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Application of Modified Gompertz Model to Study on Anaerobic Digestion of
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Abstract : Although there was not direct correlation between modified Gompertz model (MGM) and ratio of feedstock to inoculum
(RFI) and fermentative concentration (FC) ,the changes of RFI and FC absolutely resulted in the change of MGM’s parameters, so it
could make a suitable estimation for RFI and FC by means of the characteristic value of MGM’s parameters. Based on this theory, MGM
was used to investigate the effect of both RFI and FC on batch mesophilic anaerobic digestion of organic fraction of municipal solid waste
(OFMSW) by using single-factor experiment and Uniform Design multi-factor experiment. The results showed that accumulative biogas
yield as a function of time had an strong excellent correlation with MGM from which kinetic parameters of anaerobic digestion,such as
the maximum accumulative biogas yield,the maximum biogas rate,lag-phase time, biogas potential of VS, and biogas rate of VS, could
be directly or indirectly obtained. The characteristics of these kinetic parameters indicated that fermentative concentration had a greater
influence on the maximum accumulative biogas yield,the maximum biogas rate,biogas potential of VS,and biogas rate of VS, while the
ratio of feedstock to inoculum had a less or no impact on those parameters, especially biogas potential of VS and biogas rate of VS. It
also indicated that the optimum VS concentration for anaerobic digestion of OFMSW was 4% -8% and ratio of feedstock to inoculum was
1.5:1-2.5: 1.
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Table 1  Ingredient of market waste/%
b
N N 23.21 35.02 5.27 11. 18 7.38 17.93
.Hu ' . Modified
2 /%
Table 2 Composition of powder market waste/%
TS VS
98. 28 75.87 12. 80 31.77 3.96 18.8 24.27 11.39 7. 60 16. 00
1.1.2 7.95% ,pH 6. 8.
1.2
1.2.1
, TS 11.71% ,VS 1. 100 mL
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1000 mL 1 000 mL R 4.
, , 3 \A 6%
Table 3 Loading quantity of inoculum and feedstock at VS of 6%
’ b ’
/g /% /g /g /g
’ ’ 1.0:1 80 6 316 30.19  46.65
1.5:1 80 6 3.80 24. 15 52.05
2.0:1 80 6 4.22 20. 13 55. 66
2.5:1 80 6 4.52 17. 25 58.23
3.0:1 80 6 4.74 15.09 60. 16
3.5:1 80 6 4.92 13.42 61. 66
4 \A) 2.5:1
Table 4 Loading quantity of inoculum and feedstock
at 2.5:1 VS ratio of feedstock to inoculum
. 5 3 4 s (VS)/% /g /g /g /g
: o : : : 2 80 251 1.51 5.75 72.74
6 i 7 i 8 4 80 2.5:1 3.01 11.50 65. 49
1 6 80 2.5:1 4.52 17.25 58.23
Fig.1 Schematic diagram of anaerobic digester 8 80 2.5:1 6. 03 23.00 50.97
10 80 2.5:1 7.53 28.75 43.72
1.2.2 12 80 2.5:1 9.04 34.50 36. 46
35C
s Uniform Design
, VS (1)
1:1,1.5:1,2:1,2.5:1,3:1,3.5:1; , 5.
VS 2% 4% . 6% . 8% , 10% | 12% . 5
3 Table 5 Loading quantity of inoculum and feedstock in
’
experimental operation of uniform design
b
2 s 6 , /g /% /g /g /g
. VS VS ) 1 80 1.0:1 6 316 30.19  46.65
. . . 2 80 1.5:1 12 7.59  48.30 24.11
( Uniform Design Version 3.0 ) ; %0 2 0.1 4 b8l 134 6377
4 80 2.5:1 10 7.53 28.75 43.72
, (1) 5 80 3.0:1 2 1.58 5.03  73.39
6 80 3.5:1 8 6.56 17.89  55.55
cws = [W, x VS, + W, x VS, |/W, (1)
»Cvs VS (%) ;5 W, 1.2.3
LW .
