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Up-flow Anaerobic Sludge Blanket (UASB) Treatment of Municipal
Wastewater under an Unheated Condition

by Yutaka YONEYAMA, Shigemi OKADA, Naohide MATSUMOTO, Ayako IGARASHI, & Akihiro NAKAMURA

In order to establish the feasibility of methane fermentation for treating low organic concentration wastewater, a pilot-scale UASB
reactor was operated under an unheated condition over 631 days by seeding mesophilic sewage digested sludge and by feeding with a

municipal wastewater. The pilot-scale UASB reactor had a treatment capacity of 50 m?¥/d, an effective capacity of 20.2 m® and a net
depth of 5 m. The result obtained from a continuous experiment indicated a stable treatment, i.e. , between 397-631 days after the start-
up. The mean values obtained during this time indicated a biogas generation of 2.4 m?¥/d, methane gas composition of 70.5%, CODc,
removal of 63.8% at water temperature of 23.8°C, CODc, volumetric load of 0.99 kg-COD¢,/ (m*d), and COD¢, sludge load of 0.12 kg-
CODc./(kg-MLVSS-d).
Keywords: UASB, Unheated condition, Municipal wastewater, Sewage, HRT (Hydraulic Retention Time), CODc, (Chemical Oxygen Demand),

Methane, Biogas production rate, Granule
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Fig. 1 Flow sheet of UASB experimental apparatus
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Photo Overview of UASB pilot plant
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Table 1 Specifications of main UASB experimental apparatus

o2 2L B f1AR
Name Specifications
H#jZA21) -~ HBf & 25 mm
Auto-screen Opening

SRR

Raw water tank

2m' AR AR m* 0 AR X 7 v )
Effective capacity of tank with stirrer
W28 mxL 15 mx H 54 m (F#)/KEE50 m)
Effective depth of the tank

AR 202 m* (HRT:10h LV:05m/h)
Effective capacity

2m' (A7l m* 0 T ART & ¥ v )
Effective capacity of tank with stirrer

UASB##
UASB reactor

UASB LKA
UASB treatment tank
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Table 2 Experimental conditions for each experimental period of UASB pilot plant operation

FEBFI ) 11 FEBRAE H L B AKE m'/d fiti %
Experimental period Period Elapse of time Influent flow rate Remarks
L. 2007/6/1 ~ 10/5 1~127 5~50
Acclimation
1 2007/10/6 ~ 10/29 128 ~ 151 50
2 2007/10/30 ~ 12/9 152 ~ 192 50
3 2007/12/10 ~ 2008/1/21 193 ~ 235 50
4 2008/1/22 ~ 2/29 236 ~ 274 40
5 2008/3/1 ~ 3/31 275 ~ 305 50
6 2008/4/1 ~ 5/2 306 ~ 337 50
7 2008/5/3 ~ 6/30 338 ~ 396 50
8 2008/7/1 ~ 10/24 397 ~ 512 50 .
9 2008/10/25 ~ 12/5 513 ~ 554 50 E”ﬂﬁlﬁ;q i‘? A veriod
10 2008/12/6 ~ 2009/2/20 555 ~ 631 50 valuation pero
£3 WA TAMIR CEHMM) FEHWI (6] 9]
Table 3 Characteristics of sewage (average) ie““‘i Acclimation
£ £ 3 =
Hifi i iy wis -,
Unit Range Average f’g g § 25 ﬂﬁ ° %
pH - 71~78 75 EEE st b T
2= 15 ° rd
M-7 b7 ) B mg/L 143 ~ 220 187 S 8
Me-alkalinity . 100
SS (1.0 um) mg/L 115 ~ 243 162 B 080 .
SS (045 um) mg/L 151 ~ 312 208 % Looal—% T %
55 (10 um) - 063 ~ 097 082 25 e -
/SS (045 pum) ' : : :
COD., mg/L 315 ~ 520 402 sz 20
S-COD,, mg/L 39 ~ 158 963 EE = -
$-CODc/CODc, - 0.09 ~ 0.4 024 250 RO R DIRE B i st
= O $ . .ol L .
BOD mg/L 114 ~ 248 165 Sz o ; .
S RALS
S-BOD mg/L 182 ~ 739 385 gs
S-BOD/BOD - 0.1~ 036 0.24 ST 05 —
P2 [[*MLSSEE o T
CODu, mg/L 525 ~ 127 87.6 }:é = £ 1 MLSS base  MLVSS base
gt o z
S-CODwy mg/L 13~ 38 287 e ) T o] I
S-CODy,/CODy, - 0.13~ 045 033 §§§ s 5 L L B B R AR
2z"
T 40
g & . o .
= *
““iﬂ £ 20 il 2
S , S, . . = % . A .
WCHERL L 720 W FEPER ST (S-CODe: : Soluble Chemical %2 L @ S .
L K2 s 0
Oxygen Demand, S-BOD : Soluble Biological Oxygen TE 00—
D =3 N 9t 7] 4% IR TE  2007/5/28  9/25  2008/1/23 5/22 919 2009/1/17
emand 55) DT IE A MALEE045 um THBL 7253 A/H
Month/day

