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Compound -+ CODp COOs HAc liz lII'r II,CO} Nil: Nih CII. fI+ X. XIIM XIIM XI' Rate 
r 

Prote",J, 

Hydrolysis ·1 0.00521 ·0.0046 0.0015 ~mIX [~~~fJ 

Ks+~;f 
.~ 1 +6 (A<; 2 4 2 1l00000001CO!1] --

(Iowplh) YA<; 
YA<; YA<; YA<; ·1 I I KHICODs] 

-
"~'YV6~"V". 1+ 6 (Ae 1 I 1 ~ImXICODsI( IU2] I} 

Y, YA<; YAc YAc ·1 1 I Ks+ ICODsl kj + IH21 
-

Endogeno us 
r· _. 

decay 160 0.5 0.762 -I b.X. 

Acelogenesis 1 I 3 I + ~ (AP I 1 
IllmxlPrJ{1 [U21 ,}x i 

-+ - t 
YAP 2 YAP 

YAP 
YAP 2 -I I I Ks + (Prj k + IH:!! 

Endogenous 

decay 160 0.5 0.162 ·1 bpXp 

Aceloclaslic 1+1 (AM 1 I IlmIXIHAc] 
J 

YAM ·1 YAM I I KHIIIAc] methanogenesis 
YAM 

- .-
Endogenous 

decay 160 O.S 0.762 -I bmXm 

LJ. .lie 4+ IOYHM 1+5YHM 'r 'y I 

methanogenesis YHM YHM ·1 1 I Ilnm [Hll. 

Ks +1"21 
J 

-.... 

Endogenous 

I decay 160 O.S 0.762 -I bHXH 

lJnlts -l> gCODll rnQlelt 
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University of Cape Town

Retention 

7 
10 
12 
15 
20 

Retention 

Time 

7 
10 
12 
15 
20 

Retention 

7 
10 
12 
15 
20 

Total Solids 

31.308 
31.l61 
29.977 
31.301 
31.554 

19.405 
17.936 
17.453 
17.801 
16.922 

Effluent 

25.971 
25.768 
24.727 
25.863 
25.690 

9.0 
14.5 
1.4 
17. 
17.6 

COD 

23.530 
20.852 
19.148 
19.969 
18.741 

Volatile Solids 

removed removed 

Saline Ammonia 

effluent 

371 
409 
430 
404 
5U 
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Retention 

Time 

7 
10 
12 
15 
20 

Retention 

7 
10 
12 
15 
20 

I influent 

1770 
1831 
2197 
1824 
2244 

Gas 

20.670 
17.215 
13.958 
11.173 

I Effluent 

51 
50 
33 
27 
25 

Carbon 

36.4 
36.7 

I influent 

5.38 
5.38 
5.36 
5.42 
5.29 

Methane 

63.2 
62.1 
63.3 
63.6 
63.3 

effluent 

7.1 
7.12 
7.16 
7.14 
7.17 
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1\1 
'0 e 

Influent C content 

0.035 

0.03 

0.025 

0.02 

0.D15 

0.D1 

0.005 

0 
6,4 6.6 6.8 7 7.2 7.4 

10.---------------------------------------------------~~+_------~ 
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4 + .. ------------------
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2 

6.4 6.5 6.6 6.7 6.8 6.9 7 
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7.1 7.2 7.3 7.4 7.5 7.6 
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5. 

Method 1 

0.01 .--:-:=:::--=-==-=-------------------...., y:::: 1.2239x + 0.0019 

0.008 R2 0.9968 

0.006 

0.004 

0.002 y :::: 1.2485x + 0.0019 

0+-__ ~---~---_r---~---~--~R2~0~.~~~1~2-~ 
a 0.001 0.002 0.003 0.004 0.005 0.006 0.007 

5.4: the data the described in method 1. 

Method 2 

2.5 
Y ::: O.OO17x + 1.2664 -2 R2 =0.9851 

1.5 ..... 

0.5 y :::: O.0016x + 1.3438 

0+----__ ---~---~-----~--~R~2-::::~0~.w~8~5~~ 
o 100 200 300 400 500 600 

5.5: the data described in method 2. 

Method 3 

300 
Y :::: -689.51 x + 554.03 

250 R2 0.9663 

200 

150 

100 

50 Y -449.99x +414.19 
R2 0.44B7 

0 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

5.6: the data in method 3. 
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0.18.,.------------------------, 
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0.08 t---~ ... -----~-~-.-.---.--.------.-
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University of Cape Town

