EP 0 737 253 B9

) oo e IR AR
(19) o European Patent Office

Office européen des brevets (11) EP 0737 253 B9
(12) CORRECTED EUROPEAN PATENT SPECIFICATION
Note: Bibliography reflects the latest situation
(15) Correction information: (51) Intcl”: C12P 7/06, C12M 1/107
Corrected versionno 1 (W1 B1)
Corrections, see page(s) 7 (86) International application number:
PCT/GR95/00016

(48) Corrigendum issued on:

14.08.2002 Bulletin 2002/33 (87) International publication number:

WO 96/08575 (21.03.1996 Gazette 1996/13)
(45) Date of publication and mention

of the grant of the patent:
29.08.2001 Bulletin 2001/35
(21) Application number: 95930668.9

(22) Date of filing: 13.09.1995

(54) A METHOD FOR PRODUCTION OF ETHYL ALCOHOL
VERFAHREN ZUR HERSTELLUNG VON ATHYLALKOHOL
PROCEDE DE PRODUCTION D’ALCOOL ETHYLIQUE

(84) Designated Contracting States: * Valkanas, Nicolas P.
AT CH DE ES FRGB IT LI SE 151 22 Maroussi (GR)
¢ Vlyssides, Apostolos G.
(30) Priority: 13.09.1994 GR 94100423 145 65 Attica (GR)
* Theodoropoulos, Athanassios G.
(43) Date of publication of application: 155 61 Attica (GR)

16.10.1996 Bulletin 1996/42
(74) Representative: Kilimiris, Tassos-Anastase
(73) Proprietor: Innoval Management Limited Patrinos & Kilimiris

Curacao, Netherlands Antilles (AN) 7, Hatziyianni Mexi Street
115 28 Athens (GR)
(72) Inventors:

* Valkanas, George N. (56) References cited:
151 32 Maroussi (GR) US-A- 4 696 720 US-A- 5 221 357

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 0 737 253 B9 (W1B1)
Description

[0001] The invention describes a method for producing ethyl alcohol by fermentation which introduces the following
innovations:

a) Removal of contained water in a process of adsorptiondesorption,
b) Energy self - sufficient production
c¢) Plant operation that does not cause any environmental pollution.

[0002] More specifically, our invention describes a method for the production of ethyl alcohol by fermentation, in a
highly original manner, with no energy consumption and with low production cost. Raw materials to be used are sugars
or sugars obtained by hydrolysis of cellulose and pentozanes which are widely found as they are the basic products
resulting from the function of metabolism. As such the invention offers an essential solution towards covering basic
human necessities.

[0003] Today's world is facing a severe problem regarding the availability of raw materials for the production of es-
sential consumer products such as polymers, synthetic products, detergents, and synthetic products for agricultural
use. The fast consumption of crude oil reserves which are likely to be depleted within the next 40 years creates potential
shortages in the production of such consumer products.

[0004] As a result, alternative sources of raw materials are already required, which are not subject to depletion like
crude oil. Such a raw material is ethyl alcohol which, if produced on a large scale and at a low cost can satisfy the
needs in basic polymer materials, in detergents and synthetic materials. However, the production of ethyl alcohol by
fermentation methods from sugars results in 10% aqueous solutions and as a result , dewatering is necessary for its
purification. This is effected by successive distillations leading to alcohol strengths of 96%, which constitutes the final
azeotropic mixture. To this mixture, benzene is added and after successive distillations pure alcohol is produced. How-
ever, such methods are highly energy intensive consuming 20 to 60% more energy compared to what the product can
give as a fuel.

[0005] Furthermore, during the production of ethyl alcohol by fermentation, a lot of toxic and highly pollutant wastes
are produced that 'can not be handled easily. This problem, along with those mentioned before, make the production
of ethyl alcohol by fermentation economically and production wise undesirable. As such fermentation alcohol until now
has been used only for the production of alcoholic beverages and is subjected to high taxation making it a very valuable
material. Nevertheless, the production of ethyl alcohol by fermentation means has been of great interest for the past
100 years. During the war, for example, ethyl alcohol was produced on a large scale in Germany from lignine cellulosic
materials, by their hydrolysis in concentrated hydrochloric acid which was then distilled according to a method known
as the Bergius process. In the USA, after the war, the German method was improved by hydrolysing lignine cellulosic
materials with sulphuric acid, in the presence of a catalyst and at high temperatures and special conditions, according
to a method known as the Scholler-Madison process, but once more this approach was not useful.

