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ABSTRACT

The object of this study is to feasibility assesment for co-digestion efficiency of food waste recycling wastewater(FWR)
with thermal hydrolysis process dehydration cake (THP Sludge). As a result of THP pre-treatment experimental conditions
to 160°C and 30 minutes, the solubility rate(conversion rate of TCOD to SCOD) of the THP sludge increased by 34%.
And the bio-methane potential in the THP sludge increased by about 1.42 times from 0.230 to 0.328 m> CHa/kg VS
compared to the non-pre-treatment. The substrates of the co-digestion reactor were FWR and THP sludge at a 1:1
ratio. Whereas, only FWR was used as a substrate in the digestion reactor as a control group. The experimental conditions
are 28.5 days of hydraulic retention time(HRT) and 3.5 kg VS/m3-day of organic loading rate(OLR). During the 120
days operation period, the co-digestion reactor was able to operate stably in terms of water quality and methane production,
but the FWR digestion reactor deteriorated after 90 days, and methane production decreased to 0.233 m> CHa/kg VS,
which is 67% of normal condition. After 120 days of the experiment, organic loading rate(OLR) of co-digestion reactor
was gradually increased to 4.5 kg VS/m>-day and operated for 80 days. Methane production during 80 days was evaluated
to be good at the level of 0.349 m® CHa/kg VS. As a result of evaluating the dehydration efficiency of the sludge before/after
150-180°C THP using a filter press, it was confirmed that the moisture content of the sludge treated before THP at
180°C was 75% and improved by 8% from 83-85% level. Therefore, it is expected that the co-digestion reactor of
FWR and THP sludge will ensure stable treatment water quality and increase bio-methane production and reduction
effect of dehydration sludge volume.
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of e} ARe FrIAH7ES HAEeR ¢Asta
SR B sl o)z of i o) AQO0E) & st
ARH 02 vho orhAst AAE SETHe A e 2
AalE i el (Sudokwon Landfill Site Management
Corporation, 2021). 71 tHAIS 3l5E8] 4|, SAERT
7)E, 7hEate soln 7714971 E 9 viol e rhAs)
= FE77E SAE AlFA 7 ARt S44A
g Heto A AP oA E A R EESH= S
Ho A= F4fo] Eobx|aL Qi

SAEFH7EY A A7t oF S50vEQRIE 719)
o WM¥staL glow, 1 5 50%((252%HE)7F AbES),
26%(1319FE)71 E[H|3}, 14%(719HE)7}F Hio] @7k 3},
LA 10%(S19HE)7F 2, 3hf) 59 3o Ag
F| 31 It} (Ministry of Environment, 2021). 241 &5 1|
Z1&Eo A E8E S5 4~(FWR : Food waste recycling
wastewater)«= |52 H}o]| 2 7EASE A]JAof HEQE o]
714 232 AAsta o AR 2025874
14% 429 vpo| @ 7kAst AdE 30%71A] €56t
AL 7FA] 2L It (Ministry of Environment, 2021). &
NEER )RS 1w §718S a5k 9lo] @
714 izl ok M2l B HolAu e pH, ¥
L odu AFH AAHA B4 02 Q3| SH%XA
2 44He o B ofelgo] WAITTH (Hong, 2016;
Ministry of Environment, 2016). 01816} EAHL 14
71 §lgh Werom SuMAE Rk, HHEYX
5 $714A T Wk W14 28 Helshs WOl
AEA AAELL lom HAA S AT B 71E
AAldS A= AR 4= Q7] wimofl vl @7k
3t Al A 59 AR EdS £Y 5 ok
SHAE 7FEE 0] B AEE TS HE 9 AFE
59 2o wet fAE9] Aol A4 ¥

Fol flen, &R JAl &84 %—i—f‘iﬁli
7)1 &5 SH(OLR : Organic loading rate) =& o
= o] otk (Ministry of Environment, 2016).
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Table 1. Characteristics of samples