1 0 721 6.58 995 932 171 ll8 60,5 140 130 U8 416 681 4465 
2 5 773 6.58 1034 938 182 127 67.3 154 144 1.19 729 1193 3328 
3 10 777 6,63 1069 879 186 125 66.4 156 146 LI 464 727 3790 
4 15 766 6,83 887 672 157 55.8 130 123 LI6 487 661 3772 
5 20 766 7.05 995 890 172 120 63.3 149 153 LI 365 444 3646 
6 25 769 7.21 1037 932 179 19 66 156 146 NA 384 441 3765 
7 30 754 7,37 1050 938 178 112 63.6 153 147 1.08 470 518 3716 
8 35 750 7.48 1053 932 174 112 63 157 150 0.91 518 559 3578 
9 39 753 7.55 1046 944 177 110 65.5 155 154 1.1 514 548 3813 
10 45 740 7.6 1016 932 144 101 45.3 149 142 0.68 553 586 3540 
n 50 743 7.59 1027 930 132 102 37.4 152 146 0.69 577 612 3378 
12 58 700 7.59 965 784 114 105 30 152 164 NA 546 579 3192 
13 65 710 7.61 1058 902 116 102 25 157 154 0.88 78 82 3096 
14 71 116 7.67 lOIS 927 111 101 27 154 152 0.96 381 396 3726 
IS SI 720 7,76 1021 899 100 115 17 159 160 0.S4 381 393 3821 
16 90 718 7.84 1010 930 101 115 16.7 154 164 NA 665 686 3103 
17 101 654 7.9 963 837 99 113 18.5 147 152 0,86 401 412 3483 
18 III 704 7.96 971 916 97 104 16.9 146 145 2.3 468 479 3290 
19 121 710 8 930 876 98 100 20.6 142 146 0.93 334 341 3591 
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************************************************************************ 

AQUASIM Version 2.0 of Definition 

************** **** **** ** ******************************************** 

************************************************************************ 
Variables 
************************************************************************ 
A: 

Ai: 

run: 

AT: 

At: 

ATi: 

ba: 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sian: 

Des 

Unit: 
sian: 

Unit: 
sian: 

Unit: 

Unit: 
sian: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Acetate concentration 
. Volume State Var. 

mol/l 
le-006 
le-006 

Initial A- concentration 
Formula Variable 

(Hi+Ka) 

Acetate in the influent. 
Formula Variable 

0.0309578 

H2C03* 
Formula Variable 

2*C03+HC03+0H-H 

Total acetate 
Formula Variable 

HAc+A 

concentration 

constant for 
coefficients 
Formula Variable 

1.825e+006*(78.3*Tk)A( 1.5) 

Initial total acetate 
concentration. 
Constant Variable 

0.01 
1 
o 
10 
inactive 

Parameter Estimation: inactive 

Des constant for 
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bAP: 

bH: 

bm: 

CH4: 

CH4i: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 
Sens 
Parameter Estimation: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Parameter Estimation: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 
Sens 

Constant Variable 
d"-l 
0.041 

.01 
0 
1 
inactive 
inactive 

constant for 
Constant Variable 
d"-l 
0.015 
0.001 
0 
1 
inactive 
inactive 

Constant Variable 
d"-l 
0.01 
0.001 
0.002 
0.015 
inactive 

Parameter Estimation: inactive 

Des for acetoclastic 

Constant Variable 
Unit: d"-l 
Value: 0.037 
Standard Deviation: 0.001 
Minimum: 0.03 
Maximum: 0.04 

inactive 
Parameter Estimation: inactive 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 
Value: 
Standard 
Minimum: 
Maximum: 

Parameter 

Deviation: 

is: 
Estimation: 

Methane 
. Volume State Var. 

mol CH4 
le-006 
le-006 

Initial CH4 value 
Constant Variable 
mol /1 
0.4 
0.001 
a 
2 
inactive 
inactive 
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C02: 

C02i: 

C03: 

C03i: 

C03in: 

Unit 
Relative 
Absolute 

Des 

Unit: 
Value: 
Standard 
Minimum: 
Maximum: 

Parameter 

Unit: 
Relative 
Absolute 

Unit: 

Unit: 
Value: 

Deviation: 

is: 
Estimation: 

Standard Deviation: 
Minimum: 
Maximum: 

Carbon dioxide concentration 
· Volume State Var. 

mol C02/1 
le-006 
le-006 

Initial CO2 value 
Constant Variable 
mol 
0.2333 
0.001 
a 
2 
inactive 
inactive 

C03 concentration. 
· Volume State Var. 

le-006 
le-006 

Initial C03 
concentration 
Formula Variable 

C03 
influent 

(Hi A 2+Kcl*Hi+Kcl*Kc2) 

concentration in the 

Constant Variable 
mol/l 
2.73222e-008 
1 
o 
10 
inactive 

Parameter Estimation: inactive 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 

Unit: 
sion: 

Particulate 
concentration 

COD 

· Volume State Var. 

