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Performance Estimation of SBR Aerobic Digestion
Combined with Ultrasonication by Numerical Experiment

TX|HEE 8¢ XS0t ZEY SBR 2714 4349 AHs o=

Sunghong Kim' - Donghan Kim® - Dongwoo Lee?

Abstract : Using a developed mathematical model and calibrated kinetic constants, numerical experiments for a aerobic
digestion of wastewater sludge by SBR aerobic digestion process combined with ultrasonication (USSBR) were performed in
this study, It simulated well the phenomena of the decomposition of particulate organics and the release of organic nitrogen and
transformation, To achieve 40 % of particulate organics removal, USSBR process requires only 6 days of SRT and 14 W/L of
ultrasonic power whereas SBR aerobic digestion process requires 12 days of SRT, Based on the model simulation results, an
empirical equation was presented here, This equation will be used to predict digestion efficiency for the given variables of SRT and
ultrasonic power dose, USSBR aerobic digestion process can reduce the nitrogen concentration, The optimal operation strategy
for the simultaneous removal of solids and soluble nitrogen in this process is estimated to 7 days of SRT with 14 W/L of ultrasonic
power dose while anoxic period was 6 hours out of 24 hours of cycle time, In this condition, 40 % of particulate organics as well
as 36 % of total nitrogen will be removed and the soluble nitrogen concentration of the centrate will be lower less then 40 mg/L.

Key words : aerobic digestion, SBR, ultrasonic treatment, activated sludge model, denitrification
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7|54 XA : Autotrophic biomass(as COD)
) g XH : Heterotrophic biomass(as COD)

XI:1 icul i D
SALK : Bicarbonate alkalinity(as Mol HCOS’) nert particulate organics(as COD)

XP 1 icul i
SI : Inert soluble organics(as COD) nert particulate organics produced

in cell decay(as COD)

SN : Soluble organic nitrogen(as N) .
XS : Slowly biodegradable substrate

SNH : Ammonium plus ammonia nitrogen (as N)

D

SNO : Nitrite plus nitrate(as N) (as COD)

SO : Dissolved oxygen(as O,) JB1eEA Hao] Hajalsol A%

SS : Soluble substrate(as COD) K - Maximum growth rate for het—

erotrophs in aerobic growth(day™)
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K.y * Saturation coefficient of oxygen
on aerobic growth of heterotrophs
(mg/L)

b, : Decay rate constant for lysis of

heterotrophs(day )

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

. 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)'day ™

K, . Overall O, transfer rate(day™)

La

K, ‘Saturation coefficient of nitrate

on anoxic growth of heterotrophs
(mgN/L)

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

K,  * Saturation coefficient for alkalin—
ity (mmole/L)

1, * correction factor for anoxic hydrolysis(—)

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 )

f ! Fraction of inert COD generated in

biomass lysis(—)

i, . Nitrogen content of biomass

(mgN/mgCOD)

1 . Nitrogen content of particulate or—

ganics (mgN/mgCOD)

. Production of SI in XS hydrolysis(—)

Y,, © Yield coefficient of heterotrophs(—)
Y, ¢ Yield coefficient of autotrophs
(mgCOD/mgN)

SO.,.. .+ Saturation concentration of dis—

SAT
solved oxygen(mgO,/L)

Temp : Temperature(T)

2wt Balo] Halager A%
k kUA

UH*

. Decay rate constant for lysis
of XH and XA on ultrasonica—
tion ((W/L) 'day ")

k y  Decay rate constant for lysis of XS

on ultrasonication((W/L)*day ™)

f . Fraction of disintegrable XS, XH,

XNB by ultrasonication(—)

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

ultrasonication(—)

D, : Ultrasonic power intensity(W/L)

TR Y Ao AHRE 7S
Q,, - Influent flowrate(L/day)
V_.. - Maximum volume of reactor(L)

