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High Rate Anaerobic Treatment of Liquid-fraction of Shouchu Stillage Waste
by a Multi-staged Thermophilic UASB Reactor

B, (LNIE{*, KigSR*, RERFH
Masayoshi YAMADA*, Maszhito YAMAUCHI**, Akiyoshi OHASHI*, Hideki HARADA*

ABSTRACT; A long-term continuous flow experiment was conducted to investigate the process performance of a
thermophilic multi-staged UASB (MS-UASB) reactor for treatment of liquid fraction of an alcohol (Shouchu) distillery
wastewater. A demonstration scale MS-UASB reactor having a working volume of 2.5 m® was operated at 55 °C for a
period of over 400 days.

Even though Shouchu distillery wastewater is a typical seasonal campaign wastewater, the process shows superior
capability in re-starting up. The reactor steadily allowed a significant high COD loading rate of 60 kg COD'm™-d", which
is equivalent to the influent strength of 10,000-20,000 mg COD-L" at an HRT of only 4-8 h, keeping COD removal of
above 80 %. Methane gas concentration in the biogas was about 70-80% over the experimental period. A linear
relationship (R*=0.99, 0.97) was found between removed COD and methane production (as a COD conversion value) in
Phase 1 and Phase 2. The methane conversion ratio during continuous run with barley-made (Phasel) and sweet potato-
made (Phase 2) Shouchu wastewater were 95 % and 91 %, respectively.

KEYWORDS; thermophilic UASB process, methane fermentation, anaerobic wastewater treatment, Shouchu stillage

wastewater, alcohol distillery wastewater, demonstration-scale UASB plant, on-site experiment
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20~30 kg COD-m™-d ' FEEETH B 1919
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ARFRTIL, A1y bAT—NOEBRIGE UNSB U T 7 ¥ — & BB A — 7 —BONICERE L. FEK
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=HDOTH D,

2 EEAE
21 BEBIUASB YT H—
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Fig.2 Flow diagram and layout of a demonstration scale thermophilic multi-staged UASB reactor
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55 CIHIIZHE LTz, AR LIRSEER (RT) OREIRERAELERL LTT T

22 HHGRYE

AR AR R OH SR Table 1 Characteristics of Shochu stillage wastewater used in this study
RENREB, R0 ) avThF

BLELEEE (RINRBEETLRE

Shouchu distillery wastewater

Barley Sweet potato
(BR) HS-204L gk, &L 3, 5006) v " v P
2l FEEAREMAERECREL g O gL 3,100 3400
SEELT- B (BESY) THD. cop Total  [mgCODL-] 88600 51400
Z DBEROMME Table. 1 1R LI, Soluble JmgCOD-L-1] 82,500 47,900
Y7 7B —~DUEERIEIHAER ToC ImgCL-1) 30,900 16,600
UASB S0BEAKCTHIRAATV, FiA COD VFA Acetate (mgCODL-Y] 2530 5260
% 1,500 75 20,000 mg COD-L*' @ Propionate [mgCOD-L-1] 230 716
FPHIC IR LT, i-Butyrate {mgCOD-L-1] 330 250
n-Butyrate [mgCOD-L-1] 200 130
23 EESER i-Valerate [mgCOD-L-1] 56 N.D.
WREERDY 77 ¥ —AEEI n-Valerate fmgCOD-L-1] N.D. N.D.
B EROSE S S —a —ViERS i-Caproic acid {mgCQOD-L-1] 1,160 2,210
5280 %, 7 %, WATAME | nOoedd  [gCopil  ND. ND.
OFE (35 C) WL vERL (mghL7] 4200 200

T-WEIEIRE 13 %A LT, UT 7 ¥ —ORAF— T o 7HEOERRS 38.5 kg VSS-reactor™, V8S/SS
13 0.90. SVI X 39.4 mlL-gVSS™* Th -7z,

24 YT —EEEH

#9400 ARGOEEIIEERIT. HEREADREEIZL > T, 3 D07 A XKy Uiz, EEHIE 1~79 B
B (Phase 1). 131~234 HE (Phase 2). 263~387 HH% (Phase 3) & L7z, Phase 1, 3 TIIZELEER
SEHIBER, Phase 2 CiiH EEBERPREIBER A T BRI ER 21T o7z, Phase 3 TIIEIC UASB AFRK
BB LA EROHEERE T, 0, TxA ALY T 78—DY vy hE T %E{ToT (Phase 1
—Phase 2 : 51 BRFEREIL (8930 °C). Phase 2—Phase 3 : 28 HEEREL (910 C)).

