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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of ethanol production through a fermentation process, in particular to
an ethanol fermentation method under VHG fermentation conditions.

BACKGROUND OF THE INVENTION

[0002] With the rapid development of world economy, the degree of dependence of people on fossil resources is
gradually increased. The high-strength mining and consumption of the fossil resources cause emission of a great amount
of harmful gases such as CO2 (Progress in Chemistry, 2006, 18(2-3): 131-141), which consequently leads to serious
environmental pollution and influences the existence and development of the human society. In recent years, in order
to relieve the increasing shortage of energy and the crisis of global environmental temperature rise caused by the
increase of greenhouse gas emission, people are successively devoted in developing "green" alternative energy. As
new renewable energy, fuel ethanol has the features of cleanness, renewability and the like, can reduce the emission
of carbon monoxide and hydrocarbon in automobile exhaust, and is one of major countermeasures for effectively relieving
the energy crisis.
[0003] The production of bioethanol is mainly to convert various biomasses into fuel ethanol through microbial fer-
mentation. Reducing the production cost is a key factor for improving the economic benefit of production of fuel ethanol,
especially cellulosic ethanol, and enabling it to be widely applied. In order to effectively reduce the production cost,
currently people are mainly devoted in improving the fermentation time, improving the cyclic utilization efficiency of yeast
and improving the endpoint ethanol concentration. Kwang Ho Lee, et al. ((Bioresource Technology, 102, 2011:
8191-8198) reported a method for immobilizing yeast by using calcium alginate as a carrier. Compared with free cells,
immobilized yeast can obtain higher ethanol yield and can effectively shorten the fermentation time by 10 h; U.S. patent
US20110201093A1 reports that the ethanol yield can be improved and the fermentation time can be reduced by adding
carbonate into the fermentation medium; and the patents US20100143993A1 and WO2010/065595A2 adopt ionic liquid
as an extraction agent to continuously extract ethanol in situ from the fermentation system to guarantee the activity of
yeast. The patent application WO 2005/069849 disclosed a process for producing ethanol wherein a fermentation medium
was formed comprising a corn mash, sulfuric acid to adjust the pH, Saccharomyces cerevisiae and a surfactant. The
patent applications WO 2007/149327 and US 2011/171707 disclose a method for improving the production of a non-
terpene organic compound by a microorganism in a fermentation medium. The scientific publication PROCESS BIO-
CHEMISTRY, vol. 46, no. 9, 2011, pages 1785-1792_(L. Wei et al.) disclosed a fermentation of hemicellulose sugars
to ethanol using S. cerevisiae strain in solid YPG medium.
[0004] Very high gravity (VHG) fermentation is a technique capable of improving the economic indicator of ethanol
fermentation. The VHG ethanol fermentation has the following advantages: 1) the productivity and utilization rate of unit
equipment are improved; 2) water consumption is reduced; 3) the ethanol in mash in unit volume is increased, and the
energy consumption in cooking, fermentation, distillation and DDGS concentration and drying processes is reduced;
and 4) the growth of contaminating microorganisms is inhibited. However, VHG ethanol fermentation also causes some
problems for a reason that the starting sugar concentration is obviously increased. On one hand, since the yeast cells
are stressed by high osmotic pressure under the effect of high sugar concentration, consequently the growth and survival
rate are decreased, the fermentation time is prolonged and the fermentation is incomplete; on the other hand, the yeast
cells are inhibited by strong products of high-concentration ethanol; the fermentation is also inhibited by nutrient insuf-
ficiency. The literatures (Biomass and Bioenergy 39, 2012:48-52) and (Energies 2012, 5, 3178-3197) discussed about
improving the endpoint ethanol concentration by adding different types of nitrogen sources under VHG ethanol fermen-
tation conditions.
[0005] The present invention discloses an ethanol fermentation method , wherein high-activity saccharomyces cere-
visiae is adopted, glucose is used as a raw material, a nonionic surfactant is added during fermentation cultivation to
reduce ethanol inhibition, thereby the osmotic pressure caused by high sugar concentration is reduced, the survival rate
and growth speed of the saccharomyces cerevisiae cells under special environments are improved, finally the endpoint
ethanol concentration is improved and the consumption of water in the fermentation process and the consumption of
energy in the distillation process are effectively reduced; and in addition, the yeast and the surfactant are separated
from the fermentation mixture and then are reutilized in the next batch of fermentation processes.

