d' a a d A A o w = 4 4 ara = ara
BOINTUNWUD Useaninmvesszuuihtaeweais uuumes Inwanuasi lawan

o 3’ = v 091 o s
Tumsthtaiudelsenuanaiiuiau

Y A I Jd o
)Y PEFUIAIN SNANA
VI MIIAMIAWIAZOU
Umsanm 2548
U \]
UNAAEID

Y

Tsaauanaiii

o

Jd A Y1 1 o A a g’ A
mhmm’a"lmuﬂul,mmﬂnuﬂuawymﬂmuazﬂNmmﬁ‘w
E4

H
o Y ! a A

& & oy a K @ g’ % 4 = =
Auramie  saludennavunn lssnugnatiniuthaveelianyuzaune ‘ﬂi%ﬂﬂ‘ﬂllﬂ

o

' v
a A A o

9 a Ay AX S A = =\ = a A
AWYFITOUNTINGI 1 UIVYU DY ’J@IQ“IJﬁ$ﬁ’ﬂﬂlW@ﬁﬂ‘]&ﬂﬂ1iLﬂiEl‘UmEl‘UiJi%ﬁ“Vl‘ﬁﬂ1Wﬁluﬂﬁ

U
b Y

o a ad o A Y] o w 4 9 o ara
iaaIsounsgveaindean lssnuanainuiaumeldaniumes lulan (5511 o9
=\ =\ aa ~ =1 4 v Y a va A o
wased) uazl lsWan (3541 asruyamed) lagszuuepaiolsszaurolinms Jdnyuy

[ A (A 9 a a c?/‘ =) ~
Wunsanszuennilsmaslsaurma 5 a5 TeoAussUHDUTUADUIAGINNIILUTTNN
= =) [ A d‘ < [ [ c?/‘ [ Aaaa a
0.5-5.0 NN.&TeA/an.u/3U ¥IeNszezanUAn 2-10 U veuiedesnalnsen waziay
09/’ { [ <3 [
FTUVUUVADIVUADUNNTZUTIND 5.0-12.0 NN.FTod/an.u./ U wioszeznaudunn 0.9-2.0
o o aaa o aa ~ ~ =) o A I
T voananseunes luilan tazNaszusInn 2223 An.aled/au.N/ AU HIIzeA N
[ o [ aan ara a I~ [ 1T W
0 2 Tu aaeaMInaaeauednlnsot lawan AadlumszussnnIIWaeInunIn 2.5, 3.0
As A o o w Yy v As Ao A g A A
Hag 3.5 nA.A1od/au.u./ U aud1en 1aganuuIUYDSE loananuaNsLuuNARRe
2y ] o A A A Y v
Usznm 9,284 un./a. MaFuAUs LD 1Fano U IFINIT VLG AT NANUTUTUVBINNDUY
a A < ] o o A v
aunsdlugiivuoaaeaiszuu 18,000 wn/a. lszeznaniavua 45 Ju Tumsisuan
sEUUNMIzVsINN 0.2 nn. 8 Ted/au.u./Au auszuuhgan1zai)

v '
a o~

a v 1 [ aaa o a)
Namﬁnﬂammimus:ummmumamﬁmwmwﬁmﬂgﬂimmaﬂmWaﬂm

Aa a o @ A dg = = 3’ [ A v
']JS%ET‘VI‘ﬁﬂTWGL‘Llﬂ15‘]J11Jﬂ“])’Ii’Jﬂ‘VN‘VilIﬂ Cﬂaﬂazmﬂumammumumuaaa [RAYIDYAL

(AgA-gagA) 51.42-78.98, 45.28-84.19 LA 26.98-72.29 mMUAAY drunalnient awlani
A a o o A = Qa: = = g’ <3 A v
Yszansninlunisiiiaglodnaviva Flofazarortimazvonuanyiuasy magigay
52.36-75.47, 47.96-82.07 118 35.30-71.59 Mua1AY lagNn13zusinn 1.0 nn.&loa/au.u./3u

