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Effect of Waste Activated Sludge Mixing Ratio on the Biogas Production
in Bioelectrochemical Anaerobic Digestion
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ABSTRACT: Anaerobic digestion (AD) is one of the most widely used process that can convert the organic fraction of
waste activated sludge (WAS) into biogas. However, most researched actual methane yields of anaerobic digester (AD) on
lab scale is lower than theoretical ones. Bioelectrochemical, anaerobic digester was used to increase methane yield from
waste activated sludge. The influence of anaerobic digestion sludge and raw sludge mixing ratio (3:7, 5:5) on methane yield
and organic matter removal efficiency were explored. As a result, when the mixing ratio of bioelectrochemical anaerobic
sludge was 5:5 compared with 3:7, the highest methane yields were 294.2 mL CH4/L (0.63 times increase) and 52.5% (7.5%
increase), the bioelectrochemical anaerobic digester(5:5) was more stable in the pH, t otal alkalinity and VFAs, respectively.
These results showed that the increase in the mixing ratio of anaerobic digestion sludge was found to be effective for maintaining

the stable performance of bioelectrochemical anaerobic digester.
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7]/ 48KAD; Anaerobic Digestion)= HEHE
7 9] F71ETFS vlo| kAR HEE 5 Qe
V4 de] ol gEE 34 F shueltt). #1497
Eo| P74 43HAD)oNA LA E = vlo]Q Tt
T2 WEKCH,, 50-75%), ©14FFeRA(CO,, 25-50%)2]
EgEoI. a2y 7 iﬂ%—:'r/\lﬂ(~20%l)3’% wre
COD, VS AlA &&& E3sl= o7} 714 EAH
2 7AYok F MFC(Microbial fuel cell)U
MEC(Microbial electrolysis cell)s3 22 AHEZ7]
3}8}7]4(MET, Microbial electrochemical technology)
o] A&7Fset A AR 2] Wi E2A F5S
w37 011;]_3)

MET 7]&& 371448z Yo 388 3¢ 1
TEO| 714 H71ES] wE 87} 7Fe #Rt of
Yet 271818231 1ol 23l Fabg x| hsto|ut
=48, AR Esd EAAE BVt 7
3, &8k ) njAEe] A4S Eo)al nlo] erks
o] Yakeke Itiat & 5 ok BuEa oo,
AEA7887)|Ee Itz o d7)Ad a8tz 4
RS ATz o]Foix 7SR E
AR)ska el 22 HehE A7ishs WHeE ¥

714l B8 5 Y. AERT||eS &

71 a8tel HEsl] e SH2TAN BE 43
FE&S GATIA e AREC] Ao, sgE
HAE o R e as P74z
B3I Atz Adso] IA =T nlo] Ut
2:9] Wghggo] Eobd 5= 9le-S R, &)
72 AE vl oJshd, AT R ARddA=
G35 F w2 o] 24 WEE-2S 350 mL
CHy/g COD.°l3}2 HE 3 om ADHHS-7]9]
Af Fdre 54 9 w87l ol 50-250 mL
CHy/g COD.& F&< 7}Zl—t— Ao eSO
MEC ®¥F371E ©|&3t& 749 170~400 mL CHi/g
COD 2 HFE I JTH>"7. 372 ADHF-S-Z0]| 4]
Feng 572 162 mL CHy/g COD,, Bo 52 180 mL
CHy/g COD:E AT MECHES-7]ol| A= 22} 326
mL CHy/g COD,"”, 360 mL CH,/g COD,”& H1&}
Ak @A AFZHA Fr1Eastel o3 HA| we
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TE&L o] 2AY Ao WigrEol mHA] F37] of
Eoll gras Y 5 s Wty ALHA A
7 Bt weba 2 Ao B8 s
A2RE HgTES Eol7] S8 e85 ¥
7| ABZE o] &3le] Hr)gaslEe] R o] Ej]
o e WEgrE B frlEAr] ZE&l vAs
F&oll Bt A8kt