9 
le-006 
le-006 

Initial 
concentration (Feed) 
Formula Variable 
9 1 
(I-Inert) * Feed_COD 

Matched 
Formula Variable 
g COD/I 

COD 

(+ Biomass) 

(Xa+XH+Xm+XAP) *83.74*1.5678 
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tot: 

unbio: 

CODsi: 

CT: 

CTi: 

fd: 

Feed COD: 

Unit: 

Des 

Unit: 
sion: 

Unit: 
sion: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Prediction of the measured 
Formula Variable 
g CODI 
3.4158- *83.744*1.5678 

Total COD concentration 
of feed material 

Formula Variable 
g CODII 

unbio+ *83.7 
44*1. 5678 

COD 
concentration of feed material 
Formula Variable 
g 
Inert*Feed COD 

Initial soluble COD value 
Constant Variable 
mol 
0.0001106 
0.001 
a 
2 
inactive 

Parameter Estimation: inactive 

Unit: 
sion: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

s: 
Parameter Estimation: 

Unit: 
sion: 

Des 

Total carbonate 
concentration 
Formula Variable 

H2C03+HC03+C03 

Initial total carbonate 
Constant Variable 

0.005 
1 
0 
10 
inactive 
inactive 

Divalent coefficient 
Formula Variable 

lOA (-At*2* ( 
3*mu) ) 

COD value of feed material 

(mu) ) -0. 
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frn: 

ft: 

H: 

H2: 

H2C03: 

H2C03i: 

H2C03in: 

H2i: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 
Sens 

Constant Variable 
g CODII 
42.57 
0.5 
39 
43 
inactive 

Parameter Estimation: inactive 

Des 

Unit: 

Des 

Unit: 
ion: 

Des 

Unit: 
Relative 
Absolute 

Unit: 
Relative 
Absolute 

Des 

Unit: 
Relative 
Absolute 

Unit: 
sion: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Monovalent 
Formula Variable 

coefficient 

10"" (-At* ( 
mu) ) 

(mu))-O.3* 

Trivalent 
Formula Variable 

coefficient 

10"(-At*3*( 
3*mu) l 

(mu) / ( 

H+ concentration 
. Volume State Var. 

le-006 
le-006 

concentration 
Volume State Var. 

mol 
1e-006 
le-006 

H2C03 concentration 
. Volume State Var. 

le-006 
le-006 

Initial H2C03 
concentration 
Formula Variable 

(mul'-O. 

CTi*(Hi)""2/(Hi"2+Kcl*Hi+Kcl*Kc2) 

H2C03 concentration in the influent 
Constant Variable 

0.008537778 
1 
o 
10 
inactive 

Parameter Estimation: inactive 

Des Initial H2 concentration 
Constant Variable 
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H2P04: 

H2P04i: 

H3P04: 

H3P04i: 

HAc: 

HAci: 

HAcin: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

2.866e-005 
0.001 
a 
2 
inactive 

Parameter Estimation: inactive 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sian: 

Unit: 
Relative 
Absolute 

Des 

Unit 
sion: 

Des 

Unit: 
Relative 
Absolute 

unit: 
sion: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

H2P04 concentration. 
. Volume State Var. 

1e-006 
1e-006 

Initial H2P04 
concentration 
Formula Variable 

H3P04 concentration 
. Volume State Var. 

mol/l 
1e-006 
1e-006 

Initial H3P04 

concentration 
Formula Variable 

PTi*Hi A 3/(Hi A 

1* ) 

HAc concentration 
Volume State Var. 

mol 
le-006 
le-006 

Initial HAc 
concentration 
Formula Variable 

Influent HAc concentration 
Constant Variable 
molll 
0.006442169 
1 
o 
10 
inactive 

Parameter Estimation: inactive 
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HC03: 

HC03i: 

HC03in: 

Hi: 

HP04: 

HP04i: 

HPr: 

Inert: 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

HC03 concentration 
Volume State Var. 

mol/l 
Ie-006 
Ie-006 

Initial HC03 
concentration 
Formula Variable 

(Hi A 2+KcI*Hi+Kcl*Kc2) 

Influent HC03 concentration 
Constant Variable 

0.001185072 
1 

10 
Sens inactive 
Parameter Estimation: inactive 

Des 

Unit: 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sian: 

Des 

Unit: 
Relative 
Absolute 

Unit: 
ion: 

Des 

Unit: 

Inital H+ concentration 
Formula Variable 
molll 
10" ( 

Initial HP04 
concentration 
Formula Variable 

HPr concentration 
. Volume State Var. 

molll 
Ie-006 
Ie-006 

Concentration of H+ in the feed 
material 
Formula Variable 

Inert Fraction of Influent COD. 
Constant Variable 

Value: .36 
Standard Deviation: 1 
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Ka: 

KAP: 

Kc: 

Kcl: 

Kc2 

Kfa: 

Kfcl: 

Minimum: 
Maximum: 

o 
10 
inactive 

Parameter Estimation: inactive 

Des 

Unit: 
sion: 

Des 

Unit: 
Value: 
standard Deviation: 
Minimum: 
Maximum: 

is: 
Parameter Estimation: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

constant for acetate 

Formula Variable 

10"( (fm"2) 

half saturation 
constant 
Constant Variable 
mol I 
0.00267 6 
0.0001 
a 
1 
inactive 
inactive 

half saturation 
constant 
Constant Variable 
mol 1 
0.000781 
le-006 
o 
1 
inactive 

Parameter Estimation: inactive 

Des constant for carbonate 

Formula Variable 
Uni 

ion: 10" ( 

Des constant for carbonate 

Formula Variable 
Unit: 

sian: 10" ( 

Des Constant for CO2 

Formula Variable 
Unit: 