Characteristics Unit Sewage sludge cake Thickened sludge FWR Inoculum

pH - - 7.3 3.8 7.2
Moisture content % 82.1 95.2 88.6 97.5

TCOD mg/L 179,444 16,338 201,500 30,152

SCOD mg/L 27,030 1,785 184,241 21,594

TS mg/L 171,215 45,131 114,050 38,984

VS mg/L 154,242 21,206 99,800 25,852

T-N mg/L 9,810 1,240 4,200 3,958
NH;-N mg/L 1,463 820 3,850 3,058

24 B skeE R Als AAY] oy AAkd st Al 3} 8t

HA(Fr& 95%)E 5:1(2 kg : 04 kg)= &3, =
FA AN HE}F A|lRZAM pH, &, COD, °

Fssnel selAE Axstdct BEEUAE £

2
=
£ 9
T-N, TS, VS 5-& #4359t AH8-5 714 9 d7]& AgE o= stER A gl Wol aLA At
2] 2] A/ Table 13} T 2 Z2A5t7] jZel wRtrE ARESteE ke {540 0]
ol EelA] AA o gt 7heEsl B2 7Idst
2.2 GIIEs 7] o]¥7] wiZolt ot 23 ZpgrAlo] opd AH
o 393 dylAHE HFAL 93k Aol FhA
A7l4em) U 7] Fig. 13k Zo] Sa8A 5, 50 S &8st E?]’TTSH »HO“_IE e _OT011L o ’“‘5
. . & 2ES 9T A7) TS AT s A oh
L 27}A] &-3F9] stainless steel | &= A|Zs}Th 5 L = _ g
. o= g AxEH AlRE SL 9379 Y5t :
Hh37]= BMP d7Es AlEAZ, 50 L ¥H3-7]= g8
s ] P HES o= 150~180°C(150, 160, 170, 180°C), HFS-A|7F
A&A 7143t drbaael] AlEA o 285t 30505 MAste] o Astalc)
— = o 410 .
37 Wi AAg 2=RAE S8 A7I7HE W = = I
A8 0] 83t o] AAL AAstgon XY = en
= e N @ v o0 = KA H[EHLEALZE * Bi i
ox] W 2o B o5 USs] o] 7] A4 23 E.'TH_..IJH._%OO (BMP : Biochemical Methane
AR S AT Potential)
BMP #H7}= & st A(Erg 2% 55 BMPE: &7]43F A4 verd ke =451 v

Fig. 1. Lab. scale thermal hydrolysis system(5L/50L).
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Fig. 2. BMP test equipment.
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(Peristaltic pump), A

Table 2 2 3
Srojertat A

Table 2. Operating conditions of anaerobic digesters

Condition Unit
Digester Volume 10 L
OLR FWR 3.43 | kg VS/m*-day
THP Sludge + FWR 3.75 kg VS/m®-day
Flow rate 350 mL/day
Temp. 38.5~39.0 °C

HRT (Hydraulic retention time) 28.6 days

Digester
sample

NaOH

trap
for CO,

Treated sample
(by Over-flow)

CH, Gas Detector

Sample
(HTC Sludge + Food waste leachate)

Fig. 3. Schematic diagram of anaerobic process.

—— Gas flow

—— Water flow

366

dotrEstR|A| A36H Al6E 20229 128



_OIL
FN
o—

Table 3. Characteristics of FWR and FWR combined with

THP sludge
- .. THP sludge +
Characteristics Unit FWR (1g:1] FWR
pH - 4.1 3.8
Moisture content % 88.3 88.6
TCOD mg/L 197,743 201,500
SCOD mg/L 131,450 184,241
TS mg/L 121,005 114,050
VS mg/L 107,944 99,800
T-N mg/L 7,312 4,200
NH;-N mg/L 2,656 3,850

Ao A= &H4 87|18 HaleFo] 3.5 kg VS/m’-day ©]
A off mE EEAlstel wE wer A As) 4=
oF3} 59 AIZF ATkl B Qi) whEba
o) Seleoletn webEs 2AL Agslgon 1
A2 &4 343 kg VS/m’-day, SH|4/ G758

2] 3.75 kg VS/m® dayO]E} 2|8k HFZFA|7HS
AsloAct HepHos
Yo ABS Wt vol FUs
PEOFOE] *liﬂ} A7 €AY LT
§P Xﬁﬂ—.—% "?J ol

il -lrl m1> N ﬂ

i

-

JZ,L% tube S %OH Gas detector

Lol At 4% F wmoltt 4
9] leaks &}1s}17] HOH A= bubble
test® AAJS}e] vhol ok RAO]RE SHelshelr.

714 astre] LAVHE F 200 A7+ AA
o ol HEAR @714 askri 00 7]
2 astigol AshHol 12000] Hute
FEsIgoL daa WEHe Asxol 4
SR 9 Ae) e SHelsislon, |
o] AT} B 972 HalekS 450 kg VS/m-day W]—X]
AR 27HIA 808 FoF #7HeNE AN o
o ashe ARAIHE 23.8%0]t,

7143 g8l A7 BEAL & IFHE(TS; Total
solid), &9HA] 18 E(VS; Volatile solid), & 3}5+24 At
4~ Q FSHTCOD; Total chemical oxygen demand), 8
A 3lehA AFA 9 FLEH(SCOD; Soluble chemical oxygen
demand), 2 4A(TN; Total nitrogen), 324 Z|=FAE
(VFA; Volatile fatty acid) S0l FTZEA| waf
242 s

Fig. 4. Membrane filter press.

Table 4. Specification of filter press

Parameter Spec.
Type Membrane squeezing type
Plate size (mm) 250*250
Chamber amount (ea) 10
Filter area (m? 0.4
Cake thickness (mm) 17.5
Filter cloth PP450D
Air Permeabflity (cm®*/cm?s) 0.3

2.5 ZE{=|A

&z 9] g4AL H7157] 98 Chamber volume
7L, IE WA 04 m2 EFE 03 em/s TR0 WE T
A2 A=EIGTt (Fig 4, Table 4). 150~180°C 9]
o QrbpRs) &¥NE ez so] Fsle] of
10 bare] Q1e]e.2 ojzhato] squeczingt = of oz} 7

o2 Helsta Aola FHES SHA.