SUMMARY OF THE INVENTION

[0006] The purpose of the invention is to provide an ethanol fermentation method and relates to a very high gravity
(VHG) fermentation ethanol production process, in particular to surfactant VHG ethanol fermentation, wherein endpoint
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ethanol concentration is improved by adding a surfactant in a fermentation medium. It is well known that fuel ethanol is
produced mainly through a fermentation method, the fermentation medium comprises carbohydrate, a sugar source and
saccharomyces cerevisiae, the initial pH of the fermentation medium is 3.5-5.3 and the fermentation temperature is
25-40 °C. The invention is directed to adding a nonionic surfactant into the fermentation medium to improve the ethanol
concentration and the survival ability of yeast cells, and the ethanol can be increased from 110 g /L when no surfactant
is added to 150 g/L when the surfactant is added.
[0007] The present invention provides a very high gravity ethanol fermentation method comprising:

- forming a fermentation medium consisting of a fermentable carbohydrate as a carbon source, a surfactant-water
mixture, a pH-adjusting agent and Saccharomyces cerevisiae cells and

- subjecting the fermentation medium to fermentation,

wherein a mass ratio of the surfactant to water in the fermentation medium is 0.001-0.375, and the surfactant is a nonionic
surfactant selected from the group consisting of the following formula,

and combinations thereof, wherein n is 1-25; and M is methyl in these formulae..
[0008] According to the ethanol fermentation method provided by the present invention, the fermentable carbohydrate
is glucose and the concentration of the fermentable carbohydrate is 270-500 g/L.
[0009] According to the ethanol fermentation method provided by the present invention, a mass ratio of the surfactant
to water in the fermentation medium is 0.001-0.5, preferably 0.125-0.375.
[0010] According to one embodiment of the present invention, the ethanol fermentation method comprises that: (a)
the fermentation medium comprises saccharomyces cerevisiae; (b) the fermentation medium therein comprises at least
one of such nonionic surfactants as polyethylene glycol (PEG), methoxy polyethylene glycol (MPEG), dimethoxy poly-
ethylene glycol (DMPEG) and polydimethylsiloxane (PDMS), and the addition of the surfactant can increase the life of
yeast cells and endpoint ethanol concentration under VHG fermentation conditions; (c) the yeast cells can be recycled
from the fermentation mixture; and (d) the surfactant and the pH adjusting agent can be synchronously recycled.
[0011] The PEG is at least one of PEG-200, 400, 600, 800, 1000.
[0012] A structural formula of the PEG is:
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a structural formula of the MPEG is:

a structural formula of the DMPEG is:

and a structural formula of the PDMS is:

wherein n is 1-25; and M is alkyl.
[0013] According to the present invention, a fermentation process or at least part of the fermentation process comprises
the fermentation medium H2O and surfactant, a fermentation product ethanol, a fermentation material carbohydrate and
saccharomyces cerevisiae. In one embodiment, the fermentation temperature is generally selected to be 28-44 °C, in
particular 30-38 °C, the most preferably 33 °C, the pH is generally selected to be 3.0-6.5, the most preferable pH range
is 4.0-5.0, the yeast cell concentration is 107-109/L, and the fermentation time is 12-120 hrs, preferably 60 hrs.
[0014] According to the ethanol fermentation method provided by the present invention, the pH adjusting agent for
the fermentation medium is one of sulfuric acid solution, citric acid-sodium citrate buffer solution, phosphoric acid buffer
solution, carbonate buffer solution and acetic acid-sodium acetate buffer solution.
[0015] In the VHG fermentation process, the bearing capacity of the yeast cells to the osmotic pressure of high-
concentrating glucose and the tolerance to high-concentration ethanol are key factors that need to be considered. In
the present invention, the ethanol concentration can be effectively improved by adding the nonionic surfactant into the
fermentation medium. We guess that this phenomenon is caused possibly for a reason that the surfactant is directly or
indirectly used as a cell protection agent which improves the survival ability of the yeast cells and thereby improves the
ethanol concentration.
[0016] The used surfactant is a nonionic surfactant, for example, the nonionic surfactant is PEG, in particular PEG-
200, PEG-400 and PEG-600. The mass ratio of the surfactant to water is 0.001-0.375 , the mixed fermentation medium
of the surfactant and the water can increase the ethanol concentration, which is consistent with the point of view put
forward by the present invention. The fermentation medium prepared by mixing according to a mass ratio of surfactant
to water between 1/5 and 0.375 and between 1/5 and 1/4 can also increase the ethanol concentration.
[0017] A fermentation bath for ethanol production provided by the present invention comprises microorganisms (such
as yeast) for producing ethanol, a fermentation carbon source (such as carbohydrate, monosaccharide and polysac-
charide) and a pH adjusting agent (such as H2SO4, citric acid-sodium citrate buffer solution, phosphoric acid buffer
solution, carbonate buffer solution and acetic acid-sodium acetate buffer solution). The concentration of a fermentation
substrate is 275-500 g/L, the fermentation substrate consists of a fermentable carbohydrate, and glucose, cellulose and
starch are especially suitable as the carbon source.
[0018] According to the ethanol fermentation method provided by the present invention, the yeast cells can be recycled
and are recovered by performing refrigerated centrifugation to the fermentation liquid for direct use in the next fermentation
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process. The yeast cells are recycled by performing refrigerated centrifugation to the fermentation liquid by adopting a
standard centrifugation technique with a centrifugation speed of 4000-15000 rpm and a centrifugation time of 1-30 min.
[0019] According to the ethanol fermentation method provided by the present invention, the surfactant and the pH
adjusting agent can be recycled, refrigerated centrifugation is performed to remove the yeast and supernatant is distilled
to obtain residue which replaces a fresh surfactant for a next fermentation process. The surfactant and the pH adjusting
agent are recovered by adopting a standard vacuum distillation technique, distillation temperature under pressure of
0-0.09Mpa is 40-100 °C and distillation time is 20-120min.
[0020] According to the ethanol fermentation method provided by the present invention, the yeast cells and the sur-
factant can be synchronously recycled, the yeast cells are recovered through refrigerated centrifugation, the supernatant
is distilled to recover the surfactant, and the recovered yeast cells and the recovered surfactant are simultaneously used
for a next batch of fermentation processes.
[0021] According to the ethanol fermentation method provided by the present invention, the surfactant is recycled by
performing refrigerated centrifugation after fermentation to remove the yeast cells, recovering the surfactant and the pH
adjusting agent through a standard vacuum distillation technique, the fermentable carbohydrate, the deionized water
and the recovered surfactant and pH adjusting agent can be directly added in the next fermentation process, and the
pH value of the fermentation medium does not need to be adjusted again.
[0022] The surfactant not only is low in steam pressure, but also has adjustable water solubility, and a fine regulation
and control of the physical property thereof can be realized by selecting its structure and the molecular weight. This
series of features decide that the surfactant has wide biocompatibility to many microorganisms and can be separated
from the fermentation mixture by adopting techniques such as centrifugation and distillation. A yeast cell recovery process
provided by the present invention is that the yeast cells can be recycled from the fermentation mixture of the surfactant
and the water through centrifugal separation. Specific process steps are as shown in Fig. 1.
[0023] In one embodiment, the present invention provides a surfactant recovery process: the surfactant can be recycled
from the fermentation mixture through the standard distillation technique after fermentation and the surfactant can be
cyclically utilized. Specific process steps are as shown in Fig. 2.