KHC02*R*Tk 

Des Rate of dissociation of acetate 
Formula Variable 

Unit: 
sion: Kra*Ka 

Des Rate of dissociation of carbonate 
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Kfc2 

KfC02: 

Kfn: 

Kfw: 

KH: 

KH2: 

Unit: 
ion: 

Unit: 

Des 

Unit: 
sion: 

Des 

Unit: 
sion: 

Des 

Unit: 

Des 

Unit: 
sion: 

Unit: 
sion: 

Unit: 
sion: 

Unit: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Formula Variable 

KrcI*KcI 

Rate of dissociation of carbonate 
Formula Variable 

Krc2*Kc2 

Rate of C02 dissolution. 
Formula Variable 

KrC02*KC02 

Rate of dissociation of 
Formula Variable 

Krn*Kn 

Rate of dissociation of 
Formula Variable 

Rate of dissociation of 
Formula Variable 

Rate of dissociation of 
Formula Variable 

Rate of dissociation of 
Formula Variable 

ammonia 

Rate of dissociation of water 
Formula Variable 

Krw*Kw 

half saturation constant 
Constant Variable 
mol 
2e-006 
Ie-ODS 
o 
1 

s: inactive 
Parameter Estimation: active 

Des inhibition constant 
Constant Variable 
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KHC02: 

Km: 

Kn: 

Kra: 

Krcl: 

11 

Unit: mol 
Value: 0.000625 
Standard Deviation: Ie-ODS 
Minimum: 0 
Maximum: 1 2 

inactive 
Parameter Estimation: inactive 

Des 's law constant 
Formula Variable 

Des Acetoclastic 
saturation constant 
Constant Variable 

Unit: mol 
Value: 006 
Standard Deviation: 0.0001 
Minimum: 0 
Maximum: 0.006 
Sens inactive 
Parameter Estimation: active 

Des constant 
Formula Variable 

Unit: 
sion: 10"( 

Des constant 
Formula Variable 

Unit: 
sion: 1 l(fm"2) 

Des constant 
Formula Variable 

Unit: 
1 0" ( ) Ifd 

Des constant 
Formula Variable 

Unit: 
10"( (ft*fm) 

for 

for 

for 

for 

constant for 
Formula Variable 

Unit: 
sion: 10"( )/(fm"2) 

half 

ammonia 

Des Constant for backwards reaction of 
acetate 

Unit: 
sion: 

Des 

Formula Variable 
s-l 
le+007 

Reverse dissociation constant for 
carbonate 
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Unit: 

Krc2: Des 

Unit: 
sion: 

KrC02: Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Parameter Estimation: 

Krn: Des 

Unit: 
sian: 

Unit: 
sion: 

Unit: 
sion: 

Des 

Unit: 
sion: 

Des 

Unit: 

Krw: Des 

Unit: 
sian: 

Formula Variable 
s-l 
le+007 

Constant for backwards reaction of 
carbonate 
Formula Variable 
s-l 
1e+010 

Kinetic constant for 
CO2 
Constant Variable 
s-l 
1e+012 
1 
0 
1e+012 
inactive 
active 

Constant for backwards reaction of 
ammonia 
Formula Variable 
s-l 
1e+012 

constant for backwards reaction of 

Formula Variable 
s-l 
1e+008 

Constant for backwards reaction of 

Formula Variable 
s-l 
1e+012 

Constant for backwards reaction o~ 

Formula Variable 
s-l 
1e+015 

Constant for backwards reaction of 

Formula Variable 
s-l 
le+007 

Constant for backwards reaction of 
water 
Formula Variable 
5-1 
1e+OlO 
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ks: 

mu: 

mu max: 

mu maxA: 

mu maxAP: 

mu maxH: 

Des Half Saturation constant for 

Constant Variable 
Unit: mg Xa 
Value: 630 
Standard Deviation: 1 
Minimum: 5 
Maximum: 1400 

inactive 
Parameter Estimation: inactive 

constant 

Unit: 
sion: 

Des 

Unit: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

water 
Formula Variable 

101\ ( /fm"2 

Ionic 
Formula Variable 

0.000168*SC 

Maximum rate of 
Constant Variable 
dA-l 
650 
1 
600 
850 
inactive 

Parameter Estimation: inactive 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 
Sens 

Maximum rate constant for 

Constant Variable 
d"-l 
0.8 
0.1 
0.7 
1 
inactive 

Parameter Estimation: inactive 

Maximum rate constant for 
is 

Constant Variable 
Unit: dA-l 
Value: 1.15 
Standard Deviation: 0.01 
Minimum: o 
Maximum: 1.5 

is: inactive 
Parameter Estimation: inactive 

Maximum rate constant for 

Constant Variable 

s 

for 
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mu maxM: 

NH3: 

NH3i: 

NH3in: 

NH4: 

NH4i: 

