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Continuous Ethanol Fermentation Coupled with Recycling
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Abstract A continuous ethanol fermentation system composed of three-stage tanks in series coupled with two sedimentation
tanks was established. A self-flocculating yeast strain developed by protoplast fusion from Saccharomyces cerevisiae and
Schizosaccharomyces pombe was applied. Two-stage enzymatic hydrolysate of corn powder containing 220g/L of reducing sugar

supplemented with 1.5g/I. NH, ,HPO, and 2.5g/L. KH,PO, was used as the ethanol fermentation substrate and fed into the
first fermentor at the dilution rate of 0.057h™" . The yeast flocs separated by sedimentation were recycled into the first fermentor
as two different models activation-recycle and direct recycle. The quasi-steady states were obtained for both operation models
after the fermentation systems experienced short periods of transitions. Activation process helped enhance the performance of
ethanol fermentation at the high dilution rates. The broth containing more than 101g/L ethanol 3.2¢g/L residual reducing sugar
and 7.7¢/L residual total sugar was produced. The ethanol productivity was calculated to be 5.77g/ 1. h  which increased by

more than 70% compared with that achieved in the same tank in series system without recycling of yeast cells.

Key words fuel ethanol self-flocculating yeast cells recycling of yeast activation productivity
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Process diagram of continuous ethanol fermentation coupled

Fig. 1
with recycling of self-flocculating yeast cells
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Fig.2  Time-courses of biomass residual and ethanol during fermentation

A B and C for biomass residual sugar and ethanol respectively

tank2 —O—  tank3 —A— .

Activation-recycle model tankl —H— tank2 —@— tank3 —A&— . Direct-recycle model tankl —[]—

18
2.2
1
1
Table 1 Comparisons of several different ethanol fermentation technologies
Process strategies
Fermentation - ,
results Freely suspended Tanks in series Suspended-bed Tanks in series system for
yeast cell system® system for flocs® system for flocs® flocs coupled with yeast cell recycling
P gL 88 ~ 96 96 ~ 104 96 ~ 104 99 ~ 103
SR ¢/L 2.5 2.0 2.0 3.2
ST ¢/L 5.0 3.5 3.5 7.7
X gL 3~5 7~14 40 ~ 60 25~30
th 50 ~ 60 25~35 20~25 17~ 18
q ¢ Lh! 1.65 3.32 4.44 5.77
residual reductive sugar concentration ST residual total sugar

a data were cited from the paper written by Xu et al © P ethanol concentration SR

concentration X biomass concentration ¢ average ethanol fermentation time ¢ ethanol productivity.

1
101¢/L. 3.2 10 2
7.7¢/L
2.5 1
42 %
70%
22% 30%
1
2
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Table 2 Comparisons of the sugar consumption ethanol formation and yield with the reference 6

Tanks in series system for flocs

Tanks in series system for flocs coupled

Femlo?n;aﬂtion coupled with seed culture® with activation and recycle of yeast cells
resuits Seed culture Fermentors Total Activation Fermentors Total
Sy g/L 100 220 — — 220 —
F,, Lid 0.41 2.38 2.79 0.20 4.51 4.71
Gs g/d 41 524 565 10 994 1004
Ve Lid — — 2.79 — — 4.66
P ¢/L 36.8 95.6 95.6 0 101.16 101.16
Gp g/d 15 252 267 0 477 477

Yps 0.37 0.48 0.47 0 0.48 0.48

a data were obtained from the paper written by Xu et al © S, feeding sugar concentration F;, volume of medium input per day Gs mass of feeding

sugar consumed per day Vp volume of broth obtained per day P; ethanol concentration in the final broth Gp mass of ethanol produced per day Yps yield

of ethanol from sugar.

2
7%
0.37

1%

SPSCO1
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