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A Study on the Kinetics and the Biogas Formation for Organic
Wastewater Treatment in Anaerobic Fluidized-Bed
Bioreactor and New Model AFPBBR

Jea Woo Kim and In Yong Chang
Department of Chemical Engineering, Kon Kuk University

ABSTRACT

The anaerobic digestion of organic synthetic wastewater in anaerobic fluidized bed bioreactor
(AFBBR) and anaerobic fluidized packed bed bioreactor (AFPBBR) was studied. This study was
conducted to evaluate efficiency and reliability of two reactor. Experiment was performed to find
the effect of upflow rate with AFBBR and the height of packed bed with AFPBBR.

As a result, this program obtained several conclusion. These are given as follows :

As applied the upflow rate increased in AFBBR the produced volume of biogas increased, while
the gas production and COD removal decreased at above 0.3 m‘/h. When a upflow rate is 0.4 m*h
in AFBBR the volatile suspended solid (VSS) became significantly increased.

At an organic loading rate from 0.1 to 0.4 of upflow rate in AFBBR, the methane yield was
1.5584 m*CH,/kgCOD removed, and the observed cell yield coefficient was 0.0933 gVSS/gCOD.

In case of AFPBBR, the results showed also that 20 cm of height of packed bed was superior
to other in the aspect ot biogas production, the content of methane and COD removal. At 20 cm
of height, the profile of microorganisms was stable, while at 30 cm the VSS of effluent became
higher than AFBBR. Though COD removal of AFPBBR increased with packed bed, COD removal
deteriorate with over packing because the loss of pressure became higher in the reactor.

A: an organic loading rate from 20 to 40 cm of packed bed in AFPBBR, the methane yield
was 2.5649 m*CH,/kgCOD removed, and the observed cell yield coefficient was 0.0506 gVSS/gCOD.

Based upon the results obtained, it is suggested that AFBBR and AFPBBR is the most effective
conditions at 0.3 m"/h of upflow rate, the 20 cm of packed bed, respectively.

The rate constant are summarized as follow :

I Maximum | Sub. conc. at| Endogenous Yield Maximum Temp.
specific one half the decay coefficient rate of sub. (c)
growth rate maximum coefficient (mgVSs/ util. per unit
dmh growth rate danmn mgCOD) mass micro-
(mgCOD/I) organism(d ')
AFBBR 0.2731 1.600 0.0428 0.0883 2.7503 36
AFPBBR 0.1498 1.231 0.0253 0.0506 2.9612 36

Keywords : Biogas formation, anaerobic fluidized bed bioreactor. COD removal, wastewater treat-

ment, anaerobic fluidized packed bed bioreactor.
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Table 2. Components of synthetic wastewater

Components Concentration (mg/l)
Glucose 7,000
NH,HCO, 1,500
NaHCO, 3,800
K.HPO, 280
MgCl,-6H,0 250

CaCl, - 2H.0 100
CoCl,-6H,0 575
FeSO,-7H,0 57.5
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Fig. 2. Gas production vs. days of operation in an
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Table 3. Biofilm & mixed liquor VSS vs. upflow rate an anaerobic fluidized-bed bioreactor

Upflow rate

(m'/h) 0.1 0.2 0.3 04
Bioflim | Mixed liquor | Bioflim | Mixed liquor | Bioflim | Mixed liquor | Bioflim | Mixed liquor
VSS (mg/l) | 4911 419 7081 8726 257 3649 342
5330 7408 8983 3991
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Fig. 7. COD removal vs. packed-bed height & upflow
rate in an AFBBR and AFPBBR at steady
state [(<+) : AFBBR: (@) : AFPBBR].
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Fig. 8. MLVSS vs. reactor height in an fluidized-pack-
ed-bed bioreactor [( ) :packed-bed height
10 cm; (@) : packed-bed height 20 cm; (=)
packed-bed height 30 cm].
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COD A A&} AFBBRol A4 upflow rate2] *85
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cmE A AE F AAYE o] COD A A R0
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Hapadel] o] COD YAl 7 &o] 854% 2 v
vhe A4 14E vlepdiglo) o]7lo® Bol AFP-

BBRe] AFBBRX.t} COD #1780 tighs] obs gt
& oF 47} 2U9lch Fig 8% AFPBBRo 4 7]
shetell fr5-% FolE 30~33cmE A6k, Agt
o] packed-bed2] Fol& WM3A|A Friy HP~°~°1
Aapadefell mdaled & wl, vk§-7] Folol wpE ML-
VSSe) 7he kel Zloloh o] e ukg-v] Al
412 %] packed-bed2] %17} 20 cmed w7} 10 cm)
u}] l;!t]. LS u] kg h=a O] 0\:0] H)..°—7| x—]u}ﬂ o Ll,L
s 7ot sgelvh 30emel e Seel #A -
Fro] o] ol &g oF T AUTh ol Ho}
HE-2-7] Auhol A x| gk packed bed®] =ol7} B utb
S7)oll M= 20emel wivb HARHeleta B 4
algdul. Table 4+ AF I’BBROJ] 2} biofilm VSSakz}
mixed-liquor VSS&k& viehdl 7lo] ) Mixed-liquor
VSSgko} biofilm VSSut Bt tighs] #38 o 4
qledal, total VSSzk-g Mol packed-bed2] =o]7}
20eme w7 HAA-xAA R o4 & gk

