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DESCRIPTION
“OXIDATION AND GASIFICATION METHOD AND SYSTEM FOR

PRODUCING BIOETHANOL”

Technical field of the invention

The present invention finds application in the
bioethanol production field.

Background art

5 First and second generation systems for producing
ethanol are known.

A conventional first generation system (1G) for
producing ethanol starting from sugar cane for
transportation is diagrammatically shown in Figure 1.

10 This comprises a sugar extraction section (100), a
sugar Jjuice treatment and condensation section (300),
a fermentation section (400), a distillation section
(500) and a dehydration section (600).
More specifically, the sugar cane 1s cut into
15 pieces, defibered by means of a shredder and the sugar
is extracted by means of a series of mills or by means
of a diffuser.

From this section two products are obtained: one

is the sugar juice destined to produce ethanol and the
20 other 1is the bagasse, the solid residue, which 1is

generally employed as fuel to generate steam used to
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meet the requirements of the plant and also to produce
electricity by means of a steam turbine.

The electricity thus produced is used, in turn, to
meet the needs of the plant and any possible surplus
is fed into the national or local grid.

With regard to the bagasse, before being burnt, it
is subjected to a treatment so as to reduce its moisture
content by up to 50%-55%, Dboth for combustion
efficiency and to reduce emissions.

This reduction in residual moisture, which may be
achieved by means of mills, however, entails a
substantial energy consumption and requires eguipment
which is anything but negligible in size (dewatering
section).

The boiler further comprises a combustion fume
treatment section so as to comply with the increasingly
stringent limits on emissions.

The bagasse may also be sent, partially or totally,
to a second generation ethanol system (2G) where it is
converted to ethanol by means of enzymatic hydrolysis
and subsequent fermentation.

The solid residue of a 2G system (second
generation) 1is lignin, which, generally, is burnt to

produce steam and electricity.

PCT/IB2020/051538
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From the distillation section (500) there are
obtained hydrate alcohol, which must be subjected to
subsequent dehydration (600) so as to be used as
transportation fuel to be mixed with petrol, and an
agueous stream, rich in residual organic compounds and
dissolved salts which takes the name of "vinasse”
(stillage).

The vinasse may be subjected to condensation to
reduce the volume therecf, sent, as such, to an
evaporation tank, wused to irrigate the sugar cane
fields, or sent to a treatment plant.

It should be noted that, for each liter of alcohol,
up to 12-14 liters of vinasse may be produced.

The condensation of the vinasse is a process that
requires a substantial energy consumption; the use, as
such, as fertilizer i1s now prohibited in many
countries, and it also causes the enrichment of salts
in the fields close to the facility, which negatively
affects the productivity of sugar cane.

An alternative manner to dispose of the vinasse,
for which some technologies are already commercially
available, 1is to condense it and to spray it in the
boiler that burns the bagasse.

Therefore, more and more often, the disposal in a

dedicated treatment plant is required, which, however,

PCT/IB2020/051538
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is somewhat complex, requires large volumes (and
therefore space in the plant), and, above all, the cost
of a Waste Water Treatment Plant conceived for
achieving a zero liquid discharge condition (ZLD) 1is
comparable to that of the ethanol production line.

On the other hand, the treatment plant with a
crystallization unit attached so as to recycle the
water for the ethanol production process is complex
and expensive.

While a first generation system (1G) for producing
ethanol may be fed with any biomass containing
fermentable sugars or starch (for example, sugar cane,
corn, sugar Dbeet, sugar sorghum, etc.), a second
generation process system (2G) may be fed with
different lignocellulosic materials (for example,
bagasse, corn stover, wheat straw, rice straw, forest
residues, etc.).

The gasification process in supercritical water

Gasification in supercritical water is a recent
technology, which allows the conversion of waste water
containing organic compounds into fuels with a high
hydrogen and light hydrocarbon content.

The treatment of organic compounds is carried out

under temperature and pressure conditions at which the
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water 1s 1in supercritical conditions (temperatures
above 374°C and pressure greater than 221 bar).

Under these conditions, water behaves as a non—
polar fluid and is capable of solubilizing organic
matter and of breaking the molecules thereof.

Usually, the process 1is operated at temperatures
between 400°C and 650°C and with pressures between 250
bar and 350 bar, and has interesting conversion
efficiencies, especially for wet biomass.

The high solubility of the reaction intermediates
limits the formation of "tar"™ (a 1liguid rich in
aromatic hydrocarbons of the tar type, carbon dioxide
and nanoparticulate, harmful to plant) and "char" (a
carbonaceous solid very similar to coal), which are
among the main drawbacks of conventional gasification.