v, FilEYE (SS : Suspended Solid) @ 53T 15
e UCILR045 um DA MAE LTl o 720 & B,
TARPERD BN B TIIILEE045 um DA L B 5
WHRHE (LIRSS (045 um)]) & AHEALELO umiZ & 2
2 wskiE (D#SS (1.0 um)) & OW#H O 53 HiHil % X Bl
LTFRL 7

3. REREREBE

3-1 FRATAKMER (FEK)
KIMATAKOMEIRZ RS, HAKEEH L B2, 4

E2 UASB/SAuv b7J 2 o (1) (2007 ~ 2009 4)
Fig. 2 Treatment result of UASB pilot plant (1)

MaB U RELKEIEZV LD o7, EIIZBIT
% VHEIE, pH 75, M 7V 71 V) 187 mg/L, SS (1.0 um)
162 mg/L, SS (045 um) 208 mg/L, CODc 402 mg/L,
S-CODe: 963 mg/L, BOD 165 mg/L, SBOD 385 mg/L
Tho7
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Fig. 3 Treatment result of UASB pilot plant (2)
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Fig. 4 Treatment result of UASB pilot plant (3)

Ki25C (UASBAENIREE) LA 1 oosg i dEinil] <l
COD., &R ET 1.3 kg-CODe/ (m*+d), HRT10 h 54T,
INA G A ASEA R 15 m*/d, CODe B3 76%, SSH:Z:
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TIXUASBHIN TOSSERIEA SN H o7z — T,
2007411 H 225 12 H o W o KRR T (25C—207C)
R, N H AFEAERIZ05 mY/dETIRT T 5L &
H 12 COD. 25, SSERFFRIIMNT 3 M dH - 72,

(3) FEERIIMA~6 (20084F1H22H~5H2H, %
Bt 1% 236 ~ 337 H)

FEIIM 4 TIX UASBAEN - HKIRIZ18C & % 0, K
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Average MLSS and MLVSS concentration in the UASB reactor

5 UASB # o MLSS, MLVSS F¥i5RiEEZ L
(2007 ~ 2009 4)
Fig. 5 Change in average MLSS and MLVSS concentration
in the UASB reactor
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KSS 35 mg/L & %58 LB AE A S v/, B
] 6 Tl3 73 COD.. AR £ 0.84 kg-CODe/ (m’ + d) T
INA FH AT R 1.66 m®/d, WLFRIK SS 57 mg/L TN A %
ARSI L 720

(4) FERWIM7 ~8 (20084E5H3H~10H 24 H, %
Bttt 338 ~ 512 H)

