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Abstract

The purpose of this study was to investigate the effect of low temperature thermal pre-treatment on biodegradation of
waste activated sludge for anaerobic digestion as a countermeasure for increasing sludge generation. The experimental
condition was accomplished in 2 %, 4 %, and 6 % TS concentration, and 70 C, 80 C, 90 C of temperature for a
maximum of 120 minutesretention time. Then, it was followed by analysis of physical/chemical properties, BMP test
and composition of biogas. The biogas characteristic was evaluated by applying the modified Gomperz model. As a
result, solubility of dissolved substrate, such as SCODc,, soluble carbohydrate, and soluble protein, and biogas
production increased as temperature increased.Solubilization efficiency at 90 C was 18.4 %, 17.03 % and 16.88% in
2%, 4%, and 6 % TS concentration respectively. Also, solubilization rates of carbohydrate and protein similarly
increased. BMP test results also showed that methane production in excess sludgeincreased to 0.194, 0.187 and 0.182
m’/kg VS. respectively, and lag phase decreased to 0.145, 0.220, 0.351 day due to acceleration of the hydrolysis step.
Consequently, low-temperature thermal pre-treatment could increase biodegradability of sludge, positively affecting
biogas production and sludge reduction.
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1. Introduction

strsd] A 9] A =719t 8719 A &FQ s 59
9oz 2015 7I1E Il skrEd Al Hpol ks AlE &
22 31,619 ton/day2 23, 20143 715 27,430 ton/day T
H] 153 % Z7}SFATHME, 2016). SHAl% 4712 742 9
73, AETT] 24 5 nE 984 2 dAFg el B} 5t
FEHA AL o= g &YX A9 L A
&Fo g 7tEd AolH, od mE TEFQ oS Fetol
223k Ao tHKang et al., 2015).

AA F7tete €A TAF oS A G2 =
quA ez AEE, Ax, 24 4 g Fo| ol &=L
Atk A Az EHo 7t AR diA ok 247FE )

F ALE A5t 3Ax, &7, iE 59 AR o] ofd
AU Aoz A&Eet= Wete]l FHTA Utk Tyagi and
Lo (2013)¢] A7l ¢std steEeix Y dEHA AEE
Wete 2= AEA A E ¢ Hol 071"\ "34 v g3}
9 1FA8S 5ol AUtk ] F, F7tte £8A9 &
4 AYE &3 A4 5}3}_7 Hd+4 Q}ﬁg A zshH,
AzHoz A 1YL EHACR ARAIE B4
&3 9 Fo4ol HA F=xHL AHAppels et al,
2008).

A7NE &3t 3FE VY A EC fU1ES tAEE
7122 &gty FEFFHoR HUAY F U2l biogasS
A 2bete &9 FHolH, Enzyme hydrolysis, Furmentation
stage, Acetogenesis, Methanogenesis ©A7} A&&H o2 3
FHth G4 JteRa QGAdAE AX ¢ 849 FEo=
Qlete] FHEQ1 7] S&AQ 71Z o] Tt 7184 £AF
29| 7t R whgo] dojy= dAlolth o] WheEt B
sh&, @93 9 Ad 59 AEA= 3, o=t 2 Long
Chain Fatty Acid (LCFA)Z 7}&3s] HH, 7l-E83 7]
AE FaAolA dlF dreg ote] 93] Short Chain Fatty
Acid (SCFA)Z W31, v]F CO, H, ¥ Acetic acid T
3 B g7l APH T} Acetogenesis THAl= A 295k
o f714Hs e A4 V1A 2 AMEE = Acetate, CO; 2 Ha
2 A7, 714 A8 FH 9 vR T Methanogenesis
Al A e Bgdo] HAEES Sl Acetogenesis T
Ao A BH Acetate, CO, 2 H, & &Hste] HF oA
-?:J_Cd W etS AMAST(Jain et al., 2015). FA g @743 w

Z U &8 AFAIZ, 38 9 88 59 o=
?lgﬂ A7 43t 349 &8¢ A3t & £ JoERE 5%
ARl &£81A MY E A% 7HEs s o= itk 19
w2t F714 &89 84 AR &3 JHeEs] B9
AT FH Y FRE J& @ nd], 2" FY 2
RLEZHO|BE ol & €F7HE3), KOH, NaOH, Mg(OH),
9 Ca(OH), 9 *EFUS & s34 7HE8s, /5 =
o ¢HFH A7 LstE WF FE FHE EAE J &
94 7H8st 59 thge A9 A77F B A tHDevlin
et al., 2011; Kim et al., 2003; Miiller, 2000).