Gasification in supercritical water is an
alternative, in addition to classic gasification, also
to anaerobic digestion, with which it shares the
advantage of not requiring a reduction of feedstock
moisture, but which also has the advantage of requiring
much shorter residence times, in the order of a few
minutes.

Summary of the invention

The inventors of the present patent application

have surprisingly found that it is possible to solve
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the problem of the disposal of the vinasse and at the
same time eliminate the dewatering section of the
bagasse by means of a combined gasification (SCWG) and
oxidation (SCWQO) process in supercritical water.

Object of the invention

It is a first object of the invention a process
for producing bicethanol, which uses an oxidation step
and a gasification step in supercritical water.

In a second object, an plant is described for
carrying out the process of the invention.

Brief description of the Figures

Figure 1 shows the diagram of a conventional
process for producing biocethanol in first generation
systems;

Figure 2 shows a first and second generation
integrated system for producing bioethanol;

Figure 3 shows the diagram of a system according
to the present invention.

Detailed description of the invention

In accordance with a first object of the
invention, it 1is described a process for producing
bioethanol starting from sugar cane biomass.

In particular, such process comprises the
following steps:

a) sugar extraction,

PCT/IB2020/051538



10

15

20

25

WO 2020/174360

b) evaporation;

c) fermentation,

d) distillation,

e) alcohol dehydration.

The steps listed above are carried out according
to the known art for first generation systems for
producing biocethanol.

Bagasse 1s obtained from the sugar (sucrose)
extraction step a).

Vinasse (or stillage) is obtained from the
distillation step d).

With regard to the extraction step a), this may
be carried out by means of a first defibration step by
means of a shredder, followed by an upstream solid
ligquid extraction step inside a diffuser;
alternatively, the extraction may be obtained with a
series of mills.

Thereby, from the sugar cane, a solid residue 1is
also obtained, which is the bagasse, i.e. a
lignocellulosic residue characterized, when exiting a
diffuser, by high moisture levels (even 85% of water).

With regard to the distillation step d), as
described above, it allows to obtain ethanol hydrate
and, as a waste sub-product, the "vinasse", which is a

liquid stream rich in organic fraction, characterized

PCT/IB2020/051538
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by a Chemical Oxygen Demand (COD) of up to 30,000 and
rich in dissolved and suspended salts.

For the objects of the present invention, the
process for producing bicethanol comprises an oxidation
step.

In particular, such oxidation is carried out on
the bagasse obtained from the extraction step a).

To this end, however, the bagasse is subjected to
a pre—treatment step.

Said pre—-treatment comprises, in particular:

— a thermal pre-treatment, and/or
— a chemical pre-treatment.

By means of the chemical pre-treatment, chemical
agents (for example, sulfuric acid) and/or steam are
used to separate lignin by means of a process known as
acid hydrolysis.

By means of the thermal pre—-treatment, the bagasse
is subjected to ©pyrolysis; in particular, such
pyvrolysis is carried out at a temperature of 400-600°C.

In particular, at least the following sub-products
are obtained from the bagasse pre-treatment step:

- a gaseous sub-product,
- a solid sub-product,

- a liquid sub-product,

PCT/IB2020/051538
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of which the solid sub-product is subjected to the
oxidation step, described below.

With regard to the gaseous sub-product, this may
be partially or totally used as fuel for the pre-
treatment step itself.

For the ©purposes of the present invention,
however, the liquid sub-product 1is sent to a
gasification step, which will be detailed below in the
present description.

Before being sent to the oxidation step, the solid
sub-product obtained from pre-treatment step of the
bagasse may be treated with a flow of water to increase
its water content and thus render it more easily
pumpable.

In fact, for being sent to the oxidation step, the
slurry thus obtained is preferably pumped at a pressure
of about 200-250 bar and more preferably of about 240
bar.

To this end, water or any ligquid stream containing
an organic load, such as, for example, sanitary waste
water, may be used.

Such mixture will have an organic material mass
content of about 5-25% (weight).

As described above, said mixture is sent to the

oxidation step.

PCT/IB2020/051538
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In one aspect of the invention, said mixture may
also be sent to the gasification step.

According to the present invention, the oxidation
step is carried out with water.

Since, for the purposes of the present invention,
the oxidation step 1is carried out at a pressure of
about 225-350 bar and at a temperature of about 700-
1000°C, such step involves the use of water in
supercritical conditions.

According to a preferred aspect of the invention,
an oxidizing agent, which may be air or oxygen, is used
in the oxidation step.

At least the following products are obtained from
the oxidation step:

- Steam,
- fumes, and
- water.

Heat 1s also obtained from the oxidation step,
which may be used to generate steam.

