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Anaerobic Treatment of Rice Washing Wastewater and
Practical Use of Generated Methane Gas
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An anaerobic system was developed for treatment of rice-washing wastewater from
sake brewery having high BOD and SS content. The system is composed of a
solubilization tank and a UASB anaerobic reactor. A pilot test, using actual wastewater
confirmed the 90 % SS solubilization at HRT 7.5 hr and 90 % BOD removal ratio at
BOD loading rate of 10kg/m’-d. Generated gas was recycled for boiler fuel. The
operating cost was reduced to 1/2 to 1/3 in comparison with conventional coagula-

tion/ sedimentation or activated sludge systems. Required installation space is also
reduced by 23 to 43 %.
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Table 1 Characteristics of Sake Brewery Wastewater
Wastewater Characteristics S8, BOD
Concentrations
Rice-washing Seasgnal Yvast?water High
(mainly in winter)
Some plants has no Low

Bottle-rinsing

bottle rinsing facility

Miscellaneous

Cleansing water for
machinery, tanks, floor

Medium-High

@ Coagulation only

Bottle rinsing ____
wastewater

i

I

1

l

. . A 1

Rice-washing Coagulation ¥
wastewater treatment

% Combined aerobic

Bottle rinsing ___} i
wastewater >E pH controll §

Discharge [River or sewer]

. . i n B
Rice-washing Aerobic A_eroblc }———> Discharge [River or sewer]
wastewater treatment treatment

@ Aerobic only

. . r
Bottle rinsing ____5! b} controll '-----==--==-=~-~ |
wastewater ; ‘

Aerobic Aerobic
treatment treatment

Rice-washing
wastewater

@ Coagulation-aerobic

Bottle rinsing __ _
wastewater

Discharge [River or sewer]

Rice-washing Coagulation I Aerobic Discharge [River or sewer]
wastewater treatment treatment
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Fig. 1 Conventional Rice-washing Wastewater Treatment Systems
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Table 2 Comparison of Anaerobic and Aerobic

Treatments
Anaerobic Aerobic

Installation space Small Large
Running cost Low High
Generated excess Low High
sludge
Energy recovery Possible Impossible

. Slightly
Maintenance cost Easy difficult
Effluent quality Inferior Good
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Fig. 2 Selection of treatment systems for Rice-washing Wastewater
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Table 3 Test Target Value

Raw Anaerobic | Post
water | treatment | treatment

Amount of

treatment (m?®/d) - 10 2

SS (mg/ ¢) | 5000 500 30

BOD (mg/ ¢) | 4000 400 20

ﬁm——wmator unit HDewatered cake >

Measuring
tank

Anaerobic
treatment
water
@D
|
= = 1 — 175
Diffuser
al \<>/
Feed
St i
tar(;}r(age pump Aeration tank Settling
tank —
Over flow — Effluent
} Return
ower sludge Effluent tank
pump

FAR FBUHEBHII—— b
Fig. 4 Flow sheet of post treatment
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Table 4 Specification of Rice-washing Wastewater Treatment System

Rty

Components

Specification

No.1 Storage Tank 1

Type: Cylindrical, vertical, closed
Measurements: 2 690 dia. <3 000"
Effective capacity: 11.4m?

No. 2, & 3 Storage
Tank

1 each

Type: Angular, w/agitator
Measurements: 1000%X1 700~X1 200"
Effective capacity: 1.4 m®

Anaerobic Solubilization Tank 1

treatment

Type: Cylindrical, vertical, closed
Measurements: 1500 dia. X3 000"
Effective capacity: 4.4 m®

Anaerobic reactor 1

Type: Cylindrical, vertical, closed
Measurements: 1600 dia. x4 500"
Effective capacity: 8 m?®

Gas holder 1

Type: Cylindrical, vertical, wet-seal
Measurements: 1200 dia. X2 000"
Effective capacity: 2 m?

Recycling unit Boiler 1

for methane gas

Type: Small percolation, vertical (GX-40S)
Heating area: 1m’
Maximum steam generation: 40kg/h

Aeration Tank 1

Type: Angular (Diffuser type standard
activated sludge method)
Measurements: 800% X1 000“X1 600"
Effecitive capacity: 1m?

Post Treatment Settling Tank 1

Type: Cylindrical, vertical, w/scraper
Measurements: 800 dia. X1 000"
Effective capacity: 0.5m®

Dehydrator Unit 1

Type: Travelling filter (RF300U)
Measurements: 1200%X 1 700X 1 600"
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Table 5 Quality of Test Influent (Average)

Test Influent
pH (=) 3.8
SS (mg/ ¢) 3790
BOD (mg/ ¢) 3840
COD.. (mg/ ¢) 5090
CODwa (mg/ ¢) 1920
Total sulfur (mg/ ¢) 21.9
Total nitrogen (mg/ ¢) 87.3
Total phosphorus (mg/ ¢) 11.0
3. 4 MRER
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Table 6 Effluent Quality after Anaerobic Treatment (average)