25 A4S UERENSR

A X ARRIEMERERT, 205 H ISR EEROYIV 2 Vv v b4 H (Phase 2:104 BH),
HIERER B T (Phase 2:231 HH, AHF 50 kg COD-m™-d™), REEEFRRMGBERAS — T >
7B (Phase 3 : 263 AH, AR5, 0 kg CODm™-d™) KUEHEFFREHBERE T (Phase 3 :327 HHE, 30 ke
COD-m3+d™) IZBIFBHYT 7 Z—{35ER (VT27F—EE 1.5 n LVER 1220 T, 55 CORERME
TORIE Ui, SBREEICIIAE (1, :C0, = 80:20, 1.4 atm), B, 7oA, HEEEERZREHE
WEAWE, 7. VT 04— LT (180 AE), B 6 A% (186 HE :5.0 kg CODem?+d™)
ROUWR 11 A% (191 BE : 20 kg COD+w-dY) DY 77 Z—~EEHRICOVT bR A & o ARIEER
BRE{Toln, SR FIEIEER 2 1L,
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(ii) (iii
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Fig.3 Process performance of multi-staged UASB reactor treating Shochu stillage wastewater at 55 °C
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— KT (Phase 2)\ ';r;j;"(ﬁ (/!f\"] 10 °C) COD loading : kgCOD-m3-d"

T 28 Ay Y OURORRIRR e T"{Q””i“sg" D o0 50

MR A2t LI A Z — b7 v 7 (Phase

3) OERIEAFE SRS, Phase 1 OF 250 | {1000

BRI CIIA S — b7 v T 5 0 loo 2 |'°

58 FHET HRT [EE (8 h), #A COD § S| =
(inf.) &##W<THLTaME FRxy £ |80 £ 70z

77,45 [1H LU HEA COD % 14, 000 mg COD- § 100} {400 g

L' (40 kg COD-w-d™) T, ABKFDHE Acetate 1 165

BEIEA ER L, COD BREFA 80 %BE | propones 1%

ETET LA &0 D, 59 [ HUBILHR 0. = “ i m— - 20 Jeo

A COD % 10,000 mg COD-L™' CEZE L. HRT Date

EIHES D & TR ER ARSI, £O Fig.4 Time course of effluent CODcr, VFA (acetate, propionate)

FER. 74 1SR 60 kg CODom™d (HRT and pH (Phase 1 : 63-79 d)

4 h) ZEFHK L. COD FREHE 90 %, MLIEK

I OOATHEEE 100 mg COD-L' BEThH -,

Fig. 4 IZRH 30 205 60 kg COD-w™-d™ [Z LR ST & & OUEVKOERME COD, FHlE Wi:, VoA
Vg RO pH AR, AR 30 ke COD-m - d SRR AT 60 kg COD-m™ d7H I B SRS, AABEK
FOATHER I T 200 mg COD-L7, 7R L ET 100 mg COD-1 I ChH Y, BIFAEN ERNFHET
ol

