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CHONS + O, + Aerobic Bacteria —> CO,+ W31 + End Products (2.1)
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31 2.3 Typical Growth Curve of a Bacterial Culture
1M1 : Orhon and Artan , Modelling of Activated Sludge Systems., 1994.
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AG . Biosynthesis
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ADP

Metabolic Products

‘g',‘lj 2.4 n‘l‘i‘la’fwﬁ'a\nmxmqa?m ( Utilization of Energy in Microbial Processes )

‘ﬁll’l : Orhon and Artan , Modelling of Activated Sludge Systems., 1994.
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#u1: Orhon and Artan , Modelling of Activated Sludge Systems., 1994,
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FIM, Volumetric

Ib BOD; toading,

applied/ tb BODg/ -
Process modification &, d Ib MLVSS - d 10343 - d MLSS, mg/L vig, h Q. /Q
Conventional 5-15 0.2-0.4 © 20-40 1.500-3,000 4-8 0.25-0.75
Complete-mix 5-15 0.2-0.6 50-120 2,500-4,000 3-5 0.25-1.0
Step-feed 5-15 0.2-0.4 40-60 2,000-3,500 3-5 0.25-0.75
Modified aeration 0.2-0.5 1.5-5.0 75-150 200-1,000 1.5-3 0.05-0.25
Contact stabilization 5-15 0.2-0.8 60-75 {1,000-3,000)? (0.5—-1.0)2 0.5-1.50

(4,000—-10,000)® (3~6)*
Extended aeration 20--30 0.05-0.15 10-25 3.000-6,000 18-36 0.5-1.50
High-rate aeration 5-~10 0.4-1.5 100-1,000 4,000-10,000 2-4 1.0-5.0
Kraus process 5-15 0.3-0.8 40--100 2,000-3,000 4-8 0.5-1.0
High-purity oxygen 3-10 0.25-1.0 100-200 2,000-5,000 1-3 0.25-0.5
Ouidalion dilch 10-30 0.05-0.30 5-30 3,000~6,000 B-36 0.75~1.50
“atch reactor N/A 0.05~0.30 5-15 1,500-5,0009 12-50 NiA
Leep snaft reactor NI 0.5-5.0 NI ’ NI 0.5-5 NI
Single-stage nitrification 8-20 0.10-0.25 5-20 2,000-3,500 6-15 0.50-1.50
(0.02-0.15)¢
Separate stage nitrification 15-100 0.05-0.20 3-9 2,000-3,500 3-6 Q.50-2.00
(0.04-0.15)¢

2 Contact unit.
®Solids stabitization unit.
CTKN/MLYSS,

YMLSS varies depending on the poriion of the operating cycle.
Note: IbH0% f° -d x 0.0160 = kg/m® - d

=
hnin

IbAb - d = kgkg-d
N/A. = not applicable
NI = no information

: Metealf & Eddy, Inc., 1991.
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2.8 iIMMAAMGUETInH (Traditional Approach to Activated Sludge Modelling )
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51 2.7 Process Diagram for Modelling of Carbon Removal in a Single CSTR
#1: Orhon and Artan , Modelling of Activated Shudge Systems., 1994,
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29 UHIANUAANGUENADY (New Concepts in Activated Sludge Modelling )
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C]I = SH + X!I (2'23)
Sll = fSlCT[ (224)
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Orhon and Artan , Modelling of Activated Sludge Systems., 1994.
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Raw Wastewater AadIud lof (%)
fy fy, fs fs fa
South Africa 5 13 20 62 0
Switzerland 11 il 32 45 0
Hungary g 20 29 43 0
Denmark g 19 24 49 o
Switzerland

Flawill (22 °C) 20 9 11 53 7
Tuffenwies (13 °C) 10 8 7 60 15
Dietikon (15 'C) 12 10 8 55 15
Denmark-Lundtofie 2 18 20 40 20
Switzerland Zurich 10 9 16 40 25
France-Pilot i0 13 33 44 0
France-Valenton 6 8 25 41 0
South Africa 8 4 28 60 0
Denmark-Lundtofte 5 5 56 26 8

fin Orhon and Artan , Modelling of Activated Sludge Systems., 1994,
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Textile 935 470 465 135 12 323 188 277
Meat Processing 2600 1140 1460 380 30 730 305 1155
Dairy 1410 1075 335 400 - 375 105 230
Confectionery 3380 3120 260 735 77 2308 - 260
Domestic 585 150 435 75 16 59 60 375
A Orhon, 1998.
Total Soluble
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Soluble Biodegradable Influent Soluble Soluble Inert Microbial
COD; 5;+8S, COD; s, Products ; S,
Total Particulate
COD; X,
Viable Particulate Particulate Inert Particulate Inert
Heterotrophic Biodegradable COD of Influent Microbial
Biomass ; Xy COD ; X, Origin ; X Product ; X,