(g)9 1 (g); Gompertz S , (2)’
w. ; VS VS
2 ’ 1 > 0 ,
(%); VS, VS (%). (201
, .
Vs 6%, Gompertz , a. b.c
80 g, VS 75.87% . , Gompertz ,
VS 7.95% VS I:1,
b
1.5:1.2:1,2.5:1,3:1,3.5:1, (1)
’ 3. Gompertz (2):
2.5, 80, y(1) =a-expl-exp(b-ct)]  (2)
VS 75.87% .
VS 7.95% VS 2% |

% = ac - exp[ —exp(b —ct)] - exp(b —ct) (3)
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2
dgf =ac’ - exp[ —exp(b —ct)] - (ml/g), VS ’ VS
di [mL/(g-d)] VS
exp(b —ct) « [exp(b-ct) -1] (4) 1.2.5
2
Yy 0, 4 =be, (1) (T8) (VS)
dt .
: (2)pH : , Orion pH
R, = (il)ti = ac/e, (816 type) pH ,
t
) pH
c=R,e/a Gompertz c.
y(t) =R, *t+ale - )
Rt =0 A= (b-1)/c b=1 (3) :
whi =Y, = ’ B , (mL/d).
+AR.e/a Gompertz b.
. (4) . 10 mL
Compertz equation , I— ,y(t) —a,
10 mL
H =a, a=H, Gompertz
, KOH(33% ) )
a.
Modified Gompertz (5),
2. 2
R, e
y(1) =Hm'eXp{—6Xp -(/\—z)+1]} 2.1
" VS 6%
(5) . . . : :
I:1,1.5:1,2:1,2.5:1,3:1,3.5:1
Modified Gompertz ,y(t) t
(‘accumulative biogas yield,mL) ; H, = ’
a (mL); R, =a-c/e ’ ’
L/d); A= (b-1)/c,A d); )
(ml/d) (b-1)7e (d); e , 50% ~70%  .pH
exp (1) =2.718 28. ,
6.5~7.0 . 3
CurveExpert 1. 3 Gompertz model a.b.
3 , Gompertz
C ’ Hﬂ]\ Rm \A' b ..
Modified Gompertz , 6.
VS , 100% .
6 , Modified Gompertz
70%
IKPHHE L
H‘n
s 2.5:1
3.5:1 ,
: . 1:1 0.7d ,
A 4 Fiof 1] 2~3 d’ ’
2 Modified Gompertz 2~34d. ,100%
Fig.2 Curve of Modified Gompertz model 103.7 d , 10%
24.3 d, 25d . VS
1.2.4 2:1 , 539 ml/g, 2.5:1
: (H,, 528 ml/g, 3.5:1 447 ml/g,
mL) ; (R, ,mL/d); (A,d); , 1:1
100% (Tyoq »d) ~2.5:1 VS , 2.5:1
;70% (T70% ’d)7 ’VS ’
70% ; VS VS
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Fig.3 Biogas rate, methane content and pH value per day at a VS concentration of 6%
6 VS 6% Gompertz
Table 6  Kinetic parameters of Gompertz at a VS concentration of 6%
\S VS
(H,) (R,) 1)/ d JmLog-! /mL-(ged) - "
a b ¢ /mL /mL-d ! (Tiooe, )/d - (T, )/d mbg mbele r
1.0:1 1223 1.088 0.127 1223 57.0 0.7 73.9 16.7 510 23.7 0.998 3
1.5:1 1431 1.230  0.106 1432 55.8 2.2 85.2 21.3 497 19.4 0.998 4
2.0:1 1723 1.253  0.095 1724 60.3 2.7 95.6 24.0 539 18.8 0.998 2
2.5:1 1810 1.270  0.089 1810 59.5 3.0 110. 1 28.0 528 17.3 0.996 0
3.0:1 1762 1.194  0.079 1762 51.6 2.4 123.4 26.6 489 14.3 0.997 4
3.5:1 1669 1.179  0.071 1 669 43.3 2.5 134.2 29.2 447 11.6 0.9978
’ b ’
,VS ( 2% 4%