[0006] For example US-A-5221 357 discloses a method of hydrolysing lignocellulosic material to monosaccharides,
and through a series of steps converting the hydrolysates into various end products.

[0007] In the meantime, in Brazil, mass production of ethyl alcohol as a fuel has been promoted, by making use of
the molasses obtained from leaching of sugar canes. The wood like residues known as bagasse are used as fuel during
the production, and as a result the external energy requirement is reduced. However, the industrial wastes and the
high volume of rejected materials produced, cause severe environmental pollution and since all these are discarded
into the Amazon river it is clear that the environmental burden on it is getting very serious.

[0008] Inthe meantime, the EEC is promoting various improvements on these methods. One important achievement
is the hydrolysis of cellulose with pure liquid hydrogen fluoride, which is a feasible solution since the hydrolysis is
efficient and because the recycling of hydrogen fluoride by distillation has a low energy cost. The inventors, with financial
aid from the EEC, have come up with a solution that uses the produced wastes, by digesting them anaerobically in the
thermophilic region. By this method, substantial amounts of energy are produced and the environmental pollution
problem is effectively tackled.

[0009] Following the above and the given the inventors' success in confronting the waste problem by producing
useful energy from waste, intense efforts were made, aiming at the mass production of ethanol. The result is a tech-
nologically original method by which the production of ethyl alcohol by fermentation is achieved at a low cost and
without the creation of environmental pollution.

[0010] The inventors have come up with an original and effective solution of biological separation ("biorefining") of
lignine cellulosic materials, by which the components of these materials are separated by low cost processes. The
result is the separation of lignine cellulosic materials into pentozes, lignine and pure cellulose.
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[0011] The separation of pentozes is effected through a hydrolysis process, that uses 0.5% - 1. 0% sulphuric or
phosphoric acid as a catalyst, which at temperatures around 90-130°C produces pentozan fully hydrolysed into basic
sugars. 25-30% w/w of it is obtained and the soft material that is left, which has a high content of cellulose is subjected,
further on, to a deligninisation process. This is done by simple methods such as with oxygen enriched air, air and alkali
or with chlorine, after which lignine and the remaining quantity of pentozes are obtained. Lignine is separated from the
mixture easily by precipitating it with an alkali.

[0012] The obtained cellulosic mass is then subjected to hydrolysis with hydrogen fluoride in closed circuit where
the hydrogen fluoride is continuously distilled and leaves a residue consisting of hydrolysed sugars, principally glucose.
[0013] The pentozes obtained from the process of pre-hydrolysis and from the purification of the lignine, are mixed
with the glucose that results from the cellulose hydrolysis, and are subjected to fermentation process for the production
of ethanol. They represent a quantity that is 70-75% of the original lignine cellulosic material, from which the production
of alcohol by means of modern and efficient processes results in alcohol yields around 60%. The invention partially
refers to the biological separation (biorefining) of lignocellulosics and in the effective usage of wastes resulting from
alcoholic fermentation by anaerobic digestion in the thermophilic region, yielding increased quantities of energy in the
form of biogas that contains 85% methane. The alcoholic fermentation and the cellulose hydrolysis by hydrogen fluoride
were already known.

[0014] In addition to the sugars already mentioned other sugars are used that contain mainly glucose and pentozes
such as carrob sirup, molasses, sugarcane hydrolysis residues, sugars from raisins and figs etc. which to date are
successfully used for the production of ethanol.

[0015] Furthermore, the invention refers in an original and determined manner to the process of alcohol purification
from the aqueous solution by the process of adsorption-desorption which is a low cost separation and does not consume
energy until pure ethanol is obtained.

[0016] Commercial ion exchange resins have been used in the past for the removal of water from aqueous alcohol
mixtures. US-A-4 696 720 discloses a method for removing water from mixtures of alcohols and water by contacting
such a mixture with a cationic and/or anionic exchange resin such as commercial type Dowex 50x2.

[0017] We have created products, which are ion-exchange resins proven to be very efficient in separating alcohol
from the aqueous solutions, yielding pure ethanol. These products exhibit maximum ion-exchange coefficient value of
5.8-6.0 and are advantageously swollen in water up 300 times their weight. They contain sulfonic groups in high density
and as sodium salts they exhibit a large tendency to adsorb water and a relatively low tendency to adsorb ethanol,
resulting in complete and effective dewatering of ethanol.

