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Anaerobic Digestion of Distillery Wastewater in a Two—phase UASB System
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Abatract

A two—phase UASB system was operated for high —rate treatment of concentrated distil-
lery wastewater. The phase separation was obtained by adjusting pH in each reactor. When
influent 88 concentration was 4.1g/1, the first phase UASBB reactor was effectively operated
up to the loading rate of 165kg COD/m’ day, producing 3:9g HAc/l. day. In the me-
thanogenic UASB reactor, loading rate up to 44kg COD/m’. day could be applied while re-
moving 80% of influent COD with a specific gas production of 16.5 1/1. day. After the for-
mation of granular sludge in both reactors, it was possible to maintain the appropriate pH
in the first phase only by recirculating the effluent from methanogenic phase without the

addition of alkaline chemicals.
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E dFdMe #HH G EAE A%t o4 UASB 34¢ A9#s9d. JEes wgxe
pHE 23snan 7Hgslgt {9949 SS 27t 41g/199 A2 #7153 165kg OOD/m’.
day7tx] §Ho] FFEER, olg AAAEE 39g HAc/L dayE JEMIUH. B4 zE Rr1¥e
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R = Refrigerated Feed Tank
D = Separation Tank, 141
P = Perigtaltic Pump

U(l) = Acidogenic UASB Reactor, 12.51
Ut} = Methanogenic UASB Reactor, 4.71
G = Gas Collector with Acid Brine Solution

ACIDIFICATION  SEPARATION METHANOGENIC
PHASE PHASE PHASE

13| 1. 04 UASB 332 &S
. AYME0| FRlE Heo dd

Raw | Tapoca | AHE+ | 2+ | drE+
material ey 4.2 | 229 | 4324
pH 39 5.1 42 44
SSg/1) 45 36 41 106
TS(g/D) 169 153 248 307
VS/TS 085 077 079 0.79
oD@ | 173 176 295 304
SOOD(g/1) | 129 143 230 212
Toel VA | 700 1,580 885 1,080
(mg HAc/1)
Ammoria-N 10 1n 19 22
(mg/1)
Orgenic—N - 2200 1010 -
(mg/1)
Ortho—P 44 39 28 36
(mg/1)
Total—P - 400 200 -
(mg/1)
Sulfate 440 500 1370 980
(mg/1)
daywed | 1-53 | 54-76 | 77-93 | 110-120
)1 : g5 fdg NoS0(0425mm) M2 A& ¥ &3
1:12 34

2:10% #4xRE]+90% HFupal WAL belt
press® ¥@4A17] o9

3:60% AR +40% Lol vgsddE No
40(085mm) A2 A& ¥ g5d# 1:52 £

4:40% BRE+60% FaTul vgrddE No
WAz Ae F erdn 118 9

104 H4W-19904 12

5: 82 1209 olFolE tapioca FHHAEL AHE.
o, $3H4e SS FEE & 139 dE.
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o} 27 @A AHEAA 2 nlRvIA R 3 A e
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o Wt AEAZ FEFE YA g JH=
ZQlatach $49 pHe £8A% 4de] pHrt
72-176 ¥91e] 5§ FHE FAFEE 6265
Arg A%y Fsigod, +4 1569 FEHeE
547ke] A8 o] pH 55592 IFAPE /FEF
£ A3 Fdsath

¥, ¢4 17047 FEe ¢geAe ez
$248 AeANA FPHR FYdse pHE
60717 &Rtk

pH, COD, SCOD, VA(Volatile Acids), P, N,
Sulfate ¥ ¢r7}e) 9] 242 Standard Method”
of wkow, WAriet VFA(Volatile Fatty
Acid)e] AE-& Gas Chromatography(Varian—
3300)8 B3l 281, SEM(scanning elec-
tron microscope, Hitachi S—450)0.8 % W3-
oA AAE s YHEH F2E B
At

3 @n 3 o

3-1 A2

S5 pHE 2% 2 AN 489 4@
A s, gEUel, I3 F f714e) FEE
soh AA7h2e AR BAA ¥ & A/ 19
25 AAW(PO, )3t ARUol} HHATA F
o §718e SRz Askd FAsAT) o
BzoN WER o BAHNL ST RAF
.
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(a) Ortho-P Variation

~ 350.] ESY Feed (b) Ammonia Variation
§soo- o
q Ui
gzso_ ()
N
7 2004 ? y ’$
f s N A
7 8
g 100 g ?%
o N A
"1 N AN
0 ; NN «ét‘
VLR onU(D) 1.9 6.6 16.5 172
VLR on U(I) 1.0 58 126 155

Volumetric Loading Rates of each Reactor (kg COD/m3.day)

g 2 Fyelits tRuol sxof wa

0U7A dge] Hi 10% FEE FEHAJoH,
A W0 olRde 1-2%9 Fart AEHNUL
L}, &8 COel%ith wekA pH 2382 e
E AR B d¥diMe &4 2rRE EAF
A7t shsdged, ol8d Aide vAEY
AAo] QL e B4 84§ Aoldhks pH
zaWo] E¥®d wu¥ FA9WH(membrane
dialysis method)o]u} M=z wlajy  (selective
inhibition method), 18] F¥ &3 Ao (kin-
etic control method) BT} Zetstn AU v
Yolghes A& 9u]Fich.