2.1, B8 2HxR7

2 AFolAE Fr18 4tz AEH7]8eA 2~
Hl(Bioelectrochemical system, BES)S 283 AEZ
718}8t @713 4337 E o)8ate] Ade Tt
$om ol ARWI70 %205 mm)S A=Fsle] 2}
Zre] & %3] 25 L2 Asth AEH7]3e)
P71 4370l AREE A= (FTF=AEZ
3}stol| A ARlste] Thfjslal Qe Ao, SARE
’d(graphite fiber fabric, GFF)2] Rl ThgHErA
U R/ E (multi-wall carbon nanotube, MWCNT)E 7
71%95 H (electrophoretic deposition, EPD) -2 A7
HTdel w1 HEHAY dedo] 973 A=5S
ARSI, Adel ARgE AT S
(40mm x 90mm, 0.0036 m’)-< Fig. 13} zto] o}z 8=
A&E Bl Asbd=3 S-S Abold] FAE
Eeehs ARgSte
U A &(Separator electrode assembly, SEA) S & 114}
03] 4”‘0Lg AStASH AT AFE Ti wireZ A
Hat] AX|eATt w70 AHEE A5
3 JJr AT 1A|O=E FASk ¥H37] Yiitol
gz o ¢ s AT ofmERksTIE
Hh-8-7) 2ol 7AW ER T, 73T, S8R
ATE = A Glol AXsta €814 FY

& 5 9Rg71sl S W) Al weE g
o *

(Polypropylene non-woven sheet) S

gu% é_vé(pH 2016h H,S04)2] iﬁ}i"‘éfﬁNaCI):‘% z
ZAA TAAE 7k ALSE ot
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MECRES7 ]9l P &S 21F3H7] 918l 215=A4] 3t
FEDAYZANA AT F71843F SHA e} A
<YA 1mm A2 A F 3:7(&F&EHAAEHA)
o] Hl&E T3l FYstal HAFTHAE © &
sled 9)FH9Y 0.3 V, IHHEE 100 rpm, 3542C =71
oA oF 30€3t 21F3FATE MEC BES71E &8k
B2t AR HEIE|(Digital multimeter, DMM, Keithley
2700, Keithley Instruments Inc., Ohio, USA)E ©]-83}
o] A 1025 WEE Adste] o] AYgE 107
AL R SAAH A7kl & A=H7]3518t
71443 YA fFEEUAE AEEEA
2 o] @e AeeA(TIAEHAR o] 9E &35t

§1L £z ] M\_g}éa}x]g} s o] EgH|
5:5 24 AP Y STk

S zo] ABE 239 7HA0F 25mLe] Al
i=2=4 XHZ./] 3t Standard Methods©ll w2} TSS, VSS,
TCOD, SCOD, pH, Total alkalinityS #2]35}53.™
TVFAs 555 ZgH"Y< ol &sle] B4ttt 1t
x| A HAE nlo| o7t ~E 1Y 13] AR
A E 7E2o] AR 42 9 ER AE7I(TCD)7
2 GC(GowMac Series 580, Porapak Q6ftx1/8 inch
stainless steel)E AH8-5] Ny(30 mL/min flow rate)S
carrier gas= 319 injector 80°C, detector 90°C, column
50C Z=dNA AsItE SAE vlo] 7k MAE

Table 1. Characteristics of the raw sludge, seed sludge and sludge mixture

Parameter Raw sludge Seed sludge Sludge mixture
TS(g/L) 41.0£7.8 244423 36.4+0.4
VS(g/L) 11.7€2.3 7.6+0.7 12.0£1.8
TCOD(g/L) 47.9+2.6 22.3+1.27 37.245.3
SCOD(g/L) 17413 1.0£0.3 2.1%17
pH 5.8+0.7 74402 7.0+0.3
Alkalinity(mg/L as CaCOg3) 967.5+£308.9 3936.0+1575.0 2262.5+£995.9
TVFAs(mg/L as HAc) 749.4+585.0 737.5+189.9 1340.0+42.7

71 A8 264), 2018
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B7Y3k7] 918l oA & -E(energy efficiency)> 4R
H 7] ol A](electrical energy)St AAE COD2] 3t
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n (%) = %100 ®)
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3.1. pH, £¥7t2|= L VFAs B35}

RNEA7 S8} A7) 48%2S 35CoA 03 VE
A7kska £3819S w Fig. 2(a)9t 2o] 27] pHE
7z} ©F 6.7(3:7), 7.2(5:5)% YERH O 5:5 1S
o] A% #7143} 27 RE] pHI} 72 oS Al
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< 1A 3h= 222 Jehgth dvkEll #7)14848)

o

6000

- 3:7
5000 | HEEE 5:5

4000
3000 -
2000 -
1000 -
0 1 2 3 4 5 6 7 8 9 10

Time (days)

(b)

Total alkalinity (mg/L as CaCO3)

o

Fig. 2. Changes of (a)pH and (b)Total alkalinity for the bioelectrochmical anaerobic digester during the operation.

