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TABLE 10.2 Interdependence of Scale-up Parameters

Production fermenter, 10,000:1

Small .
fermenter, Constant,  Constant, Constant, Constant,

Scale-up criterion Designation 80 L PyVv N N - D, Re
Energy input P, 1.0 125 3125 25 0.2
Energy input/volume PyV 1.0 1.0 25 0.2 0.0016
Impeller rotation N 1.0 0.34 1.0 0.2 0.04

number
Impeller diameter D; 1.0 5.0 5.0 5.0 5.0
Pump rate of impeller 0 1.0 42.5 125 25 5.0
Pump rate of

impeller/volume ov 1.0 0.34 1.0 0.2 0.04
Maximum impeller speed ;

(max. shearing rate) N - D, 1.0 1.7 5.0 1.0 0.2
Reynolds number NDjp/n 1.0 8.5 25.0 5.0 1.0

With permission, from J. Y. Oldshue, Biotechnol. Bioeng. 8:3-24 (1996) John Wiley & Sons, Inc.
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Figure 10.6 Measured oxygen concentrations in a 20-m* production fermenter (figures in circle are
model estimates). (With permission, from N. W. F. Kossen, in T. K. Ghose, ed., Biotechnology and
Bioprocess Engineering, United India Press, New Delhi, 1985, pp. 365-380.)
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Figure 10.8 Experimental setup for scale-down experiments. (With permission, from
N. W. F. Kossen, in T. K. Ghose, ed., Biotechnology and Bioprocess Engineering,
United India Press, New Delhi, 1985, pp. 365-380.)
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Controlled operation of fermenter

Process parameters for control Monitoring parameters

l
: | :

PHYSICAL CHEMICAL BIOCHEMICAL Steam flow rate
Acid/alkali input

Temperature pH Biomass composition  Gas/liquid flow rate

Pressure Oxygen concentration Enzyme concentration Foam breaking

Viscosity Redox potential Morphology ~ Agitator speed

Liquid level Outlet gas composition

Foam level Broth composition

Gas flow rate
Liquid flow rate
Agitator speed
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- HE AMYEE: P(t) = [1-p(t)]"e (10.12)
-t AIZHOIl & HIZ E[N(t)] = N_p(t) (10.13)
- 1% AIERY p(t) = gt (10.16)

ke HIMESE

- JX2AAIZHD), HIEZ4=D 1081 Z46H= O 2el= Al2t
0.1=exp(-k D) ——> D = 2.303/k, (10.17)
- MEZH (In N(t)/N,) ——> J& 10.12
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Figure 10.13 Overall survival curve (D) for a system with three distinct subpopulations
(A, B, and C). Population A is normally dominant, but it is the one most sensitive to the
sterilizing agent, while subpopulation C is far more resistant.
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Batch vs. continuous sterilization

Batch

1. Longer heat-up/cool down time

2. Incomplete mixing
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Batch vs. continuous sterilization

Continuous 1. Shorter time

2. Higher temperature
B) Continuous Sterilization g P

Medium Steam Injector "Bioprocess Engineering:
l 150 . Basic Concepts ™
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