FEERI I 7 ARV A T /K 2 UASBA I HEK L 72
(EARKES) m*/d)o KiRD EFHEEHITNA FHAF
AT AENICH -7 T OYICRL L
UASBHEWNH RO LR S S L M MLSS (Mixed
Liquor Suspended Solids) & d &< & 5 @HMNIZH - 72
(H5). HEBEMIMS T UASBAKIRL24C, COD. ##A
7096 kg-COD../ (m® + d), 734 & # AL 257 m’/d
Lotz 20074EE OB (EEBEIL ~2) 12k
B ENA FHASAEREIT ] mP/d L 7z,
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L7ze D728, COD. &Ef A1 kg-CODe/ (m® * d)
TNA F A ASAERIZ 221 m*/dISETF L7248, 2007 4
BEDFIE (EBRIM3) \THAR2 LN & AF A=
DX TIEA %D o7,

12/18  2009/3/28

0.060

g : ‘

3 1 !

= H i L
L2 0055 : |
ES ! 1 /
g 1 |
£ ' ]
- £ 0050 ‘ *
%5 | |
g 1
;ﬁ S 0045 T T
£ ’ !y = 00015x + 00126
e : : R? =088
X.S 0040 ‘
:R o
55
RS

g 0035

&

g

0030 : :
15 20 25 30

UASBHiNiE C
Temperature in the UASB reactor
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X6 UASB #iNAKlLE HATKBDZH D
INA I A O AR
Fig. 6 Correlation between temperature in UASB reactor
and Biogas production rate per wastewater flow rate

FERIWH 10 TIZUASBRINKIRIZ20CHi 2 & % 572
2007 fEEEOFIREH] (FZBRMI 4) TiE UASBAENKIR 18T
THo72hs, 200941 HEr 5 2 HoMM, EREHX
(B 2 55 T d o 7270 0 AFR T BV TOKIRAL T 2383 T
Lirotze D72, COD AN 1.02 kg-COD:/ (m’+d)
TNA FHAFERIZ225 mY/de R, £AFICZBITD
HAFHEROK TN o7,

VI Eo X 952K 18CLAETIZHRT 10h, LV 05 m/h
DLEMT, % L7z UASBALELKE R H 7z,

3-2-2 NAFHAREEELKEEDARF

UASBALHL D% 3 L 72 200847 ~ 12 A O Wi B
% UASBROKIRE FA TKLE T2 DA F ARG =
DBRIZOVTHE Lz B, TTTONLFHTAS
HBRIEAERA Y Y ADBEENTE S, GSSIZTHIR
ENTNA T AT AEERBERT 5. 612 UASBHNAKIR
EMATRY 72D ONA F T AFEAEmOMRE RS

AT KB 20 DN A F H 254 EIEKIR25TC T0.05
(m*-# A/ m*TK), Kik20C T0043 (m*-H A m*-TFK)
TH Y, KiAS5CTH T 254 F HAFE R 14% 1K
TL7