=

e

SI=EEEgs|R| Ai3s@ H45, 2019

doa&eA = AEgAd Ha Ax 9 uExR =4
(Extracellular Polymer Substance)@ ¥o]o <5 S5 & 7l
AE F9 BT floc +F9 FH o] 2 Z(Eskicioglu et al.,
2006) "J@%EV‘]QJ %715}6“3"‘9— AE 9 122 &4 W
70 ~ 80 %2 ©<rdlE o dwld 2 =53 9 th(Nazari et
al,, 2017). @F7183} 71&L olH g A EHI A £ 35
A Ags Az Ax 9 18X ED W /71829 7HEs
o &7 olH(Kim, 2013), B 7}&3} FFdl uls] 27] A4
ush obEY), AR AR 5o 2@ SHANE BE 3
o] &) 3 tH(Namkung et al., 2010). 3t G713} ol
A% 3g - e 2Ae BE AUA 2 485 3
H o] ebg gdol aE M, 170 o9 =4 Maillard ¥
23} Burn sugar §+goll 93 284 B2 9 A4 ek
of 9% NH 5 SHEAY 9%l B4 T 5 93, 1=
Qe e E WAL A8 FLRAgo] Fas)
Aoz &d#E A thBougrier et al., 2008). o] wal =4
249 9] 4L AL A7) g A7 A9
ARA T 7HEs &0 wE 7|29 &4 wg g bpo] et
2 AArEEe] gk BrF A7F o) FEo] 2 2(Ruiz-Hernando
ot al,, 2014) YL A 9] =Wl W& A2 dA71&s)
o 59 B4 G g2 @7 2 Ay

mA 2 AFdAE s J9EEAE YR 70,
80, 90 T 2%}, Hd 120% 23049 AL EH7H&5
& A gstel 7149 olFoha 54 2 WolHxE e 4
& Al et F e AEAEE FHrieto 27 #4485 4
Alstat.

n rlr

2. Materials and Methods

2.1 sksHX MY

2 A7 AHgE doasdAE B7I% S steAT el A
HAEE TS 55 234 ~ 2.52 %9 JAEHAE AL
o @A A st Ael FFTE FAtA F
1.5 %2 A5AT XA AsrEY JAEHAE Testing
Sieve (1 mm)E FZEL AAGT F Al £AHOF 2%,
4%, 6 %= F535to] JYHSIE FA S $8) 4 TollA @
FEH SRt = H JoA&gAY olgsd 542
<Table 1> YERN AT

22 X185 X H 2HzA
g 329 JAEHAE HFeR AL 7HEs 54F
Biogas & % H® AEFE ¥rishy] 95t dA7H&s)
U371 ALEEFA TFig. 1>, 7Fg3ke AR 988
& 3l= Batch reactor o]--,—oﬂ BRgo] 9l wHk o
714 FUFo wet wita g exprl HAE = 9
2hA Z+ A E %‘@%Hﬂ— 984 0.6 L
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Table 1. Characteristics of WAS

Parameter Unit WAS 2% WAS 4% WAS 6%
TS g/L 20.92 39.98 58.55
VS % TS 85.53 84.80 83.75
TCOD¢, g/L 21.95 47.95 69.90
SCOD(, g/L 0.32 0.35 0.45
N g/L 244 426 5.96
NH," g/L 0.068 0.014 0.019
pH - 5.48 5.78 6.34
Alkalinity mg/L as CaCO; 380 525 650
Total carbohydrate g/L 333 4.53 5.68
Soluble carbohydrate mg/L 14.74 26.32 34.74
Total protein g/L 0.77 227 2.93
Soluble protein mg/L 94.09 80.45 162.27

~ Agitator

Fig. 1. Thermo pre-treatment reactor

23 Mo M

231 2MeH

EH7H&3st €8 A4 F dg TS, VS, TCOD¢, SCODcr,
NH,', pH %32 Standard method (APHA, AWWA, WEF,
2005)] ZFslo] EA8F9 3L, Carbohydrate 42 Phenol-
Sulfuric method (Dubois et al., 1956), Protein ¥412 Lowry
method®l] F£3ted EA3FGTHLowry et al., 1951). €839
pHE pH meter (HANNA HI223)E AME3te] S 3H o,

