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Chracterization of an Anaerobic Baffled- Fixed Film Reactor (ABFFR)

in Treating and Producing Biogas From Palm oil mill Eflluent
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Abstract

The anaerobic baffled-fixed film reactor (ABFFR) in this study was designed for enhancing the biodegradation of
high organic matter and suspended solid (SS) in palm oil mill effluent (POME). An ABFFR was developed by a baffled
process combined with plastic nets fitted inside the last fourth compartment of reactor. POME containing high concentration
of CoD (65,120 + 1,000 mg L'') and SS (21,060+ 550 mg L-') was semi-continuously upflow fed at 1.2 L d'r. During the
operation, the overall performance of ABFFR in term of COD and SS removal were 90yo and 80%, respectively with
methane production of 6.9 L d-'.The perfonnance characteristics of the first to third baffle compartment act as hydrolysis and
fermentation chamber by hydrolyzing cellulose at68,22 and,g.SYo,respectively. pH was in acidic range of 4.5 - 5.0. Volatile
fatty acid was found approximately 8-9 g L-' which acetate was major found and followed by butyrate and propionate in
three compartments. The fourth compartment acts as methanogenic chamber with pH of 7.7 and less volatile fatty acids
accumulation. High biogas and methane production was found. Biogas and methane yield were 0.37 - 0.52 and,0.26 - 0.37
m3 kg-t soluble COD removed, respectively.

Keywords: Acidification, Baffle compartment, Hybrid baffled - fixed film reactor, Hydrolysis, Methanation, palm oil mill
effluent
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s.r rsdu:n ruuovil:sfivrGnn'r:erurorffirJfr n:ni
, Luv

tt'.|unil t:otntfl

nr : rdu ti'.r rl g^n : aisi o ruao.r rfl u r?a r I I 8 iu d'r o
lo iar

rirrfra poME fr.rrilunr:r6u:vuurfioun:u 6 :ouro.:
d u ; d hl

:vusr?atrnunfl ultdu tdrirnr:n:rodouill: lil^tfl ofd

n ? il E rJ d R r ? v u r rr do ru rit u f r n r : dl { r u fl o.r q a^ u vri d1 u

: e il il il 60 rd6 fl : n r v{ lu n r : ilr fn ua s zufi sr fi't ryfr r n ru o r n
! o nq * ' -rjldrl "[6rrn ar pH, Alkalinity rrav vFA qt{n]o{flar'1oeil

eiasioil:vfi nrnrnnr:dNruto.rqauvrStifr oqjluti'.rrJ6^n:af

I I 4, l s] n'r, fi n u r n $.r dlds' r,: o o, 
" 

r ru lu riru fi ril u

rir rfi fl 1 t o o n (Effluent) o r n ti'.r rJ g^ n : aior d o o : v us t1 a't

^ddar9l u : v il u til o I rdo u : n 1 l\ : x lJ tJ o.: : v ]J ]J 0 1 n fl I : ta u fl .:

rJ6n:nirflunar 118 ;u rtda{d'{sn:r.1fi z nujr nr:t6u

: e il u ri o u {r.: fi ra6 fl : n r ri ruao rl- o r : r ar r o t n ri l^t r : r fi tn o {
, o 3oi

ar{6,1 luurrdrlnoofl0rn:su1]n^o pu oqjluri?.l 7.88 - 8.47

rir attutinity oqjlurir.r 4,2s0 - s,2s4fiainiilsiofin:uav

rir wa oqjluri'r'r 332 - t,sos fia6nir:siodsr: 6.r1ndrdu.:

fi'r ni rru r n : g r u 1u n r : r6u : v r-r r rirrin'l fo r n r fl n^o ri r pH

oqjlurir.r 6.6 - 7.6 Alkaliniry oqjlurir.r 1,000 - 3,000

fiaa^nirLsioa^sr: uau vFA oqjluri':r z,ooo u^afinirusio
- 'A dl

an: II6, I7] rretruo.:01n:srufirir Alkanity 4.rci.rruahi'
t

rir pH rio u{r{ q{d?ufu uao.r l#ulu'jr: vil ilfi n ?r}r

ra6o:qwrnlunr:ellilfl r:aqartornlrurfl un:nrtflusir.t

(Buffering) fi 'r url'j r: v u u o v fi ri r arcatnity ql fi n rru uoi
i.

riloTlfl t:nlu?ilnr VFA/ALK fl o.r:vuu v{ljlliln10 g

lurir.: o.os - o.:a uaq{}i'r#u'ir:vr:rfiradu:nrilfi6
* i' h
taumntljo.l VFA/ALK trirfiu o.+ [16, 17, l8]

"'r 
r'ro d z rJ : v fi vr Gn r fl ua s rd6 u: n r u : r ru t o.r ti'.r rJ 

6^ 
n : ai

ABFFR

lst HRT
Parameter

0-20 d)

2nd HRT 3d HRT 4th HRT 5th HRT 6th HRT

(21-40 d) (41-60 d) (61-80 d) (81-r00 d) (l0r-ll8 d)

pH

Alkalinity (mg L')

VFA (mg L')

VTAJALK

TCOD removal (%)

SS removal (%)

Oil ud Grease removal (%)

