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DESCRIPTION

1. Field of the invention

The present invention pertains to a method and a device for the
continuous thermal hydrolysis of sludge containing organic
matter, which may or may not be mixed with other wastes
containing organic matter. This sludge or these wastes can for
example be derived from the treatment of domestic wastewater
(digested or non-digested cleansing sludge, fats derived from
pre-treatment), or from the treatment of industrial wastewater
(for example wastewater from the food processing industry,
slaughterhouses, molasses, etc.), or home refuse type wastes
containing organic matter or derived from discharged matter,
grease tanks, etc. The term “sludge” shall be used here below

in this document.

2. Prior art

Sludge coming from the treatment of wastewater, whether of
domestic or industrial origin or from agriculture, can be

treated biologically, especially by anaerobic digestion.

The goal of biological treatment is to degrade the organic matter
contained in this sludge. This degradation can be aimed at
stabilizing the sludge, enabling the production of energy
(through the production of biogas) and/or again reducing the
volume of the sludge. However, certain organic compounds are
more difficult to degrade by biological means than others and
it is known that pre-treatment by thermal hydrolysis accelerates
the process of biological degradation. This thermal treatment
is generally done under pressure at a temperature of over 100°C,
which can in practice go up to 220°C, for a predetermined period
of time, generally half an hour. Through such thermal
hydrolysis, the organic matter which is poorly biodegradable can
be converted into compounds which can then be more easily

degraded biologically.



10

15

20

25

30

35

DK/EP 3041796 T3

Classically, this subsequent biological degradation can be done
by digestion within a closed reactor that operates anaerobically
and is called a digester. Such anaerobic digesters can work
properly only 1f they operate at a suitable and constant
temperature, generally regquiring a heating system and only if
they are properly stirred. This stirring is all the easier as
the sludge entering the digester is fluid, i.e. it has low

viscosity.

There are various types of methods of thermal hydrolysis known
in the prior art. Some of them are implemented by the treatment
of given quantities of sludge to be hydrolyzed one by one or
discontinuously (i.e. "batch" operation) while other methods are
designed to enable continuous treatment or at least semi-

continuous treatment of the sludge to be hydrolyzed.

In the prior art pertaining to these devices and methods of
thermal hydrolysis, we may cite especially the patent documents
W096/09882 and W02006/027062 which both pertain to batch-

treatment methods.

Such batch treatment methods have the drawbacks of making it
necessary to manage the treatment cycles for treating the
different batches of sludge that have to be treated and requiring
repetitive operation of <certain apparatuses, such as the
opening/closing of wvalves for example which may 1lead to

premature wear and tear.

The techniques of continuous or semi-continuous thermal
hydrolysis of sludge include the techniques described in the
patent document EP1198424 and those described in the patent
document W02009/121873.

In the technigue described in EP1198424, the sludge is conveyed
into a reactor through which it travels for 5 to 60 minutes at
a temperature of 130°C to 180°C. The sludge hydrolyzed through
such a treatment is then cooled by a heat exchanger so as to

make sure its temperature is low enough to be compatible with
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the working of a downstream digester and to prevent the biomass
of this digester from being destroyed. The energy thus recovered
enables the pre-heating of the sludge before its entry into the
thermal hydrolysis reactor. This technique however uses
exchangers on non-hydrolyzed concentrated sludge with a dry
solids content of more than 10%, which can be difficult to manage
in practice, entailing constraints for the wuser since it
requires periods of stoppage for maintenance and cleaning.
Besides, this configuration implements a pump, in this case the
pump 11 in figure 1 of the document EP1198424, working on very
hot sludge (130 to 180°C), and experience shows that this factor
causes this pump to have a short service life. Finally, this
configuration is limited in terms of concentration of the sludge
to be treated since it cannot be used to treat sludge having a
dry content of over 20%. It is furthermore not optimized in
terms of energy consumption because the sludge 1is even more
concentrated (i.e. with a dry content of over 20% and therefore
with a water content of less than 80%), the needs in terms of
steam would be further reduced given that the volume of water
(contained in the sludge) to be heated with the steam would be

reduced.

In the technique described in the patent document W02009/121873,
the sludge is treated continuously in a thermal hydrolysis tube

reactor into which the steam is directly injected.

This method has the advantage of being a truly continuous method.
However, although the treatment of sludge by thermal hydrolysis
has been greatly improved over other methods existing in the

market, it still has certain limits.

First of all, if the wviscosity of the sludge to be hydrolyzed,
introduced into the reactor, is too high, it may prove to be
difficult to inject steam into this sludge. In practice, this
method can treat sludge having a high dry content. Beyond certain
dry content levels, the thermal hydrolysis could prove to be
non-optimal, and this would limit the performance of anaerobic

digestion situated downstream from the thermal hydrolysis.
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Secondly, experiments carried out by the Applicant have shown
that the thermal and mechanical constraints observed within the
thermal hydrolysis reactor implemented within the framework of
the method described in the document W02009/121873 could
necessitate special arrangements in terms of construction. It
has been observed that the totality of the steam injected is not
totally condensed into the sludge beyond certain dry content
levels. In practice, the steam injected into the reactor may
take preferred pathways. This problem is also identified in the
patent W02009/121873, especially in paragraph 1 of page 5 of
this document which specifies that when the reactor has a
horizontal part, the steam and the sludge may tend to get
separated into two layers, namely an upper layer containing

steam and a lower layer containing sludge.

Now, for all methods of thermal hydrolysis and especially for
those methods that work continuously, the critical phase of the
method corresponds to the transfer and condensation of steam in
the sludge. Indeed, if this step is not done properly, the
performance of the method of thermal hydrolysis can be
considerably impaired, in terms of chemical reaction as well as
in economic terms, since the quantity of steam that has to be

used then becomes greater.