J. of KORRA, 26(1), 2018



Y27 |ekelg| A8 2E 0186t Hi0|2ItA

AAHA

SN HEdse A EgH|ol I

00||

F 57

%9 A4 pH W= 6.5-7.601H, 3 pHE 7.0-7.2
o]t} whehA] 5:58 3= Whe-2r | RE T12)aL 37
= 449 o|F REE AE7EE @18 astzE A
2227004 Al xo] HgH As HoFETh
Fig. 2(b)} Table 2014 = A=A 71848F 714 wHs
Z9] FY¢ZE]| Z(Total alkalinity) H3}E B Q
o 7] T == 242} 3:79] EHlollA = oF
1,000 mg/L as CaCO;s, 5:59] EZH| oA+ 3,125 mg/L
as CaCO3(5:5)= UEREoH 3:79] Ejtrlof|A= 4
o] A3} 3 2,080 mg/L as CaCOs, 7¥ 733} 3 2,700
mg/L as CaCOs, 10€0l1:= 3,240 mg/L as CaCO: 2 37}
3= Ao = Yeptor 5:52] T34 3,000 mg/L
as CaCOs°l < A& FAsIR o 109 A3 &
4,740 mg/L as CaCOs 2 &= T} 5:59] =&)<
H*%ﬂh 379 £ B 71448 3R
5wt 27)9] FLTHEE 5o 435
iﬂ HE HgHoZ AT 5= A sl
UERstth @714tz Td7ke s
AE9] Eslloll ojal A== FRYo},
]E]—/K(E/HH]—_Q. o 3 A].O:L,] ;?:_].%
a1 vpo] @7F20] o] 4ksleka

=
of ofsfl S e A=

oZi :‘0

AT Y= XHEH"] Zo87)4A8k20] S VFAS
W7lE = vl 0.1-030] kP

e 04%%% FHAZ719] VFAs®| F5= 2442 3:7¢]

3o A= 1,303 mg/L as HAc, 5:59] &3]l A
= 1,377 mg/L as HAcE YEPg o AEH 7|58
71 Aasir-go] Zeggol me} 3:79] E3u]olA
+ VFAs/Z71] 59| Hl= 27158 1302¥2hE Al
251 0.34-1300.2 7Y7HA] Bl EHA A
Ao 108t 022 YERET 5:52] &3] o
Ae Z2700e VFAs/L7H] =9] HI= 0.41-0.44°]1
o 4% o]FRE|E 0.18-0.20% FA5 ) wet
A 3:59] EgH]o] WHE7] R 5:59] EgH] o] v
717} Boh g o2 e AR YETh

3.2, HIO|QUtA it & RIISHHE

B AFNME FridaskEeix| e AEHA &
Fulnisle] g AEx7158 FrIH Ashxolx
AYRE o] Q7 AR Fl {7 | EAA S-S Hlalst
Rom dr|daslEelA ] EFE0] 2 559 &
o] REg7]ol|A WierEA g 2 7 EA A S &0
S7Fhe 202 Yelsith

Fig. 32 3o M2 AE7]318}F §7)4d 48}
Zol| A A S= Hho] @7k HEAI A T
9} npo] @7k~ S YER AL Tk Fig 3(a)ellAl
CH CO9] FA gz A Hol= Za} o] 3.7
3} 5:5¢] &3m0l W} 27 = 2 2}o]S HolA|
oFgkom 3UxF FRE 5:59] EH] RS-0 A B}
o] 7 2 AsbEFo] FTVELY] AlAtehe O E UERE

—_

Table 2. Properties of bioelectrochemical anaerobic digester for digester effluent