[0018] These materials of selective adsorption are polymeric materials, which after special restructuring have ac-
quired a macromolecular chemical structure, characterised by high chemical stability and allows for the introduction
of sulfonic groups at high densities in the macromolecular structure with Mc 50. 000. The next stage is to achieve the
desorption of water followed by recycling of the adsorbing media. This is simply and originally achieved by creating
osmotic conditions which is effected by immersing the materials in the adsorbed stage into a sodium chloride solution
of a strength of 3-30%, or by immersing them in sea water, which creates osmotic pressure resulting in the water flowing
out fast from the polymeric material which is shrunk in a form that allows for their recycling.

[0019] Following the adsorption and consequent desorption of water the following results are achieved as shown in
table 1.

TABLE 1
Alcohol losses during the process of adsorption-desorption.
Adsorption area lon exchange | 30-60% 60-90% 90-100%
Alcohol losses % potential,
Swell 200
5.3 1% 1% 1.2%
5.5 0.6 0.7 0.8
5.7 0.4 0.5 0.6
5.9 0.1 0.1 0.1
6.0 0.08 0.07 0.07
Swell 100
5.7 0.3 0.35 0.4
5.9 0.1 0.1 0.09
6.0 0.008 0.01 0.01
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[0020] According to the results of table 1 the materials used promote the processes of adsorption and desorption to
highly effective and advantageous standards. The production of pure ethanol is achieved and the desorption shows
that the alcohol losses, can be negligible within error limits, when perfect conditions prevail regarding ion-exchange
rate and swelling degree of the polymer materials. In other words, the invention offers a solution for producing ethyl
alcohol from agricultural products and by-products, following their biological separation to their constituent materials
and maximisation of the organic mass to be fermented to alcohol. Then the alcohol is separated from the water in an
original and effective way. This is done by subjecting the alcohol-water mixture to a adsorption-desorption process,
combined with effective usage of the resulting wastes to produce energy in a pollution free manner, so that ethanol is
produced on a large scale and at high standards.

[0021] The process that the method proposes for the production of ethyl alcohol on a large scale end economically
is as follows :

[0022] The lignine cellulosic materials, after being processed for biological separation and hydrolysis of cellulose,
yield 70-75% fermentable sugars, with lignine isolated representing 15% w/w. Waste materials are produced from
unused organic materials in the order of 6-10% and fermentation wastes containing about 30% of organic material
based on the total mass. From these waste and organic residue materials, following their anaerobic digestion in the
thermophilic region, 20% w/w biogas is produced containing 85% methane and a calorific value of 8,000 kcal/kg which
is equivalent to 160,000 kcal/100kg of cellulosic material. This represents an amount of energy capable of supporting
the entire production process of hydrolysing the cellulose, which requires about 20,000 kcal, and for the first distillation
of the fermentation broth which separates the waste material yielding an alcohol distillate of 35% in alcohol, which is
estimated to require thermal energy in the order of 120,000 kcal.

[0023] This alcohol solution is then subjected to the adsorption-desorption process in the system of ion-exchange
resins mentioned, at a swelling degree of 200, ion-exchange coefficient of 5.9, which finally yields 99% pure alcohol
of excellent quality and purity. The alcohol losses during the process is in the order of 0. 1%. The ion-exchange resins
following the alcohol-water separation are immersed in a 15% sodium chloride solution or simply in sea water, and by
virtue of the osmotic pressure that is produced the adsorbed water is rejected and the resins are obtained in shrunken
form ready to be reused.

[0024] Alcohol production from plain sugars according to the method is effected in exactly the same way. However,
the energy produced from the waste material resulting from its anaerobic digestion, will be capable of covering only
the first distillation separating the 35% alcohol and water.

[0025] The invention according to its previous description, refers to a complete solution for producing ethanol on a
large scale from lignine cellulosic materials or sugars at low cost with complete energy self-sufficiency and without
causing environmental pollution. The ethanol that will be produced according to the method can be used as a fuel or
as raw material for the production of polymers (e. g polyethylene), detergents, and synthetic raw materials for a multitude
of uses and for agricultural applications.

