Kor. J. Appl. Microbiol. Biotechnol.
Vol. 27, No. 3, 223-229 (1999)

Singular Approximation} Minimum PrincipleS
OlE¢t e sF2 xHs}

e
%

0|&

0=
oR

UH 02

JUTi'>-|

ERIEE
O__rl._/lk._

Optimization of Fermentation Processes with Singular Approximation and Minimum Principle. Lee,
Jung-Heone*, Jae-Cheol Jeong, and Young Hoon Park. Bjoprocess Technology Research Division, Korea
Research Institute of Biotechnology and Bioscience RO. Box 115, Yusong, Taejon 305-600, Korea — The two opti-
mal control algorithms, singular approximation and minimum principle, were compared in this paper, The switch-
ing time with singular approximation was determined with mathematical derivation and the optimal control profile
of specific growth rate was also calculated with minimum principle. The optimal control profiles were calculated by
making simple model correlating the specific cell growth rate and specific product formation rate. The optimal control
profiles calculated by singular approximation approach were similar to stepwise form of those calculated by mini-
mum principles. With the minimum principle, the product concentration was 8% more than that of singular approx-
imation. This performance difference was due to a linearization of a nonlinear function with singular approxima-
tion. This optimal approaches were applicable to any system with different optimal cell growth and product formation.
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Fig. 1. General form of specific production rate as a func-
tion of specific growth rate.
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Fig. 2. Linear approximation of corrclation between specific
growth rate and specific production rate.
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Fig. 3. Three typical types of correlation.

(a) Specific production rate is independent of specific growth
rate, (b) Specific production rate is very sensitive to specific
growth rate, (c) Specific production rate increased with in-
creasing specific growth rate.
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Table 1. Experimental results
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Fig. 4. The change of specific production rate with the change
ol specific growth rate obtained from experimental resulis.
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Fig. 6. Cell growth and product formation with applied optimal control profiles. (a) cell mass (b) product.
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P product concentration (g/L)
PI performance index

L time (day)

tr final time (day)

\'% fermentor volume (L)

X cell concentration (g/L.)

X mass (g)

X5 product (g)

Greek Letters

o coefficient

£ coefficient for gradient iteration
0 specific growth rate (1/day)

T specific production rate (1/day)
A adjoint vector

Subscript

min minimum

max maximum

switching switching point
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