51 Offl v MWL %D Phase 2 OHFERERIARHIBEEO A S — 7 > 77 (131 A1 H) TiE, HRT BEE

(8h) A COD Z @< T35 Z & ThafE FR &W, ZORRE, A8 — b7 v 7% 29 HIETTHIA COD - 20, 000
mg COD<L7', HRT 8 h CTAHF60 kg COD-m®-d™ 3k L. CODBREZFR 0 %, WBKPOATERE 200 mg COD-
L'RETH 72,162 0BG, HEEBERZRRHIFERORTUC L 0 GSS SIS R L 72728, AfF30 ke COD-
P d T IR T S, A IARI R O L, ERHOEERR ARk L, 180 A E ISR KA &
DESRL (pH4. 6. 10 BERASTE) L. EiEE, /o et Beiif 41,500 mg COD-L7' FRESALEUKHPIZRTE L7
W, AfA 5.0 kg CODm*-d' EFTIRTFTEEHAZ— T v 7 %1772, 5 AMBETY o 4 B 200 mg
COD-LBATFICAE T L. COD e d, 80 O6lTlalte U7-A3, 445 30 kg COD-w®+d” AFFATHOIZ 14 ARlE
B 7z, 198 HHMABHENM 30 kg COD-w-d ! ¢ UASB ZLPIKIEER ATV, BAFREIMERES Do, 201
HECHET 35 kg COD-m™-d ™ (T LR &7 fER, Wik, 7oA B0 1,700 mg COD-L™', 800 mg COD-L™
AR DRER L 2o, Z0730, 210 B HA SABUKEER 212 1L L, HAIC L2 MAIREFTU O A6 10 kg COD-
med™ TRBROK R OB RS 100 mg COD-L ATFICARSE TFEE L. 217 0 HLUBE, #4750 kg COD-m™-d™!
ET9 AT ER S, 10 AMOETEEREIT > 1-AEE, CODBREF G0 %, WRPLKFOHERE 100 mg COD-
L7 R C R A BB MR T & 1,

28 HRfl> v v MU 440 Phase 3 OFBERFREHANER A 515 & U sEa BT gz8R (263 725 387 HH)
TIE, AR 30 kg COD-m®-d™t (FEA COD 6, 000-10, 000 mg COD-L™Y, HRT 5-8 h) CRIZMAUKIERRIZ L D
ERAIT 72, 297 705300 HH (4 1IRD. 330 75 344 M (15 O, 376 75376 O H (2 Hff) KU38L
e 382 BH @ N C8ELFRSCL0 vy y T L, SOy MY UROB RS —
R T o I TE e A LRAVIRETH o7, Phase 3 O COD BREFIT 70-80 %. MK OFHE
BT 2,000 mg COD-L ' BEFETH -7,

TR SA FH AT A PP T BRI & 8 U C 70~80 %RRE CHERS L T, AF AL
FCEIT A 50 kg COD-m-d" ¥R 20Nm™—CH,-m*+d” (50 Nm*—CH,-reactor™) Th-oiz, ESaERDHE
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32 #Phase (235175 COD BREEEE & 4 & L ERGER DOBR

Fig. 5 {Z/h—F 5 —& L0 RO IEFESHIA+H O
COD PRk & A ¥ A ROREORRE Phase TEITR
L7-, Phase |, Phase 2, Phase 3 ¢ COD [RE#E & A
K HGHEE T, FHBERERAY 0.99, 0.97, 0.75 OIED
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Phase |, 3 TR OGN A Y - H RARULEITHIRTR T
REVFFEMETH-T- 2,

33 BBRUASB U7V 2—ROT 71— ILBRFE
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Fig.6 (a) WIT 74 —RIHMOHRRE =7
7AN, (b)) YT Z—@ XM VSS/SS L
AR LT, FEREIBIRD 87 %7 T = a—/ILEiR
Thol7-®, HRT 8 h, Tk FEHIH 0.6 m-h™!
TAZ—=F T 7L, YT U F—EE 4.0 n fHEET
#7 30,000 mg VSS-L7' BREE. U5IRHIT 38.5 kg VSS-
reactor TdH-o77, 36 HEHIZIZY 7 /74 —FX 4.0 m
£ & T 48, 000-50, 000 mg VSS-L™ E720 . {BIREM A
H— T o HEOF 2 {20 74.0 kg VSS:reactor” £T
#ML7z, 79, 233 BHTIXU T 7 ¥ —E& 5.0 m Fhi
FTT 7= a—/WHIRPHEFA L, 40, 000-55, 000 mg VSS*
LREEO ST =2~y PR &7z, Phase 2 D
FTEE (233 M H) IZIZT5IRED 110 kg VSS-reactor™
WEEEL, RFBREFmENEEEns, Lo,
Phase 3 Tk, VGIEEDBANERE SN, Phase 3 #7
B (387 MH) 121 45.7 kg VSS-reactor” FTHAL
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Fig.5 Relationship between removed COD and total
methane production during UASB experiment
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Fig.6 Profiles of sludge retainment along reactor height (a) MLVSS, (b) VSS/SS ratio
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Tdhoto ¥, Phase 2(233 A H) OHEME