The methods of thermal hydrolysis on dewatered sludge therefore
come up against the difficulty of having to inject steam into
the sludge efficiently and, as a corollary, the difficulty of
mixing them when this sludge is too wviscous. Since sludge is
viscous by nature, the greater its dry content, the more
difficult it will be for the steam to be injected into the
sludge, get mixed with the sludge and vyield its energy by
condensation to prompt the thermal hydrolysis of the poorly

biodegradable compounds.

In the batch-treatment methods, it is recommended to carry out
a stirring operation in the treatment tanks to foster the

intimate mixing of the steam with the sludge to be treated.
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Through such stirred mixing performed in the treatment vessels,
the mixture of sludge and steam becomes intimate and the steam
can more rapidly yield its energy in getting condensed in the
sludge. However, in both the continuous methods and the batch-
treatment methods of the prior art, the sludge cannot be
efficiently hydrolyzed in practice, at least in the industrial-
level transposition that is made of the techniques described and
claimed in the patent documents cited here above, once their dry
content is greater than 20%,. This requires that the sludge be

limited to 20% by weight of dry matter.

The patent document W02009/121873 recommends the use of static
or dynamic mixers in the reactor so as to improve the mixing of
this steam with the sludge. This 1is explained in the last
paragraph of page 5 of W02009/121873. Such mixers are especially
recommended when the steam is injected into a horizontal part
of the reactor, since such a horizontal part is identified, as
already indicated here above, as an area in which the steam has
a special propensity to take a preferred pathway of discharge
and not get completely mixed with the sludge, hence not yield
its energy to the sludge properly. This propensity therefore
lowers the performance of the thermal hydrolysis reactor. It
will be noted however that, to the knowledge of the present
Applicant, no industrial-scale device using such dynamic or
static mixers for the treatment of sludge has been applied as

yet to commercially used installations.

3. Goals of the present invention

It is a goal of the present invention to propose a method, and
a device associated with the application of this method, that
can be used in at least one embodiment to improve the performance
of the technology disclosed in W02009/121873 herein considered
as the prior art closest to the invention which shall be

described here below.

In particular, it is a goal of the present invention to describe

a method and a device of this kind that makes it possible in at
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least one embodiment to treat sludge that is to be hydrolyzed
thermally and that has dry content levels higher than the maximum
dry content that could hitherto be effectively used in the prior
art, without lowering the performance of the digestion that

classically follows the thermal hydrolysis of the sludge.

It is a goal of the present invention therefore to propose a
method of this kind and a device of this kind that can be used,
in at least one embodiment, to obtain homogeneous temperatures
of the mixture of sludge and steam within the reactor in order
to achieve high performance levels of thermal hydrolysis and to
thus remove the mechanical constraints on reactors related to

non-homogeneous temperatures.

It is another goal of the invention to provide a technique of
this kind that can be used in at least one embodiment to reduce

the energy consumption required for its implementation.

In particular, the invention pursues the goal of disclosing a
method and a device of this kind that make it possible, in at
least one embodiment, to reduce the consumption of steam needed

for the hydrolysis of the sludge.

It is yet another goal of the invention to describe a method and
a device of this kind which, in at least one embodiment, can
implement reactors of smaller volumes, especially of smaller
lengths, than in the prior art while at the same time providing

for an optimized condensation of the steam in the sludge.

It is yet another goal of the invention to describe a method and
a device of this kind which make it possible, in at least one

embodiment, to hygienize the sludge.
4, Summary of the Invention
All or part of these goals are achieved though the invention

which pertains, first of all to a method for the continuous

thermal hydrolysis of sludge to be treated, containing organic
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matter, said method comprising the steps of:

simultaneously carrying out the injection of recovered steam
into said sludge and mixing said sludge with said recovered
Steam by means of a primary dynamic injector-mixer so as to

obtain a primary uniform mixture of pre-heated sludge;

simultaneously carrying out the injection of fresh steam into
said primary uniform mixture and mixing said primary uniform
mixture with said steam by means of a secondary dynamic injector-
mixer so as to obtain a uniform secondary mixture of sludge

heated to the desired temperature of thermal hydrolysis;

conveying said secondary uniform mixture towards a tube reactor
under pressure and prompting an essentially plug type flow of
this secondary uniform mixture into said reactor for a residence
time that is sufficient and at a temperature that is sufficient
to enable the thermal hydrolysis of the organic matter present

in this secondary uniform mixture;

producing said recovered steam within means for the production
of recovered steam from said secondary uniform mixture obtained

at exit from said tube reactor;

cooling said secondary uniform mixture when it exits from said
means for producing recovered steam to a temperature enabling
the subsequent digestion of the hydrolyzed organic matter that

it contains.

It will be noted that, in the present description, the term
“dynamic injector-mixer” is understood to mean any mixer
constituted by a chamber and by means used to prompt a stirring,
through motor-driven mechanical means, of the different phases
entering this chamber in order to obtain a uniform mixture at
exit. Such elements can, for example, be constituted by blades
or screws moved by a rotor or any other means of mixing also

moved by a rotor.
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The term "plug-type flow" is understood to a mean a flow within

which all the particles move at the same speed.

As understood in the invention:

- recovered steam is the steam under pressure produced by
using the heat of the hydrolyzed sludge when it exits from the

reactor;

- fresh steam is the steam under pressure produced by means
of an ancillary apparatus provided for this purpose, such as for
example a boiler, a co-generation system or any other adapted

system.

The cooling of the secondary homogeneous mixture is aimed at
lowering the temperature. This could for example be obtained by
causing it to travel through one or more heat exchangers and/or
by diluting it with water and/or fresh sludge. In the case of
dilution, the dilution of the sludge will lead to a modification

of their dryness as well as a reduction of their temperature.

Thus, the invention proposes to carry out the primary mixing of
the recovered steam with the sludge to be hydrolyzed in order
to obtain a perfect uniform primary mixture of pre-heated sludge
and then to carry out the secondary mixing of fresh steam with
the primary mixture in order to obtain a perfect uniform
secondary mixture of heated sludge, upstream to the thermal
hydrolysis step subsequently carried out in a tube reactor. A
step for producing recovered steam from said secondary uniform
mixture obtained at exit from said tube reactor 1is also
implemented to supply recovered steam to the primary mixing

step.