Table 2. Biogas analysis conditions

Condition
Part
CH,4
Detector TCD
Column HP-PLOT/Q
Carrier gas He
Injection 250 pL
Split ratio 3:1
Injector 230 T
Terrl(lzz::r;lune Detector 250 C
Oven 60°C (30C/min) — 240C

SCODg;, Soluble Carbohydrate, Soluble Protein, NH," T2
23 &4 B BA9 Z 6,000 rpmoll A 5EIF 44 E
2 & AAIGE § 458 S Diameter 47 mm Glass Microfiber
Filters (Whatman, England) QX2 A7t 1ZE5S &
A3 A2 & o] &35t th BMP testS &3 &4 biogas U]
W& 5%+ Gas Chromatography(GC-TCD)(Agilent 7890A,
Agilent Technologies, inc., USA) 2@ Column(HP-PLOT/Q)S
Eole 45 H o @HAE biogass 500 uL Sample Lock
Syringe(HA-81256, Hamilton. inc., USA)E A3t 3 -
At g BAEA2 <Table 2> AA5HATH

232 7t83lg Hot

7}&5}&(Solubilization)8 7+ YAY f71E0] &&H =
A2 AgHE £&& Friske NEoH, 7183 HA8A =
7] TCOD¢, HZ9A %7] SCODe, 5EE A3 A3+
718(PCOD) ¢ 7183 572 3] 719 SCOD:, =9
MBS 2 JePdtH(Choi et al, 2014). 7}&38 H7t= 37}
292 Carbohydrate $} Protein Q1Abol| thal P sFHom,
7Hgst 28 F7H] (D)2 AFATel A At dHEE
AF&-5+93 TH(Salsabil et al., 2010; Val del Rio et al., 2011).

Solubilisati ) = 005 O :
olulnlzzatwncog( 6) = Tpﬂ] M
CODs = 7}83 A& F SCODu(g/L)

CODso = 7H&3t A& A SCODc(g/L)
CODpo = 7H&3F A& A PCODc(g/L)

2.4 3|24 BMP test

GAVMESZAE Foto] 2AEE JHESE SEAY W
e S H71s7] 8] Dwyer et al. (2008), Esposito et
al. (2012)9] AP ATE FI3t BMP tests FI5IATH
AEEHAZ e 1 A ANA 2= £s5t&8 A& AHEst
om, BMP test 713t ) 2L 5 e &ast&e]A] 9 714
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2
BAE AAS AT 2 &, JATIEE AAS AEE
£ 500 mL Duram bottleo] 300 mLE 2%3% 5, F=
7Hest A - 39 JA&EHAE 2 ¢ VILE VFELRE
Atk E=3F 0.2 N HCIF 0.2 N NaOHE ©]g3to] vjgda 2
bottlet} 43S pHE SHZALCE 2F8a, vg 27|
AN Al g7 dge SAEE F43 pH A5t
£ FA 7] f5te] pHESF &99<20 NaHCO; & 1.2 gL T4
39T BMP test 41% &8 A 74A] ZF @Al A w2} bottle
W @12 2457 93 N, E FYsAh HE5He
2 2Fo] ¢5HYM O-ring? AgErpl, Eet2g o=
WE 5] 35 C BOD incubatoroll A v &Fstsdth. v & A A
< 10 mL, 50 mL FAM]E o] &3t ZFstom, &Y
< Jt2RAF] gt 52 AF A

3|22 BMP test AT= ()9 22 584 sHnd
Ql Modified Gompertz model &-&& &3t F714 48te
BES A2F] 9F 527 2290 AAPZALN), AW
WE7tA EAFEM,) 2 HAH et SERmE FHHE
4 9tk 7+ Q1A= MS Excel 2013904 sj27] =285

o] &3l Al4tetAth (Nguyen et al., 2016).