Material and fermentation analysis process

[0024] Saccharomyces cerevisiae was obtained from Hubei Angel Yeast Co., Ltd. Other reagents and chemicals were
obtained from SINOPHARM GROUP. Firstly, a certain amount of saccharomyces cerevisiae was weighed and put in a
100 mL conical flask, rehydrated to activate for 20 min at 37 °C by using ultrapure water, and then the resulting solution
could be used as yeast broth. Then glucose, surfactant and pre-prepared solution with a certain pH value were added
in the conical flask to be sealed by a preservative film, the conical flask was put in a shaker for shaking culture, and the
revolving speed of shaker was 160 r/min.
[0025] After fermentation, a product sample was diluted by deionized water, the content of each component in the
fermentation liquid was determined by adopting high performance liquid chromatograph (Agilent 1260), the conversion
rate and the ethanol yield thereof were calculated according to the feeding amount of the glucose, and the ethanol
concentration was calculated according to the mass of ethanol in the fermentation liquid and the volume of activated
water and pH solution. Chromatographic conditions are: ion exchange column with the column temperature of 65 °C,
differential refraction detector with detector temperature of 50 °C; and mobile phase: 5 Mm H2SO4, flow rate of 0.6 ml/min
and inlet amount of 25 uL. 

DESCRIPTION OF THE DRAWINGS

[0026]
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Fig. 1 illustrates recycling process steps of solid yeast powder;

Fig. 2 illustrates synchronous recycling process steps of the surfactant and sulfuric acid;

Fig. 3 illustrates the influences of fermentation temperature on glucose conversion rate;

Fig. 4 illustrates the influences of fermentation temperature on ethanol yield;

Fig. 5 illustrates the influences of fermentation temperature on ethanol concentration;

Fig. 6 illustrates the influences of pH value on glucose conversion rate;

Fig. 7 illustrates the influences of pH value on ethanol yield;

Fig. 8 illustrates the influences of pH value on ethanol concentration;

Fig. 9 illustrates the influences of a circulation of yeast fermented for 48 hrs in pure water on glucose conversion rate;

Fig. 10 illustrates the influences of a circulation of yeast fermented for 48 hrs in pure water on ethanol yield;

Fig. 11 illustrates the influences of a circulation of yeast fermented for 48 hrs in pure water on ethanol concentration;

Fig. 12 illustrates the influences of a circulation of yeast fermented for 48 hrs in surfactant/water on glucose conversion
rate;

Fig. 13 illustrates the influences of a circulation of yeast fermented for 48 hrs in surfactant/water on ethanol yield;

Fig. 14 illustrates the influences of a circulation of yeast fermented for 48 hrs in surfactant/water on ethanol con-
centration;

Fig. 15 illustrates the influences of a circulation of yeast fermented for 36-72 hrs in surfactant/water on glucose
conversion rate;

Fig. 16 illustrates the influences of a circulation of yeast fermented for 36-72 hrs in surfactant/water on ethanol yield;

Fig. 17 illustrates the influences of a circulation of yeast fermented for 36-72 hrs in surfactant/water on ethanol
concentration;

Fig. 18 illustrates recycling of surfactant/sulfuric acid.