NH4in 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

i 
Parameter Estimation: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

d"-l 
0.4 
0.1 
0 
2 
inactive 
active 

Maximum rate constant for 
acetoclastic 
Constant Variable 
d" 1 
0.3 
0.01 
o 
5 
inactive 

Parameter Estimation: active 

Unit: 
Relative 
Absolute 

Unit: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Initial NH3 
concentration 
Formula Variable 

Hi+Kn) 

Influent NH3 concentration 
Constant Variable 

3.35095e-006 
1 
o 
10 
inactive 

Parameter Estimation: inactive 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sian: 

Unit: 
Value: 

NH4 concentration 
Volume State Var. 

mol 
le-006 
le-006 

Initial NH4 
concentration 
Formula Variable 
molll 
Hi*NTi/(Hi+Kn) 

Influent NH4 concentration 
Constant Variable 
molll 
0.013552205 
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NT: 

NTi: 

OH: 

OHi: 

feed: 

15 

Standard Deviation: 1 
Minimum: a 
Maximum: 10 
Sensi inactive 
Parameter Estimation: inactive 

concentration 

concentration 

OH- concentration 
. Volume State Var. 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sian: 

Des 

Unit: 
sian: 

Unit: 
ion: 

Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 
Sens is: 
Parameter Estimation: 

Des 

le-006 
le-006 

Initial concentration of OH 
molecules 
Formula Variable 

Partial pressure 
Formula Variable 

(C02+CH4 ) 

Calculated value 
Formula Variable 

O(H* 

Initial value 
Constant Variable 

6.5 
1 
0 
10 
inactive 
inactive 

C02 

of feed material 
Constant Variable 
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Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

is: 
Parameter Estimation: 

Des 

Unit: 
sian: 

Des 

Unit: 
sian: 

Unit: 
sion: 

Unit: 
sian: 

Des 

Unit: 
sion: 

Des 

Unit: 

Des 

Unit: 
sian: 

Des 

Unit: 
sian: 

Unit: 

5.29 
1 
0 
10 
inactive 
inactive 

constant for ammonia 
Formula Variable 

1170. .165+0.0134*Tk 

carbonate 

Formula Variable 

3404 14.843S+0.03279*Tk 

carbonate 

Formula Variable 

2902.4 .498+0.02379*Tk 

the C02 
ion 

Formula Variable 

-2025. O.Ol04*Tk+11.365 

constant for 
Formula Variable 

2835. O.6322+0.00123*Tk 

Formula Variable 

799.3/Tk-4.5535+0.01349*Tk 

Formula Variable 

1979. .3541+0.01984*Tk 

Formula Variable 

12.023 

constant for 
Formula Variable 
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P04: 

P04i: 

Pr: 

PrT: 

PT: 

PTi 

in: 

17 

sion: 1170. 3.16S+0.0134*Tk 

Des 

Unit: 

constant for water 
Constant Variable 

Value: 14 
Standard Deviation: 1 
Minimum: 13 
Maximum: 15 
Sens inactive 
Parameter Estimation: inactive 

P04 concentration 

Unit: 
Relative 
Absolute 

Unit: 
sion: 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 
sion: 

Des 

Unit: 
sion: 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

Volume State Var. 
1 

le-006 
le-006 

Initial P04 
Formula Variable 

concentration 

Pr concentration 
. Volume State Var. 

le-006 
le-006 

Total 
concentration 
Formula Variable 

HPr+Pr 

Total 
concentration 
Formula Variable 

H3P04+H2P04+HP04+P04 

Initial total 
for 

Constant Variable 

10 

concentration 

s: inactive 
Parameter Estimation: inactive 

Des 

Unit: 
Value: 

Influent flow 
Constant Variable 

0.7 
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R: 

SC: 

t: 

Tc: 

Tk: 

Xa: 

Xai: 

Standard 
Minimum: 
Maximum: 

Parameter 

Unit: 
Value 
Standard 
Minimum: 
Maximum: 

Parameter 

Unit: 
Value: 
Standard 
Minimum: 
Maximum: 

Parameter 

Unit: 
Reference 

Des 

Unit: 
Value: 
Standard 
Minimum: 
Maximum: 

Parameter 

Des 

Unit: 

Des 

Unit: 
Relative 
Absolute 

Des 

Unit: 
Value: 

Deviation: 

Estimation: 

Deviation: 

Estimation: 

Deviation: 

Estimation: 

to: 

Deviation: 

Estimation: 

18 

0.1 
0.6 
2 
inactive 
inactive 

Universal gas constant 
Constant Variable 
l. .mol 
0.0820575 
1 
0 
10 
inactive 
inactive 

Constant Variable 

407 
1 
0 
500 
inactive 
inactive 

time 
Variable 

Time 

in 
Constant Variable 

C 
37 
1 
0 
100 
inactive 
inactive 

in Kelvin 
Formula Variable 
K 
Tc+273.15 

C 

biomass concentration 
Volume State Var. 

mol 
1e-006 
le-006 

Initial 
concentration 
Constant Variable 
mol 
0.008317 

biomass 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Standard Deviation: 
Minimum: 
Maximum: 

Parameter Estimation: 