<} @ @ a a o { 1 @ a A
(szeznaununn 10 Ju) svuuiidszaniaminiageaiga daudasimanaanaBInTnazig
4 1 v
YUMUNITVITNN FSTIMIHAAMEFINNREYTINATduRAmIIND 0.06-0.18 a./0./5U V04

falgnseunes luilan waz 0.06-0.17 a/a./5u vedwlisodilawlan Taemwsamgiiwums

3)



a (% ann 09)1 a A a A o w A = 09)1 Y A [ ld' o
Lﬂuﬁ$‘UUﬂlﬂ\‘lﬂ\iﬂ@]ﬂﬁﬁﬂ‘ﬂ\iﬁﬂ\‘l“ﬁuﬂuﬂiz’d‘ﬂ‘ﬁﬂ1W1Uﬂ15U1UﬂGﬁIﬂﬂﬂ\TﬂNﬂﬁlﬂmﬂﬁlx‘lﬂu UL UN

@ ﬂQQQ o

a J aa 1 1 [l ara a a
pyaIATIEHNananYI Tagdiulvydalgnseunes udantidszansamlunis
9

Se

o a

L4 =) A o 1 U aAan = ara 1 S w a 1
TUW]fIE]WVI\Wi?Jﬂﬁj"\‘lﬂ’ﬂﬂi“IJ;]ﬂiEJUJIGlﬂ/‘Iaﬂ@EJNiJuElﬁﬂﬂﬂJU“VINﬁﬂﬂ a=0.05 @IUNANII

da

J qu’ 1w aan o ara
Tlﬂaf’N"U@Qizﬂﬂlﬂlﬂﬁﬁ@Ti!,UJTJﬁ'E)QGIJu@]@HWU']TE]QTJQﬂiEJ”IW]@ST?JV\Iaﬂﬁﬂ'TI?JLGIQJIN%HGUQQﬂiﬂ

1 4
5$LWEJ\1”IEJB§111HGH’N 216-598 UN./a. UYDINTADUYAN !,mﬁmixusinﬂi’smmszuuqﬁu WUN

Y
A =

ANUITNTUUDINTATHIMENBT MGV 227, 286 LAZ 356 UN./A. VBINTADLUFAN AU
0 4 ) Y
8ATINIHAAMFTINTNVOITL VDT INA DI UNNFIVUIIDNTZ T TNNVOITLUUTINGIUUITY
Y] a I [ a o 1 a [ [ Y [
A AT UEATINTHARNIEFININABUTUINTVDIOUNIND 0.14, 0.15 1A 0.20 a./a./34 V89
MINAAVINATLUIINATIMNMNY 2.5, 3.0 Hag 3.5 NAFIPA/AUN/AU AWAFY NNHAMS
Y
NAABINLIN STV NTHIVAITUae U I NTaLENEIUYBINMT A 19N ALAL A
[ = 9 A g’ S A 1 A o Yo Aaan A o ara 1
madimuld iesnmindelianmwasige hldtalfasewsnae moesluilan Tiawnsoan
Y ! Y o qYa Y, ' < o w a o H
aulniimsgosaarondrhliinansald edrelsnauszuuihtiaewaliosuuudesiunou
o w A = 09}1 ~ = oy < A v °
annsaihtiadleAnavua & lefazaieil tasvewIIUaey MasTesas (A1ga-gIga)
75.10-77.84, 55.29-60.90 LA 60.59-65.13 MUMAY 1ASNMIZUTINNIIMNINY 3.50 NA/ALL/ U
<3 @ [ a A o w a I~ [ [ Y]
(52 UNUNNIIN 2.870) szuvldszaniaminliagege AaueaIaINYUIAYRINILTD
2 d’ 1 3 d‘ | = a a o v A = c?/‘
HagHIngeuUmnyY 1 : 2.4 vazielseumeulseansnnlumsiivad loAnanuavese UL
4 09/’ ] ng 1 {
padosuuutuaou@ey (lumsAnuIFasn) uazuuuaeiuAsy WUNANTZUIIND
(Y A = = o o w =\ o c?/‘ =\ Aa A
MU AB 3.5 NN lea/auy./Au ssuuihaeeadonsuuyaesiuaeuilseansnmlums

9
% %

) = = 9 1 ~ J 09: = [ aaa J ara
11 ﬂcﬁjﬂﬂﬂﬂﬁuﬂqﬂq\iﬂ’Ni%‘U‘ULfJL@ﬁUfJﬁL!UUGIJL!GI’E)HMEJ’J ﬂl@iﬂ\‘lﬂ{]ﬂi&ﬂmﬂiihwaﬂuaz