E‘]J 2.9 dagutledly Mixed Liquor

Orhon and Artan , Modelling of Activated Sludge Systems., 1994,
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#u1: Orhon and Artan , Modelling of Activated Sludge Systems., 1994.
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dauveegadn ( X, ) dwdirouiiudiuvesasems Avadwannsoir lisise Tonilg

v o, ] 3 1 & oas i a J 3
TagruvumslalasTade ( X, ) uworduiemduduvesndadasiffatuiionn
NTAYBITOTN (X, )
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0, o, It
)
Loss of Viability Hydrolysis
S5 S p K - > X, i
Growth 1-f,, fis
A
aR.-""n.,._ fex
4 Sp
Sp Xp
%s /Lf 7
S5 h 4 > vy
X, ) 4

31U 2,12 uuAgmNsZUIUAISUOS Death Regeneration

17 : Orhon and Artan » Modelling of Activated Sludge Systems., 1994.

3 ' o o do o A o <1 & @ ar 3 o l
weumuiielsznounddyieRnsanmumsuesga®n ssnnisumhilunssesaans
. . »
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P o4 o o A =t ar @ L4 o
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dx, S
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dt | K, + 8,

5

X, (2.29)
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Tudauvesasemsiidmnnumslelas lada Task Group trUpATAARIIT
madgyiula Taewinmiuent Particulate Stowly Biodegradable Substrate (X;) 92 hignaady
Tnogatw usszgndn Blunzneurmmuiumslslaslaga Ta Extracellular Enzymes oglug1
vourawazgn 1959y Readily Biodegradable Soluble Substrate ( S¢) Movnduasmaes Ay In
033 FNIIN Particulate Slowly Biodegradable Substrate ( X, ) Taorvuaumslalas lada

1 4 cm o a o
iAoy Readity Biodegradable Soluble Substrate wgnuueiGonldlumsnayiyla
AEANNT

ix—":YH KMP(XS/XH) XH (2.30)
dt KSP +(XS/XH)

nnaunInTIAs lnveuaiiSaiosnnnis 19 sowly Biodegradable Substrate

lvifiamsanneea Slowly Biodegradable Substrate 1l llanyauats

dXx K
% Kalur) o o
dt KSP—I—(XS/XH)

LLﬁ“‘LNENTI"Iﬂ“]J;]ﬂiEJﬂHIﬂ‘E TagadnhnsniaduTah S oh s awsede

Lﬂumuﬂaumsmﬂuﬂamﬂmsmsmmuiﬂ(Rate Limiting Step ) ttaz 1S uaumsifu

o (xx,)

a Ok L +(x,/x ) T 232

dX

K,,, = Maximum Specific Utilization Rate for Slowly Biodegradable Substrate [ T ]

K, = Half-saturation Coefficient [ M(COD)M(Cell COD)}

k, = Maximum Specific Hydrolysis Rate [ M(COD)YM(Cell COD)T]

K, = Half*saturation Coefficient for Hydrolysis of Slowly Biodegradable Substrate
[ M(COD)/M(Cell COD)]



35

mmmﬁmsamsmmuiﬁmigﬁq'nua vadenanmggdemsindon Inauazang
ufiga Tﬁﬂﬁ1u1snﬁqﬁuﬂ1smsmtmsaqﬂ;;ﬁﬂmﬂﬂaau'Immuﬂnms

f
=—b,X, (2.33)

:: L) ar 1 A ar

MnuuaiGoimouddmzlianmiu mert  awmumsdadoy Fadaudiu

& ar o 1 & o oy et 4 =) & ] = =]
HaRnuNmUrITigaRaannLLAfiSaesnnnsmevSeguRensadouln  wasduimds

y 4 4
nmoihs Particulate Slowly Biodegradable Substrate (X;) mnaﬁqmsmmmm Slowly
» 3

Biodegradable Substrate 1A8 Particulate Slowly Biodegradable Substrate maiiszgnnlasuiiu

o ] 1 oy, o ] k
Readily Biodegradable Soluble Substrate finuaa lnesmdovesiisnlalaslada Senelyld
ﬂaﬂ%miuﬂﬁsﬂﬁauﬁnmzmm’hqhwsnmﬁﬂﬁuiﬂ uAdieLATIBYLS InAReadily Biodegradable

Soluble Substrate ﬁl:#’fm%’faaﬂ%mu‘lumsﬁmﬁmms'lﬂwﬁﬁwﬁ'muuazmm%'nwaf{

dx,
=f,b X, (2.34)

dt
=1~f,)b,X,, (2.35)

dt

295 auuﬁgmuaqmuna,awm ( Fate of Soluble Component )

Tumuunmsag?» minfiiedes T Readily Biodegradable Soluble Substrate. ( S )
mn‘nﬂm f9 Inert COD Originating from the Influent Stream. ( S,) uﬁumuﬂamﬂ fio
Soluble Residual Microbial Products. (S;)

Tudauuesnatcop fiduntumssamiush vermszuuvonlu ey bifaU§isnlan
UATIUYBL Readily Bmdegradable Soluble Substrate. ( S, ) sziludnmdnfinuafiGei 1