b ’ ’ 6% ) ’
) , ( 8%  10% ),
2:1~2.5:1 12% . 1d , pH
2.2 ( 6.2),
2.5:1 VS 2% ,
4% . 6% . 8% . 10% 12%
. pH 4. ,
b ’ b
12% 50% ~70% pH
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Fig.4 Biogas rate,methane content and pH value per day at a VS ratio of feedstock to inoculum 2. 5: 1
7 VS 2.5:1 Gompertz
Table 7 Kinetic parameters of Gompertz at a group of 2. 5:1 VS ratio of feedstock to inoculum
VS VS
/% (Hn) (Rn) (1)/d /mL-g™"  /mL-(g-d) ™! (r)
’ b c /mL /mL-d ! (Tioog, )/d - (T, )/d mheg ml- (g-d) '
2 536 1.569  0.154 536 30.3 3.7 37.9 16.6 501 28.3 0.998 8
4 1 090 1.396 0.113 1090 45.4 3.5 37.6 19.4 512 21.3 0.998 4
6 1810 1.238  0.088 1810 58.6 2.7 49 24 528 17.1 0.996 0
8 2240 1.314  0.083 2240 68.2 3.8 64 27.7 525 16.0 0.997 5
10 2750 1.315 0.075 2750 75.5 4.2 73 30 516 14.2 0.9958
12 2741 1.376  0.048 2741 48.5 7.8 61 40 428 7.6 0.990 8
7 , VS 12% , 53.7 d,70% 26.3
Modified Gompertz d, 26 d VS
) ) , 6% VS
12% , , , 528 ml/g, 8% VS 525
, mlL/g, 12% 428 mL/g;
12% ) )
: 12% VS 7.8 4d , 3 , VS 4% ~8%
~4d ,100%
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2.3 N Modified Gompertz
Uniform Design Version 3.0 s , 8. 8 , Uniform
, , VS VS Design
R 9.
8 Modified Gompertz
Table 8  Index value of uniform design experiment from Modified Gompertz
1 2 3 4 (r) 1 2
1 1223 28.9 510 12.0 0.998 3 1.0:1 6
2 2105 59.5 365 10.3 0.998 9 1.5:1 12
3 1220 47.3 573 22.2 0.998 9 2.0:1 4
4 2 830 66.9 496 11.7 0.997 4 2.5:1 10
5 643 30.2 536 25.1 0.998 7 3.0:1 2
6 2401 47.0 482 9.4 0.9973 3.5:1 8
9
Table 9 Partial results of regression analysis in uniform design experiment
y= b(0) + b(1)-X(1) + b(2)-X(2) v . /% (2
5(0) b(1) b(2) b(1)/ 1 b2/ 2 /%
1 0.10 —481 341 208 9.742 5.462 (F>F) 16. 1 95.6 12
2 0.20 14.1 3.95 3.39 3.071 2. 886 (F>F) 8.42 9.1 12
3 0.20 595 4.05 -15.7 3. 687 2. 886 (F>F) 0. 386 93.2 2
4 0.15 26. 1 -7.38x1072 -1.55 4.237 3.813 (F>F) 1.37x1072  96.4 2
9 , 1 , 3
a=0.10 , 1
16.1% , 2 (D)
95.6% ; 2 , Modified Gompertz
a=0.20 , 1 , Modified Gompertz
8.42% , 2 ,
99. 1% ; 3 VS , a= ,
0.20 , 1 (2) .
0.386% , 2 VS VS
93.2% ; 4 VS , a= , VS VS
0.15 , 1 , VS
1.37 x10 *% , 2 , , .
96. 4% . )
VS VS ; N
) ) ) )
, VS VS , VS 4%
b(1)/ 1, ~8%
; (3) .
, VS VS ,
VS 12% ( ,
) VS VS , ,
, VS 2% ; ,
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