Biogs production (Ld r)

M€thme production (Ld-r)

cH. (%)

co? (%)

8.47 8.14 8.23

4,370 5,294 4,250

332 700 196

0.08 0.13 0.19

93.00 91.00 87.00

E2.00 76.00 81.00

99.00 98.00 98.00

11.70 12.50 13.20

7.80 7 .90 6.80

66.67 63.20 51.52

28.00 29.00 37.00

7.88 7.92

4,328 3,978

1,568 1,530

0.36 0.18

88.00 90.00

80.00 78.00

99.00 98.00

1 1.00 l l. l0

6.40 6.30

58.18 56.T6

37.00 32.00

E.l5

4 t)A

528

0.12

94.00

83.00

99.00

1 1.80

8.20

69.49

18.00

4daiaA
til o : v 1J lJ tJ td 6r tJ : u 1 Y{ 5 ? ti Yl n ttn v til o vl] fl 1 :

el : ?0doilil: vfi mfi nrn:mr1unr:dlfqdr: 6umEdt o I
q ra / o I ta a dd

ti'.r rJ 6' n : nf e a r n R 1 u ri r u r o'r rJ ? ru r ar a r : 6 u rn5 d g rJ t o.r

6lod er: utrun ofl uavLilfiiluau'Ifl flu lurirtfi uqJroo n
v ta d t4 d a 3 o I q ta I

0 1 n 0 { il a n : il ru : uLJ rm uu n il u I ldufl 1 tx I fl.l 1J fl fl : nt

fl a o n : v uv r? a I n 1 : lou : v lJ lJ t t s iu rnao r6u : v 1J u 0 u r{1
,j

cianrrvnrfr (Steadv state) 1u'$xn1:tAu:vlu 4l - 118s'

iu (3rd, 4th, rrav 5ttr HRT) vrudrdloGluurrrfiotroon
i^^-.i^drl

lfl au 7.663 * 859 ilaafl :ilgr0afl : ry{fl 9ltilulJ:sdYltfl lv{

:urlunr:rirfordlodrndurdrri'ufouav 89 + 1.83 dlil
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rJ : y fi u fi n r yr : r u lu n r : rir rie dr : uu ?u d o u,,u r rir riu
q q q ra 

" 
u

r ra s "h ilu I o .r ti'.r rJ fr n : oifi yr u'j r ar:l r : n rir rTq 1 d'io ua s

79 + 2.22 rray 98+ 0.5 et trJ 6itd'uu aq.:l#rfi u ir: suilfr

il:yfi nrn rulu nr: rirrio arr,,n,:uuuoutlriuuay'ltriu
I I <s 

" 
3 o

n o u { r r 6 I q u tu dr r f ur I o o n 0 I n d'{ il q n : affi rJiru r ar
t

dr:Ir.rl']uaouuaydrfuuay'hfurra^oo qjfi 7,550 + t, 1 40

rra y 63 + 2. I s fi o a^ n irL qi o a n : n I il Git d'u o y r# u 16'

'jr il: y fim f;n rn r o,r ti',r il fl^ n: nf rrr.iu 
'iu 

1#o r n rflfi
rJ:sfrvrfinrnnioudxqrlunr:riro''ear:6umErilorurqilrs

d r : I r fl ? u a o u r ra s d r fu r r a s'l cJ fu r r a y 
r ilo o r il; u u rfi a il riil

^^-4^-.----,9 , ! - | i 9 o ra a ^ a
n I : fl n u I n I : u I u q u I il u t_J I n :J o ? ufi { il fl n : iu su Ft o u "l

n u'i r rJ : v fr m fr n rn lu n r : rir 6'n dr : [|lJ ?u a o ur ra y frfu
u o 'Agt 

il
rr o v 

"ltriu 
o qjfr i oa av t zt ray 75 et I rJ dr6'il t I 9l u o n 0 tnfi

il:vfi vrfrnrnro.r6'.rrJqn:nifi arrur:nrufi srfi'rryfi-:nrurray
dri
ilrmu:rru lqcrodrJtz + 0.87 lray 6.9 +0.73 a^n:eioiu

qr r ru rir d'r J e u fi fi'r ryfi r n r il fi fi'r sr fi r m u u n y n r f u o u 
nl 

er

-- t4 !41 J I A zt
00n tryqtuu0 inil:3n0ilraau50uay 57.4 + 4.91 rray

14+ 3.95 enudtd'u d'lrrao.rlusrr:r.rd z

s. z rnr q fi n : : ru n I i ri I { I lJ fl o.t usi o v #o I r rr.iu ntul u
v la c
0{ufln:6u

3.2. I .rR r ? v I rao d'o rulu usi o; #o.r t o r ffuJfr n : ai
4 ^ ra a ddJ "tlj 0 y,t 0 I : €u I 1 l : :J I il n : o o u yt : u 14,: ti tJ o I u t t gr a y

9 a ra tAf o': r o l n'.: rJ fl n : fli fi usi a ; si? { r? a I (n r : r I fi 3 ) y'r u.j t
'lu,ilxrr:nro.rnr:rdu:y:lr l'' HRT ( l-20 ;u) riu finr:
cv cril?ru ru n: o lu#0.rfr r q.: d.r z. r sz il'a fr n fil sio a^n :
q^.-.-..- 

