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Numerical Model for SBR Aerobic Digestion Combined with
Ultrasonication and Parameter Calibration
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Abstract : Based on the activated sludge model(ASM), a mathematical model which represents the aerobic sludge digestion by
sequencing batch reactor(SBR) combined with ultrasonic treatment was composed and performed in this study. Aerobic digestion
using sequencing batch reactor(SBR) equipped with ultrasound treatment was also experimented for the purpose of parameter
calibration, Most of the presented kinetic parameters in ASM or ASM2 could be used for the aerobic digestion of sludge but the pa-
rameters related in hydrolysis and decay rate needed modification, Hydrolysis rate constant of organic matter in aerobic condition
was estimated at 0.3 day"and the maximum growth rate for autotrophs in aerobic condition was 0.618 day™', Solubilization reac-
tions of particulate organics and nitrogen by ultrasonication was added in this kinetic model, The solubilization rate is considered
to be proportional to the specific energy which is defined by specific ultrasound power and sonication time, The solubilization rate
constant by ultrasonication was estimated at 0,202(W/L)"'day" in this study. Autotrophs as well as heterotrophs also decomposed
by ultrasonic treatment and the nitrification reaction was limited by the lack of autotrophs accumulation in the digester,
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SI : Inert soluble organics(as COD)
SS @ Soluble substrate(as COD)

SNH : Ammonium plus ammonia

XI : Inert particulate organics(as COD)

XP © Inert particulate organics produced
in cell decay(as COD)

XH : Heterotrophic biomass(as COD)

XA : Autotrophic biomass(as COD)

XS : Slowly biodegradable substrate(as
COD)

nitrogen(as N)
SNO : Nitrite plus nitrate(as N)
SN : Soluble organic nitrogen(as N)
SO : Dissolved oxygen(as O)
SALK : Bicarbonate alkalinity
(as Mol HCO,")
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U ;- Maximum growth rate for het—

erotrophs in aerobic growth(day™')

K, @ Saturation coefficient of SS on aer—

obic growth of heterotrophs(mg/L)

K., ¢ Saturation coefficient of oxygen

on aerobic growth of heterotrophs
(mg/L)

b, : Decay rate constant for lysis of

heterotrophs(day ™)

K © Saturation coefficient of ammonia
on aerobic growth of heterotro—
phs (mg/L)

k., © Hydrolysis rate constant of organic

matter in aerobic hydrolysis(day™)

K, ! Saturation coefficient of particulate

matter in aerobic hydrolysis(—)

k, : Ammonification rate constant

((mg/L)tday™)

K, : Overall O2 transfer rate(day™)

K, * Saturation coefficient of nitrate
on anoxic growth of heterotrophs
(mgN/L)

K, ‘ Saturation coefficient of oxygen
on anoxic growth of heterotrophs
(mg/L)

1, * Correction factor for anoxic hydro—

lysis(—)

1, : Correction factor for anoxic growth
)

U, - Maximum growth rate for autotro—

phs in aerobic growth (day™?)

Ky, © Saturation coefficient of ammonia
on aerobic growth of autotrophs
(mg/L)

b, ! Decay rate constant for lysis of

autotrophs(day™)

fp . Fraction of inert COD generated in

biomass lysis(—)

i, : Nitrogen content of biomass
(mgN/mgCOD)

> Production of SI in XS hydrolysis
=)

Y., : Yield coefficient of heterotrophs(—)

> Yield coefficient of autotrophs
(mgCOD/mgN)

SO, + Saturation concentration of dis—

S
solved oxygen (mgO, L)

229 o] Bajyol A

k .k, ¢ Decay rate constant for lysis of

XH and XA on ultrasonication
(W/L)"'day™)

k. kyy * Decay rate constant for lysis of
XS and XN on ultrasonication
(W/L)"'day™)

f. o Fraction of disintegrable XS, XH,

XNB by ultrasonication(—)

f,. © Production of XP in XH, XA lysis by

ultrasonication (—)

E, : Specific energy (W/L day)

P, : Ultrasonic power (W)

U
V . Reactor volume (L)

Dyt Ultrasonic power intensity (W/L)

TAEE Lo AHRE 7S
C,  Concentration of water quality com—
ponent i (mg/L)

Ci_].n > Influent concentration of compo—
nent i (mg/L)

Q,, : Influent flowrate (L/day)

Q. ‘Effluent flowrate (L/day)

r(i) : Reaction rate equation of i compo—
nent described in eq.(16) — (27)

i: 12 water quality component such as

XP, XH et al.
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Fig. 1. Flow of organics and nitrogen in this model
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Table 1, Stoichiometric coefficients
I T Uni reference value*
oeflicient this stu y nit ASM1 ASM2 ASMZd ASM3
Y, 0.63 gCOD/gCOD 0.67 0.63 0.625 0.63
Y, 0.24 gCOD/gN 0.24 0.24 0.24 0.24
£ 0.10 gCOD/gCOD 0.08 0.10 0.10 0.20
i 0.07 gN/gCOD 0.086 0.07 0.07 0.07
f, 0.05 gCOD/gCOD 0 0 0
£ 0.54* gCOD/gCOD
£, 0,17 gCOD/gCOD
* Henze et al, (2007)
** calculated value from Fig. 5
#* Assumed value that is similar to f‘ ;
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Table 2, Sludge components in the experiment and simulation

Component Unit Influent Initial conditions

XI mgCOD/L 2,000 1
XH mgCOD/L 9,000 1
XA mgCOD/L 0 1
XS mgCOD/L 8,450 1
XN mgN/L 130 1
SI mgCOD/L 450 1
SS mgCOD/L 100 1
SNH mgN/L 80 1
SNO mgN/L 10 1
SN mgN/L 0 1
DO mgO,/L 0 1
SALK mM HCO 5'/ L 100 1
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Parameter | Value Unit reference value*
K, 0.2 mgO,/L 0.2
K 20 mgCOD/L 20
K, 0.1 gCOD/gCOD 0.03,0.1
k, 0.3 day™ 3
Ko 2 day! 6
Ko 1 mgN/L 1
b, 0.2 day! 0.62,0.4
k, 0.01 (mgCOD/L)'day™! 0.08
K, 0.5 mgN/L 0.5
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