BT T EB e - #540% - 2003 (Environmental Bngineering Research. Vol. 40, 2003 )

(47) ZBRBUABICK5ERERE - BYESR
IN—LF A LIEERE R (POME) DS R UE & REFEROEE

Process Performance and Sludge Behaviors of
Multi-staged UASB reactor for Treatment of Palm Oil Mill Effluent (POME)
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Pairaya KUCIVILIZE*, Akiyoshi OHASHI*, Hideki HARADA*

ABSTRACT ; A multi-staged UASB reactor was applied to Palm Oil Mill Efftuent (POME) which contains high
strength of particulate organics and lipid. Two sets of laboratory-scale reactor were operated for 15 months in parallel at
different temperature; 55°C and 35°C. The thermophilic reactor accommodated a COD loading rate of 25 kg
COD'm™d" with COD removal of 73.9+9.6, while the mesophilic reactor achieved 10 kg COD-m™d" with COD
removal of 84.9+5.4. Throughout the whole duration the methane conversion (defined by methane COD recovered per
COD removed) was higher by 14% by the thermophilic reactor than by the mesophilic reactor. Both reactors performed
satisfactory lipid removals of above 80%. The extent of accumulation of un-degraded orgnic solids in the mesophilic
reactor was more significant rather than in the thermophilic reactor. Both reactors eventually exhibited stable reactor
performance over 7 months at each maximum organic loading rate, showing no sign of process failure throughout the
period.

KEYWORDS ; Palm Oil Mill Effluent, Methane fermentation, Multi-staged UASB.
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Fig. 1 Experimental setup of multi-staged UASB reactor.

The thermophilic UASB was maintained at 55°C by hot-water jacket.
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BROMBA T &R S5 —a—iER Y (44  Table 1 Representative characteristics of POME.
il 4°CHRA7. VSS/SS0.71, SVI30.7ml-gvSS™) ZMA\Y  parameter con.
7o HHE Y 77 X 23 35°CC RV BRI O AAT

SRS T = ’—/W’?ﬁhﬂ: (%3 ﬁfﬂﬁﬁﬁﬁﬁ\ VSS/SS z}(l)Dtotal (mg COD - ') 89,9435
0.69, SV166.5mi-gVSS™) &V, #hEh, V7T a
U s INTEIERA 170 g VSSreactor (18.000mg-) 7y CODsoluble (img COD T 38,850
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Fig2 ICR #— b7 v 75 440 HEoBEsEadiilio i 2 MEtE o RA R Ui, BV 77 2 —idik
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Table 2 Performance of thermophilic and mesophilic muiti-staged UASB reactor.

Thermophilic (55°C) Mesophilic (35°C)

Experiment duration Day 213-440 Day 149 - 440
COD loading (kg COD'm™-d"™") 25.2+1.7 10.3£0.7
HRT (h) 2.93+0.01 4.79+0.06
Influent COD total (mg COD-T") 3087211 2058+135
Total COD removal (%) 73.949.6 84.9+5.4
Soluble COD removal (%) 89.3+£1.9 90.4+2.8
SS loading (kg SS'm*d™) 8.0+1.4 3.6+0.7
SS removal (%) 64.6+24.7 89.5+7.2
Lipids loading (kg COD'm™>d™" 9.9+0.7 4.1+0.3
Lipids removal (%) 80.9+8.9 86.7+6.1
CHj, conversion* (%) 77.4£17.1 61.4x114

* (CH,-COD recovered / COD eliminated)
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Fig.2 Process performance of thermophilic (5§5°C) and mesophilic (35°C)
multi-staged UASB reactors treating POME.
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 AVAVBODRICERRERIR S LT VLS 0.243 162
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Table 4 Time shift in some properties of thermophilic (55°C) and mesophilic (35°C) sludge.

Thermophilic (55°C) Mesophilic (35°C)
Test Day d0 d176 d265 d354  d438 do d176 d265 d354 d438
COD {gCODg VSS") 176 172 1.76 1.76 1.76 144 163 1.59 1.84 1.85
Lipids (g COD-g VSS']) .20 0.15 0.29 0.12 0.08 0.20 0.15 0.15 0.16 0.12
C/N ratio ) 472 591 6.58 6.12 6.00 5.81 5.93 6.33  6.01 6.21
DNAcontent  (mg- g VSS™) 6.62 - 2.50 - 4.50 4.27 - 3.36 - 3.98
Sludge amount (g VSS/reactor) 189 247 262 353 358 150 184 277 282 272
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Table 4 \ZEIBROHEY 74 Table 5 Characteristics of thermophilic and mesophilic granular sludge
B—OE S 2lem DHEBLETE treating SS- and lipid-free artificial wastewater (Sucrose + VFA).

ROMRDOEEL Y 7 7 4 —Pk COD* Lipids*  C/N ratio(-)
FREREZ E LD, BT D72 Thermophiic (55°C) 1.78 0.137 420
WIZ, DIV OWIEENFTAT  Mesophilic (35°C) 1.73 0.127 4.71
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Fig. 3 Profiles of sludge properties along the reactor height. Sludge sample was harvested
on the day 438 from thermophilic (55°C) and mesophilic (35°C) multi-staged UASB reactor.
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Scanning electron micrographs.
SS fraction present in POME (bar length 7.50 u m).
the outer surface of mesophilic granular sludge (bar length: 75.0 1 m) on the day 260.
the outer surface of thermophilic granular sludge (bar length 75.0 u m) on the day 260.
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Fig. 5 Methanogenic activities of retained sludge. Studge sample were taken out from
(a) thermophilic (55°C) UASB reactor and (b) mesophilic (35°C) UASB reactor.
The methanogenic activity tests were conducted at 55°C for thermophilically-grown studge
and at 35°C for the mesophilically-grown sludge.
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