=-gl- 
A ^ y i _ E A d

tufloJyyn,to.tvt 2 140.:?1 3 [[AyH0.lyt 4 illlilnt:dydu
il ? ru r ru qr o l n : q o^ u m5' rido a n'i r fi o +,s s+, 1,47 o L ray 67 4
a.oudA.
ilaafl :ilnoan: ntilntqu trqtoul.t t:nntruriloyirnr:rou

144-l

rvuuqrorfio.:ruo=.r 2"d HRT (21-40 iu) finr:avarL
9l

ro{n:ern^qfiu1u#0.rfi | uaz 2fio z,rzs fiaa^nirusiofrfl:

Lreiy 7,3s6fi a fi nfrusio 6qr : r ray lu#olfi : r?rrfl nr: nv arL
lidl

cJ o { n : o ril=il il r n ilu rfl u 7,05 0 il^a An fiJ si o 6sr : rfl u r.r a

rirl#nirnrrrurflun:orflurir.:1u#o.rfi r, 2 rrne 3 aoa.l

4 o q q Ae j
t?tfio 4.6,4.55 uae 5.0 Fnilntau luriustluo,nl + fr{lil
r fi q n r : d y d rJ I o { n : o r r a s | ilA o r q^ u ri'{ il n^ n : ni't rl r u n : u

5* sRT rrdruyirnr:avdrun:r1u,,ria#0,rfr nirriou{r.r
ira',j I s )'

nnr"NniduuruJaI tnufirir Alkaliniry lu z #o,ru:nfirir

sir n'i r r?0.: fi 3 r I n y 4 r nj o fi o r : su r ry u^ er n : er'h fi u : y r l.f u'l d'

lu r rsi a y ri'o r t o,r ti'.r rJ g n : nfriu t ; rJ fi z i u u d r iliru r nr n : n
j.i4,
fr u r m n fr q n n^o n : o o s 6fi n sr r ru rh a fi ': m r? n r I a y I il : n^ n

Iofin luqir.rnr:r6u:suu zo iurr:nuio I" HRT ilr.ir
ra i ^^il5il r ouq d u n : q o v fr er* n fi n r : av aru q.r qo 1u fi'o I fi t t rn v

z ro.rti'.rrJg^n:trf6o :,+oo rray 4,060 fiaa^nfuqiodsr:
tqgi

snilGirdu rrsrlufo.rfr 3 rrav 4 nr:ayatil?ru1iln:el
4 a aJy d rnaa{ru0.ttJt01nEailm: ul.t 0.111 3 [[Ay 4 dtilt:itt,os

d a r u n : n 1 fl ilu : y r r u'kil r si r rud o ri r n r : r 6 u ti' I rJ g^ n : if 1 il
dr 5 :orro.r HRT f,{ililn:nov6s,in4.rfiqn :o{a,:}rl
fi0fi:mrinuaylu:finJou^n1u#orfr I rrne 2 flo.rii.:
ra / s

il fr n : ai Io a n : q u^ r m r? n rra y lu : fi n I o u^n fi rir rq6 u

il r n n'i r #o aa v oo r o.: ili ru r su n : q'h fu : y rfi u 1 ddu n u 
"

n r : dy du fl o.r n : q 6u fl 5 ri: y ril u.i r u lu #o.r fi : rir u 1m qj

il un : qo y fi er^nlu ri'q drufi a{ riljorfi uu fi'rfi uulu
q_ -ry_-.-i u ra dq j-
lufio'tlr I uay 2 to{n{ilOn:il tutilvyrriqdruilo.l

a a /ia
n:qoumSufr ilaruarrn'jr (n:nfi rmr?nuas In:n^n

lo fi n ) fi d'q dr u a o a { o r n rru r I #r 6'.: n ri r r rfl u n r :
ri { u o n'i r n : q fi r il r? n r rn y I n : fi n I o fi n rfl u n : e d'r n n r.r

(intermediate) fl o.: n : v u ? u n r : nJ d a u rfl u n : I o v 6e1^ n
. a, j 

- lo dddt J gt
( Acetogenesis) lut1 o lvt : n o.r cr lil fl n: nj fr ril u ar : si.r gr u

cf r u fr o 6 u nE tifr ru a^ n fi rvr u 1 u #o,r fi + r o.r ti'r rJ fr n : ai

6.: nr: ay 4ruil?rurturrnyryfiqn: fl6umE rilurrsiay#o.:

ova.: r.rasioil:yfi nrnrn1u nr:rirrinar:6umidrrny nr:
ada.i

fl an n1rys?R11'{cr{oynal?'lu#r{osio tJ
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6,000

If,TOH IAA IPA TIBA IBA TvA 91151.:11 3 pH, VFA ttay ALK

rJfrn:af ABFFR

1 u rrqi a y #o.r I o.r ri'.r

i.4.000

> 2,000

1 4,ooo

E

> 2.000

ir 4,ooo

1
> 2,000

0

6.000

6.000

(a,

t" gnt

I HRT 2 HRT
Compartment Parameter

(1_20 d) (21.40 d)