XHi: Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

s: 
Parameter Estimation: 

Xm: Des 

Unit: 
Relative 
Absolute 

Xmi: Des 

Unit: 
Value: 
Standard Deviation: 
Minimum: 
Maximum: 

19 

0.1 
0 
1 
inactive 
inactive 

Initial concentration of 

Constant Variable 
mol 
0.0003067 
0.001 
0.0001 
0.1 
inactive 
inactive 

Acetoclastic 
mass concentration 

. Volume State Var . 
mol 1 
1e-006 
le-006 

Initial concentration of 
acetoclastic biomass 
Constant Variable 
mol 
0.0007956 
0.0005 
0.0005 
0.0015 

mass 

biomass 

mass 
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Sens inactive 
Parameter Estimation: inactive 

Y Ac: Yield of 
Constant Variable 

Unit: mol 
Value: 0.1179 
Standard Deviation: 0.001 
Minimum: 0.11 
Maximum: 0.22 

inactive 
Parameter Estimation: inactive 

Y Yield of acetoclastic 
Constant Variable 

Unit: mol HAc 
Value: 0.01635 
Standard Deviation: 0.001 
Minimum: 0.01 
Maximum: 0.02 

inactive 
Parameter Estimation: inactive 

Y Des Yield of sms 
Constant Variable 

Unit: mol Pr 
Value: 0.028958 
Standard Deviation: 0.001 
Minimum: 0 
Maximum: 1 

inactive 
Parameter Estimation: inactive 

Constant Variable 
Unit: mol H2 
Value: 0.004088 
Standard Deviation: 0.0001 
Minimum: 0.004 
Maximum: 0.005 

inactive 
Parameter Estimation: inactive 

* *************************************************** ****************** 

***************** ******** ********************************************* 
Processes 
************************************************************************ 
Acetoclas 

of acetic acid to 
methane 

Rate: 
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1 

Variable : Stoichiometric Coefficient 
HAc : -( /Y 
H2C03 : l/Y AM 
NH4: 1 
CH4 : 
Xm : 1 
H : 1 

Rate: 

Variable 
HAc : 
H2 : 
HPr : 
H2C03 
NH4 
XAP : 
H : 1 

Des 

Rate: 
Stoi\...HJ..VW<:: 

conversion of 
to HAc 

Process 
mu maxAP*Pr*XAP/(KAP+Pr)*(1-(H2/(KH 

) ) l 

Stoichiometric Coefficient 

AP 

Process 
bAP*XAP 

Variable Stoichiometric Coefficient 
1 

NH3 : O. 62 
Xa : -1 
H2C03: .5 

Des 

Rate: 

Variable : 
CODs ( 
H2 : 
NH4 
Xa : 1 
HPr 
HAc 

H : 

of to 
acid under 

(Kc+CODs)*(H2 (KH2+ 
) ) 

Stoichiometric Coefficient 
) 
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AM 

s lowH: 
Des 

Rate: 

of 
Acid under low 

(Kc+CODs 

Variable 
CaDs: ( 
HAc : 

Stoichiometric Coefficient 

H2 : 4 
H2C03 : 
NH4 1 
Xa 1 
H : 

Des 

6*Y ) 

Rate: ba*Xa 

Variable Stoichiometric Coefficient 
: 160 

NH3 : 0.762 
Xa : -1 
H2C03 : 0.5 

Des 

Rate: bm*Xm 

Variable Stoichiometric Coefficient 
: 160 

NH3 : 0.762 
Xm : -1 
H2C03 : 0.5 

to acetic 

bdisC1: Backward dissociation of HC03 

bdisC2 

bdisHA: 

Process 
Rate: Krc1*HC03*H 

Variable Stoichiometric Coefficient 
H2C03 : 1 
HC03: 1 
H : -1 

Rate: 

Variable 
HC03 : 1 
C03 : -1 
H: 1 

Des 

Backward dissociation of C03 
Process 

Krc2*C03*H 

Stoichiometric Coefficient 

Backwards dissociation of A­
c Process 
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bdisN: 

Rate: 

Stoi 
Variable 
HAc : 1 
A: 
H: 1 

Rate: 

Variable 
NH4 : 1 
NH3 1 
H: 1 

Kra*A*H 

Stoichiometric Coefficient 

Backwards dissociation of NH3 
Process 

Krn*NH3*H 

Stoichiometric Coefficient 

bdisp1: Backward dissociation of H3p04 

bdisP2: 

bdisP3: 

bdisPr: 

bdisW: 

Rate: 

Variable Stoichiometric Coefficient 
H3P04 : 1 
H2P04 : -1 
H : -1 

Des Backward dissociation of HP04 

Rate: 

Variable Stoichiometric Coefficient 
H2P04 : 1 
HP04 : 
H : -1 

Des 

Rate: 

Variable 
HP04 1 
P04 : -1 
H : -1 

Rate: 
Stoivu.J.v",,,, 

Variable 
HPr : 1 
Pr: 1 
H : -1 

Des 

Rate: 