DESCRIPTION OF THE EMBODIMENTS

[0027] The present invention will be further described below in combination with specific examples. However, the
claimed scope of the present invention is not limited by the examples.

Examples 1-9 Influences of the ratio of PEG-200 to water on ethanol fermentation efficiency

[0028] Firstly, 0.4 g of saccharomyces cerevisiae was weighed and put in a 100 mL conical flask, rehydrated to activate
for 20 min at 38 °C by using 4 mL of ultrapure water, and then the resulting solution could be used as yeast broth. Then
6.0 g of glucose, PEG-200 (according to the amount in Table 1) (1-8 g) and pre-prepared H2SO4 solution with pH=3.4
(according to the amount in Table 1) were added, the conical flask was sealed by a preservative film, put in a shaker
for shaking culture for 48 hrs at 36 °C, and the revolving speed of shaker was 160 r/min. According to the data in Table
1, it can be seen that, when no PEG-200 was added into the fermentation system (example 1), the glucose conversion
rate was 96%, the ethanol yield was 81% and the ethanol concentration was 112 g•L-1; and when 1.0 g of PEG-200
was used to replace pH solution, the glucose conversion rate was increased to 99%, the ethanol yield was increased
to 88%, the ethanol concentration was increased to 129 g•L-1, and the glucose conversion rate, the ethanol yield and
the ethanol concentration firstly ascended and then dropped with the increase in the amount of the PEG-200. These
results preliminarily demonstrate that the PEG can replace the water as the fermentation medium within a certain ratio
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range, improve the concentration of the fermentation endpoint product ethanol, reduce the content of residual glucose
at the fermentation endpoint, reduce the consumption of the water, decrease the production cost and improve the
fermentation efficiency.

Examples 10-17 Influences of the ratio of PEG-400 to water on ethanol fermentation efficiency

[0029] 0.4 g of yeast was weighed and put in a 100 mL conical flask, rehydrated to activate for 20min at 38 °C by
using 4 mL of ultrapure water, and then the resulting solution could be used as yeast broth. Then 6.0 g of glucose, PEG-
400 (according to the amount in Table 2) (1-8 g) and pre-prepared H2SO4 solution with pH=3.4 (according to the amount
in Table 2) were added, the conical flask was sealed by a preservative film, and put in a shaker for shaking culture for
48 hrs at 36 °C, and the revolving speed of shaker was 160 r/min. According to the data in Table 2, it can be seen that,
when 4.0 g of PEG-400 was used to replace pH solution, the ethanol concentration could reach to 150 g•L-1, and almost
no glucose was remained in the fermentation system. These results further proved that the PEG can replace the water
as the fermentation medium within a certain ratio range, improve the concentration of the fermentation endpoint product
ethanol, reduce the content of the residual glucose at the fermentation endpoint, reduce the consumption of the water,
decrease the production cost and improve the fermentation efficiency.

Table 1 Influences of the ratio of PEG-200 to water on ethanol fermentation efficiency

Example
PEG-
200/g

H2O 
/mL

Mass ratio of 
PEG to H2O

Glucose 
conversion rate/%

Ethanol 
yield/%

Ethanol concentration/
g•L-1

1 
(Reference) 0 20 0 96 81 112

2 1.0 19 1/19 99.4 88.2 129.3

3 2.0 18 2/18 93.8 86.5 133.8

4 3.0 17 3/17 81.4 78.6 128.7

5 4.0 16 4/16 71.3 71.8 125.0

6 5.0 15 5/15 48.1 45.8 85.1

7 
(Reference) 6.0 14 6/14 24.9 21.9 43.6

8 
(Reference) 7.0 13 7/13 12.5 14.0 30.0

9 
(Reference) 8.0 12 8/12 5.5 9.3 21.5

Table 2 Influences of the ratio of PEG-400 to water on ethanol fermentation efficiency

Example PEG-
400/g

H2O 
/mL

Mass ratio of PEG 
to H2O

Glucose conversion 
rate/%

Ethanol 
yield/%

Ethanol 
concentration /g•L-1

1 (Reference) 0 20 0 96 81 112

10 1.0 19 1/19 99.4 88.1 129.3

11 2.0 18 2/18 99.1 90.0 139.4

12 3.0 17 3/17 99.5 89.3 146.5

13 4.0 16 4/16 99.3 86.8 151.3

14 5.0 15 5/15 93.9 79.6 148.0

15 (Reference) 6.0 14 6/14 84.3 69.6 138.7

16 (Reference) 7.0 13 7/13 43.0 26.0 55.7

17 (Reference) 8.0 12 8/12 19.6 4.0 9.3
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Examples 18-25 Influences of the ratio of PEG-600 to water on ethanol fermentation efficiency

[0030] 0.4 g of yeast was weighed and put in a 100 mL conical flask, rehydrated to activate for 20min at 38 °C by
using 4 mL of ultrapure water, and then the resulting solution could be used as yeast broth. Then 6.0 g of glucose, PEG-
600 (according to the amount in Table 3) (1-8 g) and pre-prepared H2SO4 with pH=3.4 (according to the amount in Table
3) were added, the conical flask was sealed by a preservative film, and put in a shaker for shaking culture for 48 hrs at
36 °C, and the revolving speed of shaker was 160 r/min. According to the data in Table 3, it can be seen that, when
PEG-600 was used to replace pH solution, the ethanol concentration gradually ascended and then dropped with the
increase in the amount of the PEG-600, and the maximum ethanol concentration could reach to 153g•L-1. These results
fully proved that the PEG can replace the water as the fermentation medium within a certain ratio range, improve the
concentration of the fermentation endpoint product ethanol, reduce the content of residual glucose at the fermentation
endpoint, reduce the consumption of the water, decrease the production cost and improve the fermentation efficiency.

