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Studies on a Methane Fermentation Process for Treating Oil and Fat Containing
Food-processing Wastewater

by Naoaki KATAOKA, Lingyun HAO, Akiko MIYA, Kenichi ISHIDA, Norio YAMADA, & Takayuki SUZUKI

The performance of a methane fermentation process, which included a lipase pretreatment system for catalyzing the breakdown of
oils and fats, was studied through batch and continuous experiments. The objects for treatment study were bean-curd-processing waste-
water and frying oil containing wastewater. Batch experiment results indicated that lipase pretreatment effectively catalyzed 96% of
triglyceride in the oil and fat containing wastewater, breaking it down into fatty acids, alcohol and gas. The methane gas conversion
ratio was 80%. As for the continuous experiments, where thermophilic methanogenic treatment was applied on lipase pretreated oil and
fat containing wastewater, the experiment results indicated a COD¢, removal of 72% and a methane gas conversion of 61% (as CODc,).
These study results suggested that combining lipase pretreatment with thermophilic methanogenic treatment was effective for digesting
oil and fat containing wastewater.

Keywords: Oils and fats, Bean-curd-processing wastewater, Frying-oil, Mesophilic methane fermentation, Thermophilic methane fermentation,

Methane gas, Pretreatment, Lipase, Long-chain fatty acid, Triglyceride
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Fig. 1 Methane fermentation pathway of oils and fats
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Table 1 Operational conditions of continuous methane fermentation
experiments for treating bean-curd-processing wastewater

FEEAY
Digester A B ¢
M= b
mE () 55 55 35
Temperature
HRT (days) 16 15 16 ~25

Omi/l 84HHZT
0 mi/I until 84th day
1mi/l 85 HHLIKE
1 ml/1 after 85th day

T BEMR M
Addition of waste frying-oil

DRASSR iU
. - + +
Lipase pretreatment
COD, & fif g/l-d 143 1.35 0.81
CODg, loading | g/g-VSS-d 0.30 0.24 0.35
THIR £ i A AR
Oils and fats Hexane extracts 338 284 40.7
loading IR
(mg/g-VSS-d) Triglycerides 184 0 0
AR AR
Long-chain fatty 4.93 19.3 277
acids

F2 GEBLEHEKD X & VSRR ER T O JFUK PR
Table 2 Characteristics of bean-curd-processing wastewater
used in continuous methane fermentation experiments

JEK A | BB L C
Wastewater Digester A Digesters B&C
) 8 — B L + _
Lipase pretreatment
AR (mg/D)
Total solids (TS) 18900 18600
imEgEE (mg/D)
Volatile solids (VS) 13100 12600
BEEWE (mg/D)
Suspended solids (SS) 5950 5810
AREHEIEEYE (mg/)
Volatile suspended solids (VSS) 5570 5150
CODc, (mg/1) 22900 20300
BOD (mg/l) 10900 12400
rvy—ngE# (mg/l)
Kjeldahl nitrogen 1160 1390
A% (mg/D)
Volatile fatty acids 5050 4400
WG (mg/l) | ~FH HibwE
Oils and fats | Hexane extracts 2580 2380
Rk g I
Triglycerides 1410 56
AR AR
Long-chain fatty acids 378 1620
pH 54 7.0
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BEA A I A 0= b7 57 TR L (V—
INWVH A LA GC-323, BREEKLE (TCD),
TCD &E#ifii 120 mA, 48+ 5 4 Active carbon 30/60,
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Fig. 2 Enzymatic treatments of bean-curd-processing wastewater
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Fig. 3 Effect of pretreatment on the methane fermentation of
bean-curd-processing wastewater
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Fig. 5 Gas production rate in the continuous methane
fermentation for treating bean-curd-processing wastewater
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MBS X B M RE A RS IR T, A 5 v RHEE
DR GEfR174 HH) 128V TCODe, b=t
VoS — CHIALE R (GEREMEB [ 72.3%, JEMEMEC
82.2%) DIFH V= VR L 2% GERAE A ¢
67.7%) X0 bEhoTe Fo, ANFF UHBWERE
D) - LHILHR (GEFMEB 1 77.3%, FEEMEC !
86.8%) DN H o 720

(2) V78— X BRI R OB

D S—=BIZ X BRI R G T 5720, 25 U5
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(BBl A) CTIEFEBAR PN PRI 2 L v zo
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TIX ) =B X BB AR AR ICERICTH B 2 &
o720
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A F SSEEHIIBRIC X B BLVERE & Rl % 720,
3R DOLE L7z B o X & A XA (B
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CODg, F¥ il & F\ W BINEE (CODe, ) # 5 L7z
(R7)o
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Table 3 Characteristics of methane fermentation sludges for
treating bean-curd-processing wastewater at 174th day

FEREAY
Digester A B c
CODc, (mg/1) 7400 5630 3610
R Removal | 67.7% 723% | 822%
BOD (mg/I) 1550 892 388
iz Removal | 85.8% 92.8% | 96.9%
W (mg/D | ~F4 bW
Oils and fats | Hexane extracts 1120 540 315
2% Removal | 56.8% 773% | 86.8%
y [=
LIRS 280 | 115 | 176
Triglycerides
Pz Removal 79.5% 99.2% 98.8%
AR R TR
Long-chain fatty acids 519 466 268
% Removal | 86.3% 97.1% | 98.3%
HiFEPEA IR (mg/l)
Volatile fatty acids 123 127 0.99
pH 75 7.5 7.3
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Fig. 6 Degradation of oils and fats in the continuous methane
fermentation for treating bean-curd-processing wastewater
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Fig. 7 COD¢, mass balance on methane fermentation for treating
bean-curd-processing wastewater
(Calculated from data obtained in a 29-day operant period
from 146th day to 174th day.)
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Photo Views of methane fermentation sludges inside digesters
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