Thus, according to the invention, the phases of primary and
secondary mixing of the sludge with the recovered steam and with
the fresh steam are clearly distinct from the thermal hydrolysis
phase, the mixing phases and the thermal hydrolysis phase being

also carried out efficiently in distinct apparatuses.
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The uniform mixture, constituted by the first and second uniform
mixtures, carried out prior to the thermal hydrolysis, enables
the steam to get condensed in the sludge at the dynamic injector-
mixers and thus to heat the sludge. This uniform mixture is then
conveyed towards the reactor in which its flow can be as close
as possible to the plug flow. Taking the form of a uniform mono-
phase 1ligquid phase, it enters the reactor at a uniform
temperature, a temperature at which the thermal hydrolysis of
the poorly biodegradable compounds can be done in an efficient

and optimized way.

Classically, when it exits from the tube reactor, this uniform
mixture which contains hydrolyzed organic matter is conveyed if
necessary at a temperature and/or a concentration, achieved by

dilution if necessary, that enable its subsequent digestion.

Thus the invention is clearly differentiated from the prior art,
and especially from the patent document W02009/121873 by the
characteristic according to which the mixture of the sludge to
be hydrolyzed with the steam, in this case recovered steam and
then fresh steam, is done upstream to the thermal hydrolysis

reactor and not within it.

Such an option is a break from the teaching of this prior art,
which indicated the possibility of using a static or dynamic
mixer integrated into the reactor. This prior art however did
not give a mixture homogeneous enough optimize the thermal
hydrolysis. The present invention resolves this problem in
carrying out this mixing upstream to the reactor so that the
phase which enters this reactor is completely homogeneous and
so that the energy given by the steam within this mixture can
be totally transferred to the sludge so that all the matter that
can be thermally hydrolyzed can be hydrolyzed in providing for

a sufficient residence time, i.e. a sufficient reactor length.

Through the homogeneity of the mixture of sludge and steam

travelling through the reactor, because the totality of the
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steam has been condensed in the sludge through the efficiency
of the dynamic mixer-injector, a homogeneity of temperature of
this mixture can be obtained in it. Such a homogeneity of
temperature does away with the appearance of preferred pathways
for conveying the steam into the reactor and, as a corollary,
removes the thermal and mechanical constraints inherent in the

appearance of such preferred pathways of flow.

In particular, the perfect uniform mixture of steam and sludge
uniformly vreduces their wviscosity and hence removes the

mechanical effects related to the shearing of the sludge.

Obtaining a homogeneous mixture of heated sludge upstream to the
reactor, from sludge to be hydrolyzed and from recovered steam
and then fresh steam, within the primary and secondary dynamic
injector-mixers has the advantage by which it is possible to
treat sludge to Dbe hydrolyzed having a high dry content,

especially dry content of over 20%.

The application of this technique also helps reduce the guantity
of fresh steam needed for the thermal hydrolysis of the sludge.
Indeed, the recovered steam produced and injected into the
sludge partly replaces the fresh steam injected into the sludge
in order to hydrolyze it. It is thus possible to reduce the
quantity of energy needed to produce fresh steam and thus make

savings in energy consumption.

In addition, the hydrolyzed sludge produced by the application
of a method according to the invention most frequently undergoes
a subsequent digestion. The implementing of such digestion
produces biogas which is used, at least in a large proportion,
to feed a boiler or one of the co-generation units in order to
produce the fresh steam needed for the thermal hydrolysis of the
sludge. The fact, according to the invention, of producing
recovered steam and injecting it into the sludge to be hydrolyzed
therefore limits the need for fresh steam and therefore reduces
the share of formed biogas dedicated to the production of fresh

steam for the hydrolysis of the sludge. It is thus possible to
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produce surplus energy (for example electricity, heat, injection
of bio-methane into the network or the like) from this biogas,
which could be used for purposes other than that of the
hydrolysis of the sludge, or at the very least to increase the

quantity of energy produced.

According to a first preferred variant, said step for producing

recovered steam comprises:

a step for conveying said secondary uniform mixture when it

exits from said tube reactor to the inlet of a heat exchanger;

a step for conveying water to another inlet of said heat

exchanger;

said secondary uniform mixture transferring at least a part of
its heat to said water to indirectly produce said recovered

steam.

In this case, the heat from the hydrolyzed sludge is exploited
to indirectly produce recovered steam from water injected into
a heat exchanger within the hydrolyzed sludge flows. According
to this variant, the recovered steam is produced indirectly from
the secondary uniform mixture. This implementation produces
“clean” recovered steam, i.e. steam that essentially contains
no elements such as foams, particles, non-condensable elements

or the like, as is the case with flash steam.

According to a second preferred variant, said step for producing
recovered steam comprises a step for conveying said secondary
uniform mixture when it exits from said tube reactor into a
flash reactor within which the pressure and the temperature of
said secondary uniform mixture are speedily lowered to produce

flash steam, said flash steam constituting said recovered steam.

In this case, the heat from the hydrolyzed sludge is exploited
to indirectly produce recovered steam in the form of flash steam

which would be mixed with the sludge to be hydrolyzed in the
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primary injector-mixer in order to increase their temperature:
thus, a pre-raising of temperature of the sludge to be treated
is obtained. According to this wvariant, the recovered steam is

produced directly from the secondary uniform mixture.

The pressure of said recovered steam ranges from 1 to 10 bar A.
It will be noted that in the context of the present description,

the pressure unit is the bar absolute (bar A).

The temperature of said recovered steam preferably ranges from
100°C to 180°C.

The temperature of said sludge conveyed to the inlet of said

primary injector-mixer is preferably below 60°C.