Example 26 Influences of fermentation temperature

[0031] 0.5 g of yeast was weighed and put in a 100 mL conical flask, rehydrated to activate for 20min at 38 °C by
using 4 mL of ultrapure water, and then the solution could be used as yeast broth. Then 6.5 g of glucose, 4.0 g of PEG-
400 and 12 mL of H2SO4 solution with pH=3.4 were added, the conical flask was sealed by a preservative film, and put
in a shaker for shaking culture for 12-72 hrs at 32-42 °C, and the revolving speed of shaker was 160 r/min. According
to Figs. 3, 4 and 5, it can be seen that different temperatures caused the glucose conversion rate, the ethanol yield and
the ethanol concentration to be greatly different in the fermentation process, and the endpoint ethanol concentration
dropped with the rise of the temperature when the fermentation temperature exceeded 35 °C; and however, the endpoint
ethanol concentration also dropped when the temperature dropped to 30 °C. The optimum fermentation temperature
should be selected to be close to 33 °C, the maximum fermentation endpoint ethanol concentration could reach to 160
g•L-1 and no residual glucose existed in the fermentation system.

Example 27 Influences of fermentation pH

[0032] 0.5 g of yeast was weighed and put in a 100 mL conical flask, rehydrated to activate for 20min at 37 °C by
using 4 mL of ultrapure water, and then the resulting solution could be used as yeast broth. Then 6.5 g of glucose, 4.0
g of PEG-400 and 12 mL of H2SO4 solution with pH=3.4-5.1 were added, the conical flask was sealed by a preservative
film, and put in a shaker for shaking culture for 12-72 hrs at 35 °C, and the revolving speed of shaker was 160 r/min.
Since the pH value would influence the permeability of yeast cells and further influence the nutrient substance absorption
and ethanol excretion of the yeast cells, suitable pH is critically important to the influence on fermentation. According to
Figs. 6, 7 and 8, it can be seen that, when the pH value of the fermentation liquid is within a range of 4.3-5.1, a fermentation
endpoint can be achieved after 60 hrs, the maximum endpoint ethanol concentration can reach to 160 g•L-1 and the

Table 3 Influences of the ratio of PEG-600 to pH solution on ethanol fermentation efficiency

Example
PEG-
600/g H2O/ml

Mass ratio of 
PEG to H2O

Glucose 
conversion rate/%

Ethanol 
yield/%

Ethanol 
concentration/g•L-1

1 
(Reference) 0 20 0 96 81 112

18 1.0 19 1/19 97.8 89.9 131.9

19 2.0 18 2/18 97.3 90.6 140.3

20 3.0 17 3/17 95.4 87.9 144.1

21 4.0 16 4/16 96.4 86.9 151.4

22 5.0 15 5/15 89.7 81.9 152.1

23 
(Reference) 6.0 14 6/14 83.3 77.3 153.7

24 
(Reference) 7.0 13 7/13 41.8 38.0 81.5

25 
(Reference) 8.0 12 8/12 10.1 6.3 14.6



EP 3 045 539 B1

9

5

10

15

20

25

30

35

40

45

50

55

glucose is fully fermented.

Example 28 Recycling of yeast fermented for 48 hrs in pure water

[0033] 0.5 g of yeast powder was rehydrated for 15-30min at 25-38 °C by using 4 mL of ultrapure water, then 6.5 g of
glucose, 12 mL of pre-prepared sulfuric acid solution with pH of 4.3 were added, then and put in a shaker for shaking
and fermented for 48 hrs at 33 °C. After fermentation, refrigerated centrifugal separation at 8000 rpm was performed
for 5 min, the supernatant was removed from the fermentation liquid after fermentation, solid yeast powder was left, 4
mL of ultrapure water, 6.5 g of glucose and 12 mL of sulfuric acid solution were added again, fermented for 48-72 hrs
at 33 °C, and the above operations were cyclically performed twice. The glucose conversion rate, the ethanol yield and
the ethanol concentration are respectively as shown in Figs. 9, 10 and 11. According to the data in the drawings, it can
be seen that, when no surfactant was added into the fermentation system, the recovery efficiency of the yeast was very
low and the ethanol concentration of only 60 g•L-1 could be achieved at the first time of recycling the recovered yeast
after fermentation for 48 hrs.