3 HRT 4 HRT 5 HRT

(41-60 d) (61-80 d) (81-100 d)

4.56

) 41)

'7,194

2.91

lsl6,000

4.50

) \4A

8,594

pH 4.60 4.60

ALK (mg L') 2,166 2,571

vFA (lng L'r) 7.182 7.129

VFA/ALK 2.91 2.77

4.50 4.23

2,657 2,845

8,025 8,670

3.02 3.05

6.000

(b)

2'o HRT

(c)

j'" HRT

pH

ALK (ms L'')

VFA (ms Lr)

VFA"/ALK

pH 4.50 4.55

ALK (mg L r) 3,491 2,641

VFA (mg L ) 4,584 7.386

VFA/ALK 1.3I 2,'79

4.50 4.40

2.446 2,65'l

8.926 8,921

3.65 3.36

7.10 5.00 5.00

4.724 4,876 4,508

t,470 7,050 '7.468

0.3 1 L45 1.66

4.60 5.00

4.358 4,982

8,685 8,746

r.ee r.1i

L 4,ooo -
E

dl) 2,ooo -r

l

-'Cr+.ooo...l

,.:
2.000 :

0 .,;

WwM J-

(d)

4'o HRT

pH

ALK (mg Lr)

VFA (mg L')

VFA/ALK

7.70 7 .'/O 7.80

4,541 4,6',/8 5,220

674 884 2,220

0.15 0.19 0.43

7.50 7.20

4,682 4,570

2,186 2,460

0.47 0.54

Comp.l Comp.2 Comp.3 Comp.4

riho
9ilfr z n: nr'[triu: s rya iraryfi nrir.: 1 fi nulu usias#o.:

to.rd'.rilg^n:nf ABFFR

s.z.z rJ:vfr vrBnl,rnr:f rrYnar:6untdlunsiav#owo.:
v la t6t.1ilflnril

rru^o fi o r:ar ril: v fi m fr n rn nr: rirrin 6Iod1u uqiay
et u ra a ! ^r4'o r ro.: n'lrJfl n: nirirrfr u t ;rJfi : I n u.jr1u iufi r -z

rJ : s fr n r^n r vr t o.: n r : rir rin fi I o 6 1##o.r fr r r r a y z rvi r ri'r
I'iomv sl.s uav 76 srrrucird't lurnryfirj:yfrmrnrnlu
nr:rirrirrfiIo6lu#o.rfi 3 rrny 4 rvirfi'u#oaay 44 tLay I

.{ ^ tu,
rrasrilorrlurt.trJfl n:al 1iltun:u I :ourol uRr nl.jr
rj:v fr vrfi nrnlu nr:rirriqfi lo61u#0.:fr I rray 2 aqa.r

49)
rila*of o€Jay I 1.36 uay +o srrrucir+i'l r rsinrL.ir:J:yfr mfi n ry{

lunr:rirrinfiIo61u#o.r 3 rray 4 rfiilfiuriiu#oany sr

r ray 34 sr rru cird'r o y rfi u 16'drr.i : v fi mf n ru lu nr : drrio
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6i o 6 lu #o.r si r.: 1 t o': tir rJ fr : n : of'hj n.r fi r ra s rdo rit n t :
r6u:srlrl'hJoiln5u 40 iu vw'irrl:vfrvrfi nrnlunr:

rirriqdJodlu#oqfi r ,2$av r aeraqnfiof ouav,6.27,

l6 uas 23 nril6ir6'll lurarv#o.:d + rJ:vfinfinrnlunt:

Eso

:60

940

F'20

0

ty
oqdsda4dt9

ilr1rqry to9trlIlr1u[lJu:0uae 84

-T
a .,-T".. "'I

L)

;::i+rs*f;
0 10 2n 30 40 50 60 70 80 90 100

Time (d)

g rJ fi r r.l : v fi n t' n r n n r : rir fr or 4 I o 6 1 u rrsi a v #o.r t o't ti.t

rJfrn:af ABFFR

tdo rit at : ut': u a o uu ritn : r v #ri rrJ?rL rar

rw a q I a a1 u rir I r t{r I o.r ii'r il g^ n : aifi ri r z t . s n^ a fi n f u si o
i.^ytj

n fu r ni r d r : r tll'l u a o u tru*o q- t tu u : v tl u tt I 4 d n I ? e n { Yl

(Steady ,tut.; :old : n*.::orLfr 5 HRT llutryaqlaalu

ru si a v r?o { cr o r ti'.r rJ 6^ 
n : nf fi il 3 ru r at a n a I t t st n si t I fi'u t o't

rrsiav#o.rd'.:rJ6'n:ni lorovru'jrlu:otd s toi HRT fi

nr:tioudarutwaqlaatur?o.rfi t, z, 3 ttau 4 ttsrnsit.ltiu

lnofrrirnr:tjooaartroqifiiouae 68, 22, 9.8 ttnv 0.2
*i, I

I o { trya Q t n avt q n u o oaa 1 u?l'l 14 tl 9l 91 1 il a 1 o il 0 1 fl fl a fl I :