- : Time(days)

Parameter mixing ratio
0 2 4 7 10
H 3.7 6.72 6.79 7.44 7.36 7.81
P 5:5 7.22 7.45 7.70 7.7 7.67
o 3.7 1,000 1,805 2,080 2,700 3,240

Total Alkalinity(mg/L as CaCOs)
5:5 3,125 3,250 4165 4825 4740
3.7 1303.3 630.3 800.8 1093.9 648.6
TVFAs(mg/L as HAc)
5:5 1377.0 1337.0 783.0 980.8 858.7
3.7 1.30 0.35 0.39 0.41 0.20
TVFAs/Alkalinity
5:5 0.44 0.41 0.19 0.20 0.18
F71=743 26(4), 2018
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Fig. 4(a)2} Table 3-2 A EZ718}8} §7]d4stx
o Y 2 FF £21X9 COD & E AAEE Y
ERlE 3:77 5:59] &3] F49Y] TCOD F=+
77} 41.8 gL, 32.6 gL=E FHF TCOD A|AE&2 717
39.3%, 52.2%% YERRT, 5:59 SFH|oA 3:7H T}
TCOD AAE°] 129% 7= A= YERyt
TCOD AA=Fe] -9 3:73% 5: 54 Egmlol Azt
183g/L, 17.16g/LZ 452 FE7F &2 37904
TCOD®| AAZFE =5 ¢ iﬂl e O H *PEHZ*
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Fig. 3. Comparison of performances of bioelectrochemical anaerobic digester reactor; (a)cumulative methane and carbon

dioxide production and (b)gas composition.
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Fig. 4. TCOD(a) and VS(b) in digester effluent and their removal at different mixing ratio.
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HERY 2k Qlo] TS ST = Aoz wnh oA AERAT|SEE H71d4slxze] HE VS
Aok, 7 AE=x0 SCODE 7lrEs|4Eel o AAGEL 217} 36.3%, 43.8%% ERFoH 5:50] &
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LS

4:3}29] SCOD 5+ 43129 FHE g4 o=
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E3oA= 096 gL=

I

2Asle] HEH O FE 3 74
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3 1083l = 0.87 gL Z4skAT) wekA 3:79]
3l Bt 5:59] E@H]ollA AEX7|sEE F714
2:5t27} PR Aol A I J3-S YERN AL
AT} Fig. 4b)= VS 5 E AATES YERHIL 3l
o 27|HUEHA 3.7 5:59] &3] VSe| v =
= 27} 104 /L, 13.5 gLE YERT) 3:73} 5:5¢] &

350

Z10 8 YESith webs d71d4stxe] St &
olx|™ VS| AATEE F7FI= Ae YeRTh

Fig. 5 A&7171318F 9714484 AlAE COD
T eI S sl WEkrE-2 7oA
3:7% 5:59] &3rlollA 247t 185.6 mL CHu/g CODr,
2942 mL CHy/g CODr & 5:5¢] &3H)7} 3:79] &3¢
HIETH 0.634] S7Fks o' Uehon, oA
89| A9ol= 3.7 5:59] EdH]olA 22} 45.1%,
72.3%% UERSITE o]9} -2 Are F{UEE 871
BaskeeA Y] S7tet 94 pH, EEelE, FHY
Z14m 8ol ok wghdAl o] Ao R B

I L/kg CODre
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Fig. 5. Methane yields of reactor based on removed TCOD and energy efficiency.

Table 3. Performance of bioelectrochemical anaerobic digester

iy : Time(days)
Parameter mixing ratio
0 2 4 7 10
37 4833 43.30 4426 43.78
TCOD removal (%)
5:5 4325 54.29 53.37 5245
37 29.63 37.78 38.15 36.30
VS removal (%)
5:5 56.73 48.08 50.96 52.88
37 0.57 0.60 0.67 0.59 0.96
SCOD(g/L)
5:5 3.60 1.00 5.01 0.51 0.87
Methane yield (mL CH4/CODr), Overall 37 185.6 mL CH4/CODr, 45.1%
energy efficiency (%) 5:5 294.2 mL CH4/CODr, 72.3%
71 &3, 26(1), 2018
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