UNIVERSITY OF PERADENIYA

Faculty of Engineering

END OF SEMESTER EXAMINATION – May 2009
CP504 - BIOLOGICAL PROCESS ENGINEERING  

(2 hours)

Answer all FOUR questions.

Simplifying assumptions used in developing solutions should be stated. In case of any uncertainty about the meaning of the question, the assumed meaning should be clearly stated.

Graph sheets will be provided on request.
1)
Give a detailed description of one (1) of the biochemical processes listed below. Your description must include (i) a detailed illustration of the industrial-scale production of the chosen process along with a schematic diagram, and (ii) design, operation, maintenance, cost and any other important aspect of the chosen process.    




  [25%]

a) Lactic Acid Production 

b) Citric Acid Production

c) Bakers’ Yeast Production
d) Penicillin Production

e) Acetone-Butanol Production 

f) Any other Industrial Biological Process practiced in Sri Lanka




2) A fermenter medium is sterilized in batch mode to reduce the number of contaminating bacterial spores from 104 per litre to a desired value. The sterilization process includes a heat-up period, a constant-temperature-holding period and a cool-down period as tabulated below:  

	t (min)
	0
	40
	50
	60
	70
	90

	T (oC)
	30
	100
	121
	121
	100
	30

	k (per min)
	1.35x10-11
	0.008
	0.903
	0.903
	0.008
	1.35x10-11



where t is the time, T is the temperature and k is the specific death rate of contaminating bacterial spores.

(a)
Calculate the approximate value of the sterility level after the sterilization process given above.
 








 
  [10%]

(b)
What should be the approximate value of the holding period (in minutes) if the medium is to be sterilized such that the chance of a bacterial spore surviving the sterilization process is 1 in 10,000.  

 






  [10%]

3)
Streptomycin is extracted from the clarified fermentation broth using a pure organic solvent in a counter-current staged extraction unit. The distribution coefficient of streptomycin at pH = 4 is KD = Yn/Xn = 30, where Yn is the concentration of streptomycin in the solvent phase and Xn is the concentration of streptomycin in the fermentation broth phase which in equilibrium with the solvent phase. Feed flow rate is 150 l/min and the solvent flow rate is 15 l/min. Show that two equilibrium stages are enough to reduce the streptomycin concentration from 10 g/l in the fermentation broth phase to 1 g/l. Assume that the densities of the fermentation broth and the solvent to be the same as water, and that the volume changes of the fermentation broth and the solvent are negligible. 

  


  [30%]

Please turn over

4)
A continuous stirred tank fermenter (CSTF) is fed with the sterile stream containing substrate at a concentration of S0. The substrate and the cell concentrations in the CSTF are given by S and X, repectively. The yield coefficient between the cells and the substrate is given by 
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. The dilution rate of the CSRF is D, which is defined as the ratio between feed flow rate to the CSTF and the volume of the CSTF.

a) 
If the cell growth kinetics is given by the Monod equation, 
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 are the kinetic constants, show that  
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  [05%]

b) 
If the cell growth kinetics is given instead by the Contois equation,
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 ,
show that S is given by  
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  [10%]

c) 
If So increased twofold, by how much will S increase in part (a) and in part (b)?      [05%]

d) 
State briefly how you would determine if the cells in the CSTF follow the Monod equation or the Contois equation. 
    





  [05%] 
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