fi nu rovr# u'jrrJ:v fi vrfi nrvllu nr: tioeaa rurwaqlaafi
qy

r.J : v fi vr tn ru q.r qn lu ri'o.r fr t (; rJ fi +) t su v fi n r : fl fi n n : n
a a/i
ouil5 utitnn0rnnl: uoudatotwaqlaalnun{11fr uvr?d

do u aa r CI (gydrolytic bacteria) t ta s zufi n n : o (Fermentative

bacteria) fidr4{lu#owo{fi{rJ6n:nffi 2 ttav 3 ciru#o'r

fi + finr:availto{n:qouyt:'ticir (srt:r.:d :) rfiolorn

fi n r: qnld'hJrfi oHdsrfi'rryfi rvrulnun{ru1fi uvritinrfi srfrrry

(Methanogenic bacteria) d'{ 9'l a o v o fi u r alu ri'r {o si o bJ

Comp.l ComP.2 ComP.3 ComP.4

,i s - -- --'-- Y
grJfi I il:vfrvrfrntunr:dosdnrutryalaqattriarfios

r o.r ti'.r rJ g^ n: nf ABFFR

d1 4
3.23 ntcurlRllluavillllu

t.z.r.t o.rrirj:enoufllsfi -1nlfl

1unt:rsr^uti'rrJ6^n:oin:I 5 tollIo'l nnr riu
o .: r{il : v n o u'u o .r fi'r ry d r n t n 1 u r r si a s r{ o I ti'.r rJ 6' n : of fi

oqriil:snolt tstnsir':ri'ufl ru:vu&t1a1to'1fl 'l:r6u6'.rrJfl^n:af

-i*
(sr r: r.r vr 4) to us?.: 20 ?ut t: fl fl o': nr: rdu6'.rrJ 1^n: airw

'j r o.r r{rJ : v n o u t o r fi'r ryfi r n rn lu #o I fi r t o.r ti'.r rJ fr n : tri

o r riil : v n o u ci': u 1 n qj rfl u fi'r ry n r f u o u'l q o o n'l ryd

ru r n n'i r fo oa v zo lu c, iu v d o': dtl : v n o I t o { fi'r ryfi tm u

il:vurar#ouns to usiuu'irlur{0.rfi 2, 3 ttas 4 1o.l

ti'uJ 
6^ 

n : aifl o.r riil : s n o u t o': fi'r ry fi rvr u rfi rL du rfl u 9o u a v

40, 60 ttav 45 srrrudr6't trsirfion^or:arrnr:tdu

q' t : t.r fi q o': ri'il : v n o u fi'r ryfi r n r n r tqi a v r1o.: t o'r ti"t

rJfrn:ni asrrn

-T++1
--r- Comp.l

r Comp.2

-'x-.' Comp.3

'r Comp,4

Operation lst
parameter

Time Compartment

2nd 3rd 4th

Compartment Compartment Compafrment

%CH
1 HRT

%co,

10.86 + 4.61

73.8s + 17.08

qt .sq *zo.gt 57.03 + 5.58 4s.87 t 4.94

q.q1 *ts.zl tt.o+Ie .zt 9.86L6.67

V"CH
2 HRT

%co

r.os*o.ec e.tz*:.qs +r.agt ta.tt 6'7.45t2.80

7s.26L4.02 75.50+5.61 :o.sol o.gs tz.gzLz.zt

Y.CH
3 HRT

%co

o.16 i o.o2 0.46+0.24

7s.90+0.91 71.69+r.49

28.51 + 5.25 68.18 + 2.51

so:ztl.tz zt.zzLt.tc

YOCH
4 HRT

%co

0.06

tt.solc.sa 74.55+6.6\ 61.38t 1.80 zz.za*l-oz

%CH
5 HRT

o.ro*o.os o.otto.ot 2r.fi+t.2r 1t.t'/Lr.78

tg.zz!c.st 16.45+8.26 ss.ss t t.zs ts.s+ * t tsOACO
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ti'.rrJfrn:nffi: o\! 2nd,3'0, 4'n ua& 5'h HRT riu nrl'jr
4t d d tr h a^ i q 9)

0{nu:vn0ufl0{n]ryfl 1:].J0u tn00n lryntiluflu [ufi0.1

fi z uav: rfluloflas 76 Lrry oo rrsiluri'orfi + nuo
9q f A 4v d { | @ d d dr d

6r.lil0n:ililuu0 {nu:sfl 0uilan10{n]rys'lR1ltr1Jufl tcr

firnuil:sruroriouav u t

3.2.3.2 il3ilrsrtnt:ru6srfliryfr annr
A^ary<d

ttJ0?r 01ril 1n1: t{an n1rys?R 1iltrasiltllu [u

r r si a s #o i cI o .r 6'.: rJ q^ n : aivr u'j r 1 u ri'r.r I -+o iu qr o r n r : rF u

d'.rrJfl n:nivrurJirurar frrry6rnruuayfi rmu riru1uqjnrfi n

o r n ri'o.r fi 2 Lrry 3 lu cJ il y fi n r : il6q fi'r ryfi rn r il ua v fi rm u
q t i Joro I I y .i q @