The technique according to the invention enables the treatment
of relatively fresh sludge, i.e. having a temperature close to
the ambient temperature or that of the digested sludge. It is
therefore not necessary to pre-heat the sludge upstream, for
example by means of an additional heat exchanger. This has an
advantage especially for maintenance since the maintenance of

the heat exchangers is relatively complicated and costly.

The temperature of said primary uniform mixture at exit from

said primary injector-mixer is preferably below 100°C.

According to a preferred variant of the invention, when it exits
said secondary injector-mixer, said secondary uniform mixture
has a temperature of 100°C to 200°C (i.e. the temperature in the
reactor enabling the thermal hydrolysis of the organic matter

present in said sludge) and a pressure of 1 bar A to 22 bar A.

Advantageously, when it exits said secondary injector-mixer,
said secondary uniform mixture has a temperature of 150°C to
170°C (i.e. the temperature in the reactor enabling the thermal
hydrolysis of the organic matter present in said sludge) and a

pressure of 5 bar A to 15 bar A.
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According to a preferred variant of the invention, the fresh
steam which will be used to obtain the secondary uniform mixture
of fresh steam and the primary uniform mixture will have a
temperature of 100°C to 220°C and a pressure of more than 1 bar
A to 23 bar A. In a manner preferred above all, preference will
be given to a temperature for this steam ranging from 180°C to
200°C and a pressure of 10 bar A to 16 bar A.

The quantity of fresh steam thus provided to the sludge will
depend firstly on the dry content of this sludge and secondly

on its concentration in organic matter to be hydrolyzed.

The residence time of the secondary uniform mixture within the
reactor will be sufficient, as indicated here below, to enable
the thermal hydrolysis of the organic matter but, in principle,
it will preferably range from 10 minutes to 2 hours and most

preferably, from 20 to 40 minutes.

Advantageously, the residence time of said secondary uniform
mixture in the reactor will be at least 20 minutes and the
temperature of said secondary uniform mixture in the reactor
will be at least 100°C so that the method according to the
invention will thus enable the hygienization of said sludge, the
totality of this sludge being at the required temperature
(>100°C) for a sufficiently lengthy time. A temperature of over
70°C for at least 20 minutes applied to the sludge is necessary

to hygienize it.

According to a preferred variant of the invention, said step for
cooling said secondary uniform mixture downstream to the tube
reactor, at a temperature enabling the subseguent digestion of
the hydrolyzed organic matter that it contains, comprises at
least one dilution with water and/or with fresh sludge, and/or
at least one step of heat exchange within at least one heat
exchanger. The term “fresh sludge” is understood to mean non-

hydrolyzed sludge.

It is thus possible to lower the temperature of the sludge and/or
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modify its concentration in order to make it compatible (in
terms of temperature and/or concentration) with the biological
phenomena involved, as the case may, be in the digestion process
that follows.

The choice of cooling and/or dilution will be made according to

the nature of the hydrolyzed sludge to be digested.

Such dilution could be necessary to enable efficient subsequent
digestion of these thermally hydrolyzed sludge. This mixture
will then reach a sufficiently low temperature and will be

diluted enough to comply with the biology of the digester.

Also preferably, the method according to the invention comprises
preliminary steps of dewatering and homogenization of said
sludge to be treated in order to convey them to the primary,
dynamic injector-mixer, these preliminary steps leading to
sludge having a dry content ranging from 15 % to 50 %,
advantageously from 15% to 35%, and even more advantageously
from 20% to 35%. It may be recalled that, in practice, the prior-
art devices do not enable the efficient hydrolysis of sludge

having a dry content of over 20%.

According to one advantageous variant of the method according
to the invention, this method comprises a step for adapting the
conditions of implementation of the primary dynamic injector-
mixer and/or the secondary dynamic injector-mixer to the dryness
of the sludge. Thus, when the dynamic injector-mixer or
injector-mixers include a blade rotor, the rotational speed of
these blades can be modified according to this dry content so
as to make it possible to obtain a uniform mixture even when

this dryness is high.
According to another aspect of the invention, it also covers any
device for implementing a method according to any one of the

alternatives explained here above.

According to the invention, such a device comprises:
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at least one primary dynamic injector-mixer having a primary

uniform mixture outlet;

means for leading in sludge to be treated containing organic

matter in said primary dynamic injector-mixer;

means for leading in recovered steam to said primary dynamic

injector-mixer;

at least one secondary dynamic injector-mixer having a secondary

uniform mixture outlet;

means for leading in said primary uniform mixture into said

secondary dynamic injector-mixer;

means for leading in fresh steam into said secondary dynamic

injector-mixer;

a tube reactor for thermal hydrolysis;

means for leading in said secondary uniform mixture into said

tube reactor for thermal hydrolysis;

means for producing said recovered steam from said secondary
uniform mixture obtained at exit from said tube reactor, said
means for producing comprising a recovered steam outlet

communicating with said means for leading in recovered steam;

means for cooling said secondary uniform mixture coming from
said means for producing recovered steam to a temperature
enabling the subsequent digestion of the hydrolyzed organic

matter that it contains.

Such a device according to the present invention is clearly
distinguished from the prior-art disclosed in W02009/121873 by
the characteristic according to which a ©primary dynamic

injector-mixer and a secondary dynamic injector-mixer are
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provided upstream to the tube reactor for thermal hydrolysis and
not integrated into the reactor for thermal hydrolysis. As
specified here above, the use of equipment to mix the sludge to
be thermally hydrolyzed with steam, namely the dynamic injector-
mixers, and of distinct eguipment to carry out the thermal
hydrolysis of the thermally hydrolysable compounds contained in
this sludge, namely a tube reactor, optimizes the working of
this tube reactor for thermal hydrolysis. This optimization
implies the obtaining of hydrolyzed sludge with a higher content
in hydrolyzed compounds easily digestible within a digester and

the possibility of giving this tube reactor a lower volume.

Such a device according to the invention therefore enables the
treatment by thermal hydrolysis of the sludge in a smaller
reactor volume, giving a non-negligible economic advantage as

compared with the prior art.