TunmeSaud In 4 Faify msiBoulasves Readily Biodegradable Soluble Substrate (S¢) 94
Wi ldawaums

das L S
—S =E_ s X, (2.36)
dt Y, Kg +8,
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dafiazivisadoal 8us Soluble Residual Microbial Products. ( S, ) 1udnya
fafiozd zABIgRAiDITaN Fegnieuet awnnaaaﬁmﬂ“luammmnﬂmsmmmuiﬁ utauilu
2 Wl Tasnaiusnifuwonnnmeydulavhidfemsiiviu uas noulf 2 WAunnanyuay
n3 laTas oda vesuuafGodamums

ds, ) S,
TS oy, —— X, K, X, (2.37)
dt K, +S

VINUUINNUARAING T TRTINI5IrU® Reaction Kinetics dmiunmsiidamiveuly
stveanmind dans 24

3N 2.4 Process Kinetics and Stoichiometry for Carbon Removal Involving Death-Regeneration

[

#31: Orhon and Artan , Modelling of Activated Studge Systems., 1994.
2.9.6 MIMI@NQaNIDAI3 ( Mass Balance )

fl. Mass Balance of Readily Biode gradable Substrate (8,)

QS — QS, —V—H—————x + V(1= £, )R, X, = V=5 (238)
Y, K +5 dt

Component - | i I 2 3 4 5 6 7 Process Rate , p,
B |

i Process l S Ss X Xs Xy X Sp ML 'T
I | Growth . 1 1 o, A 53

Y, Kg + Sg
2 { Death My | -1 | £, | bl X,
3 | Hydrolysis 1-f ' -1 i KX,
Parameter, ML | COD { COD | coD | cop | cat | cop COD

COD
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P ¥ v
11V wisenea 912ld 0 =—
Q
S 1 S ' ds
st s EH_ 8 XH + (1 Z fps)KhXS = = (2.39)
Gh 9h Y, K, -+ Sq dt

Y. Mass Balance of Heterotrophic Biomass (Xy)

.S , X,
Xy, — QX+ ——— X, V-V X, =V (2.40)
K¢ + S, dt
o a4 v ar 1
1V wisaaen wld 0 =— uaz Sagilny
Q
. S X dX
b, —>—x, —bx, + 2 _Tu_ D (2.41)
K¢ + 8, B, 0, dt

. Mass Balance %94 Particulate Slowly Biodegradable Substrate ( Xs)

: dx
QX5 —QX + V(L —£, )b, X, — VK, X, =V ) . (242)
t

o 4 V
WV wiseaen 12ld 0 =—

Xs) Xs ' dXs
T H U=, b, X, K, X, = (2.43)
B, 8, dt

Y. Mass Balance of Particulate Inert COD ( X;)

r — dxp
0—QX, +Vf, b X, =v—F (244)
dt
L] ¥ V o v
W1V nianea 9214 0 =— Fagilli
Q
X dX
t P p
fyb X, ——= (2.45)
X dt
%. Mass Balance of Soluble Residual Microbial Products ( S, )
. S, ds,
—Q8, + Vo pu, Xy P VKX =V (2.46)

K + S, dt



v

11 V wseaea 9214 6 =— dagallmi
Q
.S s, ds,
A, —— X, + K X —— = — 2.47)
K, + 8, 8,

~
A3192.5 Stiochiometric Parameter #18¢ Kinetic Parameter MWHUFIUTNNAN 9

Wastewater daeudof ( mg/l)
Yw B K b

Textile

Raw Effluent 0.62 4.0 10 0.2 -

Chemical Teat Effluent 0.62 35 10 - 2.0
Meat Processing 0.68 4.2 30 0.1 14
Dairy 0.65 3.0 25 0.14 1.1
Confectionery 0.69 5.8 75 0.1 0.8
Domestic 0.66 4.8 10 0.24 3.0

#1111 : Orhon, 1998.
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k(1 +0,0,)

5. = (2.48)
s -
pHGX - (1 + b;@x)

! H H o
X,—b X, +———=0 (2.49)
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X
S 4 (1—f, )b, X, —K, X =0 (2.50)
0, 0y
' —2e (2.51
fox b Xy =0 51
Oy
a i, — X, + K X —e— =0 (2.52)
K, + 8, b

Xy = Viable Heterotrophic Active Biomass

X = Particulate Matter

X = Slowly Biodegradable Matter

S = Influent Readily Biodegradable COD

Sq = Effluent Readily Biodegradable COD

Sy = Soluble Residual Microbial Products

foy = Inert Fraction of the Endogenous Parficulate Matter

b; = Rate of Viability Loss for Heterotrophic Biomass

o, = Growth-Associated Soluble Inert Product Formation

Coefficient for the Death Regeneration Model
fog = Fraction of the Endogenous Particulate Matter Converted
into Soluble Inert Microbial Products

Y, = Means of the Yield Coefficient

Oy = Sludge Age

K, = First-Order Hydrolysis Rate Coefficient

K, = Half-velocity Constant

ApH = Maximum Specific Growth Rate of Heterotrophic Biomass