&(/\—t)-i-l” 21(2)

M(t) = My exp[— XP|

M(t)= F17 Azt t (day)ol M Q] 2 wlerte S [m’]
Mo = Ao wlgt 48 [m’ CHykg VS]

R, = A vlgt 8845 [m® CHy/day]

A = z7] AA7] [day]

t = FF mert: HAF M7t F85HE AT (day)

3. Results and Discussion

31 7183=81X| EM ET}

TR ¥ JAEYAE Yoz stgsls HEsA g2
<8A% 70 ~ 90 T MY FHAMYE HE& HES &
229 71248 ENE &5t EF - 854 J4 dWsE
H7ISIAEE TS 5% 2, 4, 6% YA5EFELHAE oz
7z =¥ 71estE 7Hegst el 9 A4 WS <Fig 2>
of Z+Zk et ek 7H&st 84 W &84 EZE EA
3t SCOD¢: @ NH," 5% £4 2% 74 5= ¥
AoA dA7tgsls TP 71D BRFA
AlZrol F7hgtel wet FUbshe Ao2 FEFHAT

824 F7189 =& 79 SCODY B¢, 48718
3 g8 A 7 =4 032, 035, 045 g/LolA 90 C =7
A 45, 8.68, 12.07 gLeZ Z718t92™, TCODNA
SCOD¢0l AT HE TG &4 #71E0] 75
wal 247} 18.40, 17.37, 17.27 %S AAste ALz Hrly
gt} o]213 AFE= Kang et al. (2007)9] 100 C 30 min &
A4 H7tE TCOD/SCODc: 21.96 %3kE FAMGE &&
&E2E YERdT

SI=EEEgs|R| Ai3s@ H45, 2019

100 1 30 1.0 8
§ s B Lo
< 6
2 ~ 20 o— ~
S o5 o Lo
C )
8 5 15 T[4 =2
S w0l fod B
& 2 10
8 2
g 0y L o2
. Y .
. i
0d o I REL , 0.0 0
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Temperature (°C)
(@
1001 30 1.0 8
S o B L o8
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£ 645 06 g
C )
a 5 15 4R
w03 04 2
3 2 10
S 2
g 204 | L o2
0l o T . , : 00 Lo
Un-treated 70°C  80°C  90°C
Temperature (°C)
(b)
100 30 1.0 8
~
$ s B Lo
< 6
2 ~ 20 -~
E os0ig L06 T
=) ~ ~
2 g 1 T4 =
E 40 19 F o4 E
8 3 10
S 2
g w04 | Loz
0ol o Fi 0.0 0

Un-treated 70 °C 80 °C 90 °C
Temperature (°C)
(©)
[ SCOD --A-- SCOD/TCOD(%) @ NHyt —o— pH

Fig. 2. Impact of pre-treatment temperature on characteristics
@ : TS 2% WAS (b) : TS 4% WAS (c) : TS 6 % WAS

NH, 8 % %3 90 C 274 Fd 0.12, 0.17, 0.29
g/LZ YEREoH, NH, 7F T-Nol|l A 2A| 3t vlg & F
7hshe Ao 2 JEhsth Sung and Liu (2003) Aol <&t
W LFEY NHy & EFete 7180 A7 stz U &
A=o] 252 W NH, Y 557} 577 L2 E7Hst9 S o,
Q718 HAE &5 AARZ Qdte vg i) Hul 64
% Aok Ba=oh stA % 170 C olate] 2=xA
A P dH7HEsE 714 &skx W NHY 3 &
3l BATE F de oy A/ 2AE AFd A

Th(Wilson and Novak, 2009). WetA] £ Aol A& A2
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783 712 e FUE 45, @718asze 7HEE 7
2 1H NH," 5= g §&F& A A4 &S AL ¥

"tk pHe Alkalinity £4Z2% TS 2, 4, 6 %Y A&
Zl B 7488 257 sl wet pH7]' 77} 5.48, 5.
6.34914 519, 533, 54722 723593, Alkalinity Ei’c‘&
pH 333 v BTz 7 i‘s}ﬁt}

824 B39 71 9 pHY #4e EPS Wl 4AA /71
Bo] 4718358 Bote] 8848 RUV1ER Mg ot
YehtEs @422 (Liao et al., 2016), A& DZ7}1&35<
Hgoz 7Hest 9 T8 7T F A& A2 AR
ok