As already specified, it is possible to use different types of
dynamic injector-mixers in the context of the application of the
present invention. However, the device according to this
invention will advantageously be provided with dynamic injector-
mixer devices that have a chamber provided with a blade rotor
Oor a screw rotor, the rotational speed of which can be adapted
to the dryness of the sludge as indicated here above. It will
be noted that the geometry of the blades could itself be adapted
to the dryness and the viscosity of the sludge.

The prior art as set forth in the general descriptive part of
the patent W02009/121873 provides for more or less every
possible form of tube reactor. However, the embodiments of this
technique given in this patent document recommend that this
reactor should be made horizontally. According to one embodiment
described in this patent document W02009/121873, an inlet of
sludge at one end of the tube reactor is planned with an
injection of steam in proximity to this end, an outlet of the
hydrolyzed sludge being provided at the other end of this tube
reactor, means for injecting cooling water being provided at

this second end. In another embodiment described in this patent
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document W02009/121873, the tube reactor for thermal hydrolysis
has a first vertical part extended by a second longer horizontal
part. The reason why each of these preferred embodiments has a
relatively long horizontal part stems from the need to put the
sludge into contact with the steam for a sufficiently lengthy
residence time so that not only does thermal hydrolysis take
place but also, prior to this thermal hydrolysis, within the
tube reactor, the steam injected at the beginning of the reactor
can get condensed in the sludge in order to transfer the energy

needed for their hydrolysis to them.

According to the invention, since the injection of steam has
taken place upstream to the reactor through the use of dynamic
injector-mixers, it is a perfectly mixed uniform mixture that
arrives in the reactor so much so that the reactor in question
no longer has to play the role of a condenser but only that of
a thermal hydrolysis reactor. Its volume can therefore be made
smaller than in the prior art. Indeed, in the prior art, the
reactor must act both as a condenser and as a reactor, which
gives it a greater volume and especially a greater length than

in the present invention.

In addition, the heat of the hydrolyzed sludge is exploited at
the exit from the tube reactor to produce steam known as
recovered steam which will be injected and mixed with the sludge
to be treated by means of the primary dynamic injector-mixer
placed upstream to the secondary dynamic injector-mixer in which
the sludge is mixed with fresh steam under pressure. This reduces
the quantity of fresh steam under pressure injected into the
sludge to Dbe hydrolyzed and, if necessary, reduces the
proportion of biogas produced by the subsequent digestion of the
hydrolyzed sludge used for the production of this fresh steam
and therefore increases the share of this biogas wused for
purposes other than that of carrying out the method for
hydrolyzing sludge, for example for producing surplus energy
such as for example heat or electricity, for injecting bio-

methane into the system or the like.
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According to a first preferred variant, said means for producing
recovered steam comprise at least one heat exchanger comprising
an inlet communicating with the outlet of said tube reactor, an
inlet of cooling water communicating with means for leading in
water, an outlet of recovered steam and an outlet of cooled

hydrolyzed sludge.

This indirectly produces cleaner recovered steam, i.e. steam
that does not contain any elements such as foam, particles, non-
condensable elements or the like, the presence of which can

require the use of certain removal means.

According to a second preferred wvariant, said means for
producing recovered steam comprise at least one flash wvapor
reactor, the inlet of which communicates with the outlet of said

tube reactor.

This enables the direct production of recovered steam, in the
form of flash steam by making use of the heat of the hydrolyzed
sludge without implementing a heat exchanger, which constitutes

an advantage especially as regards maintenance.

According to another preferred characteristic, said means for
cooling said secondary uniform mixture comprise means for
diluting said secondary uniform mixture with water and/or with
fresh sludge, and/or means for exchanging heat within at least

one heat exchanger.

It is thus possible to lower the temperature of the sludge and/or
modify its concentration in order to make them compatible (in
terms of temperature and/or concentration) with the biological
phenomena involved as the case may be in the digestion that

follows.

The choice of the cooling and/or dilution will be done according

to the nature of the hydrolyzed sludge to be digested.

According to the invention, the thermal hydrolysis reactors
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implemented could take various forms. However, according to a
preferred variant, the tube reactor for thermal hydrolysis will
be vertical and comprise an inlet at its lower end and an outlet

at its upper end, or the reverse.

According to another preferred wvariant, this tube reactor for
thermal hydrolysis will have a first vertical portion directly
extended by a second vertical portion, the inlet of the reactor
being provided at the lower part of said first vertical portion
and the outlet of said reactor being provided at the lower part

of said second vertical portion.

According to another preferred wvariant, this tube reactor for
thermal hydrolysis will have a first vertical portion directly
extended by a second vertical portion, the inlet of the reactor
being provided at the upper part of the first vertical portion
and the outlet of the reactor being provided at the upper part

of said second vertical portion.

It will be noted that in the context of the present description,
the term “first vertical portion directly extended by a second
vertical portion” is understood to cover the embodiments in
which the two wvertical parts are connected by a horizontal

connection that is not considered to be reaction zone.

According to vyet another wvariant, tube reactor for thermal
hydrolysis has a first vertical portion connected to a second
vertical portion, the inlet of the reactor being provided at the
upper part of said first vertical portion and the outlet of said
reactor being provided at the lower part of said second vertical

portion or vice versa.

Also advantageously, the device comprises means to maintain the
pressure in the tube reactor for thermal hydrolysis, such as for
example at least one pump and/or a valve, preferably an eccentric

screw pump.