€

wlgnsendi Tadldnmassooas 14 uag 20 mud vy

4)



Thesis Title Efficiency of Thermophilic and Mesophilic Anaerobic Sequencing

Batch Reactors in Treating Palm Oil Mill Wastewater

Author Mr. Tanawat Rakkamon
Major Program Environmental Management
Academic Year 2005

ABSTRACT

Palm Oil Mill is an essential point source of wastewater and bad odor emission.
The distinct characteristic of the palm oil mill effluent (POME) is its high organic content. The
objective of this study was to compare the removal efficiency of organic compounds in POME at
thermophilic (55+1°C) and mesophilic (35+1°C) conditions by Anaerobic Sequencing Batch
Reactor (ASBR) at laboratory scale. Reactors had a cylindrical shape with a working volume of 5
liters. Each ASBR is operated individually at thermophilic and mesophilic temperature at organic
loadings from 0.5-5.0 kgCOD/m3.d at HRT of 10-2 days. Once the designed loading was reached, the
two ASBR’s were connected where thermophilic ASBR served as the front reactor. In the two-phase
system, the thermophilic reactor was operated at organic loading of 5.0-12.0 kgCOD/mz.d at HRT of
2.0-0.9 days, while the organic loading of the mesophilic ASBR varied between 2.2-2.3
kgCOD/m3.d at a fixed HRT of 2 days throughout the study. The union of two reactors had the
equivalent organic loading of 2.5, 3.0 and 3.5 kgCOD/mz.d, respectively. The average COD
concentration of POME which was used as influent to the systems was 9,284 mg/L. Granular biomass
from an seafood treating UASB system was seeded to start-up both systems at a MLSS concentration
of 18,000 mg/L. It took approximately 45 days for the start-up before the systems entered steady
state condition at 0.2 kgCOD/mz.d.

From the lab result of one-phase ASBR, it was found that the thermophilic ASBR
had the removal efficiency of Total COD (TCOD), Soluble COD (SCOD) and suspended solids
(SS) in the ranges of 51.42-78.98%, 45.28-84.19% and 26.98-72.29%, respectively, whereas the
mesophilic ASBR had the removal efficiency of TCOD, SCOD and SS of 52.36-75.47%, 47.96-82.07%
and 35.30-71.59 %, respectively. Both systems at the organic loading of 1.0 kgCOD/m3.d (10 days HRT)

had the highest pollutant removal efficiencies. Biogas production increased with increasing organic
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loadings. The biogas productions were 0.06-0.18 L/L/d and 0.06-0.17 L/L/d for the thermophilic
and mesophilic ASBRs, respectively. Although both ASBRs had comparable performance, the
thermophilic ASBR showed slightly higher organic removal efficiencies than the mesophilic one
in treating POME at a statistical significance level =0.05. In the two-phase ASBR system, it was
found that the thermophilic front ASBR had volatile fatty acids (VFA) concentration ranging from
216-598 mg/L as acetic acid. However, the average VFA concentration in the system increased from
227, 286 to 356 mg/L as acetic acid with the increasing OLR from 2.5, 3.0, to 3.5 kgCOD/m3.d, in
order. Similarly, the overall biogas production rates increased from 0.14, 0.15 and 0.20 L/L/d at the
increasing OLRs as mentioned. It appeared that operating the two-phase ASBR with these conditions
could not achieve the phase separation between the acidogenesis and methanogenesis. Due to
high alkalinity in the wastewater, acidogenesis could not take over in the thermophilic ASBR.
However, the overall removals of the two-phase ASBR were found in ranges of 75.10-77.84%
for TCOD, 55.29-60.90% for SCOD and 60.59-65.13% for SS. The highest removal of the
two-phase system occurred at OLR of 3.5 kgCOD/m3.d (HRT 2.8 days) and the first-to-second-stage
volume ratio of 1 to 2.4. When comparing the two-phase system to both one-phase systems
(in first part of the work), the results show that removal efficiency in terms of TCOD of the two-phase
system was higher at the OLR of 3.5 kgCOD/m3.d. The TCOD removal efficiency of the two-phase
ASBR was approximately 14 and 20% higher than one-phase thermophilic and mesophilic

ASBRs, respectively.
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