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Abstract An improved mechanical semi-continuous model including 25 process variables and a series
of cost variables was set up for repeated fed-batch penicillin fermentation process in an industrial-scale
bioreactor. The model is based on research of fermentation kinetics and bioprocess stoichiometry and
on analysis of metabolic flux distribution and control and also combined with expert knowledge and
vast amount of experimental and industrial data. With this model the influence of some process
variables and cost variables on economic performance of the fermentation process can be predicted. It
was discovered that the price of glucose and electric power the initial volume of the broth and the
interval of withdrawing the broth in fermentation process had a great effect upon economic
performance while the maximum biomass concentration the maximum operation volume the

dilution rate and other
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fermentation conditions were kept at same levels. The simulation results show that the price of
glucose and electric power drops 5% the profit of penicillin fermentation per year would increase
6.36% and 3.75% respectively if the initial volume of the broth is increased to 85% of maximum
operation volume from 75% the profit per year would increase 5.48% and when the interval of
withdrawing the broth is shortened from 24 h to 12 h and 1 h which is almost a continuous
fermentation  the profit per year would increase 7.22% and 14.11% respectively.

Key words repeated fed-batch fermentation continuous fermentation improved mechanistic

modeling penicillin  economic performance

Yen kg kg_l
Ype mol mol ™!
-3
Ce mol m Yoy mol kg—l
Cer mol m~3 Vs mol kg71
-3
ON kg m Ypp mol mol™!
ONR kg m~? yz h™!
-1
Cpaa mol m~3 #d h
-1
Craar mol m~3 My h
Hmax h™!
Os kg m~?
PSR kg m~?
S g A
Cp mol m™3 B -
E kJ
Ox kg m~?
M kg
D h!
D, h-! n -
D, h-! t, h
D"l hil
Tw h
Kh h—l
gc /kg
Kx Contois mol kg’] dE /K]
mg mol kg’l' h~!
oM /kg
Qv mol kg™* h™!
QPmax mol kg_l' h_l #N /kg
t h gp /kg
vV w3 PPAA /kg
ds /kg
Yee kg mol ™!

2



1 39
7 -
Us
v
g
1
PAA
1
2
10
1 1
Tab.1 Basic kinetics equations for the repeated fed-batch
penicillin fermentation
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Tab.2 Parameter sets used in the modeling for repeated fed-batch penicillin fermentation
M max 0.105 h™!
Contois’ s Kx 0.033 mol kg’l 13
me 0.15 mol kg™ h~!
Yee 0.086 kg mol ™! 13
Ype 0.39 mol mol ~! 14
YCN 132 kg kg71
YPN 33.9 mol kg7 1
ch 330 kg kg_l
Y ps 31.2 mol kg_l
Yopp 0.98 mol mol ™!
QP max 0028 1'1'101 kgil' h71
K, 0.01 h~! 15
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Fig.1 The effect of price of glucose drop by 5% on an-

nual economic profit for penicillin fermentation
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Fig.2  The effects of the interval of withdrawing the

broth in fermentation process on economic per-

formance for penicillin fermentation
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