32 71832 "It

= H J9&8RY 7HEs &4 wE JtEsE
<Fig. 3> 22 Jehfict. 2=wste] wWE 7Heshes
Bret 23, 2xx7o] 45Tl wet 71EsEo] gt
A E78ke 2ES Uehdth olgidt AF= Jeong et al
(2014)°] APTH 120 T7AA Y EH7HES AT FAFSHTL
ES JAEHAY TS 557 3718 5 718580 YA
#FEHYE=, ole %Eﬂ Fold s AEE0] YolAY]
el Aoz woEh

sl EY g e fU1EZE FAFHAR SEEEA
doAEeRA e 22 AE Fxo ZHH FUH Lskx Y
T A ARl ZAaHE S0 Ath wEt &y
EHAAY FHAAY gstE 9 did 7185e
Bt w5 7HESFEAAY 2887 AEE AHEE F
Rernz Z AAE e Ao ENFH JHEskE B7E
A8t <Fig. 4>l e ATt

Z- gad JosgA Y gestE, gud steske 3t
23 COD; 7H&sHe S8 A #HAE UeriSich o
d&8A W g5sE 529 2 4 J4E FAd 079,
137, 1.62 g/LZ Uetgton, 99d =9 Z3-¢ 081, 1.23,
1.56 gLZ B7tE AT 4 A 8 &8 €49 5= &
FstEo] A o] oo HlE] o EA FREHUAT, AA A
oz Ao 7Mgshgo] @5sEY JMESERT EA

o o

10

o)

ol

N
¥

(¢

Table 3. Comparative of study on optimization of pretreatment

process
pre-treatment Condition Solubilization Reference
Result
170 C 30min 419, | Bougrier ctal
Thermal (2006)
pretreatment i Jeong et al.
N H 0
120 C 30min 21 % (2014)
Ultrasonic 0 Bougrier et al.
pretreatment 10,000 kI / ke 32% (2005)
Chemical 1.5 g NaOH / L 18% Chang et al.
pretreatment | (pH 12, 30 min) ’ (2011)
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Fig. 3. Impact of pre-treatment condition on solubilization

@) : TS 2% WAS (b) : TS 4% WAS (c) : TS 6% WAS

YERTE ol 130 T ol3te] 7Mest2edA g5 7}
golg Ht vwd 718358 o] =4 H7ME Wilson and
Novak (2009)9] APATF ZA#H¢} FAlSHTL
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Fig. 4. Impact of pre-treatment condition on carbohydrate
and protein.
(@ : TS 2% WAS (b) : TS 4% WAS (c) : TS 6% WAS

3.3 BMP test : Modified Gompertz model & Z1}

100C m o] H2x=7(70, 80, 90 T)o.2 A3 7183}
-39 JA&HAE Ygoz ¢ BMP A9 AHE <Fig.
5o Geh itk 7HEEE P &2 4 FE™(TS 2,
4, 6%) €A = 27} 0.149, 0.153, 0.156 m/kg VS.u® &

SI=EEEgs|R| Ai3s@ H45, 2019

Cumulative Methane yield (m3/kg VSadd)

Fig.

0.00 &% . .

0 10 20
Time (day)
©

30

5. BMP test: Cumulative methane production from the

modified gompertz model

(@) : TS 2% WAS (b) : TS 4% WAS (c) : TS 6 % WAS
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Table 4. Summary of fitted results methane yields following the modified gompertzmodel.

Samlple Methane production potential, M, | Maximum methane production rate, Ry, | Lag phase time, A
TS (%) | Thermal pre-treatment (C) [m’ CHykg VS] [m’ CH./day] [day]
Contorl 0.149 0.013 0.870
70 0.163 0.014 0.736
2 80 0.179 0.013 0.409
90 0.194 0.013 0.145
Contorl 0.153 0.014 0.908
70 0.171 0.013 0.730
4 80 0.179 0.013 0.409
90 0.187 0.014 0.220
Contorl 0.156 0.013 0.823
6 70 0.174 0.013 0.710
80 0.178 0.014 0.491
90 0.182 0.014 0.351

AtE|Rom, 7+835t 27t Fopdd wet BE A H 4, 6%) €A g YAHLEE Rm 0.013 ~ 0.014 m’

B Auge] 7ot BT
Fwol e ALY 85 2

0.194, 0.187, 0.181 m’/kg VS.u® YWEFTE ©]& 100T o] 0.870 day°ll Hl&) 7183 &%

A9 e 2AAAE AL A9 ]