Example 1
[0026]
a. Wheat straws are brought into a tank where the temperature is maintained at 95°C by the addition of steam.

The tank has a capacity of 2 cubic meters and is filled with 1.5 cubic meter of water with a catalyst and 150 kg. of
straw. The following catalysts have been used with the respective concentration in water:

Catalyst | Concentration

| H,SO, 0,5-1%
Il | Hel 2-3%
Il | PO4H, 0,5-1%

Following heating for three hours, the straws are removed and compressed at 10 atmospheres. The collected
liquids have the following sugar content:

| | | 239% | I | 231% | Il | 23%
The remainder solid cellulosic material in a dry condition is:
| | | 66.1% | Il | 67.1% | 1Nl | 65.2%
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b. The same process has been applied to pieces of poplar - tree wood of dimensions ranging from 3 to 5 cm. The
following results were obtained:

Sugar composition

| | 212% | |l | 234 % | Il | 22.8 %
Solid Remainder
| | 69.3% | Il | 70.5% | Il | 71 %

c. The same process has been applied to cotton stems. The following results were obtained:

Sugar composition

| | 241% | 1l | 248% | 1Nl | 25.3 %
Solid Remainder
| | 66.4% | Il | 63.8% | Il | 61.9 %

d. The same process has been applied to rice straw. The following results were obtained:

Sugar composition

| | 208% | |l | 214 % | Il | 226 %
Solid Remainder
| | 66.8% | I | 67.1% | Il | 66.4 %

[0027] The sugar produced during the processes a - d above are common sugar to an extent of 90 - 92 %. Following
further heating of their solution at 100 - 120 °C for 1 - 2 hours, they are totally converted to simple sugar of the following
composition:

Xylose 70-75%
Arabinose | 10-15%
Mannose 5-6%

Lactose 3-8%

Glucose 5-8%

[0028] The above processes have been carried out at temperatures in excess of 95 °C or at temperatures of 90 -
130°C, where lower concentrations of acid catalysts and processing times are required. Furthermore, results obtained
are perfect in terms of sugar hydrolysis and quality.

Example 2

[0029] The cellulosic remainders from example 1 are subjected to a delignisation process in the presence of a)
chlorine, b) oxygen, c) atmospheric air.

a. Delignisation in the presence of chlorine

[0030]

Yield of cellulosic material 43-44 %

(fracture length 6500 m., perforation index: 6, number of bends: 500)
Yield in Sugar 8-10 %

Chlorine Absorption 15 - 25 % wiw
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b. Delignisation in the presence of oxygen

[0031]

Yield of cellulosic material 43.8 %
(fracture length 4800 m., perforation index: 5, number of bends i 450)

Yield in Lignine 12 %

Yield in Sugar 16 %

[0032] Conditions of processing: NaOH 16%, MgCO5 1% at 120 °C, Oxygen at 5 atm., Flow: 1.8 litters/hour
c. Delignisation in the presence of air

[0033]

Yield of cellulosic material 43.4 %
(fracture length 4750 m., perforation index 5, number of bends | 440)

Yield in Lignine 14 %

Yield in Sugar 15 %

[0034] Conditions of processing: NaOH 16%, MgCO45 1%, anthraquinone 1 %, air pressure = 10 atm., Flow: 2.8 liters/
hour

Example No 3

[0035] The cellulosic material of example 2 are subjected to hydrolysis with hydrogen fluoride in specially arranged
reactors which are defined by the space for the mixing of the cellulosic material with hydrogen fluoride and by the
space for the separation of hydrogen fluoride by distillation for recycling.

[0036] Five volumes of hydrogen fluoride are added per volume of cellulosic material

[0037] One volume of water is also added

[0038] The mixing of the cellulosic material with hydrogen fluoride leads to the complete hydrolysis of cellulose.
Hydrogen fluoride is recycled by distillation and glucose is collected in an aqueous solution of a glucose concentration
of 30 - 35 %.

Example 4

[0039] Sugars produced as per examples 1, 2 and 3 are subjected to fermentation for alcohol production, according
to usual procedures: batch - semi-batch process or continuous process.

[0040] Sugars produced as per the examples 1, 2,3 above are mixed and have a mean composition of:

Pentoze 40 - 50 %, Hectoze 50 - 60 %, mainly Glucose

[0041] Alcohol production from sugar of the above composition using modern optimised production processes is in
the order of 59 - 60 % w/w.