Backward dissociation of P04 

Stoichiometric Coefficient 

Backwards dissociation of Pr­
Process 

Stoichiometric Coefficient 

Backwards dissociation of water 
Process 

Krw*OH*H 
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DisC02: 

fdisCl: 

fdisC2: 

fdisHA: 

fdisN: 

Variable 
OH: 1 
H : -1 

Rate: 
Stoi .... u.1.um<;; 

Stoichiometric Coefficient 

Dissolution of C02 

Variable Stoichiometric Coefficient 
C02 : -1 
H2C03 : 1 

of C02 from solution 
Process 

Rate: KrC02*H2C03 

Variable stoichiometric Coefficient 
C02 : 1 
H2C03 : -1 

Des Forward dissociation 
Process 

Rate: Kfcl*H2C03 

Variable stoichiometric Coefficient 
H2C03 : 1 
HC03 : 1 
H : 1 

Forward dissociation 
Process 

Rate: Kfc2*HC03 

Variable Stoichiometric Coefficient 
C03 : 1 
HC03 : -1 
H : 1 

of H2C03 

of HC03 

Des Forward dissociation of HA 

Rate: 

Variable 
HAc 1 
A 1 
H 1 

Des 

Rate: 
Stoi 

Variable 
NH4 
NH3 1 
H ; 1 

Process 
Kfa*HAc 

Stoichiometric Coefficient 

Forward dissociation of NH4+ 
Process 

Kfn*NH4 

Stoichiometric Coefficient 
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fdisPl: 

fdisP2: 

P3: 

fdisPr: 

fdisW: 

Des Forward dissociation of H3P04 

Rate: 
Stoi 

Variable Stoichiometric Coefficient 
H3P04 1 
H2P04 : 1 
H : 1 

Rate: 
Stoi 

Variable 
H2P04 : 
HP04 : 1 
H : 1 

Des 

Rate: 

Forward dissociation of H3P04 

Stoichiometric Coefficient 

Forward dissociation HP04 

Variable Stoichiometric Coefficient 
HP04 : -1 
P04 1 

: 1 

Des 

Rate: 

Variable 
HPr : -1 
Pr : 1 
H : 1 

Des 

Rate: 

Variable 
OH : 1 
H : 1 

Forward dissociation of HPr 
Process 

Stoichiometric Coefficient 

Forward dissociation of water 
Process 

Kfw 

Stoichiometric Coefficient 

Rate: bH*XH 

Variable Stoichiometric Coefficient 
: 160 

NH3: .762 
XH: 1 
H2C03 : 0.5 

is: 
Conversion of H2 to methane 

Process 
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Rate: mu_maxH*H2*XH!(KH+H2) 

Variable Stoichiometric Coefficient 
H2 : -( 
H2C03 HM 
NH4 : -1 
CH4 : l!Y HM 
XH : 1 
H : 1 

Rate: 
Stoi .... H.Lumc 

Particulate 
COD 

Variable Stoichiometric Coefficient 
1 

COOs: 0.00521 
NH3 : 0.0014928 
H2C03 : -0.00459268 
H : 0.00055 

to soluble 

)*Xa 

*********** **** ************************ ******* ********************** 

******************************************** *************************** 

************************************* ********************************** 
Anaerobic Reactor: 

Des 

Index: 
Active Variables: 

Active Processes: 

Initial Conditions: 

Mixed Reactor 
o 
A, CH4, C02, , CODs, H2, HAc, P 
r, Xa, XAP, XH, Xm, C03, H, H2C03, 
H2P04, H3P04, HC03, HP04, NH3, NH4, 

OH, P04, HPr 
bdisN, bdisPl, bdisP2, bdis 

P3, fdisPl, 
disp2, fdisP3, bdisCl, fdisC 
1, fdisC2, bdisC2, Acetoclastic met 

Variable (Zone) : Initial Condition 
HAc (Bulk Volume) : HAci 
NH3(Bulk Volume) : NH3i 
H(Bulk Volume) Hi 
NH4(Bulk Volume) : NH4i 

Ai 
C03i 

A(Bulk Volume) 
C03(Bulk Volume) 
H2C03(Bulk Volume) : H2C03i 
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H2P04(Bulk Volume) : H2P04i 
H3P04(Bulk Volume) : H3P04i 
HC03(Bulk Volume) : HC03i 
HP04 Bulk Volume : HP04i 
OH(Bulk Volume) 
P04 Bulk Volume) 

(Bulk Volume) 

OHi 
P04i 

CH4 Bulk Volume CH4i 
C02 {Bulk Volume) C02i 
CODs(Bulk Volume) : CODsi 
H2(Bulk Volume) : H2i 
Xa(Bulk Volume) : Xai 
XAP(Bulk Volume) : XAPi 
XH(Bulk Volume} XHi 
Xm(Bulk Volume) Xmi 

Bulk Volume) 
Inflow: 

Variable 
(I-Inert) *Feed 

H : 
C03 
H2C03 
HC03 : 
HAc 
NH3 
NH4 
A : 

Volume: 
Accuracies: 

ReI. Acc. 
Abs. Acc. 
ReI. Acc. 
AbS' Acc. 