A AE FEA NH, 9 B5, 8552 2 g ¥

el s BdHe Falyd 2o

JE 9

E90C 27N 42 TS

s |71 234 7t %

o Z 0101‘5*317(]94 CHy/day = LFEFRT) ahA g web A 27]AA7] A9 2<%,
2% AANE HAgHA G A
£7h F7heel et 27 A7)
Zaste] 90 T ZANA Al 0.145 day7HA %
o2 FAYA 53], TS 4%, 6% & A2 23

Z 71 A A 7]

ast= A

ol &= Hl

FEFS oA EoH 5 g AES Udehfo] 90 T =AM A 0.220, 0.351 dayE

Aol A 7+ F=E 7FEst 2%7F Foilel wt e Zaereh old, Hujulgr ZFAAE M= Hd 0.194,
SCODG9 =4 v LAZo] Fd e Aoz Helrh 0.187, 0.182 m’ CHykg VSZ Z7}st3ith o8k 23 A
Jeong (2016)2] BMP test Aol st 2z (TS 1, 3, A 2= e A Y 71E5 aFH2 QIS JlrEs ¢

5, 7%) YAEHAE 180 T ol 2=z7dA 44718

32 $98 A, NH,/9 71 9 8538, gad | 28

AEAY =717 Qs Z¥utgol %‘_‘*ﬁ‘é‘]—ﬁl 220 C

ZZA v Grkgo] Hdf 12, 9, 1

Baustgnh sAT 2 dATY 7}%-5]'&‘31;‘1-4 2
amino-carbonyl®] ¥Hgo2 QIgh ZWulS
om, oo wt B&Y EAZE QIS He /‘3"‘_]'%1‘-4

WAl 512 Skge)

Liao et al. (2016)9] 9479} vl &l £ o, 60, 70, 80 C 2

b1

1, 10% Za3s}

iﬁ:

ﬁ of
B o8 2 o r}o

& YEnix

fr 32 o ki

T+

oy,

ALz A 308 F 7HEske A% 80 C A A
244%7F 74 AOE EhRAT, 2 AT AYAT

HlE thd B2 3hs YERTh ole A
test 13 A] wHHS

USRS PR

st ZA] WHe avts
4s o= NkgT i

GoHA| o] FolA| A

&3
b

7] W& A

18 9} vt 2 Batch 3

ANEA G WEQ RO AR,
o 7ol met At 4R G4 HE
gl Agso) /8348 2719 24
93 QeigeA Aole] gdgel A,

o dddn ol ¥

89 8928 A2 U 4 SEW AEH <49
e AR BEot S74e) mhe gash A Uk
oh ST ANAOE RS WA G JelsHA st

et 7t = ¥ R8s 2 A

<29 g Pgo] e Aoz FrHEAT

g5 AN Yol

Modified Gompertz modele] &% BMP test 23
<Table 4>° Yetth. 7H&stE A - & 4 F=4(TS 2,

A9 £l 97 Aoz dddn

4. Conclusion

CARTHES A - F gAY olFerA

3, dA7HE s 229 G5l Wt §EA

=497 2
242 &4

3} SCODg;, Soluble Carbohydrate, Soluble Protein &

=7t F7beke ALE YERT

.4 5= ¥ COD 7HE3tee 2=x70]

sl o

2t gatstA F7kskel Al 17.69, 17.50, 16.73 %= Z+

7 B7hE 90,

. BMP tset 23 Hd g HBFS 4 5= 8 90 C

GF 7R3} ZANA 0.194, 0.187, 0.181 m/kg VS, E
el BE B2 dE Aol F71gHs glst

At

3% 297 - F 4 SEUTS 2, 4, 6%)

. BMP test ¢] Modified Gompertz model &-& 23}, 718

<A 9

B Z7IAA 7] A9 B 90 C Z7ANA 0.145,
0.220, 0.351 day 7HA] #&sts Ao 2 Yehgon, 3
g 23 AFE Me= Hd 0.194, 0.187, 0.182 m’

CH4/kg VS 2 Z7lat= 3 vehdth

qe 2AANY GHAEsE yRAY B2 2 A
AR A8 5 e Bol WA Qe WLy

Journal of Korean Society on Water Environment, Vol. 35, No. 4, 2019



306 A& - YYD - LRI

Fol FasAw, oA Ul dEad 24 2 AR
= A48T 5 Qe Bdel 44N B AL 2o
Aol aH7Lgse) A%, oA Wgzst B
39 g0 ¥ Aow wudt

Acknowledgement

B dT7E 20199 Zr7Idista st A7
= Aol gsto] FPFHAS.