Water Quality BOD Ace.tlc
Acid
BOD load mg/ ¢ |mg/ ¢ % |mg/¢ |mg/¢ % mg/ ¢
5 kg/m®-d 3740 | 277 92.6 | 2470 90.4 <10
10 kg/m*-d 9580 | 273 95.1 | 3970 96.5 <10
100 ° vy 100
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Hydraulic retention time [hr] Hydraulic retention time [hr}
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Fig. 5 HRTs vs SS Solubilization rates
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Fig. 6 HRTs vs. acidification rates
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Fig. 7 BOD volumetric loads vs. BOD remoral
efficiencies
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Table 7 Generated gas

Solubilization Anaerobic Tatal gas

tank reactor generated
Gas generation (Nm®*/ m®) 0.3 1.7 2.0
CHy concentration (%) 69 75 74
CO: concentration (%) 31 25 26
(ol mothane &2¢ 10 m%/d X2 Nm%/m*X0.74=14.8 Nm*/d
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2000

_ @ Solubilization tank
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£
L

=
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Fig. 8 Relation between flow and NaOH injection
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Table 8 Possible Reduction of pH controlling agent

pH setting Solubilization: 6.0 | Solubilization: 5.5 | Solubilization: 5.0
Anaerobic: 7.0 Anaerobic: 7.0 Anaerobic: 6.7

Actual pH (—) Solubilization 6.3 5.3 53

tank

Anaerobic 7.0 71 6.7

reactor
NaOH injection Solubilization
(mg/ ¢ ) tank 1110 560 0

Anaerobic 10 770 700

reactor

Total 1120 1330 700
BOD load (kg/m?-d) 4.9 5.7 4.6
BOD removal ratio (%) 92.6 88.5 93.5
Tatal gas generation (Nm?®/d) 20.8 24.1 19.2
Methane gas concentration (%) 74.0 75.3 82.9
Methane gas generation (Nm%d) 15.4 18.1 15.9

100 — 40
t/.//_’_*._\._\. ;0 ---&--- §§
s 80 f 30 —e— BOD " ,’\!
— | S RN -
é 60 2 20+ /.‘n»."’_nl % \.l,_,.,l
g T § ww
S) E Y
- 20 = 0‘ L 1 L I
] 10 20 30 40 50
05 7 i 6 § 16 12 11 Time  [daye]
Time  [days] F10E  (EHEHIRLEEEOLEKE OHR

%9 E B 5 0 FESE |2 51T 2 MU Ak Fig.10 Chamges of Effluent Quality

Fig. 9 BOD removal efficiency on restarting after
the plant 6-month shut down

ARFFEIL19964E FE A 5 199T4ERED 2 #4EICEH - T
fTo7275, &, 19974E 4 B 5199T4E 9 A ¥ T
FAE ] E R A ARIE U7z, PAER SRR A EIE L 2B
BERIIBIIAHR) 7275 —0RFErI5 =2 -1
HiRE R W MREDT B LAY IRIREFER L 72,

RS IR & FLEEBRGROBR) 72 ¥ — D
FZa— ViHREE (MLSS) Z2h#h,
18200 mg/¢, 17000 mg/¢ TdH -7z, FHiEERED
HREE L ERE D34 % THY, HhLh
WYL enwZ L 2R TE,

DEIIHEED S 2 HM O BOD BEFROHER %
BIRIIRT, BERV T2 ¥ —i, 1 BHEBEEOE
B CEERFIERTOMEMERESE SN D &R
T&7,

3. 4. 3 TRHEEBREOMIEER
1) mEKE
BER ) T 7 5 — B O—E 2 IEEBIREIC L

(%)

BOD removal
=
T

Il 1 1 1 1 1

70.0 0.2 0.4 0.6 0.8 1.0 12,
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Fig.11 BOD volumetric loads vs. BOD remoral
efficiencies
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Proposed Rice-washing wastewater Solubilization Anaerobic reactor l~—> Treated water
system i
Miscellaneous wastewater ;
) e it b EEE T Excess sludge
Bottle-rinsing wastewater Neutralization
Rice-washing wastewater Coagulation Treated water
Conventional
(1} Miscellaneous wastewater
——————————————— ’l Excess sludge
Bottle-rinsing wastewater Neutralization
Rice-washing wastewater Neutralization —>{;Aeration Settling I—*> Treated water
Conventional T
@ Bottle-rinsi |
ottle-rinsing wastewater !
¥
+ —
l; Miscellaneous wastewater Excess sludge

F12E RFEMIEBICBT S ST O —
Fig.12 Sample Flows for cost Calculation

BZEOKR X MRELMG
Table 9 Basis for Cost Calculation

Amount SS BOD CODec:
Wastewater (m*/d) (mg/ ¢ ) (mg/ ¢) (mg/ ¢)
Rice-washing 20 2700 3200 4800
Bottle-rinsing 45 40 60 80
Miscellaneous 15 1300 2 400 2 400
Mixed 80 941 1130 1700

BOD #fi & BOD B3 0BREZENMRIIR T,
BOD #&fi 1 kg/m*-d LN CE&ETTEE L 55
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Table 10 Cost comparison

Cost | Construction Operating Annual operating* Installation

(=) (Yen/m®) (1,000 Yen/year) space (m?)
Proposed system 1 83 1200 180
Conventional (1) 1.03 249 3590 235
Conventional (2) 1.03 179 2580 314

Note: *Calculated on a basis of 180 working days per year.

Site cost, wages and sewage dues are excluded.
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