eHRT : Equivalent hydraulic retention

time(days)
r . Reaction rate equation of kinetics
described in Table 1

TME
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Table 1, Process kinetics and stoichiometry
component
-~ XI | XP | XH | XA | XS | SI SS | SNH | SNO | SN | SO | SAIK rate law
kinetics
o SS SO
Aerobic 1 1-Y, i Hait " K 4SS " Koy +SO
1 growth 1 Y, -y Y, T L_SNH
of XH K iz +SNH
. 1 i 1 ss K
Anoxic - B e g ) L]
2 h 1 L : 286 1440 "MK +SS T Ky +50
growt Y, | e |1-Yy 1—Yy sNH SNO XH
of XH Y, Y, "KyptSNH Ko +SNO kT
Decay o
3 of XH f, | -1 14, i, b, - XH
. . 1 df SNH SO
Aerobic 'n 1 a57| "7 Y, | P K tSNH Koy +50
4 growth 1 2 | T Ty i SALK
Y, A A | B s < XA
of XA 4 1 K iz +SALK
- Decay .
5 of XA f, -1, i, b, - XA
Aerobic (XS/XH) &
6 | hydrolysis -1 f, 1, i, k¢ OGN | Ko 750 - XH
of XS
Anoxic L_xshxH) o Ko
+ +
7 | hydrolysis -1 f, 1-f, i, KS?IO(XS/XH) Kon 530
of XS Ko TSNO 7,- XH
A ifi-
g | Ammonit 1 1 1/14 k - SN - XH
cation a
9 Aeration 1 K, - (8O,,,-SO)
Ultrasonic . . f-f | f@1f) .
10 - ff | -f uo v X f k D -XH
lysis of XH ux | - (1) | - () bl Ul U
Ultrasonic f-f | £@af)
1 ff -f voIo| U X f k,  -D, -XA
lysis of XA U v S(£) | - () ot oy
Ultrasonic - . f-f | f@1f)
12 . ff -f LN B f k -D_ -XS
lysis of XS ulx o) | - Lly ux P
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(A) Ultrasonic pretreatment and SBR digestion

Digested
sludge

US horn
L:I /® Mixer
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<
Air ®/ (T) Computer controlled

(B) SBR digestion combined with ultrasonic decomposition

Fig. 1. Combination strategy for the SBR aerobic digestion and ultrasonic treatment

Table 2. Stoichiometric coefficients

Coefficient This study Unit ASM1™
Y, 0.63 gCOD/gCOD 0.67
Y, 0.24 gCOD/gN 0.24
> 0.10 gCOD/gCOD 0.08
iy 0.07 gN/gCOD 0.086
i, 0.04 gN/gCOD 0.04*
£, 0.1 gCOD/gCOD -
f, 0.05 gCOD/gCOD -
£, 0.547 gCOD/gCOD
I Henze et al. (2007)
2 adopted from ASM2(Henze et al.(2007))
? calculated value from a batch ultrasonication experiment
(Kim et al., 2013)

Table 3, Kinetic parameters

Parameter | Value Unit Reference value’
o 0.2 mgO,/L 0.2
Ky 20 mgCOD/L 20
K, 0.1 gCOD/gCOD 0.03,0.1
k, 0.3 day! 3
75N 2 day™ 6
Kom 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
K, 0.5 mgO,/L 0.4,0.5
n, 0.6 - 0.4,0.6
n, 0.8 . 0.8
”o 0.618 day™! 0.8,1
K., 1 mgN/L 1
b, 0.1 day! 0.15
K 2000 day? -
SO, 9.1 mgO,/L -
k., 0.202 (W/L)" day -
K, 0.202 (W/L)" day" -
k. 0.202 (W/L)"* day™ -

“used in ASM1 and ASM2
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A Ho)| 45tz vro 2 wjEHTh, 7)== ALl
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717 At "o 259 AXE E9A +
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mg/L TCOD 2O 000 mg/L 01‘_‘}_'_1/]0]— PPN

A A 4 10 mg/L =31 o
Aes E@, AEo] ANE BEgiz 2y o] uq

o= st Table 49F e},

Table 4, Inflow sludge components

Component Unit Concentration
XI mgCOD/L 2,000
XP mgCOD/L 0
XH mgCOD/L 9,000
XA mgCOD/L 0
XS mgCOD/L 8,450
SI mgCOD/L 300
SS mgCOD/L 200

SNH mgN/L 50
SNO mgN/L 10
SN mgN/L 0
DO mgO,/L 0
SALK mM HCO_{/ L 10

2do] A4S $8l Microsoft Excel VBA

E 0]835}o] A EY o) T2 IS 2AEG o
H, §25ta wreAle) Attel 4% Runge-

Al
=

Ane A

FAoHKim et

2 _l>”
%1
H

i FSE

= -

Oll

al., 2013). o}z Wo] we) zaﬂ, f71%ol A
& gRo] 2714 PAAE O] EEaHe ARHE

AR ggro}y Z7)1zA9 A Ge]l 800 T7]
o AFo = A]AEjo] OFRE| T 2B Q4
712 A4 e (periodic steady—state)% E?&

ong SAAY A= 800 F#719] Autg B
&2 AlAksoc,

7)1/ asto A 71 523t JFIAl= SRT
o 23tew=E A, SRT7F 442 g1 43}
2E7t HEFE A3 EES T Metcalf
and Eddy, 2004), & dAqoAE AARE=7}
Roma NYPEAFALE FETHAFAIZE
1} FYstct, wEkA, 54952 0.05 L/min,
22 Ho AL 2.5 LE LT Aol 4]
27 3to] SRT W3}o] w2 43}
A3 EE= 20 TR A
Fig, 20| 7]/ 43}tol| A SRT ¥3}t
of M2 AstagI} 24 FA9] T HIE