(This work was supported by Kyonggi University‘s
Graduate Research Assistantship 2019).

A9 A%

References

American Public Health Association, American Water Works
Association and Water Environment Federation (APHA,
AWWA, WEF). (2005). Standard methods for the
examination of water & wastewater, Health association
Washington, D. C., USA.

Appels, L., Baeyens, J., Degréve, J., and Dewil, R. (2008).
Principles and potential of the anaerobic digestion of
waste-activated sludge, Progress in Energy and Combustion
Science, 34(6), 755-781.

Bougrier, C., Albasi, C., Delgenes, J. P., and Carrere, H. (2006).
Effect of ultrasonic, thermal and ozone pre-treatments on
waste activated sludge solubilisation and anaerobic
biodegradability, Chemical Engineering and Processing:
Process Intensification, 45(8), 711-718.

Bougrier, C., Carrére, H., and Delgenes, J. P. (2005).
Solubilisation of waste-activated sludge by ultrasonic
treatment, Chemical Engineering Journal, 106(2), 163-169.

Bougrier, C., Delgenés, P. J., and Carrére, H. (2008). Effects
of thermal treatments on five different waste activated sludge
samples solubilisation, physical properties and anaerobic
digestion, Chemical Engineering Journal, 139(2), 236-244.

Chang, C. J., Tyagi, V. K, and Lo, S. L. (2011). Effects of
microwave and alkali induced pretreatment on sludge
solubilization and subsequent aerobic digestion, Bioresource
Technology, 102(17), 7633-7640.

Choi, J. S., Kim, H. G., and Joo, H. J. (2014). Solid Reduction
and Methane Production of Food Waste Leachate using
Thermal Solubilization, Journal of Korean Society on Water
Environment, 30(5), 559-567. [Korean Literature]

Devlin, C. D., Esteves, R. R. S., Dinsdale, M. R., and Guwy,
J. A. (2011). The effect of acid pretreatment on the anaerobic
digestion and dewatering of waste activated sludge,
Bioresource Technology, 102(5), 4076-4082.

Dubois, M., Gilles, A. K., Hamilton, K. J., Rebers, A. P., and
Smith, F. (1956). Colorimetric method for determination of
sugars and related substances, Analytical Chemistry, 28(3),
350-356.

Dwyer, J., Starrenburg, D., Tait, S., Barr, K., Batstone, D. J.,
and Lant, P. (2008). Decreasing activated sludge thermal

SI=EEEgs|R| Ai3s@ H45, 2019

hydrolysis temperature reduces product colour, without
decreasing degradability, Water research, 42(18), 4699-4709.

Eskicioglu, C., Kennedy, J. K., and Droste, L. R. (2006).
Characterization of soluble organic matter of waste activated
sludge before and after thermal pretreatment, Water Research,
40(20), 3725-3736.

Esposito, G., Frunzo, L., Liottal, F., Panico, A., and Pirozzi.
F. (2012). Bio-methane potential tests to measure the biogas
production from the digestion and co-digestion of complex
organic substrates, The Open Environmental Engineering
Journal, 5, 5-8.

Jain, S., Jain, S., Wolf, T. I, Lee, J., and Tonga, W. Y. (2015).
A comprehensive review on operating parameters and
different pretreatment methodologies for anaerobic digestion
of municipal solid waste, Renewable and Sustainable Energy
Reviews, 52, 142-154.