[0042] Total sugar from the various processes of biological separation of lignine cellulosic materials, have the fol-
lowing composition:

a Glucose 55%, Xylose 31%, Arabinoze 8%, Mannoze 3%, Lactoze 3%

b Glucose 65%, Xylose 16%, Arabinoze 9%, Mannoze 4%, Lactoze 8%

c Glucose 52%, Xylose 33%, Arabinoze 7%, Mannoze 3.5%, Lactoze 4.5%
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Example No 5

[0043] The product of fermentation for alcohol production is subjected to distillation for the separation of effluent
water and alcohol which is received in the distillate at a concentration of 35%. The effluent water has a high environ-
mental load: Biological Oxygen Demand BOD 30,000 - 40,000, Chemical Oxygen Demand COD 60,000 120,000 and
suspended organic solids 10 - 12.%. The effluent water a 80 °C is subjected to anaerobic digestion in the thermophilic
regic for the production of energy in the form of 0.5 cubic meters of biogas containing methane at a ratio of 85% per
kg. Chemical Oxygen Demand COD. The energy generated from the effluents and 5 - 10% of other organic waste is
enough for all energy required for the hydrolysis of cellulose as described in example 3 and for the energy requirements
for the distillation of the fermentation product described in this example.

Example 6

[0044] A 35 % alcohol solution is fed to a system of ion exchanging resins which are arranged along a longitudinal
column in a manner so that the swelling coefficient of resins at the top of the column is 250, whereas that for resins at
the bottom of the column is 50. The resins are selected so as to exhibit a maximum ion exchanging coefficient of 5.9
to 6.5. The length of the column depends on the required result: The product at the end of the column must be pure
alcohol, free of any water. When saturated, the column is regenerated simply and quickly by immersion in a solution
of sodium chloride of a strength between 3 and 30%, or by immersion in sea water, where due to the osmosis effect,
all the adsorbed water flows out and the resins recycled.

[0045] Alcohol losses due to adsorption by the resins along with water are negligible, usually in the order of 0.1 to 1%.

Claims
1. A method for the production of ethyl alcohol by fermentation, comprising the steps of:

i. subjecting lignine cellulosic materials to a hydrolysis process using 0.5-1.0% sulphuric or phosphoric acid
as a catalyst at a temperature of around 90-130°C, said hydrolysis process producing pentozes of a content
in the order of 25-30% w/w and soft materials with high cellulosic contents

ii. subjecting the soft materials, with high cellulosic contents of step i. to a delignisation process in presence
of air, with oxygen enriched air, an alkali or chlorine to separate lignin with further yield of pentozes, while
leaving a residual cellulosic material

iii. submitting said residual cellulosic material of step ii. to a hydrolysis with hydrogen fluoride to obtain a final
yield of remainder composed mainly of glucose

iv. fermenting collectively the mixture of pentozes and glucose obtained in steps i, ii and iii. to produce a
fermentable product containing ethyl alcohol;

v. subjecting said fermentable product to one distillation step to produce an aqueous ethyl alcohol solution
with an alcohol content in the order of 30-35% and waste product;

vi. removing water from the ethyl alcohol solution through an adsorption -desorption sequence, wherein ion
exchanging resins having an ion exchanging coefficient value of 5.3-6.5 are used to separate ethyl alcohol
from water, wherein said resins are swollen in water to about 50 to 300 times their weight and adsorb all of
the water of the ethyl alcohol-water mixture until pure alcohol is produced; and

vii. anaerobically digesting said waste product to produce energy sufficient to conduct said method

2. A method according to claim 1 wherein the desorption step is carried out by immersing the ion exchanging resins
in a 3-30% sodium chloride solution or in sea water which removes the adsorbed water and regenerates said resins

3. A method according to claims 1 and 2, wherein the amount of ethyl alcohol lost in the adsorbed water during the
adsorption-desorption step is in the order of 0.1% - 1%.

4. A method according to claims 1 and 2, wherein the ion exchanging resins are arranged in a column, where the
swell ratio of the resins arranged along the column is gradually reduced from top to bottom, wherein resins at the
top of the column have a swell ratio of 250-300 and those at the bottom of the column, have a swell ration of 40-50,
wherein water retention is gradually conducted along the column and pure ethyl alcohol is collected at the bottom.