In one aspect of the invention, steam is used to
produce electricity and for meeting the needs of the
plant; to this end, a steam turbine, connected to an

appropriate current generator, is used.

10
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The fumes resulting from the process, following
an appropriate treatment, may be released into the
atmosphere.

For example, they may be subjected to a washing
step, in an appropriate scrubber, after an appropriate
cooling step; alternatively, they may be recovered as
a stream rich in carbon dioxide, especially if oxygen
or enriched air are used as an oxidizing agent.

The water possibly recovered from the washing step
may be sent to the gasification step mentioned above.

According to the present invention, the
gasification step is carried out with water.

Since, for the purposes of the present invention,
the gasification step, to which the liquid sub-product
obtained from the pre-treatment of the bagasse 1is
subjected, is carried out at a pressure of about 225-
350 bar and at a temperature of about 400-700°C, such
step involves the use of water in supercritical
conditions.

In one aspect of the invention, the heat or part
of the heat produced during the oxidation step may be
used in the process of the present invention and, in a
preferred aspect, also 1in the gasification step

mentioned above.

11
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As described above, the liguid sub-product of the
pre-treatment step is sent to a gasification step.

The following are obtained from the gasification
step:

— a gaseous flow, represented by syngas, and
- a liquid residue, after cooling.

With regard to the liguid product consisting of
the gasification sub-products, in a preferred aspect
of the invention, this is sent to the oxidation step,
to be completely oxidized.

With regard to the gaseous flow, however, this
mainly consists of hydrogen, methane, carbon dioxide
and carbon monoxide.

The syngas i1s subsequently destined for a step of
desulfurization and to a partial or total removal of
carbon dioxide.

Syngas as such may be used for producing methane,
after an appropriate methanation step, or other
products: methanol, synthetic fuels by means of Fisher-
Tropsh, ammonia, urea (also using COz from the
fermentation) or to increase the production of ethanol.

As described above, from the distillation step d),
vinasse (or stillage) is obtained as the column bottom

product.

12
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For the purposes of the present invention, the
vinasse 1s sent to the gasification step described
above.

To this end, the vinasse 1s subjected to a

5 chemical, and possibly also thermal, pre-treatment
step.

With regard to the chemical pre-treatment, this
comprises a chemical neutralization step.

If necessary, a thermal pre-treatment of the

10 vinasse may be carried for concentration, to improve
the processability and to recover water.

In particular, the vinasse is concentrated up to

15%-60

o°

From such pre-treatment a product is obtained, to
15 which we can refer as treated vinasse (or treated
stillage).
Furthermore, a purge product may be obtained,
which is eliminated after appropriate treatment.
For the purposes of the present invention, the
20 treated vinasse (or treated stillage) 1is sent to the
gasification step.
In a particularly preferred aspect of the present
invention, the treated vinasse, or a portion thereof,
may be mixed with the solid residue obtained from the

25 Dbagasse pre-treatment step, forming a slurry which is

13



10

15

20

WO 2020/174360

sent to the oxidation step and/or to the gasification
step.

According to another aspect of the invention (not
shown 1in the Figures), the treated vinasse, or a
portion thereof, may be Jjoined to the non-treated
bagasse, i.e., without this having been previously
subjected to any thermal pre-treatment, or having been
subjected only to a mechanical treatment, forming a
slurry, which is sent to the gasification step.

Such aspect may be carried out on a portion of the
bagasse obtained from the extraction step.

The ratio between the (mass) flow of slurry sent
to the oxidation step and the total ligquid flow sent
to the gasification step is between 0.5-2; 1if it is
close to or greater than two, the process allows the
production of a surplus of thermal or electric energy,
which may be exported.

In a preferred aspect of the present invention,
the oxidation and gasification steps are both carried
out by using water in supercritical conditions.

In this regard, it 1is possible to carry out a
direct heat transfer between the two steps by means of
the flow of water coming from the oxidation step and

sent to the gasification step.

14
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In an alternative aspect of the invention,
however, the heat transfer is indirect and occurs by
means of the use of an intermediate fluid (for example,
water 1in supercritical conditions) or through a
surface.

Therefore, for the purposes of the present patent
application, the oxidation and gasification steps are
integrated with each other, at least from the thermal
point of view, and it is possible, more generally, to
refers to as an oxidation-gasification process, to
which one or more of the sub-products of the ethanol
preparation process are subjected.

In accordance with a second object of the
invention, a system is described for carrying out the
process described above.

In particular, such system comprises:

- a sugar extraction section,

- an evaporation section,

- a fermentation section,

— a distillation section,

- an alcohol dehydration section,

- possibly, a pre—-treatment section for the vinasse,
- possibly, a pre-treatment section for the bagasse,
and

- an oxidation section and a gasification section.

