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1. Modeling of Activated Sludge Process

 IAWQ activated sludge model No.1

 Secondary settler modeling

 Integrated modeling

 Benchmark study model (predenitrification process)
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1.1 Outline of Activated Sludge Process
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1.2 Modeling

 Bioreactor modeling
 IAWQ (International Association on Water Quality)

Activated sludge model No.1 (1987, Henze et al.)

 Secondary settler modeling
 Solid flux theory (1986, Vitasovic)

and double exponential velocity theory (1991, Takâcs)

 Integrated modeling (predenitrification process)
 COST682 Working group : Benchmark study model
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1.3 IAWQ ASM No.1 (1)

 13 components
 Microorganisms (XBH, XBA)
 Carbonaceous compounds (SI, SS, XI, XS, XP)
 Nitrogenous compounds (SNO, SNH, SND, XND)
 Auxiliary states (SO, SALK)

 8 reactions
 Oxidation of organic carbon, Nitrification, Denitrification, etc.

 Basic structure (mass balance)
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1.4 IAWQ ASM No.1 (2)

IS

IX

NOS

HBX ,

NDX

NHS

NDS

PXSX

ABX ,

death

dea
th

death dea
th

death

an,oxicgrowth

anoxic
growth

aerobic
growth aerobic

growth

dea
th

nitrification

aerobic
hydrolysis

anoxic
hydrolysis

ammonification

aerobic
hydrolysis

anoxic
hydrolysis

SS
anoxic
growth

aerobic
growth

Soluble inert
organic matter

Particulate
inert organic

matter

Readily
biodegradable

substrate

Slowly
biodegradable

substrate
Particulate products
from biomass decay

Nitrate +
nitrite nitrogen

NH4
+ + NH3

nitrogen

Heterotrophic
bacteria Autotrophic

bacteria

Particulate
biodegradable organic

nitrogen

Soluble
biodegradable

organic nitrogen



Process Systems Engineering Lab.POSTECH, Dept. of Chem. Eng.

1.5 IAWQ ASM No.1 (3)
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 Important equations

( )

SS.r
r

S,in
in

B,H
NONO

NO

OO,H

O,H
h

OO,H

O

B,HSX

B,HS
h

NONO

NO

OO,H

O,H
g

OO,H

O

SS

S

H

HS

S
V
QS

V
QS

V
Q        

X
SK

S
SK

K
η

SK
S

XXK
XX

k        

SK
S

SK
K

η
SK

S
SK

S
Y
μ

dt
dS

−++



























+









+
+








++
+



























+









+
+








+







+

−=
ˆ

( )

SS.r
r

S,in
in

B,H
NONO

NO

OO,H

O,H
h

OO,H

O

B,HSX

B,HS
h

NONO

NO

OO,H

O,H
g

OO,H

O

SS

S

H

HS

S
V
QS

V
QS

V
Q        

X
SK

S
SK

K
η

SK
S

XXK
XX

k        

SK
S

SK
K

η
SK

S
SK

S
Y
μ

dt
dS

−++



























+









+
+








++
+



























+









+
+








+







+

−=
ˆ

)Sa(SKX
SK

S
SK

S
Y

Y.μX
SK

S
SK

S
Y

Yμ
dt

dS
OO,satLB,A

OO,A

O

NHNH

NH

A

A
AB,H

OO,H

O

SS

S

H

H
H

O −+








+







+







 −−








+







+







 −−= 574ˆ1ˆ )Sa(SKX
SK

S
SK

S
Y

Y.μX
SK

S
SK

S
Y

Yμ
dt

dS
OO,satLB,A

OO,A

O

NHNH

NH

A

A
AB,H

OO,H

O

SS

S

H

H
H

O −+








+







+







 −−








+







+







 −−= 574ˆ1ˆ



Process Systems Engineering Lab.POSTECH, Dept. of Chem. Eng.

1.6 Modeling of Secondary Settler

I

V0’

V0

Concentration

II III IV

Settling 
velocity

 Solid flux theory 

(bulk movement + gravity settling)

 Double exponential-velocity 
theory
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1.7 General Settler Model

Limitin
g solid 

flux



Process Systems Engineering Lab.POSTECH, Dept. of Chem. Eng.

1.8 Integrated Modeling

 Combination of reactor and settler

(fraction equality)

 Predenitrification process
 Advanced wastewater treatment process (nitrogen removal)
 The most economic nitrogen removal process (1991, Henze)
 Benchmark study model (COST 682 & 624 Group)

 Five-compartment reactor and secondary settler
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1.9 Benchmark Study Model
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1.10 Simulation Results
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