5. A method according to claims 1 and 2, wherein the anaerobic digestion step is performed in the thermophilic region
and yields 0.5 m3 of biogas per kg Chemical Oxygen Demand, said biogas having a methane content of 85% and



10

15

20

25

30

35

40

45

50

55

EP 0 737 253 B9 (W1B1)

is free of hydrogen sulphide.

6. A method according to claim 1, wherein said ion-exchange resins have maximum ion exchanging coefficient value

of 5.8 - 6.0 and contain sulfonic groups in high density as sodium salts.

Patentanspriiche

1.

Ein Verfahren zur Produktion von Ethylalkohol durch Fermentation, welches die folgenden Schritte umfaft:

i. Unterziehen von Lignincellulosematerialien unter einen Hydrolyseprozef’ unter Verwendung von 0,5 bis 1,0
% Schwefel- oder Phosphorsaure als Katalysator bei einer Temperatur um 90 bis 130°C, wobei der Hydroly-
seprozell Pentosen in einem Gehaltin der GréRenordnung von 25 bis 30 % Gew./Gew. und weiche Materialien
mit hohen Cellulosegehalten produziert,

ii. Unterziehen der weichen Materialien mit hohen Cellulosegehalten aus Schritt i. unter einen Delignifizie-
rungsprozel’ in Gegenwart von Luft, mit Sauerstoff angereicherter Luft, einem Alkali oder Chlor, um Lignin bei
einer weiteren Ausbeute an Pentosen abzutrennen, wahrend ein restliches Cellulosematerial zurtickbleibt,

iii. Unterziehen des restlichen Cellulosematerials aus Schritt ii. unter eine Hydrolyse mit Fluorwasserstoff, um
eine endglltige Ausbeute des Riickstands zu erhalten, welcher hauptsachlich Glucose enthalt,

iv. gemeinsames Fermentieren der Mischung von Pentosen und Glucose, die in den Schritten i., ii. und iii.
erhalten wurden, um ein fermentierbares Produkt zu produzieren, das Ethylalkohol enthalt;

v. Unterziehen des fermentierbaren Produkts unter einen Destillationsschritt, um eine walrige Ethylalkohol-
I6sung mit einem Alkoholgehalt in der Gréf3enordnung von 30 bis 35 % und Abfallprodukt zu produzieren;

vi. Entfernen von Wasser aus der Ethylalkohollésung durch eine Adsorptions-Desorptionsfolge, worin lonen-
austauscherharze mit einem lonenaustauschkoeffizientenwert von 5,3 bis 6,5 verwendet werden, um Ethyl-
alkohol von Wasser abzutrennen, wobei die Harze in Wasser bis auf das ca. 50- bis 300-fache ihres Gewichts
aufgequollen sind und samtliches Wasser der Ethylalkohol-Wassermischung adsorbieren bis reiner Alkohol
produziert wird; und

vii. anaerobes Verdauen des Abfallprodukts, um Energie zu produzieren, die ausreicht, um das Verfahren
durchzufihren.

Ein Verfahren gemaf Anspruch 1, worin der Desorptionsschritt durchgefiihrt wird, indem die lonenaustauscher-
harze in eine 3- bis 30%ige Natriumchloridlésung oder in Meerwasser eingetaucht werden, was das adsorbierte
Wasser entfernt und die Harze regeneriert.

Ein Verfahren gemaR den Anspriichen 1 und 2, worin die Menge an Ethylalkohol, die in dem adsorbierten Wasser
wahrend des Adsorptions-Desorptionsschrittes verloren geht, in der GréRenordnung von 0,1 % bis 1 % liegt.

Ein Verfahren gemaf den Anspriichen 1 und 2, worin die lonenaustauscherharze in einer Sdule angeordnet sind,
wobei das Quellverhaltnis der Harze, die entlang der Sdule angeordnet sind, schrittweise von dem oberen Ende
zum Boden hin verringert wird, wobei Harze an dem oberen Ende der Saule ein Quellverhaltnis von 250 bis 300
und jene an dem Boden der Saule ein Quellverhaltnis von 40 bis 50 aufweisen, wobei das Zuriickhalten des
Wassers schrittweise entlang der Saule durchgefiihrt wird und reiner Ethylalkohol am Boden gesammelt wird.