3—2 AFEMZ(UT)

Iy 3L BaErlel nfg A Re st #
7 AR B e BAFAHoR BE FoHe
@9 MAF AAA] & (acid formation rate, Ra)¢]
¥tz stagg g Ravl ol Ax wHAEE
BoFoh gz H ¥ 8H3h= 165kg COD
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/m’day2, old fYsHse FHEH FrE 4lg/
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AU B5EE T} 2582 Fride o
2 Fe3 B{EAD FErt gz 28 =
N7 W2 Ao ASHNE 131). F €9
Ao FEF FHEDo] KU uhet A £
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R, o2 U EF3 & Ase F A BAY
o] VAo ulel AydFe Aol A A5
271 Y& Aow Algdr)h s R{LYE
o] geko] T & HFE AYshe ¥z ¢4
& AEH L AU & e A AFAED
o gAste A Bt FYse HESAY 1%
Bg 2E3 NG & JE AFATNLR &
H3hz Aol uigAsid.

vigzol £eA % Ao F3F pHe 55—
599 ¥9goH, #2459 YHYEE ML
2500mg/19 4 1009 Follx= o 5000mg/12 F7}
&t}

Agurgel F AAB #F AT s
F2321 sucrosed 7|AE AMEE Ao
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o (a) UASB(I) Z i
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10— M~ 158- 178~
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Operation time(day)

(b) UASB()

10— 1= 18- 17-
140 158 78 188
Operation tlmaédoy)

08 4 & R7144n 24 |71 wst

< AT & ¥y F ALEL 39 4()9 H
Wit BESRE BspiFo] #ARLe]l acetic acid
¢} butyric acidg]€ ¢ 4 312, CohentVo] &
Fat Ay uge] FF/o 2w FHFUAY 44y
4 9k-8-2 butyric acidgelghe A& ¢ & Uth

3, Lettinga"? % sugar—beet sap &9
A& AT olAAaste] AYHRA 1-3mm
719] 9A&8iA (granule)& HA 3% o™, Cohen
02 FRIALE 7|AE AHET YA HEY
Az B oldg MPARANE HA 5mme] ¢
A&7 APEUTT RudGed, 4y
B 557 58 FHMAL MY B HES Y
HzoMe &4 0Y olFe ¢ 2—3mme] =T
P¥EH A7 FFHAURA La).

3-3 DjlerEY=(U.D)

a9 59 o] §7|REHE GAHLE FIIT
A AP vEdAdRAME $4 70U Fol o
10kg COD/m’day7tx| #3t8 F7HAE & UAAUZ,
12090] Zg Feo| ¥ 22kg COD/m'dayol A&
oF 2mme] H&4 YF&EHA I}t FEAFHJGTAA
Lb). 281, A&y 498 A 2 4 =
oA vy ze] @9 COD AAZ werts
A4 %e 030—032 1 CH/g CODE o] &% 035¢]
7 e JERIAth EF, dAEe Az 84
¥ Zoe 44kg COD/m’day(HRT=065%)¢] %3}
ANMx o 80%2 COD A A& 165 1/1daye] ¥

BI04 M4 -1990%F 12

7t H4eE B

ag 4b)e ¢34 1309 olF el Fa4el LA
o] g AN B8} dig COD/miday )4
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propionic acidz7} 28 4(a)9] #5l vls| EH
3 2718 BAFT. wE wedyzs)
1588 §4€ wie propionic acide] &3 o] -
#s], o] propionic acide] 87} WRYA e
o ABVEAYE & & vk $H, FoE B2 &
A 1569 ool YBASE REHA WL
= ST AN Hgsel daEA ggens
dedgmel Aol 84581 30kg OOD/m’day A
=Q Aoz F2grh

3-4 RBO) ofE WIS M}

HSHNE $858 ABNA S9E §9
sl49) pHE 602 F7MA7ed Ba® ALBd
& oF OBHERLH, ojH FUHASY HF BHh
24 ¥5& o 2701k fEF A&EAY A
Fo MEYAZ FE5) YREE TIY 65
o] Wslm, 13 4b)el WRE §849 F PN
FEet vy o 3 HLud e s vvh o
% 01-02¢) A2 32T 3L JNe ¢
% Uk Wb, ol gAast FAHAME AU A
82 A3l 2R o) aF F3A 9
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BEHE o8ty {7E8E BHlshe ol 44s)
TR HAENGAe AP, dANY SAHEA,
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A3 ES 3= Ao FHX god, FHHY
Well EAjshs ohde] J4d s Wr448E
waldhe Aaaglon Qlase] gt gy B
AP e Zzte] dACA il B g A
o MR Ze 4559 =g ARG

a9 7S Bald wE 7 gAY #4d sxE
Uehd 2oz 2E AEA S 339
(sulfate reduction) ¥hgo] Ao kS-S o = ¢
o, AT g4l AaA HatHEAE Fsl 17
2kg COD/m’day & A 9Jshd <F 35—-70%2 3#itqd
S5t AR AN U UZE HoFE. ol
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BaTs KR AHEAE ¥E ¢ AU

2 41g/18) HAEUL HRsH: YNGR

gty AR 18YH /7)7-5 165kg COD/M’,
dayell A MeEldtd e W o A dUAHEL
35g HAc/ldayE AW REad, F4He &
H2HAMNE FYHASHL] F4Y FEL BH-7
%7} g4 wAlelA BYUHA

3) W42 A8 HigO0D/m'days) Fd}e)
A < 0% % COD A A&# 165 1/1daye] W7t
AYae neev, Aol 498 A A4
?l $RxBNN Weg4gzel w4 COD AA%
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ald 77 g& RIS

O NPHEANE &H 0LH FH HAE 2-
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6) BH24 FUt 40g/1%) FANSE B 49
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o gabHel At sd Aoz sgdrk
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