tul{o.tyt 4 ulJtJlj:ulflluou d?lJ?to.lyt I ?Iu tu 7 ?utt:n

rusiil6'rornrirnr:r6ud'rrJfln:air.iru +o iuoufi,r t ts iu
rtad4

ililirilSillslrirryBrnrnrravfirvruluri'o.rfr l, 2 rrav 3

4drtA
a o a l rn o u ril u au rJ rfi o { o r n fl nr: as aru rj?u ror n : o lu
#orfr r, 2 LLay,3 il:vnorrTrru*on^or:annir vFA/ALK

d rd hr r a d d
0etilu?1ildR'l'ly trJrl.rrJl&dljil1nn0fl 1: 9{ann1ryry?fl 1y'|

4qi^ddttayiltytu tufl €ll &il n1: 9{a n n 1cury?Rtlttta yiltl1u
! q Y A @ ra ?s 4 | j

dl u t14 flJ r{ n A il r 0 I n il o.r yt 4 fl 0.1 0.t il 0 n : il t 9l uu fi 1 ril a €'l

ad4d4a

lt 0.1 fl t: Haa n1ry5?RllIrrAeilryrlr 11 7.6 rray 5.5 a n : a0 ?u
.,j i^
1;rJfi sl rfiofinH6nHa gietd) rorfrrryfirnruuayfrrmu
q I i '<, ro I

tu140{yf 4 y{1r?1un]0u [us?.t 0.37 - 0.52 rlas 0.26 - 0.37t
/r^svA9l

a nu rrlnru n : n o n t a n : il dlo 6 n y a radr fi o nrirrin 6.r fi ri r
ot no | 44"[n dr6 u': ri r yr r r m q u A n-o 0. 5 e n il r fl rlil n : ff'r rydrn rr,{ ei o

fi I a n fru 6 Jo 6 q n rir d'o rra r 0. 3 5 Q n ll r fl rirru n : fi rm u

si o fi I a n fru 6 I o 6 o n rir 6'rr tzol fi rfl u niu d,u'o.r ru r o.r n frg
qY 

^ 
al A a o 4 4 4 oqy

fl 1 5 t Tn : n 0 u Yt : utfl 0 il a 0 fl 1 rys? R 1 il [ n 0 u ?t il 9t 0'l il 1 tr.l

rfr n n r : ay aru r o.r n : n 6u vr6 ririo u il 1 n lu #o { d + un, n r
| | I ' io

'i r ni r rio fl n'i r o.+ fr r fr en r r y rr il I v dru ru 1 n 1u n r : p.r 6sr

n1rys?R111
j 

^ y Aug) e) 9 q
nJ 0 ?I 0 1 : fli ]x o u a T t9t 0 r fl 1r t.t n u lil fl 1 : u 0 u da 1 u

dlo6 ar:rrtruaourrayrsoqTaa oraooouiliruruuav
tya dtd a 4 4 t4 d 4 d

n 5 I 0 lJ Yt : Ull tn n t u : ? ru 0.: u : u 1 at n 1 
crs? n 1 il t ta u u tyt u

i ^ uyq I I , J d nr'
il t{an tfl tuttnayil0.ltrfl ufl u 03[1.tu ta?tn: gu?ufl 1:

do fl aaralurrsiav#o.:ro.rri'.rrJfr n: nifi n rrruufl nei r{ 6'u

*I''.Cono.l --'r" Conp2

--x---ConD.l ''-a--ComDa

Time (d)

grJfi s nr:nfinfi'rryf;rnril (a) unvfirmu (u) luusias#o.r

ro,rti'rrJfln:ni ABFFR

i rqY' q e/ A - ra lo gt A
ctr.l drul: 0 dEil t9l'r1 tuil 0.:11 1 fl o,:O.tu0fl :olyt]fi ulyl

rfl u ti'.: rJ fl n : nin r : d o a a a r u dr : o^ u r; d (Hydro lysis)

rflund'n ntildrfl 6'.:r.tann:no^uvr6ri (rermentation) dnu

nrirfindnlurl'0.:d z rras : to.:ti'.:rJfln:oi lnafi#0l
i-!aadr-lar
yt 3 tt u dq d? u lJ 0': n : fl 0 g ryn ntil u il a fl cr.t til u dt : 0 I l,f I :

e o a dJ 
^ 

d s j y j jd
d] 1.1 : u ! a u m : u 9i a fl u lyt u I I rJ yt 14 0,1 yt 4 yt u 9l 1 11 1 u

n a r a sr n rfl u d'? n a r { ci'r fi fu a fl r.r fl dr fi r fi d'n u or s rfl u
'adaid?U t{An n]cUutl111 (Methanation) ry{ il : e dYl 5 R Ilt : 1tl

r o.r d'.r rJ fl n : nf ABFFR dl rJ I : 0 dr fq 6lo 6 16'#o aa v so

uo y Hfi sr fl'r ryfi ? n r il'l 6' I 0 Q n il 1 d[tt st : qi o a n u r drru n :
3 o d 4 v 4 j i-

u][du nJ0[Yt uil nil n1:fl nu 10uyt:ufl t:uu::4ndl5
A 4/q Y4 - A
0 u Yl : u lna rfl u.r fl u 11 3. 5 n : il gt 0 d st : st o ?u dlu 1: 0 fl a 9l

frr ryfi 'rn r n'16'rfi a { + a n u rdrri fl : gi o a n il r dru er :
od

ulrdu [21]