Example 29 Recycling of yeast fermented for 48 hrs in surfactant-water mixture system

[0034] 0.5 g of yeast powder was rehydrated for 15-30min at 25-38 °C by using 4 mL of ultrapure water, then 6.5 g of
glucose, 4.0 g of PEG-400 and 12 mL of pre-prepared sulfuric acid solution with pH of 4.3 were added, then and put in
a shaker for shaking and fermentation was performed for 48 hrs at 33 °C. After fermentation, refrigerated centrifugal
separation at 8000 rpm was performed for 5 min, the supernatant was removed from the fermentation liquid after
fermentation, solid yeast powder was left, 4 mL of ultrapure water, 6.5 g of glucose, 4.0 g of PEG-400 and 12 mL of
sulfuric acid solution were added again, fermentation was performed for 48 hrs at 33 °C, and the above operations were
cyclically performed thrice. The glucose conversion rate, the ethanol yield and the ethanol concentration are respectively
as shown in Figs. 12, 13 and 14. According to the data in the drawings, it can be seen that, when the PEG-400 was
added into the fermentation system, the recovery efficiency of the yeast was very high and the ethanol concentration of
118 g•L-1 could be achieved at the first time of recycling the recovered yeast after fermentation for 48 hrs.

Example 30 Recycling of yeast fermented for 36-72 hrs in surfactant-water mixture system

[0035] 0.5 g of yeast powder was rehydrated for 15-30min at 25-38 °C by using 4 mL of ultrapure water, then 6.5 g of
glucose, 4.0 g of PEG-400 and 12 mL of pre-prepared sulfuric acid solution with pH = 4.3 were added, put in a shaker
for shaking and fermentation was performed for 36-72 hrs at 33 °C. After fermentation, refrigerated centrifugal separation
at 8000 rpm was performed for 5 min, the supernatant was removed from the fermentation liquid after fermentation,
solid yeast powder was left, 4 mL of ultrapure water, 6.5 g of glucose, 4.0 g of PEG-400 and 12 mL of sulfuric acid
solution were added again, fermentation was performed for 48 hrs at 33 °C, and the above operations were cyclically
performed thrice. The glucose conversion rate, the ethanol yield and the ethanol concentration are respectively as shown
in Figs. 15, 16 and 17. According to the data in the drawings, it can be seen that, when the PEG-400 was added into
the fermentation system, the recovery efficiency of the yeast was very high and the ethanol concentration of 118 g•L-1

could be achieved at the first time of recycling the recovered yeast after fermentation for 48 hrs.

Example 31 Recycling of surfactant

[0036] 0.5 g of yeast powder was rehydrated for 15-30min at 25-38 °C by using 4 mL of ultrapure water, then 7.5g of
glucose, 4.0 g of PEG-400 and 12 mL of pre-prepared sulfuric acid solution with pH of 4.3 were added, then and put in
a shaker for shaking and fermentation was performed for 72 hrs at 33 °C. After fermentation, refrigerated centrifugal
separation at 8000 rpm was performed for 5 min, solid yeast powder was removed, the supernatant was distilled, the
residue obtained after distillation entered a next fermentation process, 0.5 g of yeast powder was added again and
rehydrated for 15-30min at 25-38 °C by using 4 mL of ultrapure water, 6.5 g of glucose and 12 mL of sulfuric acid solution
were added again, fermentation was performed for 72 hrs at 33 °C, and the above operations were cyclically performed
for four times. The glucose conversion rate, the ethanol yield and the ethanol concentration are as shown in Fig. 18, the
surfactant PEG-400 can be recycled and the fermentation efficiency is not influenced obviously.

Claims

1. A very high gravity ethanol fermentation method comprising:



EP 3 045 539 B1

10

5

10

15

20

25

30

35

40

45

50

55

forming a fermentation medium consisting of a fermentable carbohydrate as a carbon source, a surfactant-
water mixture, a pH-adjusting agent and Saccharomyces cerevisiae cells, and
subjecting the fermentation medium to fermentation, wherein:
a mass ratio of the surfactant to water in the fermentation medium is 0.001-0.375, and the surfactant is a nonionic
surfactant selected from the group consisting of the following formula,

and combinations thereof,
wherein n is 1-25; and M is methyl in these formulae.

2. The method according to claim 1, wherein the fermentable carbohydrate is glucose and the concentration of the
fermentable carbohydrate is 270-500g/L.

3. The method according to claim 1, wherein the mass ratio of the surfactant to water in the fermentation medium is
0.125-0.375.

4. The method according to claim 1, wherein the nonionic surfactant is at least one of PEG-200, PEG-400, PEG-600,
PEG-800, and PEG-1000.

5. The method according to claim 1, wherein the concentration of the Saccharomyces cerevisiae cells is 107-109 cells/L.

6. The method according to claim 1, further comprising subjecting the fermentation medium to refrigerated centrifugation
to recover the yeast cells, and applying the recovered yeast cells in a next fermentation process.

7. The method according to claim 1, further comprising performing refrigerated centrifugation to remove yeast, and
distilling the resulting supernatant to obtain residue comprising the pH adjusting agent and the surfactant, and
applying the resultant residue in a next fermentation process.