Ein Verfahren gemaR den Anspriichen 1 und 2, worin der anaerobe Verdauungsschritt im thermophilen Bereich
durchgefihrt wird und 0,5 m3 Biogas pro kg chemischem Sauerstoffbedarf ergibt, wobei das Biogas einen Me-
thangehalt von 85 % aufweist und frei von Schwefelwasserstoff ist.

Ein Verfahren gemaR Anspruch 1, worin die lonenaustauscherharze einen maximalen lonenaustauscherkoeffizi-
entenwert von 5,8 bis 6,0 aufweisen und Sulfonsauregruppen in hoher Dichte als Natriumsalze enthalten.
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Revendications

1.

Méthode pour la production d'alcool éthylique par fermentation, comprenant les étapes de:

i. soumission de matiéres lignocellulosiques a un procédé d'hydrolyse utilisant un acide sulfurique ou phos-
phorique a 0,5 - 1,0 % comme catalyseur a une température autour de 90 - 130°C, ledit procédé d'hydrolyse
produisant des pentoses d'une concentration de I'ordre de 25 - 30 % masse/masse et des matiéres molles a
forte teneur en matiéres cellulosiques,

ii. soumission des matieres molles a forte teneur en matiéres cellulosiques de I'étape i. a un procédé de
délignification en présence d'air, d'air enrichi en oxygéne, d'une base ou de chlore pour séparer la lignine avec
obtention d'une quantité supplémentaire de pentoses, alors qu'il reste une matiére cellulosique résiduelle,
iii. soumission de ladite matiere cellulosique résiduelle de I'étape ii. a une hydrolyse par le fluorure d'hydrogéne
pour obtenir une derniére quantité de résidu composé principalement de glucose,

iv. fermentation collective du mélange de pentoses et de glucose obtenus dans les étapes i, ii et iii pour produire
un produit de fermentation contenant de I'alcool éthylique,

v. soumission dudit produit de fermentation a une étape de distillation pour produire une solution aqueuse
d'alcool éthylique ayant un taux d'alcool de I'ordre de 30 - 35 % et un déchet,

vi. élimination de I'eau de la solution d'alcool éthylique par une séquence d'adsorption - désorption, avec
utilisation de résines échangeuses d'ions ayant un coefficient d'échange d'ions d'une valeur de 5,3 - 6,5 pour
séparer l'alcool éthylique de I'eau, les dites résines gonflant dans I'eau jusqu'a environ 50 a 300 fois leur masse
et adsorbant toute I'eau du mélange alcool éthylique - eau jusqu'a production d'alcool pur et

vii. digestion anaérobie dudit déchet pour produire une énergie suffisante pour mettre en oeuvre ladite mé-
thode.

Méthode selon la revendication 1, dans laquelle I'étape de désorption est réalisée en immergeant les résines
échangeuses d'ions dans une solution de chlorure de sodium a 3 - 30 % ou dans de I'eau de mer, ce qui enléve
I'eau adsorbée et régéneére les dites résines.

Méthode selon les revendications 1 et 2, dans laquelle la quantité d'alcool éthylique perdue dans I'eau adsorbée
pendant I'étape d'adsorption - désorption est de I'ordre de 0,1 % - 1 %.

Méthode selon les revendications 1 et 2, dans laquelle les résines échangeuses d'ions sont disposées dans une
colonne, le rapport de gonflement des résines disposées le long de la colonne diminuant graduellement du haut
vers le bas, les résines en haut de la colonne ayant un rapport de gonflement de 250 - 300 et celles en bas de la
colonne ayant un rapport de gonflement de 40 - 50, la rétention d'eau se faisant graduellement le long de la colonne
et l'alcool éthylique pur étant recueilli en bas.

Méthode selon les revendications 1 et 2, dans laquelle I'étape de digestion anaérobie est réalisée dans la zone
thermophile et donne 0,5 m3 de biogaz par kg de demande chimique en oxygéne, ledit biogaz ayant un taux de
méthane de 85 % et étant exempt de sulfure d'hydrogéne.

Méthode selon la revendication 1, dans laquelle les dites résines échangeuses d'ions ont un coefficient d'échange
d'ions maximum d'une valeur de 5,8 - 6,0 et contiennent une forte densité de groupes sulfoniques sous la forme
de sels de sodium.
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