F2AAA ARAS 2P 5 th(Mata-
Alvarez, 2005). 27713t 7% F-5FH organic loading rate,
OLR)E F& ©aashlael 2 BaZl 2kg-VS/m'-d
2 39 o™ (Speece, 1996), HRT (Hydraulic retention time)
2092 &t 18/d F4 2 18/9 vlE3h= Fed-Batch §

o7 2A5H

L

23 =M i
A7 BEEAE ] vEx stde MBS E9
FrETE AR TCOD2 A4 #2 7](MF-80, Hanil,
Korea, 3,000 rppm, 5 min)E 1AEZ F AFFdoz ZHs3}
¥om, SCODS 7
AR T HFF5HE 1.2pm GF/C(GF/CTM, Whatman,
England)2 o3 & EA4319 0t dEYoMd R A= Nessler
H(NH,'-N Distillation method, HACH, America)g ©]-&3}
o &35t 3, CODc standard methods®] closed reflux
Moz &5 HEaton et al., 1995). #7124 VFAs: Lactic,
Acetic, Propionic, Butyric acid)®X& 93] Zorbax SB-Aq
(4.6 mm ID x 150 mm) column®] #2¥ Liquid chromatography
(HPLC, YOUNGLIN SDV50A, Korea)E ©o|&3lga 2A
o o] &% Mobile phase= 1% ACN/99% 20 mM NaHPO,S
ARESH T EA7EA] A EEAE Porapak Q (80/100 mesh)
7 29 1.83mx2mme 2Hd2A 2d AH TCD
(Thermal Conductivity Detector)”} 328 Gas chromatography
(Gow Macseries580, GOW-MAC, America)S ©]-&35 3t}
A& A% Carrier gasv 27 BFS ol&sdL, 52
15mL/min®.2 17g3t98 2™ Column, Injector ¥ Detector
9 =& 747 50, 807 90°CZ 1F AT

pH+ pH meter (Orion 420A°, Thermo orion, America)Z
Z3t¥ 3, 718k Alkalinity, TS, VS, T-N (Total-nitrogen) &
THAANEHE A&t 459 th(Eaton et al.,, 1995).

rlo A

3. Results and Discussion

Fig. 32 37175<¢ dl&22e 94y F714 £31=(AD)
9 METE Z2%$ @714 23 F(AD-MET)ol A 2
o] @7kt wWgdyFoltt. METS o))

R 27| FE HZ bto] @7k Aste] AlZE wHHE, AD9
A9 % 80d AFH T upo] oIk Aol AIZE AT Lauwers
et al. (1990)9] ATl oJstH WAl ADS A% A3
717ro] 27 QEE HLPE 4£Q¥Wtty BRuFYgoen, 2
AFNME < 3/ME 225 AY. MET-ADY ¢ %7]
FEst qAGlel 2AARF A wertArt HA S

st em, 1009 olF Holerts wggo] pgHo=
Yebgth 1009 ©]% AD-METHMS XA 245 e}
2Fe P 49L/dQ) ¥ ADEREEE 23 L/d oL, vl
582 ADOA 0.07L-CHu/g: CODre (0.19L-CHu/g- VSre),
AD-MET® A 0.25L-CHy/g- CODre (0.67L-CHy/g- VSre)& A
71stetikgo] A7) astxd A gz HES GAE B
A7, HErgS S7M7IE 988 ke FeE eyt

A3 A+ZA I Bougrier et al., 2006; Jansen et al., 2004)0]
sty sFEHAE VAR e T2 FrE4xAY b8
A A wEEES 0.12L-CHy/g- VSre, 0.15L-CHy/g-
VSreZ £ A7 ADEAANA 9 W e4E<l 0.19L-CHu/g-
VSre2 ¢Hgst gAY =2Fs {5 + JdoeH, &

Al
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Fig. 3. Profile of biogas and methane gas production, (a) AD
and (b) AD-MET
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TolA 1009 ©lF9 AD9 AD-METY w&Fg 40|
Foots & & Atk

T3 71 AT Z I (Nikolasos and Valeria, 2014; Bo et
al, 2014)ell ©J3lH METE ZAgs 7|14 &stzolA
gl ADWSZRET 2 ASE YUy 2 47243
S GRS Hola vk 71EY METRYE IS F=2
1Lo]8He] &7R wheXxdA 89 ¥d, 2 A7 %
€4 1519 9ub s Ar|dLsxolA 1P eAr]
2ol 71E AFZATNA Be MET ¥&9 vegsg &
248 Scale-up® MET ¥ ZAME EUsHA 1PPS &
QISFHTHBo et al., 2014; Nicolas and Valeria, 2014).

lo

e

o o

3.2. pH2} Alkalinity

WEY A F 3 pHHESA = 7.0~752 ¢HA AUt
(Pfeffer, 1974). Fig. 49} Zo] ¢Hgs 77ts F wbgx9
pHE 7.5 AFZ HAHIJY ¥gxd LY== T4
pHE A= SESIHAA T ADWHEZX] SZTEe 3
8,505 mg/LE UERd ¥bd AD-MET HHgZoM e F
6,728 mg/L2 ADHFSZ X} oF 1,800 mg/L = Yotth