4. nlil
n r: fi nu r il : v fi vr Gn r vr 1u n r : rir fn urr rfi arro y

p.r fi sr ff'r ry fi r n 1 il 0 r n J :.: { r u d 6'n dr fi u il r drL fi fi a r :

13,500

12,000

10,500

9,000

E 7,500

E 6,000

3,000

1,500

0

9,000

8,000

7,000

6,000

! s,ooo

F. 4,000

I :,ooo

2,000

1,000

0

o 7 14 2t 28 35 42 49 56 63 70 77 84 91 98 105 112 119



58 ?lsrl1sofl?nssumflos s1uuonadruus

I u ra d I J n"t
rt 1'l u a 0 u q { o ? ufi { il fl n 5 flr rrr{ u n il t : 0 I n I fl a fl zu drJ

t9

(ABFFR) fifi + r?o.rriu ABFFR finrrruarrur:olunr:

dr rie a r : 6 u n:^ dl u : rJ 6 i o 6 u a y d r : r r 1r ? u a o u il r n n'i r

gouav so rray 85 "*,il;u lqu#o{fi r ro.rd'.rrJg'n:ai

crur:fldouaararraqlan16'6flouay 68 uavrfiel
a 4/ o d i - o '

n:qoum5uaydruilrn"lil#orfi 2 rrav : Iofl#orfi :
aa q i 4 d @

y,t u fl : 9l 0 y crn n I u dft d ? u yt d.: nJ o I n u u n u fl : 9| ]J ? yt 1 : n

uayln:fi nIofi n rrav#o,rfi 4 arrur: nrufi nff'rryfi rvru ld'

q.: il q n^ n : : il n r : ri r { r u I o.: u si a y #o.: fi ?r #r fi si r,: ri'u n^ o

#o.rfi r lirnrirfi rfl un-rdo uaarfl dr:rrt ruaoudrfl u

rwn q Ia arfl u u dn (Hydrolysis chamber) sr ril dr ud'l t{fi sl

a 4/q sJ A
n:oou11:U tufi o.1?i 2 (Fermentative/Acidogenic

chamber) ttnvfi'o{fi s rafiouii'.rH6nn:rroy6srn

(Acetogenic chamber) ar u #o.r qe ri't ufi rfl u ri ru t o'r
at/ d crt o a d d
y,l a ru ry? y [1] u ft n r.t a n fl I cril tyt u (Methanogenic chamber)

s. finfin::ilil:vnrq
rorouq6uUuln:.rnr:rJ?qiUrronntiU0utR^ru n

tf rfinr ru no r4u driu dU u.r'rui6'u il : yrmeln a fi h?4 u

cfu eq u nr : fi n u rr rn v qu rin ?r il rfl u rAf, d''r u n',, d', n',,

rrasldrJ:s Iuvfornroqrfi uqfl dril n:5il nr:rnufl :
(Excellent Center of Waste Utilization and Management;

Ecowaste) il il rail 0rd'utyrn I u IaEvr : y o o il rn dt r uu5
Atiz{Ar?q

m o u rn : te ?t dfr lu m rtay rfr : o.t tJ 0 ou fl : 0r lu fl t: ? 0 u

9a
toRdt:o1.lo{

tl] Chaiprasert, P., Nopharatana, A., Pepatung, N.,

Ministry of Energy and Ministry of Agriculture and

Cooperative .2005. Development strategy

and Promotion of Biodiesel Utilization

from Palm oil, [2005, January l8].

Jetsada Chotwattanasak. 2004. "Treatment of Palm

Oil Mill Eflluent by High Rate Anaerobic

Digester". Thesis of Master Degree of

Science in Environmental Technology, King

Mongkut's University of Technology

Thonburi, Bangkot<.

Bureau of Water Technology and Industrial

Pollution Management. I 99T.Environmental

Management of Palm Oil Mill Industry.

Bangkok.

Ichroj, S. 2004. "CSTR Biogas Technology." The

Expertise Meeting in Biomass Technology:

Biogas System and Waste Management in

Animal Farms, 27 February.

Puetpaiboon U. and Chotwattanasak J. 2005. "An

Anaerobic Treatment of Palm Oit Mill

Wastewater under Mesophilic Condition"

IOnline] Available:http://web.eng.psu.ac.th./

enghome /web_GuidelinelTr eatmentYo20

Web/Puetpaiboon_U.pdf (retrieved June

19th.2005)

Iannr rlqriu, drJslu en:risni, ttryivrd l.ilfinr-
uuri rrnvq:6 ruqoilqqnld. zs4e.

"e{a fl o { nr: rsr^ru Ivr6 rru o fsio n r: rfiq rfi er

^ 
dl a d 4

gr"u fl 0ulaum:8uavfl 1: t{an nrrys1R]il0rn

rirrfi uI:{rru aii'nrirfurJreirulo uld:vrr
rJroro dfi ." nr:il:vqruirrnr:dsurofloil
urisyrfi. nf.rfi s, iufi a-ro fiurnil zs+s.

