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Modeling and Characteristics of Ethanol Fermentation Process
Combined with Pervaporation
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Abstract — Pervaporation which is capable of removing ethanol selectively was adopted to reduce
the ethanol inhibition and 7n situ recovery of ethanol in ethanol fermentation. The composite
membrane made of silicone and polysulfone was used to separate the ethanol selectively. The
ethanol selectivity of the membrane was about 4 and the total flux was 300 g/m*h at 30C and
10 mmHg for 25 g/l of feed concentration. Saccharomyces cerevisiae entrapped within Ca-alginate
gels was employed for ethanol fermentations in a fluidized-bed bioreactor. The pervaporation mem-
brane unit and fluidized-bed bioreactor were combined into one system. The proposed model
equations for the combined system showed good accordances with the experimental resulis. It
was found from the simulation results that the ethanol concentration in the broth for the combined
system was lower than that for the continuous fermentation system without a membrane unit.
Ethanol productivity can be thus increased by employing the combined system.
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Fig. 1. Schematic diagram of the ethanol fermentation-
pervaporation systemi.

1. filter plate 10. exhaust air line

2. water bath 11. feeding line

3. temperature controller 12. sampling line

4. thermometer 13. antifoam feeding line

5. humidifier 14. membrane

6. air flow meter 15. membrane unit

7. air filter 16. U-tube manometer

8. line to membrane 17. cold trap with lig. N,
unit 18. pressure gauge

9. line from membrane  19. needle valve

unit 20. three way vaive
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Fig. 2. Effects of downstream pressure on total flux
and selectivity for different ethanol concentration at
30°C.
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Fig. 3. Arrhenius plot of total flux (J).

(3 ethanol concentration 25 g/l, downstream pressure
1 mmHg, @: ethanol concentration 73 g/l, downstream
pressure 5 mmHg, v: ethanol concentration 165 g/l,
downstream pressure 5 mmHg
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Fig. 4. Variations of immobilized and free cell masses
during ethanol fermentation in fluidized-bed bioreactor.
®: immobilized cell mass, ¥: free cell mass
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Fig. 5. Time courses of ethanol fermentation and com-
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Its.

Se: 60 g/l, D: 0.15h7Y e: 0.82. Pervaporation was star-
ted at 18 h and continuous operation without pervapora-
tion was started at 50 h, Lines are simulation results
and dots (a: glucose, <: ethanol) are experimental
data
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Fig. 6. Pervaporation results during ethanol fermenta-
tion in combined fermentation-pervaporation systems.
+v: ethanol concentration in the permeate, @: ethanol
concentration in the broth
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Table 1. Parameter values used for the model equa-
tions

Parameter Value Unit Data
K. 1.0 Lg/l] [11]
Y.zfs 0.1 [_] [11]
P. 100 [g/!] [2,9]
T 0.25 [h 1] Experimental
Ypfg '0.3 |: - :I >
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Fig. 8. Simulation results on the design and operating parameters in ethancl fermentation.

A, Eftfect of membrane area on ethanol productivity (S,: 100 g/l, & 0.82).

B. Effect of glucose concentration in feed stream on ethanol productivity (A/V: 0.125cm ™!, &: 0.82).

C. Effect of cell concentration in immobilized cell matrix on ethanol productivity (A/V: 0.125cm ', S,: 100 g/i).
D. Effects of membhrane area on substrate(S), product(P) and productivity(PD) (5,: 100g/, D: 02h !, ¢ 0.82).
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: membrane area(em?)

: concentration in the membrane( —)

. dilution rate(h 1)

. activation energy(cal/mol)

. ethanol flux{g/m*-h)

. ethanol concentration{g/!)

: max. ethanol concentration(g/!)

. gas constant{cal/mol-K)

. substrate concentration{g/l)

. total reactor volume(m/)

. cell concentration(g/{)

; max. cell concentration n alginate
(g/l-alginate)

. selectivity(—)

. porosity( —)

+ pervaporation constant{cm/h)

. specific growth rate(h ')

. max. specific growth rate(h )

- effectiveness factor(—)
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