CP504 / Sept-Dec 2012: Simulation-type Assignment 14


- worth a maximum of 25% marks and a bonus of 75% of the marks gained
Important notes on gaining marks:

1. Clarifications on the assignment shall be provided if the need arises.

2. Answer script should be complete with the required plots and programmes. 

3. Answer script should be submitted on or before the deadline agreed upon. 

4. Critical analysis of the results is required to earn maximum marks.

5. Marks earned will be divided by the number of near identical answer scripts submitted (assuming copying has taken place). 

Modelling Beer Production: 

Glucose, maltose and maltotriose are consumed by yeast to produce beer. Batch reactor kinetic equations for the consumption of sugars by yeast are given as follows:  
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where G, M, N and X represent the concentrations of glucose, maltose, maltotriose and yeast in the batch reactor, respectively, and the specific reaction rates are given by following Monod models:
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The above models accommodate the inhibition of the specific reaction rate of maltose by glucose and that of maltotriose by glucose and maltose.

Temperature dependency of the maximum specific reaction rates (μG,max, μM,max and μN,max), Monod constants (KG, KM and KN) and inhibition constants (
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The yeast or biomass (X) production rate is given by the following: 
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where the specific yeast growth rate (
[image: image19.wmf]X

m

) is known to be limited by the availability of unsaturated fatty acids and lipids in the wort. 

Since the process of cell growth can only continue as long as the necessary structural components can be obtained from the media or synthesized within the cells. Unsaturated fatty acids used in the membrane structure cannot be synthesized by the cell in the absence of oxygen. Therefore, available unsaturated fatty acids in the media become depleted under anaerobic condition. In the following model, the above stated cell growth limitation is modelled by adding simple feedback inhibition mechanism for cell growth: 

 
[image: image20.wmf](

)

2

0

)

(

X

X

K

K

Y

Y

Y

X

X

N

XN

M

XM

G

XG

X

-

+

+

+

=

m

m

m

m





(11)
where 
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 are the biomass production to sugar consumption yield coefficients, KX is the yeast growth inhibition constant and X0 is the initial concentration of yeast in the batch reactor.

Ethanol (E) production rate is given by the following: 
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where 
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 are the ethanol production to sugar consumption yield coefficients. 
Using equations (1), (2) and (3), equation (12) can be written as follows:  
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Nutrient Model: 

Yeast utilizes amino acids in the construction of structural and functional proteins. The intake of amino acids is high during high rate of growth of biomass. The rate of amino acid assimilation by yeast is therefore modelled as negatively proportional to the yeast growth rate and is limited by the availability of amino acids in the media. The three amino acids (leucine, isoleucine and valine) are modelled as follows:   
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where L, I and V represent the concentrations of leucine, isoleucine and valine in the batch reactor, respectively, D models the lag effect as 


[image: image32.wmf])

/

exp(

1

d

t

D

t

-

-

=









(17)
since amino acids are known to be consumed in the lag phase preceding fermentation, and the Monod constants are described as follows:
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Temperature Model:

The batch temperature (T) is given by the following energy balance which includes the heat of reaction effect: 
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where ρ is the density of the mixture, Cp is the heat capacity of the mixture and 
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 are the overall heat of fermentation for glucose, maltose and maltotriose, respectively. 

Using equations (1), (2) and (3), equation (18) can be written as follows:  
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Model Parameters: 

Arrhenius frequency factor for maximum specific reaction rates: 
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Arrhenius activation energy for maximum specific reaction rates: 
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Arrhenius frequency factor for Monod constants of sugars: 
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Arrhenius activation energy for Monod constants of sugars: 
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Arrhenius frequency factor for inhibition constants: 
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Arrhenius activation energy for inhibition constants: 
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Biomass production to sugar consumption yield coefficients: 
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Ethanol production to sugar consumption yield coefficients: 
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Biomass growth inhibition constant:   
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Amino acid consumption to biomass production yield coefficients: 
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Monod constant for isoleucine (taken as independent of temperature): 
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Arrhenius frequency factor for Monod constants of amino acids: 
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Arrhenius activation energy for Monod constants of amino acids: 
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First-order time constant for delay: 
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Overall heat of fermentation for sugars:
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Universal gas constant:
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Density of the mixture:
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Heat capacity of the mixture: 
   Cp = 4.016 kJ/kg.K
Using a stiff differential equations solver (such as ‘ode15s’ in MATLAB), solve the above set of differential equations for the initial concentrations of glucose, maltose, maltotriose, yeast, leucine, isoleucine and valine given by 70, 220, 40, 125, 1.3, 0.6 and 2.1 mol/m3, respectively, in a time interval 0 to 250 h with a step size of 1 h. Assume no ethanol is present in the reactor initially. 
Carry out the simulation for different values of initial temperatures in the range of 5 to 10oC, and determine the maximum value of initial temperature that would help maintain the fermentation temperature below 20oC until all sugars are consumed. 
Plot the concentration profiles of the sugars, yeast, ethanol and amino acides for the initial temperatures studied and write down your observations. 
Reference: 
1) Ramirez WF and Macciejowsli J. Optimal beer fermentation. Journal of the Institute of brewing, 2007;113:325-333

2) Warnasooriya WMDR. Modelling and Simulation of the Beer Fermentation Process and temperature Control. M.Sc. in Sustainable Process Development. 2010: Thesis. University of Moratuwa. 
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