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Consecutive very-high-gravity batch ethanol fermentation
with self-flocculation yeast

Fan Li, Xumeng Ge, Ning Li, and Fengwu Bai
Department of Bioscience and Bioengineering, Dalian University of Technology, Dalian 116023, China

Abstract: In order to save energy consumption for the downstream processes, consecutive very-high-gravity batch fermentation
was developed for ethanol production with the self-flocculating yeast Saccharomyces cerevisiae flo. The fermentation system
exhibited a high ethanol productivity of 8.2 g/(L-h) with average ethanol concentration around 120 g/L. However, deterioration of the
sedimentation performance of yeast flocs was observed as the consecutive fermentation process was prolonged, which significantly
extended the time required for yeast flocs to separate from fermentation broth, and exaggerated the inhibition of high ethanol
concentration on the yeast flocs, making them quickly lost viability and the fermentation system interrupted after 11 consecutive
batches. Experimental results illustrated that decrease of the size of yeast flocs was the main reason, which could be prevented by
stimulating the propagation of the yeast flocs. Thus, yeast was purged from the fermentation system at the end of each batch, and the
concentration of yeast flocs within the fermentor was maintained at a relatively low level to stimulate their propagation. Although the
ethanol productivity was decreased to 4.0 g/(L-h), the size of yeast flocs was stabilized after 10 consecutive batches and maintained

for another 14 batches without further decrease, indicating the fermentation system could be operated reliably.
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Table 1 Results of the consecutive VHG batch fermentation with the self-flocculating yeast S. cerevisiae flo

Batoh No. ¢ (h) t(m)  S,(g/L) P (g/L) X/(g/L) 7, (L) ¢ (g/(L'h))  Y(g/g)  Viability (%)
1 14.00 0.3 0.28 120 31.2 0.30 6.07 0.445 97.85
2 12.75 0.8 0.90 115 24.0 0.40 7.18 0.464 95.52
3 13.50 1.3 0.88 119 29.8 0.40 6.87 0.466 95.85
4 11.67 2.0 0.19 122 315 0.40 7.97 0.472 94.46
5 10.25 3.1 0.55 122 323 0.45 9.03 0.473 94.77
6 9.33 43 0.33 119 34.8 0.40 9.84 0.451 93.87
7 8.25 6.7 0.23 118 34.7 0.42 10.95 0.462 91.50
8 8.00 9.6 0.75 120 30.9 0.42 11.35 0.469 86.70
9 3.80 13.4 0.75 120 32.4 0.40 10.62 0.461 84.87
10 7.72 18.5 0.44 120 353 0.50 10.58 0.463 78.35
11 8.00 24.6 0.20 120 38.5 0.50 11.89 0.470 74.85
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5 . Fig. 2 Sedimentation of the yeast flocs during the consecutive
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Table 2 Parameters affecting sedimentation of the yeast flocs during the consecutive VHG batch fermentation

Batch No. ts(m) X/(g/L) V(L) 4, (mPa-s) 1o (mPa-s) o (g/em®) p.(g/em®) M (um)
1 0.3 31.43 0.40 14.18 3.00 0.991 1.047 313
2 0.9 32.18 0.40 18.35 3.00 0.991 302
3 1.4 32.20 0.40 19.22 3.00 0.990 295
4 3.1 34.33 0.40 23.70 3.00 0.991 273
5 4.1 33.88 0.40 29.42 3.50 0.991 268
6 5.6 38.23 0.40 30.93 3.00 0.991 1.041 259
7 7.0 37.98 0.40 33.75 3.00 0.992 238
8 10.3 38.43 0.40 36.18 3.00 0.992 193
9 15.7 42.68 0.40 44.97 3.25 0.992 178
10 22.3 44.25 0.40 99.90 3.50 0.992 146
11 13.8 43.31 0.50 114.82 3.25 0.992 127
12 16.2 43.21 0.50 99.93 3.25 0.993 112
13 20.5 42.26 0.50 84.78 3.25 0.992 102
14 26.8 42.05 0.50 69.24 3.75 0.992 1.042 96
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