14 

Q: 0.001 
Q: 0.001 
V: 0.001 
V: 0.001 

in 

**** ******************************************************************* 

****************** ******************** ******************************* 
Definitions of Calculations 
*********************** ******************* **************************** 

Des 
Calculation Number: 
Initial Time: 
Initial State: 

Size: 
Num. 
Status: 

o 
o 

1 
300 

made consistent 

active for simulation 
inactive for is 

********************* ************************************************** 
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*** **** *************************************************************** 
Plot Definitions 
***************************** ********** ******************************* 
Ac: 

Al 

AT: 

CH4: 

C02: 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Acetate concentration 
Time 
Ac-

Variable .,Zone, 
Value A [ ,Anaerobic_Reactor,Bulk Volume,OJ 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable 
Value : 

H2C03* 
Time 

OJ 

Total acetic acid 
tion 

concentra 

Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable 
Value : AT [0, 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable 
Value : CH4 [ 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves 

Time 
AT 

mol 

Time 
CH4 

mol CH4 

1 

• I Zone, 
,Bulk Volume,O] 

• I Zone, 
Anaerobic_Reactor,Bulk Volume/OJ 

Plot of the C02 concentration 
Time 
C02 

mol 

Variable .,Zone, 
Value C02 [O,Anaerobic_Reactor,Bulk Volume,O] 

Des 
Abscissa: 
Title: 
Abscissa Label: 

Time 
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tot: 

unbio: 

CT: 

FSA: 

Ordinate 
Curves: 

g 

Variable [CalcNum, ., Zone, 
Value: [ ,Anaerobic Reactor,Bulk 

] 
0] 

Des 
Abscissa: 

Particulate COD in effluent 
Time 

Title Biomass 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable [CalcNum, ., Zone, 
[ ,Anaerobic_Reactor, Bulk o 

Des Total amount of 
Abscissa: Time 
Title: Total 
Abscissa Label: 
Ordinate Label: 1 
Curves: 

Variable . , Zone, 

COD 

Value tot [O,Anaerobic Reactor,Bulk Volume, 0] 

Des 
Abscissa: 
Title: 
Abs sa Label: 
Ordinate Label: 
Curves: 

Time 

Variable .,Zone, 

culate COD 

Value unbio [O,Anaerobi Reactor, Bulk 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Plot of soluble COD concentration 
Time 
CODs 

mol 

Variable .,Zone, 
Value: CODs [O,Anaerobic_Reactor,Bulk Volume, 0] 

Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Total carbonate 
Time 
CT 

molll 

Variable .,Zone, 
Value CT a,Anaerobic Reactor,Bulk 

Abscissa Label 
Ordinate Label: 
Curves: 

Variable 

FSA 

mol/l 

. , Zone, 
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H2: 

HPr: 

NH3: 

NH4: 

parC02: 

PrT: 

Value: NT [O,Anaerobic_Reactor,Bulk Volume,O 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

H2 concentration 
Time 
H2 

mol 

Variable [CalcNum, .,Zone, 
Value: H2 (0 _Reactor, Bulk 

Des acid 
Time 

Acid 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable 
Value HPr [0, Volume, 0] 

Des NH3 
Time 
FSA 

concentration 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: mol 
Curves: 

Variable [CalcNum, 
Value [O,Anaerobic 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Variable 
Value NH4 0, 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

NH4 
Time 
NH4 

mol NH4 

Time 

concentration 

Volume, 0] 

pressure of C02 

Variable .,Zone, 
Value: [O,Anaerobic_Reactor,Bulk Volume,OJ 

Des 
Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

Time 

Variable _,Zone, 
Value [O,Anaerobic_Reactor,Bulk Volume,Ol 

Des Total concentrat 
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Xa: 

XAP: 

XH: 

Abscissa: 
Title: 
Abscissa Label: 
Ordinate Label: 
Curves: 

1 

ion 
Time 
PrT 

mole 

Variable .,Zone, 
Value : PrT [O,Anaerobic_Reactor,Bulk 

Des 
Abscissa: Time 
Title: Xa 
Abscissa Label: 
Ordinate Label: mole c 
Curves: 

Variable 
Value : [0, 

Des 
Abscissa: Time 
Title: 
Abscissa Label: 
Ordinate Label: mol 
Curves: 

Variable 
Value XAP 

concentration 

/1 

Volume, 0] 

concentration 

concentration 

Volume, 0] 

Des HP concentration 
Abscissa: Time 
Title: 
Abscissa Label: 
Ordinate Label: mol 
Curves: 

Variable 
Value : XH [O,Anaerobic 

Des 
Abs 

Abscissa Label: 
Ordinate Label: 
Curves: 

AM 
Time 

concentration 

Acetoclastic methanohens 

mol 
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****************** ***************************************************** 

*** *** * *** **** ****** ************ ************ *************** 
Calculation Parameters 
* ******** *** ************ ************************************ **** 
Numerical Parameters: Maximum 

Maximum 
Number of 
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