3858

Fig. 9+= AFBBR2} AFPBBRel| 4] upflow rated
sk} whg-7] Abxtell packed-bed height] H3}e]|
w}i% Qrganic loading removal rate(OLR)ol| vzt
CH; gas production rate(GPR)S vlebdl Zlo]ch
o}7}4 AFBBRel glei4] =715l CODel| gt CH,
gas A A e 1.5584 my- CHy/kg-CODolgl o,
AFPBBRol| 2lei4 #7151 CODel|l vj&t CH, gas
g Adeke. 25649 m*- CHy/kg- CODYS oF 4 2lal
c}h. wheb4] AFPBBRo] AFBBRMY vl el gas A
”’3‘01 uf- EekgS oF & oslsdch

Zx aka A (12)0l] o) 8}od Fig. 105 vhehd Zo)ch,
Fig, 104 AFBBRs} AFPBERol 4 v17] 1 o] 845
Ay 2b whEsHR oK) S s sk ¢lE)
o} Absk8-o] W slekel thgl v)AEakrle] A=

Table 4. Biofilm & mixed liquor VSS vs. upflow rate at anacrobic fluidized-packed-bed bioreactor

Packed-bed height (cm) 10 20 30
Biofilm Mixed liquor Biofilm> Mixed liquor Biofilm Mixed liquor
V5SS (mg/l) 7528 140 3730 105 4110 182
7668 8875 4292
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Fig. 9. OLR vs. GPR in an AFBBR and an AFPBBR
[(2) : AFBBR: (@) : AFPBBR].
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Fig. 10. Evaluation of kinetic constant K and Ky in
an AFBBR and an AFPBBR [(:%): AFBBR;
(@) : AFPBBR].
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Fig. 11. Evaluation of growth yield coefficient Y and
decay coefficient K, in an AFBBR and an
AFPBBR [( :: AFBBR; (®): AFPBBR].
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Fig. 12. Concentration of growth-limiting substrate
in solution vs. specific growth rate in an AF-
PBBR (—-~-) and AFBBR and (—).
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7)1 AEuk&7]e]  anaerobic fluidized-bed

bioreactor(AFBBR)#} anaerobic ﬂuidized—packed-

bed bioreactor(AFPBBR)ell A} -#-7] A |-+ z]e]3h
Az o33 e AyE lgdek

«ll,AFBBRY} AFPBBRol 4] ojAE & Ad2A)s=
vk ol 5}*4519—] jidel oFe biofilme A&

Jea Woo Kim and In Yong Chang

A

& 9)edth =g OLRe)| &+ methane
gas B 4152 1.5584(m* CHy/kg COD) b2 <ddch

0] x] VCL oL

3" AFPBBRe 4 wkg-7]  Abgtol] A& packed-
bede] Eo]o uwpit ¥ > TPGH packed-
bed®] wol7F 20cme w7} 7} wo] WA
913, =& OLRel &t methane gas 4 4&-2
2.5649(m*CHy/kg CODY§ES sigduk o 3k AF-

BBRel 4] o1 &

7"”}»HL’]— tHg},rg] n_l-(; ol;o]_o, ol—

% ofe] o2 F3h5lg #alslelin, AFBBRo 4= <ledr). AFBBRol 4+ fluidized-bed 7} )
i fE5 Fol Eaehs Pavldel ool ET P PR P e
dakfrake]l 04m'/hel of 21 Alslelch AFP- CODZ = 7491 7he- ofo] EAghe of ‘ilii
BBRel 4= {54 goll E3tehe Fiul i o, o]3= fluidized-bedol A]3= Sk &3to] 7}
Fo] packed-bed 7} 30 cm! wiz} sp4 Alskeic) =&hcba A 7Fslek. AFPBBRe) 43+ packed-bed
(2 AFBBRel| 4] Alak$-4:0] wHslell thal biogase) of 2]ste] COD Al 7igko] ti 47}slu}, packed-
AR AfRde] 75 A Es TPGeke- bed7d vF Fod sieile] #H FA] ok
wobaly, MAE+= methane gas2] <2} COD A zefsheich
WAL Fgfare] 03mY/hel Wl b W 1wk diee oteluv] Slste] chgut o
e slelonk of olabel Agfdel Hm W Ashar sisiek
Maximum | Sub. conc. at | Endogenous Yield Maximum Temp.
specific one half the decay coetficient rate of sub. (C)
growth rate maximum coefficient (mgVSS/ util. per unit
dm growth rate dh mgCOD mass micro-
(mgCOD/!) organism(d ")
AFBBR 0.2731 1,600 0.0428 0.0883 2.7503 36
AFPBBR 0.1498 1,231 0.0253 0.0506 2.9612 36
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