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Study on Feasibility of Integrated Two-Phase Anaerobic Digestion
Using Foodwaste Water by Reviewing of Operating Efficiency
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ABSTRACT: The purpose of this study was to review of technical, economical feasibilities regarding
Integrated Two—Phase Anaerobic Digestion(ITPAD) method, In order for that, operation conditions and
data with 24tpd capacity of operating ITPAD plant were analyzed, The result showed that VS removal
efficiency was 73.7% and total amount of biogas was generated 1,239m'/day on the average that represents
54.4m'/ton—input of generation efficiency, ITPAD had advantages in terms of required area and energy
for heating which were analyzed 15.9%~47%, 11.6%~17.8% lower respectively compared to Conventional
Separated Two—Phase Anaerobic Digestion(CSTPAD) method, Thus, it is considered the ITPAD has
comparatively high feasibility to be expanded and commercialized to dispose high concentration organic

matter of waste such as food waste and its leachate,

Keywords: Integrated two—phase anaerobic digestion, Food waste leachate, High concentration organic matter
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2 Table 1. Summary of Operation Data for Integrated
) Two-Phase Anaerobic Digestion using Food Waste
S Leachate
O Q@ ©
| e H ltems Design Criteria
o Substrate |Food waste leachate
W ©
o Input 1.0m'/h (continuous)
Stirring Acid Digestion 10 rpm
O - Speed Methane Digestion 1,000 rpm
-I — 3
" ! Throughput | 24m’/day
@ OLR 2.3kg VS/m' - day
No. Equipments No. Equipments Temp., 35C~39C
1 Substrate Input 7 Underneath Acid Digestion 5~6
Line Conveyance Pipe pH Methane Digestion 7~8
2 Acid Digester 8 Outlet
3 | Driving Mot 9 Cyel 25 days
riving Motor clone . ,
. sV £ . TRET=S Y v HRT — Acid:90m'/2410 - day = 3.75days
cum Bo ethane ester , ;
i Zox & — Methane:510m/2411 - day = 21, 25days
5 Draft Tube 11 Inert Collector
6 Agitator Fuel for Primary : Heat from Biogas Generator
Heating Secondary : LNG

Fig. 1. Schematic diagram of integrated Two-Phase

anaerobic digestion.
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oAl AYS}t= 4ol
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1
2 Axxoz FFsYow, ol UE 4718 ¥

S
>

Sl 2.3kg VS/m' -
L 35C~39CE Trﬂ }‘2'12“4, |
HRT:= 259U 78
< 9F AR °‘XP Home §714dast Al A
F Ho] ek Hbd Al HiEEE H IS ]85kl
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Desulfurization
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v
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Storage Tank ' Operation Efficiency !
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Treatment Facility

Fig. 2. Process of Integrated Two-Phase Anaerobic
Digestion.
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Table 2. Analysis Items and Methods for Substrates(Input and Output)

ltems i
- Methods Times
Target Analysis
Analysis at all times PH, Tem;.),, Amount of.Matenals, Field Analyzer Regu.lar
Biogas Generation Basis
TS, VS, TCODCr, SCODCr, TN,
Input T—P. TVFA Standard method(Korea) 94
TS, VS, TCODCr, SCODCr, T-N,
Output T-P. TVFA Standard method(Korea) 94
Biogas CH4, H2S Multi—Gas Analyzer(MX—6 iBRID) 186
FAL EQ] W AAT|EA, VLS FA, ) Table 3. Properties of Input Food waste Leachate
o|e7tA AAEE ¥, FAYUFHLE m o tems Vean Min. Vax.
Jlon S E HE W= AfA | du7) ] Temp. (C) 8.3 13 22.9
H UAY 24 FrIastRE o] &3t SHS Hlo] pH 4.4 2.4 5.8
QLIRS A, Ro|EFES o] 83 FxbE ALt TS(mg/L) 61,338 32,890 93,940
Al @71vdE ko] 7hset A1, Ad4bkE bt VS(mg/L) 51,931 217,570 83,670
0|9 7tAE o] 8st MTAAF T H|d o] LA A (A TCODCr(mg/L) | 103,996 | 52,891 | 152,177
3}z 7FeAd)Z FLAE ] Q) SCODCr(mg/L) 61,500 35,737 77,577
T-N(mg/L) 2,903 2,703 3,103
22 2X58 AEHH T-P(mg/L) 350 250 450
VFA(mg/L) 12,296 7,845 20,126
e A e ear Bl EE St