E 
c14 r u r fl I n o : fiu d u a v a r I : a q sU u fi 0 du u-er^. 2 5 5 0.

"dlJ::6tu;10.::ylJlJUrorodfi fi rirrjprrinfi u

l:'r afi'q u3rilu rJ'r,ir,." nr:ilivTilarrnrr

t2l

t3l

14)

t1l

t6l

17l

Kullavanijaya, P., Songkasiri, W., and

Loapitinun, A. 2006. Final report: An

Overview ofStatus and Potential ofBiogas

Production from BioWaste in Thailand, 
tgl

submitted to Joint Graduate School ofEnergy

and Environment, King Mongkut's

University of Technology Thonburi (in Thai).



clsalsSflrnssuaffios s1uu0nasruus 5g

s v I a "Y.l - ad{u19lct0iltrfi{u19t. nt{yt 6, 1u1t 7_9

frurnru zsso.

t9l vanriyori mfr or':rrnry:, nrryfi nr n:o,rr::ilryrer^,

dilryru nr:rfnrf, ar-g.1oi r;iyr6ail ua&

#ryryra uiirla. 2sso.,,iltydninrnro.r
: y r-r ur ro ur ro I: fi ndrn ru 6.rur mE uo nrqr of
( roro dfi o rf) 1u nr:rjrrje nr:o^uvr6 rilurir
rfr uI:.:{ru rufi rti',riutJ',,iu." nr:il:vrn
i^-^^---a.,.. 2/ | o J j -'j?ulnt:cr{tl?9taoilttfi{T-19t. n:{?1 6. aU14

7-9 fiurnil 2550.

[10] Shahrakbah, Yacob., Yoshihito, Shirai., Mohd, Ali
Hassan., Minato, Wakisaka., Sunderaj,

Subash. 2006. "Start-up operation of semi-

commercial closed anaerobic digester for

palm oil mill effluent treatment .', process

Biochemistry. Vol.4l, pp.962-964.

[11] c.D. Najafpour., A.A.L. Zinatizad,eh., A.R.

Mohamed., M. Hasnain Isa., H.

Nasrollahzadeh. 2006.,.High-rate anaerobic

digestion of palm oil mill effluent in an

upflow anaerobic sludge-fixed film
bioreactor." Process Biochemistry. Vol.4l,

pp.370-379.

[12] APHA (American Public Health Association),

AWWA (American Water Works

Association), and WEF (Water Environment

Federation). 1999. Standard methods for

the examination of water and wastewater

(20th edition). Washington DC: USA.

[13] Van Soest, P. J. 1963. "Use of detergents in the

analysis of fibrous feeds II. A rapid method

for the determination of fiber and lignin."

J. Assoc. offic. Anat.Chem. M829.

ll4l Ren, N.Q., Zhao, D., Chen, X.L., Li. J.2..2002.

"Mechanism and controlling strategy of the

production and accumulation of propionic

acid for anaerobic wastewater treatment."

Science in China (Series B). Vol.45, No.3,

pp.319-327.

[15] Mensah, K.A., Forster, C.F.,2003. "An examination

of the effects of detergents on anaerobic

digestion." Bioresource Technology.

Vol.90, pp.133-138.

t r ol riu fi u ri'ar.r1 annrf. 2s25. n1:oonuuur?un:vuru

nt:ro{:vuurirrYorrirrdslos?Gf, r?yrsr.

n: { n1l't"4 ' I: { fiil duri.r 1wr a.r n: ai
ilHtemflrd'l.

ltzl artrnrLisrn:filrrrodoil'lmu. zs+0. Eirdriluqnr:

oofl uuuisuurirrYorirrds. fl i.tm?r"4 :

riouuflrnr:n^ruf.

t r sl d'or fr'q fr?o riu rilvr r; ai. zsqs. : s ulrjrrYorritrds.

nqlrvrn"l : ri/0il.
@4a

[19] rutierd :-flnila, qriln 1ryuil:yfimr{, qailr{n

vr*mi'h,r q a ri. z s qs. -1Jz v R nfi n r n r o,r : s r u
t

rirriqdrrfi uroro afi o rf rruilrmofIilfl An

uay fi Jryfl o n 1u n r: rirrjsr rirrfi u I:.:{ ru_ y_
annrirfurirairu,, nr:il:vqru?rrnt:
d v I o Ji - ad.tu?oa0ilu1{{ytgt. ntim 5, iu11 g_10

ilu]nil 2549.

[20] Richard E. Speece. 1996. Anaerobic biotechnology

for industrial wastewaters. Nashville :

Archae Press.

t2ll rfdfi dilU:ni, ntfl0ut utovfiilfr, ntiUfiot
n:o,lr::uutst^, dilrtanr:rffl f. zsso.

"rJ:y fi n fi n rr{ ro.r ryu rJrro uuo l:fi n
q- - 3 d < d tatil tn : yt9t iltu a inlnfl : [[0 nln o i 1u n ]:
rirriq er: o'u yrE dlu ri lfi a I : i { r u rua^fl rir fu

tJrJrriu." nr:il:vqru?rtnt:A{u?odoil
ra!'

Irfi{rtd. nf.:fi o, iufr t-s frurnru zsso.