3-2-3 UASBHEWNTREE, FEMEROZEL

5 UASBA P o MLSS, MLVSS -3 75 ) i B 4
fbZ7R"¥, 200846 H 1 H (FE#tHE%361HHE) LIk
127 % & UASBAEPNEMLSS 128000 mg/LEA R &7 1),
20094F2 H 20 H (SEBafed1% 631 H) 121X UASBAE N
¥JMLSS (£ 14000 mg/L 2340 L 726
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L F4 UASBRIEROF &0
= 30 * Table 4 Summary of UASB treatment results
=2 o o
g2 Hifir i A T
= g 20 Q‘ * Unit Range Average
29 UASBH!
EZw0 KL
=% R 4 Average T 179 ~ 285 2338
= temperature in
00 v - * I I the UASB reactor
200 Flow rate m*/d 16 ~ 536 196
HRT d 94~ 312 10.1
150 ? 3 R——
2 . f@‘@{w. m/h 0.16 ~ 053 05
e P inear velocity
_. 100 CODc. AR fafif
= y .
» o0 CODx, kﬁﬁqa‘)’/ 079 ~ 132 0.99
50 " “ L 3 volumetric load
COD., G il F i ke-CODo/
o . . . CODy, sludge gL 0.10 ~ 0.14 0.12
(kg-MLVSS-d)
2007/3/9 8/6 2008/1/3 6/1 10/29 2009/3/28 load
A/H SS AR AT
Month/day SS volumetric | kg/ (m*- d) 0.37 ~ 0.7 0.48
load
K7 UASB /84 T k75 ¥ b FEEIROILHEEE, INAFH A
P ~ T 2
SVI 0)&@ (2097 2009513) f;J_g md 1.36 ~ 319 24
Fig. 7 Change in settling velocity and SVI of bottom sludge Biogas .
in the UASB pilot plant production rate
A B VT APEE
Methane gas v/v% 54~ 771 705
5 —O— JLERIEEH106HH (2007/9/14) concentration
106" day after start of experiment =
(14" September 2007) AT _ 71~76 74
e Sewage ' ' ’
—O— FBRfEil#635HH (2009/2/24)
4 635" day after start of experiment UASB
) (24" February 2009) Bk
UASB - 63~ 67 65
ff—é 3 treatment
S water
Z 8
Re _> _ﬁ—\ ATk
i 2 mg/L 318 ~ 533 400
55 Sewage
#1
N S |UASB
. [l O | ALEK
\C\ © | UASB mg/L 62 ~ 278 145
treatment
0 1 1 1 1 water
-3 -
0 10000 20000 30000 40000 50000 AT K mg/L 33 ~ 158 100
Sewage
MLSS mg/L 5
o | UASB
5 4 o b oy S S |mmk
E8 UASB/SA Ty M7 v b OHIRIEES G DOZEAL 3 |UASB mg/L S 445
Fig. 8 Change in sludge concentration profile in the UASB treatment ’
pilot plant water
o
‘é‘;@;;j( mg/L 151 ~ 283 195
TIZUASBAEN T E5{G e o kR, SVI (Sludge Elre
. n 2
Volume Index) DOZALZ 7R3, 20084E6 H1H (FEBRkE @ g [LHK
N . ~ N . S | UASB mg/L 22 ~ 161 60.7
W% 361 HH) LDAREIZ e 5 & Rk FEEE o3 hn, SVIo treatment
< . Y < . - water
ETHA LN, HREEEOWERASN TS, 2D

(2008/7/1 ~ 2009/2/20, FEER#E## 397 H~ 631 H)

- il g S S N - i >
720, UASBHIPNTGIEIRIED G Lo 7 b DEH R HILA, (from 397" to 631" day after start of experiment)

[XI8 12 UASBAENGEIR AR DZEAL 2 7”9 o 2007 4F-9
HI14H (FBRitik106 HH) Tid, FEEEG O MLSS
10000 ~ 20000 mg/L Td - 72b DA%, 20094E2 H 24 H (5 40000 mg/L E#) 2R DIREE e o720 2D X 9 IZUASB
Bt 635 HH) Ti&, MG IED MLSS 20000 ~ NI W E SN2 2 L2k ), KIRICBWT
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bLE L2 UASBRE AR b7z b D E 2 btb,

3-2-4 UASBNAOy TS50 FNEBREBROELD

UASBENBRMERATSE S, UASBRLIEADSZE L
7o I BRI 8 ~F BRI 10 (2008477 H 1 H~ 200942 H
20 H, SEBuktM%397 ~631HH) 122w TUASBRLHE
HRET LD, RAZZORPEERT,