Aol A SRT7} Z71ak=
031 SRT7P 20‘011*1 2098 =
F71E AAEL 9 %ollA 50 %

B~
-
flo
o]N
I r
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) BN Particulate removal 50 - 450
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£ 40 g
g 300 >
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= =
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i =
=
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Fig. 2. Effect of SRT on (a) organics removal and soluble ni-
trogen (SN) and (b) the components of nitrogen(NH3-N,
NOS3-N) and nitrifier(XA)
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Fig. 3. Relationship among the ultrasound(US) dose, SRT and
COD removal rate
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Fig. 4. PCOD removal rate obtained by equation (3) and model
prediction

3-3 WLAHHE I8t 27 He

fol
N
ox
b~
o
rr
ol
5
>
A
N
f
o
N
<
~N
ol
ol

_>|J_|‘
ich
oK
oX 1y
WY
B2
_>‘J_|‘
o
oH
ox
|o
=
N
e
b ro © 2
=z £ k

= &
= 1
i) olN
BN
o o
o X
(i
off
- v
T S

N
L)
o

N

2 5o
S Gt Gt ot

o me

2
N
N
ol
Ir
-,
aju
N
E
Hi ol °F Hz
2
1o
4z
_0‘L
rlr

1o mlmggi
gt z o
1w ﬂfﬁr;!g
o I ot > oo N
W opo By
twodo oo e B
o e/
ﬂ;—t’n#: N o
3:9‘1]?\; off
o ool

N o
HN ox
g
for =
N
>
b o

2o
I
A

TS

N

A

2

i)

rr
oo

£ 8
2
ol

_ﬁ
oo
o
fal

U 2 o
e FO oo
)
o)

-

e B

Y
K3
=)
i
e
o
N
of
ot
o Hi ofi X
r.lo Q. l‘U?‘_’. ¢

(N a2

. ir o
T 4
"

O.u;g
Mk
o

<
g

S
lo
rE -d

o
4

)

BN

i r_);
mu xS

Wl dr

Table 5°f &2} 7}#] 9]
T Ho mE 1y ET
AlBFGATE, 3FollA] 4 B

Mo
l‘ll‘ [
ok MY

=
z N
N
>,
L
l-'O
N}
g

AZHE BAITHY Yol A7) = 1, ¥ = 02
2 FA5I =, olE 59] 01112 6A]%F vl

7] % 18A1ZF 3 16& 95 W, 10102 64
7k 327), 6A17F H|227], ThA] BAIZE 227], 6A1ZE



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 27, No. 6, pp. 815-826, December, 2013
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Table 5, Operation mode and the digestion rate
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0], 257E 12 W/L HE2 A2
=3 :LaL USSBR(7)& SRTE 7Y
™ € 14 W/L v&=2 A%t

L= 43}
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= SRT
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A= 7\1]7‘]
T 6ol 12 W/

ool FA2
T %= vlulste] A A= 7] os}
320 mg/L=Z #=okxl
t}, CASE 49} CASE 62 A40] A& &@ .

oA A& T2 FALS HojZeh =
_9_5_/\4 Xl/\ L.;El_ HH o ——Q-Eﬂ
= CASE 4= ormyjolal A
4> 220 mg/LE YEYo}
ek, ey
27} 719] 002 YEE 2 d7he|E HEo
= A A2 dH Yol Ao Xt
Axkslste Aol e,
€} 1/2%1 CASE 62 874 A4 370 mg/L7}
3, S =
Al Z7ysict, o]

ik AJ7Fo] A7

o O
==

o}
=

it

o
7(—S]—|—1__

) g Removal rate(%) SN Alkalinity .
Operation mode PCOD TCOD ™ (mg/L) (VL) Remarks
1111 41 33 3 280 0.1 CASE 1
0111 35 28 33 24 5.5
SBR
(SRT 12) 0011 21 17 37 28 5.2
0001 12 10 39 46 6.3
1011 35 29 33 17 6.0 CASE 2
1111 40 33 2 320 0.4 CASE 3
USSBR 0111 37 30 31 51 3.7
(SRT 6)
US 12W/L 0011 32 26 2 340 31
1011 38 31 33 38 4.8
1111 45 37 2 380 0.3 CASE 4
USSBR 0111 40 32 34 48 3.8 CASE 5
(SRT 7)
US 14W/L 0101 35 29 2 370 33 CASE 6
1011 40 33 36 35 4.9 CASE 7

- SBR : SBR aerobic digestion
- USSBR : SBR aerobic digestion combined with ultrasonication
- US : Ultrasound dose
- TN : Total nitrogen
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Fig. 5. Operation strategy for the simultaneous removal of or-
ganics and nitrogen in the SBR or USSBR aerobic diges-
tion of wastewater sludge
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Fig. 6. Periodic response of (a) SCOD, DO and (b) nitrogen
components in a cycle of USSBR aerobic digestion (UCT
means ultrasound execution time).
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Fig. 7. Components changes (a) before and (b) after USSBR aerobic digestion in case of optimal operation strategy.
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