8. The method according to claim 1, further comprising synchronously recycling the yeast cells and the surfactant by
recovering the yeast cells through refrigerated centrifugation, distilling the resultant supernatant to recover the
surfactant, and applying the recovered yeast cells and the recovered surfactant simultaneously in a next batch of
fermentation process.

9. The method according to claim 1, wherein the fermentation temperature is 28-44°C.
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10. The method according to claim 9, wherein the fermentation temperature is 33°C.

11. The method according to claim 1, wherein the fermentation time is 12-120 hrs.

12. The method according to claim 11, wherein the fermentation time is 60 hrs.

13. The method according to claim 1, wherein the pH of the fermentation medium is 3.0-6.5.

14. The method according to claim 1, wherein the pH adjusting agent for the fermentation medium is one of sulfuric
acid solution, citric acid-sodium citrate buffer solution, phosphoric acid buffer solution, carbonate buffer solution,
and acetic acid-sodium acetate buffer solution.

15. The method according to claim 6, further comprising conducting the refrigerated centrifugation at a centrifugation
speed of 4000-15000 rpm for 1-30 minutes.

16. The method according to claim 7, wherein the distilling is conducted in vacuum, and the fermentable carbohydrate,
deionized water, and the resultant residue comprising the recovered surfactant and the pH adjusting agent are
directly added in the next fermentation process during which the pH value of the fermentation medium is not re-
adjusted.

17. The method according to claim 7, wherein the distilling is conducted under a pressure of 0-0.09 Mpa at a distillation
temperature of 40-100°C, for 20-120 minutes.

Patentansprüche

1. VHG-Ethanolfermentationsverfahren, das die folgenden Schritte umfasst:

Herstellen eines Fermentationsmediums, das aus einem fermentierbaren Kohlehydrat als Kohlenstoffquelle,
einer Tensid-Wasser-Mischung, einem pH-Einstellungsmittel und
Saccharomyces cerevisiae-Zellen besteht, und
das Fermentationsmedium einer Fermentation unterziehen, wobei:

ein Masseverhältnis von Tensid zu Wasser in dem Fermentationsmedium 0,001 bis 0,375 beträgt und das
Tensid ein nichtionisches Tensid ist, das aus der aus der folgenden Formel
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und Kombinationen davon bestehenden Gruppe ausgewählt ist,
worin n 1-25 ist; und M in diesen Formeln Methyl darstellt.

2. Verfahren nach Anspruch 1, wobei es sich bei dem fermentierbaren Kohlehydrat um Glucose handelt und die
Konzentration des fermentierbaren Kohlehydrats 270-500 g/l beträgt.

3. Verfahren nach Anspruch 1, wobei das Masseverhältnis von Tensid zu Wasser in dem Fermentationsmedium
0,125-0,375 beträgt.

4. Verfahren nach Anspruch 1, wobei es sich bei dem nichtionischen Tensid um mindestens eines von PEG-200, PEG-
400, PEG-600, PEG-800 und PEG-1000 handelt.

5. Verfahren nach Anspruch 1, wobei die Konzentration von Saccharomyces cerevisiae-Zellen 107-109 Zellen/L beträgt.

6. Verfahren nach Anspruch 1, bei dem ferner das Fermentationsmedium einer gekühlten Zentrifugation unterzogen
wird, um die Hefezellen zu gewinnen, und die gewonnenen Hefezellen bei einem nächsten Fermentationsprozess
angewendet werden.

7. Verfahren nach Anspruch 1, bei dem ferner eine gekühlte Fermentation durchgeführt wird, um Hefe zu entfernen,
und der resultierende Überstand destilliert wird, um einen Rückstand zu erhalten, der das pH-Einstellungsmittel und
das Tensid umfasst, und der resultierende Rückstand bei einem nächsten Fermentationsprozess angewendet wird.

8. Verfahren nach Anspruch 1, bei dem ferner die Hefezellen und das Tensid synchron wiederverwendet werden,
indem die Hefezellen durch eine gekühlte Zentrifugation gewonnen werden, der resultierende Überstand destilliert
wird, um das Tensid zu gewinnen, und der resultierende Rückstand bei einem nächsten Durchgang des Fermen-
tationsprozesses angewendet wird.

9. Verfahren nach Anspruch 1, wobei die Fermentationstemperatur 28-44°C beträgt.

10. Verfahren nach Anspruch 9, bei dem die Fermentationstemperatur 33°C beträgt.

11. Verfahren nach Anspruch 1, wobei die Fermentationszeit 12-120 Stunden beträgt.

12. Verfahren nach Anspruch 11, wobei die Fermentationszeit 60 Stunden beträgt.

13. Verfahren nach Anspruch 1, wobei der pH-Wert des Fermentationsmediums 3,0-6,5 beträgt.

14. Verfahren nach Anspruch 1, wobei das pH-Einstellungsmittel für das Fermentationsmedium eines von Schwefel-
säurelösung, Zitronensäure-Natriumcitrat-Pufferlösung, Phosphorsäure-Pufferlösung, Carbonat-Pufferlösung und
Essigsäure-Natriumacetat-Pufferlösung ist.