Jeong, S. Y. (2016). A study on thermal pretreatment of the
wastewater sludge to improve anaerobic digestion efficiency:
performance, energy balance and economical assessment,
Ph. D. Dissertation, Kyonggi University, 55-57. [Korean
Literature]

Jeong, S. Y., Jung, S. Y., and Chang, S. W. (2014). Enhancement
of anaerobic biodegradabilityand solubilization by thermal
pre-treatment of waste activated sludge, New & Renewable
Energy, 10(1), 20-29. [Korean Literature]

Kang, H., Jeong, J. H., Kim, J. Y., Moon, Y. T., and Seo, 1.
S. (2007). Degree of solubilization of wasted activated sludge
treated by several pretreatment methods, Environmental
Engineering Research, 2007(12), 1370-1376. [Korean Literature]

Kang, H., Oh, B. Y., and Shin, K. S. (2015). Anaerobic treatment
of leachjate solubilized from themal hydrolysis of sludge
cake, Journal of Korean Society of Environmental Engineers,
37(10), 583-589. [Korean Literature]

Kim, D. J. (2013). Pre-treatment technology of wastewater sludge
for enhanced biogas production in anaerobic digestion, Clean
Technology, 19(4), 355-369. [Korean Literature]

Kim, J. S., Park, C. W., Kim, T. H., Lee, M. G., Kim, S. Y.,
Kim, S. W., and Lee, J. W. (2003). Effects of various
pretreatments for enhanced anaerobic digestion with waste
activated sludge, Journal of Bioscience and Bio engineering,
95(3), 271-275.

Liao, X., Li, H., Zhang, Y., Liu, C,, and Chen, Q. (2016).
Accelerated high-solids anaerobic digestion of sewage sludge
using low-temperature thermal pretreatment, International
Biodeterioration & Biodegradation, 106, 141-149.

Lowry, H. O., Rosebrough, J. N., Farr, L. A., and Randall, J.
R. (1951) Protein measurement with the folin phenol reagent,
Journal of Biological Chemistry, 193, 265-275.

Ministry of Environment (ME). (2016). 2015 Organic Waste
Resource Energy Facilities, Ministry of Environment,
Department of Waste Resources and Energy, 1-7.

Miiller, J. A. (2000). Pretreatment processes for the recycling
and reuse of sewage sludge, Water Science and Technology,
42(9), 167-174.

Namkung, K. C. and Jeon, H. O. (2010). Pretreatment of waste-



42l & vlol2 JkA S B} 307

activated sludge for enhancement of methane production,
The Korean Society for Applied Microbiology and
Biotechnologyl, 38(4), 362-372. [Korean Literature]

Nazari, L., Yuan, Z., Santoro, D., Sarathy, S., Ho, D., Batstone,
D., Xu, C. C,, and Ray, B. M. (2017). Low-temperature
thermal pre-treatment of municipal wastewater sludge:
Process optimization and effects on solubilization and
anaerobic degradation, Water Research, 113, 111-123

Nguyen, D. D., Chang, S. W., Jeong, S. Y., Jeung, J. H., Kim,
S. S., Guo, W., and Ngo, H. H. (2016). Dry thermophilic
semi-continuous anaerobic digestion of food waste:
Performance evaluation, modified Gompertz model analysis,
and energy balance, Energy Conversion and Management,
128(15), 203-210.

Ruiz-Hernando, M., Martin-Diaz, J., Labanda, J., Mata-Alvarez,
J., Llorens, J., Lucena, F., Astals, S. (2014). Effect of
ultrasound, low-temperature thermal and alkali pre-treatments
on waste activated sludge rheology, hygienization and
methane potential, Water Research, 61, 119-129.

Salsabil, R. M., Laurent, J., Casellas, M., and Dagot, C. (2010).
Techno-economic evaluation of thermal treatment, ozonation
and sonication for the reduction of wastewater biomass volume
before aerobic or anaerobic digestion, Journal of Hazardous
Materials, 174(1-3), 323-333.

Sung, S. H. and Liu, T. (2003). Ammonia inhibition on
thermophilic anaerobic digestion, Chemosphere, 53(1), 43-52.

Tyagi, V. K. and Lo, S. L. (2013). Sludge A waste or renewable
source for energy and resources recovery, Renewable and
Sustainable Energy Review, 25(C), 708-728.

Val del Rio, A., Morales, N., Isanta, E., Mosquera Corral, J.,
Campos, L., Steyer, P. J., and Carrére, H. (2011). Thermal
pre-treatment of aerobic granular sludge: Impact on anaerobic
biodegradability, Water Research, 45(18), 6011-6020.

Wilson, C. A. and Novak, J. T. (2009). Hydrolysis of
macromolecular components of primary and secondary
wastewater sludge by thermal hydrolytic pretreat ment, Water
Research, 43(18), 4489-4498.

Journal of Korean Society on Water Environment, Vol. 35, No. 4, 2019