15
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According to a preferred aspect of the invention,
the plant comprises both a vinasse pre-treatment
section and a gasification section.

According to another ©preferred aspect, the
oxidation section and the gasification section are
integrated with each other, at least from the thermal
point of view.

In a particular aspect, 1in the system of the
present invention, the vinasse pre-treatment section
is functionally connected to the gasification section.

This means that the products obtained from the
thermal and/or chemical pre-treatment step of the
vinasse may be sent directly to the gasification
section.

In another particular aspect, in the system of the
present invention, the bagasse pre-treatment section
is functionally connected to the oxidation and
gasification sections.

This means that the sub-products obtained from the
chemical and possibly also thermal bagasse pre-
treatment step may be sent directly to the oxidation
and gasification sections.

For the purposes of the present invention, as
mentioned above, the oxidation section and the

gasification section are integrated with each other.

16
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This means that one or more of the products
obtained from one section may be sent to the other
section.

For example, the water obtained from the oxidation
section may be sent to the gasification section.

Alternatively or in addition, the liquid products
obtained from the gasification step may be sent to the
oxidation section.

In any case, the two sections are thermally
integrated, since part of the heat developed in the
oxidation section is sent to the gasification step.

As described above, gasification and oxidation
steps with water, in particular, with water in
supercritical conditions, are carried out respectively
in the gasification section and in the oxidation
section.

From the above description of the ©present
invention, the advantages offered Dby the present
invention will be immediately known to the person
skilled in the art.

First of all, the ©process described may be
implemented on existing systems, by making the
necessary modifications.

Furthermore, by offering an alternative to the

vinasse disposal by dispersion in the fields, it 1is

17
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certainly desirable from an environmental point of
view.

Similarly, it is favorable the fact that the water
recovered downstream the process is free of pollutants
and may be recycled in the process.

From the system engineering point of view, the
advantages are several.

In fact, the use of the wvinasse in a gasification
step allows the disposal thereof, eliminating the need
for a water treatment plant and the related process
(waste water treatment).

On the other hand, the use of the bagasse, after
an appropriate treatment, in an oxidation section,
allows to eliminate a dewatering section, since the
residual water 1s not a «critical issue for the
oxidation in supercritical water.

The gaseous discharge of the oxidation only
requires a mild treatment, since a dedicated section
for their treatment is not required.

Obtaining products such as syngas allows the
further production of ethanol, methane, synthetic fuel
by means of FT synthesis, ammonia and urea (also using

fermentation CO2).

18



10

15

20

WO 2020/174360

CLAIMS:

1. A process for producing biocethanol starting from
sugar cane comprising the steps of:

a) sugar extraction, obtaining the bagasse;

b) evaporation;

c) fermentation;

d) distillation, obtaining the wvinasse;

e) alcohol dehydration,

wherein said bagasse and said vinasse are subjected to
an oxidation-gasification process comprising an
oxidation step and a gasification step, both carried
out with water in supercritical conditions.

2. A process according to the preceding claim, wherein,
before salid oxidation—-gasification ©process, said
bagasse and/or said vinasse are subjected to a pre-
treatment step.

3. A process according to the preceding claim, wherein
sald bagasse is subjected to a thermal pre-treatment
step, obtaining a gaseous sub-product, a ligquid sub-
product and a solid sub-product.

4. A process according to the preceding claim, wherein
said liquid sub-product is subjected to the
gasification step.

5. A process according to any one of the preceding

claims 2 to 4, wherein said vinasse is subjected to a

19
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thermal and/or chemical pre-treatment step, obtaining
a treated vinasse.

6. A process according to the preceding claim, wherein
salid treated vinasse is subjected to the gasification
step.

7. A process according to any one of claims 3 to 6,
wherein said solid sub-product is subjected to the
oxidation step.

8. A process according to the preceding claim, wherein,
before said oxidation step, said solid sub-product is
mixed with a flow of water and/or with a portion of
the treated vinasse.

9. A process according to any one of the preceding
claims 2 to 8, wherein said treated vinasse 1is
subjected to the gasification step after being mixed
with the non-treated bagasse or a portion thereof.

10. A process according to any one of the preceding
claims, wherein said oxidation step and said
gasification step are mutually thermally integrated,
directly or by means of an intermediate fluid.

11. A plant for the production of bicethanol starting
from sugar cane, comprising:

- a sugar extraction section,

- an evaporation section,

- a fermentation section,

20
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— a distillation section,

an alcohol dehydration section,

possibly, a pre-treatment section for the vinasse,

possibly, a pre-treatment section for the bagasse,
and

— an oxidation section and a gasification section,
wherein said oxidation section and said gasification

section are mutually thermally integrated.

21
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