15. Verfahren nach Anspruch 6, bei dem ferner die gekühlte Zentrifugation bei eine Zentrifugationsdrehzahl von 4000
- 15000 UpM für 1-30 Minuten durchgeführt wird.

16. Verfahren nach Anspruch 7, wobei die Destillation im Vakuum durchgeführt wird und das fermentierbare Kohlehydrat,
entionisiertes Wasser und der resultierende Rückstand mit dem gewonnenen Tensid und dem pH-Einstellungsmittel
bei dem nächsten Fermentationsprozess direkt zugesetzt werden, bei dem der pH-Wert des Fermentationsmediums
nicht neu eingestellt wird.

17. Verfahren nach Anspruch 7, wobei die Destillation unter einem Druck von 0-0,09 MPa bei einer Destillationstem-
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peratur von 40-100°C für 20-120 Minuten durchgeführt wird.

Revendications

1. Procédé de fermentation d’éthanol à très haute gravité comprenant :

la formation d’un milieu de fermentation constitué d’un glucide fermentescible en tant que source de carbone,
d’un mélange tensioactif-eau, d’un agent d’ajustement du pH et
de cellules de Saccharomyces cerevisiae, et
la soumission du milieu de fermentation à une fermentation,
dans lequel :

un rapport massique du tensioactif par rapport à l’eau dans le milieu de fermentation est de 0,001 à 0,375,
et le tensioactif est un tensioactif non ionique sélectionné dans le groupe consistant en les formules
suivantes :

et des combinaisons de celles-ci,
dans lequel n est 1 à 25 ; et M est un méthyle dans ces formules.

2. Procédé selon la revendication 1, dans lequel le glucide fermentescible est le glucose et la concentration du glucide
fermentescible est de 270 à 500 g/1.

3. Procédé selon la revendication 1, dans lequel le rapport massique du tensioactif par rapport à l’eau dans le milieu
de fermentation est de 0,125 à 0,375.

4. Procédé selon la revendication 1, dans lequel le tensioactif non ionique est au moins l’un parmi PEG-200, PEG-
400, PEG-600, PEG-800, et PEG-1000.

5. Procédé selon la revendication 1, dans lequel la concentration des cellules de Saccharomyces cerevisiae est de
107 à 109 cellules/l.
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6. Procédé selon la revendication 1, comprenant en outre la soumission du milieu de fermentation à une centrifugation
réfrigérée pour récupérer les cellules de levure, et l’application des cellules de levure récupérées dans un procédé
de fermentation suivant.

7. Procédé selon la revendication 1, comprenant en outre la mise en œuvre d’une centrifugation réfrigérée pour retirer
la levure, et la distillation du surnageant résultant pour obtenir un résidu comprenant l’agent d’ajustement du pH et
le tensioactif, et l’application du résidu résultant dans un procédé de fermentation suivant.

8. Procédé selon la revendication 1, comprenant en outre le recyclage synchrone des cellules de levure et du tensioactif
en récupérant les cellules de levure par centrifugation réfrigérée, en distillant le surnageant résultant pour récupérer
le tensioactif, et en appliquant les cellules de levure récupérées et le tensioactif récupéré simultanément dans un
lot suivant de procédé de fermentation.

9. Procédé selon la revendication 1, dans lequel la température de fermentation est de 28 à 44 °C.

10. Procédé selon la revendication 9, dans lequel la température de fermentation est de 33 °C.

11. Procédé selon la revendication 1, dans lequel le temps de fermentation est de 12 à 120 heures.

12. Procédé selon la revendication 11, dans lequel le temps de fermentation est de 60 heures.

13. Procédé selon la revendication 1, dans lequel le pH du milieu de fermentation est de 3,0 à 6,5.

14. Procédé selon la revendication 1, dans lequel l’agent d’ajustement du pH pour le milieu de fermentation est l’un
parmi une solution d’acide sulfurique, une solution tampon à l’acide citrique-citrate de sodium, une solution tampon
à l’acide phosphorique, une solution tampon au carbonate, et une solution tampon à l’acide acétique-acétate de
sodium.

15. Procédé selon la revendication 6, comprenant en outre la mise en œuvre de la centrifugation réfrigérée à une vitesse
de centrifugation de 4000 à 15 000 tours/minute pendant 1 à 30 minutes.

16. Procédé selon la revendication 7, dans lequel la distillation est effectuée sous vide, et le glucide fermentescible, de
l’eau désionisée, et le résidu résultant comprenant le tensioactif récupéré et l’agent d’ajustement du pH sont direc-
tement ajoutés dans le procédé de fermentation suivant pendant lequel la valeur du pH du milieu de fermentation
n’est pas réajustée.

17. Procédé selon la revendication 7, dans lequel la distillation est effectuée sous une pression de 0 à 0,09 MPa à une
température de distillation de 40 à 100 °C, pendant 20 à 120 minutes.
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