3. 2ot o 1

3.1 E7lr=Edl 7t82kE0 WE A= MY

&el4 4L Fig 59 2ok A
27} 9 e A2 243 ZIKTable 5) SCOD7} =
A FE AL AT 4 e ol ArRENS
o oA AEHo] shw om ool f714
249 7HgEpt olFol7 AR WmEd & vt
(Eq. 1, 2). 7HE8HE-S ARAIZE 308 2AN N L5

A7 S

4‘1 ﬂll
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1 34.0%2 77 HIEEI91 0™ 160°C o)M= &

2] F1gBkgo] £1% SFOR 2 HAS Wolx] 9k

ot mebA oA HlE-E Ejste] 160°CE &8 A

Arlrnd 24 ex2 AQsior

tgom W ARt o3t 7HeEe o] WstE B
Fhal7] 9la) 24 L% 27 160°Col A M AITHS
60Fom Z7AA Z7h AWe sttt Lejit

WG AIZES] FTbOlE FHGBHES 338%
Wbk g9l wie] H4 eAxde
oz ggstet.

PCOD, = TCOD, — SCOD,

SCOD, — SCOD,

Solubilization COD = PCOD,

x 100

COD,=&<&2 R COD

COD,=&x=8 d7b7s £2A COD
1g8kgel A4S Qe Blal)

ol tisf 3047 ALY TS

7 A7H= Fig. 69l Ueholet 712 @7]4st

Fig. 5. Sludge cake/THP sludge/ Thickened sludge.

Table 5. Analysis results according to THP conditions

ANZ
Feos 2

160°C, 30&

)

@

0

T .

54X 49 oF 0122 m' CHykg VSO] wjghe
PFE Uehie

Uetgon], Ax2E A ¢ &4
30 m* CHukg VS, 97l sheseixles

150°C, 0.298 m’ CHykg VS/160°C, 0.321 m® CHykg
VS/170°C, 0306 m’ CHykg VS/180°C, 0311 m’

CHy/kg VS

2x2 717k Ll gleh o] Table 4] A]

vehd A" Qrieds dAelE $ SR

7SR Qle el St 4 e
ghe ERE AEE <
] 80% o] vids A

oJu]
A% 2R o)

LRECERE
LS JE PSS

U ool AgElov Ayl AARE AR
ST A= BMP 27[gHA]ol| A wjetg /o] ulj-g- w27
Ao FA e Fe] 80% s== 2445}
7HA] 1~1090] A8 E AT o= ArbEs A=
sl E5GAY T EEE SAAA @714 &

COEEOH TS VS | TCOD, SCOD, SOlugﬂ(;]ZJatm TN | NHeN | NH*
Temp(°C) | Time (min)  mg/L mg/L mg/L mg/L % mg/L mg/L mg/L
- - 171,215 154,242 179,444 27,030 - 9,810 1,463 1,692
150 125,474 116,113 190,471 72,224 29.65 10,211 1,305 1,884
160 30 127,951 116,087 193,985 78,659 33.87 10,424 1,463 2,125
170 126,284 114,578 191,422 79,987 34.75 10,627 1,823 2,653
180 125,659 113,985 190,532 78,854 34.00 10,644 1,913 2,867
160 60 121,594 110,473 177,862 78,510 33.78 10,890 1,895 2,495
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Fig. 6. Cumulative methane production curve
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Fig. 8. Variations of pH, COD, TN, VFA, and VS of the digesters.
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Fig. 8. Continued.
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Table 6. Results of sludge filter press

Pretreatment conditions Moisture content (%)
None (Sewage Sludge) 83.2

150°C, 30min 82.9

160°C, 30min 82.4
THP 170°C, 30min 83.1

180°C, 30min 75.4

160°C, 60min 80.5

dor gz s onE AARE A= Table 63}
2ok 2 A 150-170°C0) vlma] Aol A ]
g AAT NRE ghEgel F7HA ge
180°Ce] 22 AAYE AT 4L AE 75%
529 Feee Uyt 2Ert FESE g
SHe7F AAA HAL o2 I3f /o] Frtske] &
TR0 STk AR e th(Kim, 2021). &£
;q EV\H 7H/H_0_ EZ4 oz Oﬂ7]_/\H3H Xdiiﬂ%: =
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Table 7. Economic evaluation according to THP plant construction & operation

Parameter Expense

Sludge transport cost 6.9
Corporate tax 3.8
Waste disposal cost 3.2
Cash-out Labor cost 1.7

Administrative expense 1.2 Hundred million won/year
Electricity cost 0.6
Repair charge 0.4
Cost of bringing sludge 27.7

Cash-in
Utilization of Bio-gas 0.5
Construction cost of THP plant 70.0 Hundred million won
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Fig. 9. Economic evaluation of facility introduction.
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