
Problem :
In ethanol ferm entation, sugars are converted into ethanol by yeast. However, during wine production, 
the occurrence and activity of lactic acid bacteria is widely docum ented. Depending on the type and 
am ount of lactic acid bacteria in a ferm enting wine batch, it can have beneficial or deleterious effects on 
the wine produced. Assum e you have a vat of ferm enting port wine. The batch begins with 10^5 yeast 
cells but is contam inated with 10^3 Lactobacillus higardii (a lactic acid bacteria found in wine 
production). Assum e that the yeast grows with a logistic growth kinetic (i.e. (dP/dt)=rP(1-(P/K))where P 
is the yeast, r is a growth constant of 0.03 per hour, and K is the carrying capacity of the batch. For the 
yeast use K = 1*10^7. The Lactobacillus grows with a logistic growth kinetic but with r=0.020/hr
and a K=10^6. Yeast produces ethanol with a rate of 0.008 m g/hr per yeast cell (you can assum e the 
sugar concentration is unchanging during the ferm entation). The Bactobacillus produces lactic acid with 
a rate of 0.0006 m g/hr per bacterium . However, the ethanol is toxic to both the bacteria and the yeast 
and so they die with a rate dependent on the num ber of bacteria or yeast and the concentration of 
ethanol in the solution. For the bacteria  they die with a second order rate constant of k1 = 0.0003 m L/
(m g*hr) and the yeast die with a second order rate constant of k2=0.0001 m L/(m g*hr). Predict the 
concentration of lactic acid in the batch at the end of ferm entation (i.e. with all the yeast and 
Lactobacillus are dead (or at least below 0.1%  of their original num ber)). W hat is the pH of the wine in 
the end. You can assum e the only acid contributing to the pH is the lactic acid and that lactic acid has a 
pKa of 3.86. This reaction is exotherm ic, for every m ole of ethanol produced, 1 kJ of energy is released. It 
is im portant to m aintain a chilled tem perature of 4°C during ferm entation. Heat is rem oved by m eans of 
a heat exchanger that dissipates eccess heat via a chilled water stream  and can be m odeled by the 
equation: Q = ? ? Area ? (Tb ? Tw). W here h is the heat transfer coefficient, ?(v) = V 100 (kj/((m ^5)*k)) 
Area is the surface of the exchanger, 5 m ^2, Tb is the tem perature of the bioreactor, and Tw is the 
tem perature of the chilled water stream  inlet, 4°C. The heat transfer coefficient, h, is a function of V, the 
volum etric flow rate of the chilled water. The following data are provided: volum e of the bioreactor
is 10 L. Calculate the total heat rem oved from  the system  in kJ during the ferm entation and determ ine 
the flow rate of water as a function of tim e in L/m in and the tem perature of the water as it leaves the 
cooling system .

Assem ble:
Find: the total heat rem oved from  the system  in kJ during ferm entation, the flow rate of water in L/m in, 
and the tem perature of the water as it leaves the cooling system

Diagram : 

Analyze:
Assum e: open, steady-state, non reactive
Basis:
ABCD=3086
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