UASBH V-3 K i 179 ~ 285C (*F-#5238C), COD.
75 A5 F147 079 ~ 1.32 kg-CODe/ (m* - d) (39099 kg-
CODe/ (m’ * d)J, CODe % I £ 41 0.10 ~ 014 kg-CODc./
(kg-MLVSS - d) (*F350.12 kg-CODe/ (kg-MLVSS - d)]
I2BWC, JKFUKCODe 318 ~ 533 mg/L (3400 mg/L)
W2 xF L UASBAL 2 Kk COD., 62 ~ 278 mg/L (¥ 34145
mg/L), F¥COD. ¥ 638% TH o720 /N FH AT
A EE136 ~ 319 m*/d (P24 m*/d), A% ¥ H ARE
1354 ~771% (F¥705%), TH o7z,

ATEPEK (FK) x5 e L7292 UASBRLE D 7 — %
RV, KHSLO AL YK I VT =)L T14000
m’/d DRFEF K% UASBULEL L 727 5 » + Oz Ik
(19954E6 H) ZMALTWVE, TORKEIZL B L,
CODe % # & fif 112 kg-CODe./ (m® - d), HRT 6.1 h,
LV 066 m/h D%&MFT, A TAKCOD 388 mg-CODe/L
23 L UASBALEEK COD 133 mg-CODe./L, CODe, K2
F65%, /N4 F A AFAERIZTI368 mP/d, FARKEY
7290036 m*/ (m* - d) TH 4o

CORERIIAFEUASB /S A 0 v b FEERFER & TITT W
ML WZ D, LA T, SNOERT—5 OR4E
DR T & 72,

4. FLOESHEDEFEE

4-1 £&EH

TR 3B 2 G PEK 2 5 & L 72 UASB Bl 525k
2TV, RO Sz,

(1) #Bralii %@L CORATAK (UASBEA) IR
&, pH 71 ~78 (*F¥75), SS (045 um) 151 ~ 312
mg/L (*F#208 mg/L), CODc 315 ~ 520 mg-CODc./L
(*F-# 402 mg-COD../L), BOD 114 ~ 248 mg/L (*F-¥
165 mg/L) TV, FEMEZEL TRELIINE D572
(#3),

(2) BKKES50 m/d (HRT 10 h) @ QLB & T,
UASB A N5 R BE 25T < e - 72 T (SEER% 8 1% 397
HHERE) oM CP¥ME) 1&Kili238C, COD..
7 &5 099 kg-CODe/ (m® - d), CODc 75 ifé & #7 0.12
kg-CODe/ (kg-MLVSS-d) 123> T COD. B7:53638%,
SSErEE689% D E LB R S 7z (Rd).

(3) UASBHE T &R (K25 0.75 m) O FEHITERE
HE (MLSS 4000 ~ 6000 mg/L) & 32 B% B4 #% 200 H
HT05 m/hTho72b 005, FEBIMH 400 H H DL
121220 m/hi2eaE S, UASBAE TG TR 25 < K
HCTEDE)Thotze F72, MTEICIIRARALH D
Wz 2D - 7,

4-2 SHOEFRE

AIFFERFEAGRA S, UASBIHIRRE DR T X 72 14E
BiIcBW T, KR (18 ~20TC) T%%E L7z UASB
WP TE L EPMERTE 2o 72721, KRR TIE
UASBALERK SSIREEDSE % 5723, BB AR
DEEN R B LI RBGHRLEE 75D,

B

Lo RS FI2B1) 2 4K O UASB AL
B0, OB = 4 v F — - BEERAR A T FERERE (NEDO)
O [HEBER - AT AV F —RUR K & G BREA O B
J&  FENEMI PR 18 4E ~ PR 20 4EBE ] IZB W THEM L
7o (ZREEMD, GREEEEIERT, (M) LABRZERT, ()
AR > 7 —12 X 5 L FEER TR ET AL UASB
M), T, EAEREBT -V FRIERBREZET
RN 7272 BIRE SO - EIRIIIZEL
EHT 5. IS, BILTOR, 77— PURICEHI v
2202 FW DK, HEDATK, MEgEERICCo
Y ) TRHOEERT 5,
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