1
23kxoA HiEEHe AYeY f7lE AARSE, Ao ¢lt}y. wetbA] lﬂT Y 4718 et g
o] HA]
S S ™

Hio| @ 7k Aate 59 7H8E Table 29 A9} Hlawste] ThA Yo Aom HAEglon
B ST Sago] 2 EHel WelHE Bl HI
pH, &, vfo|erts A 5 240] oI5t ajay|7t wle 2 97)18 Swr) duldon =
o, @]t #Ao] o|FoA e FEE2 ARAS A Yy Aow 2AEQIL SH4o) vie] &
| # 2471715 E8sto] A SASIATE @71 i gy] 2mo) 93k v} 1.3C o)A 22.2CE
Aast AE|as Y St 24 Hax a5 245}, 97|89 %= CcoDCri} TS, VS,
£ fiAe=Z TS, VS, TCODCr, SCODCr, T-N, 9 7)AF 2222 B3 BASIATE TS 2 VS 7} 244
T-P, TVFAS| 5o tis] A3 gdA Y 3 Bl H]go| oF 85%= A LFE = S7|E Ik
Standard Method(USA)E 0]£o}01 A5k o] o} MEEA Hajo| w2 uErtA WAL
vz feek Aoz A ik
HHH TCOD % SCOD §Hgo] 50%& tjiko
3. 37 &n % u¥ Wi 7188 H3 gled) o2 ulRo] Sus
A 39 9 mgo] d7144ast a8 243
31 7Y S g © 8% 848 A8 Aow wE
2 AR flHe SEeY edEd A4S
Table 33} Zt} EH% A S48 AXAIESH 32 7Yl SH=+ W R7IZE HAHEE
5742 T SR Iyl A EAse w4 B oHF 24 A7 AR HelE Suss
o A=z 59 7Iet & *01]*1 WA= T2 T o adtzoA HWIEE Aot 978 AAES
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Table 4. Removal Efficiency of Organic Matter

ltems Input Output F;ZT;CZ\;SI
TS(mg/L) 61,338 20,740 66.2
VS(mg/L) 51,931 13,645 73.7
TCODCr(mg/L) | 103,996 27,707 73.4
SCODCr(mg/L) | 61,500 15,375 75.0
VFA(mg/L) 12,296 4,513 63.3

VFA ‘5o ‘4121 B AT Table 49+ 2t} 97

E AAEEE TS 66.2%, VS 73.7%2] AlASES
Holon, :uqi 8220 =wl TS 20,740mg/L,
VS 13,645mg/LZ A=t 1 ] TCODCr,
SCODCro] A AEL 73.4%, 75.0%= 2}719] &
L 27,707mg/L, 15,375mg/LE EA =)t}

2 A o] gt 2HaE AR 7|7 5 S5
978 = COD 7]|& 52,891mg/L~152,177mg
/L 2A] ©F 100,000mg/L o]/e] zfo]& Kol A7
2 %3t COD 7| 44%~88% HALE Ho|l= Ao
2 e

SHlgroll ZFE F71ARS Bat 12,296mg/L ©]
U s HA= 7,845mg/L~20,126mg/LE & #
g Helom, o] 4skx B9 A 97| FaFel ot
o718 Bz olst Axtz sjAHct, dubzo
2 ool Z3HE Tttt frlEES APt a
AAEA LRAN A A RALR, AREAL A

U rlu

FH02 Tt f7IA0R HalEiy o8 &
714k ubgo] Bhiks] Qofub AR EAo] ufet

L

Zo] H& HAE Kl AoR wokEh Fig, 3
g Fig. 6 71 AF 7|7t W2 {715 AAR
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Fig. 3. Variation of TS and Removal Rate with
Increasing Operation Time.
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Fig. 4. Variation of VS and Removal Rate and Removal
Rate with Increasing Operation Time.
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Fig. 5. Variation of TCODcr and Removal Rate with
Increasing Operation Time.
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Fig. 6. Variation of VFA and Removal Rate with
Increasing Operation Time.
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Table 5. Result of Biogas Generation » input £ Biogas o
ltems Mean Min, Max. 300 ‘:A S e P . ::Z
Input(ton/day) 93.1 6.6 31 S VP v v s S 3
o | ke VS/day | 1189 | 319 | 6921 “ o o : u
kg COD/day | 2.364 692 4,569 $
m'/day 1,210 | 169 | 1,661 Wl
m/ton(input) | 544 | 5.6 106 I |7
Biogas| Methane(%) 58.5 16.5 73.2 ' ) sty -
m'/COD(rem. ) 0.75 0.11 2,73 Fig. 7. Input Food Waste Leachate and Biogas
m'/VS(rem,) 1.56 0.15 5,28 Generation Amounts with Increasing Operation Time.
Hpo| @ 7tA = 1,210m'/Y(169~1,661m/ Q)= 9] . Biogas 4 Methane .
u, BE7ks Z47)(MX-6 BRID)E B3 238 - . U
tol ok W wEktERe Wt 58.5%(16.5%~ o P e g e -
iy - %
“ A