5. List of figures
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The invention as well as its different advantages will be more
easily understood from the description of embodiments given with

reference to the figures in which:

- Figure 1 is a schematic and general view of a device for
the thermal hydrolysis of sludge according to the invention,
integrated into an installation including a digester provided
downstream from this installation, according to which the heat
of the hydrolyzed sludge 1is exploited to produce recovered
steam, which is mixed with the sludge to be treated by means of
a primary dynamic 1injector-mixer placed upstream to the
secondary dynamic injector in which the sludge is mixed with

fresh steam;

- Figures 2a and 2b represent two shapes of tube reactors for
thermal hydrolysis that can be implemented within the framework

of the present invention;

- Figures 3a and 3b represent two other shapes of tube
reactors for thermal hydrolysis that can be implemented within

the framework of the present invention;

- Figures 4a and 4b represent two other shapes again of tube
reactors for thermal hydrolysis that can be implemented within

the framework of the present invention;

- Figures 5a and 5b represent two other shapes again of tube
reactors for thermal hydrolysis that can be implemented within

the framework of the present invention;

- Figure 6 illustrates a first embodiment of a device
according to the invention in which the recovered steam is

produced indirectly within a heat exchanger;

- Figures 7, 8, 9 and 10 illustrate variants of means for
cooling and/or diluting hydrolyzed sludge coming from the

hydrolysis reactor of a device according to the first
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embodiment;

- Figure 11 illustrates a second embodiment of a device
according to the invention in which the recovered steam is

produced directly within a flash reactor;

- Figures 12, 13 and 14 illustrate variants of means for
cooling and/or diluting hydrolyzed sludge coming from the

hydrolysis reactor according to the second embodiment;

- Figure 15 is a graph showing firstly the progress of the
temperature within the tube reactor of a prior-art installation
compliant with the patent documents W02009/121873 that does not
integrate any dynamic injector-mixer but in which the steam and
the sludge are conveyed to the head of the reactor and secondly
the progress of the temperature within the tube reactor of an
installation <corresponding to the invention integrating a
dynamic injector-mixer devices in which the recovered steam and
then the fresh steam and the sludge are mixed and then conveyed
in the form of a homogeneous mixture to the head of the reactor

for thermal hydrolysis.

6. Description of embodiments

6.1. General architecture

Referring to figure 1, a device according to the invention is
illustrated in a general and schematic way. This device 1is
integrated into an installation including a digester 22 that is

not a part as such of the device according to the invention.

Such an installation can be used to carry out a method of lysis-
digestion (LD) but it can be noted that it will also be possible
to integrate the method according to the invention into a known
prior-art configurations known as digestion-lysis (DL) oz
digestion-lysis-digestion (DLD) configurations, it being known
that in the configuration known as the DL configuration, a part

of the sludge is hydrolyzed and then returned to the digester.
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Referring to figure 1, dewatered sludge is conveyed by a pipe 1
to a vessel or hopper 2, provided for example with two worm

screws used to homogenize the sludge.

The dewatered and homogenized sludge coming from the hopper 2
is pumped by means of a pump 3 into a pipe 4 serving as means
to lead this sludge to a primary dynamic injector-mixer 5. This
primary dynamic injector-mixer 5 is also provided with means 10
for injecting recovered steam, the mode of production of which
shall be described in greater detail here below. The pressure
of this recovered steam will preferably range from 1 to 10 bar
A. Its temperature will be preferably range from 100°C to 180°C.
This primary dynamic injector-mixer 5 can also be fed with fresh

steam during the starting phases.

The primary dynamic injector-mixer 5 is used to produce a primary
uniform mixture of sludge heated by the recovered steam. The

temperature of this mixture will preferably be below 100°C.

The primary dynamic injector-mixer 5 could if necessary be
cleaned for example by means of an wash water inlet 200 leading

into the pipe 4.

The primary uniform mixture coming from the primary dynamic
injector-mixer 5 is introduced through a pipe 6 into a buffer
vessel 7 in which the non-condensable gases will be recovered

and discharged by a conduit 8.

The sludge coming from the buffer vessel 7, in this case the
primary uniform mixture, is pumped by means of another feeder
pump 9 into a pipe 11 used as means for leading this sludge into

the inlet of a secondary dynamic injector-mixer 12.

This secondary dynamic injector-mixer 12 is provided with means
100 for injecting fresh steam generated by a steam generator
such as for example a boiler, or any other means for producing

Steam such as for example a co-generation system not shown in
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figure 1. It can be used to produce a secondary uniform mixture

0of sludge heated by the fresh steam.

The secondary dynamic injector-mixer could if necessary be
cleaned for example by means of a wash water inlet 201 leading

into the pipe 11.

At the exit of the secondary dynamic mixer 12, a pipe 13 conveys
the secondary uniform mixture made within this pipe 13 to a

thermal hydrolysis reactor 14.

The treatment within this thermal hydrolysis reactor 14 is done
at a temperature of 150°C to 170 °C, the interior of the reactor
being maintained under pressure of 8 bar A to 10 bar A (in this
respect, it will be noted that lower temperatures and pressures
or higher temperatures and pressures could be implemented

depending especially on the dry content of the sludge).

The thermal hydrolysis reactor 14 could if necessary be cleansed
by injection of water via an inlet 101 of wash water during the
cleansing phases that could be performed when starting up the
installation or during the phase of maintenance of this
installation, while non-condensable gases 1f any could be

discharged from the reactor via the drain 102.

The sludge hydrolyzed in the thermal hydrolysis reactor 14 is
then conveyed by a pipe 15 to a means 1000 for producing
recovered steam. These means for producing are used to produce
recovered steam from the hydrolyzed secondary uniform mixture
coming from the hydrolysis reactor 14, in other words, from the

hydrolyzed sludge.

The recovered steam produced through the heat of the hydrolyzed
sludge is conveyed into the primary dynamic injector-mixer 5 via
the pipe 10 used as a means for injecting recovered steam into

this device 5.

A valve 18 or any pressure-reducing element, having a function
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of maintaining the pressure of the means for producing recovered

steam can be placed on the pipe 10.

The hydrolyzed sludge coming from the means 1000 for producing
recovered steam 1is conveyed into a pipe 19 opening into a
digester 22. This pipe 19 if necessary has a pump 21 upstream
to the digester 22.

The installation has means (not shown) for diluting and/or
cooling hydrolyzed sludge coming from the means 1000 for

producing recovered steam

The hydrolyzed and cooled and/or diluted sludge is conveyed into
the digester 22 via the pipe 19.