A7 &8 glo] &ZE =7} 2,000 mg/L ©5tY o &
Aol Bedd Aoz Bugd glow, @2H(=n X
24 VFAs/Alkalinity Zt°] 0.4 ©]5td w FEI I4EH S
7FAtka B35 o] Qlth(Zhao and Kugel, 1996). B Ao
A 83t 717FADS AD-METONA rgkel 22 0.26, 0.32
2 Uehy @F¥o] SRSt PgFH R 2AH gitkal
BAATKFig. 5). A% AD-META ADXET+ &Za%
7b Aok deld disiAe F7HEA A7 488 e
2 Atsdth
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Fig. 4. Methane production in AD and AD-MET accordance
with the pH and Alk during steady state.
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Fig. 5. Trends of r (VFAs/Alkalinity) for AD and AD-MET.
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(Fig. 6). 4uta Fr)gd4sle] Z$ TCOD AALES
30~35% B2 £8A 9 7R £5E T AA
g2 & B¢ AAREC] 5~10% FHETT Busa Qo
(Braguglia et al., 2015). ¥ AFIAME TIPS Z A
Y A E AT CEZA ADEREES TCOD AALE
2 9 504%= 7|E Y AR} ¥ L oy, AD-MET
BT F61.8%=E F71&E AAEEC] NAH AL=E Y
=3

[
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Fig. 6. Removal efficiencies of steady state organic matter
(TCOD) in AD and AD-MET.

T3, 9HE37)7F AD-METOIA TVFAs$t SCODS A4
&5 ADET 247 12%, 35% T AR 9H(Table 2),
Table 4014} Zo] wh-gxU 7{ TVFAsY 5&E ADS}
AD-METlA  1,702.0 mg/L$} 1,666.4 mg/LZ  H] 55T
(Table 3). °]+= AD-METO|A TVFAsg #& X 3to] AD
Bt 3d+e AL 9H5HH, Zhao et al. (2014)9] Aol A
MET ¥-g0°] VFAs9 Alojel frejst wgdgde dee
< =9 F Athes AT ZE R YAt Zhao et al, 2014).
A O Z VFAsY wWEHSe] s Fig. 3¢1A Yebd
HEAgFe] Aol7t HAPTtL AR HT

Table 2. Specific TVFAs and SCOD production rates in
AD and AD-MET

TVFAs production rate |[SCOD production rate

VSmgL) | e TVFAsmg VS-d)|(mg SCOD/mg VS-d)
AD |AD-MET | AD | AD-MET |AD | AD-MET
12,116.5| 10,4982 | 0.14 0.16 0.26 0.35

Table 3. VFAs concentration in the effluent of AD and

AD-MET
VFAs (mg/L)
preen |t T e T o T3k [y
AD 5.8 11.6 5.0 1,679.6 | 1,702.0
AD-MET 0.1 8.0 5.5 1,652.8 | 1,666.4
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34. HIO|2 7taMA

SFFEHAE ol &3 @14 &gl G AFlA MET
7b HEdl 288 FHAIE AeZ Yent A
A 3sl7]17 AD-METH| Al TVFAs$t SCODY AA&EE:
ADETH 7+ 12%, 35% TE4E ¥, METOA Wesg
o] 0.07L-CH,/g-CODre®l Al 0.25L-CH4/g-CODre® 7}
AAE Gotry] 98 7t2de EAsATh

Fig. 791 =28l 2AYH £ AF9 Fst 717 7k
742 ADS AD-METO|A #po]go] wugt Aoz e}
5tk ol METOIA mlAE 7188 wh&el 93] CO7t
Heoz ASH Hgo] IR LuE AL Judt =
METoA mlgdgFo] E A2 AESE oAz A7)
3sta wghdawgo] FAlo 2437 gEoZ A}
259, MET7} HlAE 4% nAE 9T dis) 71
A ATE AP ool Ut

(b)
Fig. 7. The composition of biogas to steady state of AD (a)
and AD-MET (b)

4. Conclusion

2 dAFdAe PAE 778 7lee] F714d &St m

= JF 2 Scaleup 7FsAE 95l aAl Fed-Batch?)

Gbgxed HABE 7SS Vles HE&ste AR,

e 22 ZES =&

1) AD-METY] 9 2Hd %758 derdAo] A|ztd wid,
AD9] A% < 80Y o] FHE H e HAYo] A|ZFE O] AD-
MET7} 23 %7] ¢Hgst dAE Foled w2 2347
Je ALZ YETH

2) H8st71Zt AD9F AD-METY #lg&+&2 474 0.07,

0.25L-CH4/g-CODre2 YEelstem, 7]& ADO| MET 7]
&g A8 A WaEdAES SUAIIE AeE U
Ebsteh

3) #2834 15LY g0 METE 2¥3 492 7|&
1 Lolate] &7ti whgxoA e ntirtA R wE kg st
4 =2 "AgFes ol 3le ALE Hol Scale-up
e METZE 7hs8& Slstalth

4) ADWHgZS] A e LY=L 8,505mg/LE UEL

9t AD-MET 8hgZolA= He 6,728 mg/Lol YL

F kg2 pHE 758222 SAHAH

23712t AD-METoIA TS, VS, TCODAAZES AD
Bo} 47 75, 9.1, 11.4% FEHAIL, MET ¥Hgo] &
7N1E AAZENAN B2 EH7} A IS

6) AD-MET®lA TVFAs$} SCODQ AAEET} 12%, 35%
FHEHAI, B2 IF TVFAsY 5%+ AD-MET
A 1,666.4mg/L, ADA 1,702.0 mg/LE 2 X}o|7}
= ALFZ Hol AD-METo|A TVFAsY wlgd o)
ADET ZuiHo HFEFHoZ webdAFo] Eold A
#FZ AT

[E = R

5)
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