BIREEHIBE & R & L7 E R THED AR 50 kg COD-m - d ! BEODIEIRATRNE 1. 1 kg COD-kg VSS™!+
d' T, FERENICRRRSH Y, BRAFERARZIEHT Z EATERTHUL, &V BARNERKR)S IR
Bz LT AR,

34 BRICKDZ TR ERIDLHEOA S D EREEOEE

HEERRRHIEER 2 x5 & L7 Phase 2 180 AR (&% 30 kg COD-m3-d™', HRT 8 h) (THEREYTE
BIZED VT O P78 pHd. 6 T 10 BRI S, T OFER, LEDKPORER O 1 4 B 1, 600
mg COD-L™, 1,500 mg COD-L™' FRTF L. COD BRERMN 45 %ETRT L., BB o ANy v Lz, Fig.8
{ZPhase 2 DAFZ— 7 w7 (104 BB), V774 —0BEML7-E% (180 HH), M6 B (186 BH :
5.0 kg COD-L*+d™) RUEERK 11 A% (191 BH :20 kg COD-m™-dY) DY 7 & ¥ —(FHEHRDO A X HERK
TEEE AR U, BEBOKZEEE R UEREE O A # A RRIEMAIL 5. 27 kg COD-kg VSS™'-d™, 0.78kg
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COD-kg VSS™-d™ BB, RAF— T v TWOAZ LR L 0 b 1 2~103 SR LRIAEME SN
Too TREA EEEED A Z A LREMEIL 0.011 kg COD-kg VSS-d? T, AZ— N7 v SEED A X L%
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AR50 kg CODom™-d™) IZiE, AREWE, 7oA U EEO A ¥ A/EREMET 9. 32 kg COD-kg VSS™-
dt, 0.122 kg COD-kg VSS™-d MBI, 7' B BRI A & AERREMEDEE Lic & E 2 b,
BARC 11 D% (191 M HE :AfHf 20 kg CODm™-d™) (21d, KFREE, BlUVE, 7oA BIVED A7
ATEMEEIE 9.32 L 1,28, 0. 101 kg COD-kg VSS™-d™ 235 5, MELKPORME R O o VA BRI &
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15 0.20
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Fig.8 Changes in methanogenic activities of the retained sludge after sour

(Each vial test was conducted at 55 °C)
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Fig.9 Changes in methanogenic activities of the retained sludge

(Each vial test was conducted at 55 °C')
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3. 89 1.2 %, e UEEREICEOTIIN 8 fi5. 49 6.5 fHIA X ARTEHEAEIM L TV e (kR
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(RO SRBERREDINEND % oA A B IAERROME, BT & 5 R,
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JBROBRKREANIELSEHETE ST, L0 EATELS e ThH D EEZ b, £l
ARETHOFEWECIIPRTE COD D 95 %75 A & v AZHafi S L, HEBRERIR R BER TidbrE COD @
91 Y%A X o H AR ST,

2) BRI L DT mt AF T %o A S A RIEMEE OB DEEE % O KR EE R UEEE O
AR RIEVEE 5. 27 kg COD+kg VSS™'-d™. 0.78 kg COD-kg VSS™\+d™! ¢, A& — 7 w7
DA B ERIEEEL 0 b 1L 2~1, 3 (FRE FRIAENGONTA, o't v BEEO A ¥
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