The thermally hydrolyzed sludge sent to the digester 22 can be

easily digested because it has undergone thermal hydrolysis.

It is clearly stated that the depiction in figure 1 of an
installation incorporating a device according to the invention
is a schematic depiction. In particular, the reactor 14 in which
the thermal hydrolysis of the uniform mixture of the heated
sludge is done could take different shapes. Some of these shapes,
among other possible ones, are given with reference to figures
2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b.

According to figure 2a, the thermal hydrolysis reactor 14 has a
vertical shape. The reactor 14 is provided in its lower part
with an inlet 601 for the uniform mixing of heated sludge with
recovered steam and then fresh steam and in its upper part, with
an output of the reactor 602. A drain 603 is provided to
discharge non-condensable gases if any and means for measuring
the pressure P and the temperature T prevailing within the

reactor 14 are also provided in the upper part of this reactor.

According to figure 2b, the thermal hydrolysis reactor 14 has a
vertical shape. The reactor 14 is provided in its upper part

with an inlet 601 for the uniform mixing of heated sludge with
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recovered steam and then fresh steam and, in its lower part,
with an outlet 602 from the reactor. A drain 603 is provided to
discharge non-condensable gases if any in the upper part and
means for measuring the pressure P and the temperature T
prevailing within the reactor 14 are also provided in the lower

part of this reactor

Referring to figure 3a, the thermal hydrolysis reactor 14 has a
first vertical part 704 provided at its lower part with an inlet
701 of a uniform mixture of heated sludge. This first vertical
part 704 is directly connected to a second vertical part 705
provided at its lower part with a discharge unit 702 for removing
hydrolyzed sludge. A drain 703 1is provided at the Jjunction
between these two vertical parts to discharge non-condensable
gases 1f any. Means for measuring the pressure P and the
temperature T in the reactor 14 are also provided. It can be
noted that, in this configuration, the second vertical part 705
is directly connected to the first vertical part 704 without any

horizontal part between the two.

Referring to figure 3b, the thermal hydrolysis reactor 14 has a
first vertical part 704 provided at its upper part with an inlet
701 of a uniform mixture of heated sludge. This first vertical
part 704 is directly connected to a second vertical part 705
provided at its upper part with a discharge unit 702 for removing
hydrolyzed sludge. A drain 703 1is provided at the Jjunction
between these two vertical parts to discharge non-condensable
gases 1f any. Means for measuring the pressure P and the
temperature T in the reactor 14 are also provided. It can be
noted that, in this configuration, the second vertical part 705
is directly connected to the first vertical part 704 without any

horizontal part between the two.

In the variant illustrated in figure 4a, the second vertical
part 705 and the first vertical part 704 are connected to each
other at the upper part by means of a horizontal part 706 between
the two. Means for measuring the pressure P and the temperature

T in the reactor 14 are also provided.
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Referring to figure 5a, the thermal hydrolysis reactor 14 has a
first vertical part 804 provided at its upper part with an inlet
801 of a uniform mixture of heated sludge. This first vertical
part 804 is directly connected to a second vertical part 805
provided at its lower part with a device 802 for removing
hydrolyzed sludge. A drain 803 1is provided at the Jjunction
between these two vertical parts to remove non-condensable gases
if any. Means for measuring the pressure P and the temperature

T in the reactor 14 are also provided.

Referring to figure 5b, the thermal hydrolysis reactor 14 has a
first vertical part 804 provided at its lower part with an inlet
801 of a uniform mixture of heated sludge. This first vertical
part 804 is directly connected to a second vertical part 805
provided at its upper part with a device 802 for removing
hydrolyzed sludge. A drain 803 1is provided at the Jjunction
between these two vertical parts to remove non-condensable gases
if any. Means for measuring the pressure P and the temperature

T in the reactor 14 are also provided.

6.2. Example of a first embodiment: heat exchanger

Referring to figure 6, a schematic description is provided of a

device according to a first embodiment of the invention.

Only the differences between the device generally illustrated
in figure 1 and the device according to this first embodiment

illustrated in figure 6 are described.

According to this first embodiment, the means 1000 for producing

recovered steam comprise a heat exchanger 90.

This heat exchanger 90 comprises a first inlet 901 into which
there opens the pipe 15 through which the hydrolyzed sludge
coming from the thermal hydrolysis reactor 14 is conveyed into
this exchanger 90. It comprises a second inlet 902 to which

there are connected means for leading 1in water, herein
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comprising a pipe 91. It also comprises a recovered steam outlet
903 to which there is connected the recovered steam injection
pipe 10 which opens into the primary dynamic injector-mixer 5.
This heat exchanger 90 also comprises an outlet 904 for cooled

hydrolyzed sludge.

The outlet 904 for cooled hydrolyzed sludge is connected to a
pipe 19 opening into a digester 22.

This pipe 19 possibly has a pump 21 upstream to the digester 22.
This pump 21 or any other equivalent pressure-reducing unit such
as for example a valve is used to maintain the pressure in the

thermal hydrolysis reactor 14.

In this embodiment, the means for diluting and/or cooling
comprise conveying means such as one or more pipes 22 for
conveying water and/or fresh sludge, opening out upstream and/or

downstream to the pump 21.

In one variant illustrated in figure 7, these means of diluting

and/or cooling comprise:

- a heat exchanger 24 placed upstream to the pump 21, and

- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge opening out upstream and/or

downstream to the heat exchanger 24 and/or the pump 21.

In one variant illustrated in figure 8, these means for diluting

and/or cooling comprise:

- two heat exchangers 24 and 25 placed in series upstream to

the pump 21, and

- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge opening out upstream and/or
downstream to the first and/or second heat exchangers 24 and 25

and/or the pump 21.
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In one variant illustrated in figure 9, these means for diluting

and/or cooling comprise:

- a heat exchanger 24 placed upstream to the pump 21;

- a heat exchanger 26 placed downstream to the pump 21, and

- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge, opening out upstream and/or
downstream to one or more heat exchangers 24 and 26 and/or the

pump 21.