73.2%) % S E U,

2 Aol A 9] vl 7t RIS/ HlaE ¢
o sl B SAEe AU R she 229 2
S A7 ASA S Hio| ks AR AL
5tof Table 60l WERHIT. 2F AldE S92
7= T= 9 43 540 wE 7ps dAgRo] o
ol Aeteleete 2 A2 B A din
FHA LR 52 vpolerts MRS Hols Zle
2 UEbTh ARkl whE Hho] @7k vhAURs gl o
eheh Wsl 24 Y& Fig. 73 Fig. 89 YERY
A

A3 27] oF 3047t sk P 71t Tl
© 7RI R vehero] tha &A1 ¢l 5ol
£ EIA, ofFRE = vlaA gl 7k
AEEE Hole A= Yephyt

Biogas Generation(n/day)
Methane Ratio(%)

° 50 100 150 200 250
Elapsed Time(days)

Fig. 8. Methane Contents and Biogas Generation

Amounts with Increasing Operation Time.
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PRI Yes HEE THEUA R E8
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Hlo| @ 714 W H2S == 100ppm 502 A
AlA o] o] &3t} ol Table 7 Hio| 27k

Table 6. Comparison of Biogas Generation with Similar Plants

Plants Capacity Biogas Generation(m'/ton—Input)
(tpd) 2007 2008 2009 2010 2011
S district, Seoul 500 - — - - 15.5
Y district, Daegu 50 4.2 5.0 5.3 7.5 9.0
Y district, Incheon 250 34 .4 28.5 27.6 11.1 16.0
Tiegia}f::e S district, Incheon 700 - 9.4 29.5 95.3 34.2
Plant K district, Gwangju 160 16.5 247 15.6 13.0 20.9
A district, Gyeongbuk 45 6.3 5.3 5.3 5.3 5.3
A district, Gyeonggi 160 - - - 4.4 2.0
U district, Gyeonggi 150 - - - - 447

Integrated Two—Phase Plant 24 54.4

J. of KORRA, 24(2), 2016
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Table 7. Amount of Biogas usage

Table 8. Comparison of Economic according to Digester

. Volume
ltems Mean Min, Max,
. 3 R t
Total Generation(m'/d) 1,210 168.5 1,661 e | welie || nessies | Sspsraies educ Lon
Generator(m'/d) 2936 | - 507 Rate (%)
Power Production(kWh/d) | 339.9 - 480 Avea H=1.1D 65.6 78 15.9
LNG Usage(m'/d) 514 | 64 | 1734 (m) [F20.7D] 656 98.9 33.7
[Note] '=' : Not used biogas for generation H=0.5D 65.6 123.8 l
H=1.1D 28,143 31,818 11.6
E
AR 9ol M o, AT AR ke H=0.7D| 28,148 | 32923 | 145
S o8 288 LNGZS A3t Wgolr}, H=0,5D| 28,143 | 34,254 17.8
vpol el W] £ BE WEAIT B A

47 94 &
5 oleskimre Y B 1,210m ofn, ol
294m' 7} Pyt o= Hbdof ARRE QI LNG A
e 7] BE 250} FRsts 476 74
Mo Agalgon, B 514m/dE vho ks
BAl dRUOR ol geic

A A% F astE ) L ks A B

s
Alejet iR F7he uholorls WS

B3l T s HEs g8ste] astx vt A
At B4Ao 2 10m gk LNG7} AQF

o] ufol st o|go] W e o] Azkaz
g 4g 5 Utk

ESE Bl 7t 7S Sl A 340kWh 9]
A o] AitElo] A AHo 2 A= e v|E
A S w79 a8 Yl vpo]erpo) vgk
skol ofsf A= uiwoll & AdRelA & Al
of A U oRrteoux] g W AgE
215 R3] BEY Sk glo, AW 717 F 2
NE LNG AHg7F A 2AR By, oo}
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F s Aoz A

N

35 2213 it UAE 24AsH ZHA Hlm
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=7 2 aeFgre A A
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