In one variant illustrated in figure 10, these means for diluting

and/or cooling comprise:

- a heat exchanger 26 placed upstream to the pump 21; and

- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge, opening out upstream and/or

downstream to one or more heat exchangers 26 and/or the pump 21.

6.3. Example of a second embodiment: flash reactor

Referring to figure 11, a schematic description is provided of

a device according to a second embodiment of the invention.

Only the differences between the device generally illustrated
in figure 1 and the device according to this second embodiment

illustrated in figure 11 are described.

In this embodiment, the recovered steam production means

comprise a flash reactor 16.

The pressure and the temperature of the hydrolyzed sludge when
exits the reactor 14 are sharply and rapidly lowered within the
flash reactor 16 in order to produce flash steam, the pressure

of which will preferably range from 1 to 10 bar A and the
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temperature of which will preferably range from 100 to 180°C.

The flash steam thus produced, which constitutes the recovered
steam directly produced from the heat of the hydrolyzed sludge,
is conveyed into the primary dynamic injector-mixer 5 via the
pipe 10 serving as a means for injecting recovered steam into

this pipe.

A valve 18 or any other pressure-reducing element having a
function of maintaining the pressure of the flash reactor can

be placed on the pipe 10.

A valve 17 or any pressure-reducing element can be placed on the
pipe 15 between the outlet of the thermal hydrolysis reactor 14
and the inlet of the flash reactor 16. This valve 17 is used to
regulate the pressure of the hydrolyzed sludge circulating in
the pipe 15 to maintain the pressure and the temperature in the

thermal hydrolysis reactor 14.

The hydrolyzed sludge coming from the flash reactor 16 1is
conveyed in the pipe 19 opening into the digester 22. This pipe
19 possibly carries a pump 21 upstream to the digester 22.

The installation has a means for diluting and/or cooling

hydrolyzed sludge coming from the flash reactor 16.

In this embodiment, these means for diluting and/or cooling
comprise leading-in means, such as one or more pipes 23, for
leading in water and/or fresh sludge opening out upstream and/or

downstream to the pump 21.

In one variant illustrated in figure 12, these means for diluting

and/or cooling comprise:

- a heat exchanger 24 placed upstream to the pump 21, and

- leading-in means, such as one or more pipes 23, for leading

in water and/or fresh sludge, opening out upstream and/or
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downstream to the heat exchanger 24 and/or the pump 21.

In one variant illustrated in figure 13, these means for diluting

and/or cooling comprise:

- a heat exchanger 25 placed downstream to the pump 21, and
- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge, opening out upstream and/or

downstream to the heat exchanger 26 and/or the pump 21.

In one variant illustrated in figure 14, these means for diluting

and/or cooling comprise:

- a heat exchanger 24 placed upstream to the pump 21,

- a heat exchanger 26 placed downstream to the pump 2land

- leading-in means, such as one or more pipes 23, for leading
in water and/or fresh sludge, opening out upstream and/or

downstream to the heat exchangers 24 and 26 and/or the pump 21.

The hydrolyzed and cooled and/or diluted sludge is conveyed into
the digester 22 via the pipe 19.

Since they have undergone thermal hydrolysis, the hydrolyzed
sludge thermally sent to the digester 22 could be easily
digested.

6.4. Trials

Figure 15 shows the progress in time of the temperature

prevailing within the thermal hydrolysis reactor:

- firstly within the framework of the invention implementing
a dynamic injector-mixers provided upstream to the thermal

hydrolysis reactor; and,
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- secondly within the framework of an installation similar
to that of the prior art in which no dynamic injector-mixer is

used, the steam being injected at the base of the reactor.

Referring to this figure 15, it can be noted that within the
framework of the present invention, the temperature prevailing
within the reactor rises gradually until it reaches and stays
at the set temperature enabling the optimized thermal lysis of
the hydrolysable organic compounds contained in the treated

sludge.

In the prior-art installation, the temperature observed in the
reactor is, at the very outset, the temperature of the injected
steam. This temperature then undergoes major variations. This
phenomenon reflects the fact that, in the prior-art techniqgue,
there 1is no systematic occurrence of intimate mixing of the
steam with the sludge. On the contrary, the temperature
fluctuations observed within the reactor reflect the existence
of polyphase flows within this reactor. In the example described
here, since the steam is injected at a speed (in practice far
greater than 5m/s) that is far higher than that of the sludge
(in practice far below 3m/s), it finds preferred passageways
through the sludge and does not get intimately mixed with the
sludge and does not yield its energy efficiently, i.e. a part

of the steam is not condensed in the sludge.

Quite on the contrary, through the use of dynamic
injectors/mixers according the invention upstream to the
hydrolysis reactor, the mixture reaching this reactor 1is
perfectly homogeneous and liquid. It can therefore move in a
plug flow in this reactor. The set temperature is preserved
throughout the time of residence in the reactor. The energy of
the steam is therefore transferred in an optimized way to the
sludge and the hydrolysis of the poorly biodegradable compounds

can be done efficiently.

It will also be noted that, through the invention, the

theoretical gquantity of energy used to hydrolyze a given
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quantity of sludge corresponds more or less to the guantity
effectively used to obtain this hydrolysis. In this respect, it
will be noted that the computation of the energy needed to
increase the temperature of a fluid from a temperature A to a
temperature B 1s easy to obtain. In the context of the trials
carried out by the Applicant, the theoretical flow rate of steam
computed was 25 kilograms of steam at 13 bar A per hour and the
trials showed that it is exactly this flow rate of steam that

is effectively needed to efficiently hydrolyze the sludge.

In the context of the prior-art installation, it was shown that
the mixing between the sludge to be hydrolyzed and steam was
imperfect since the quantity of steam effectively injected to
heat the sludge (15kg/h) was smaller than the theoretically
computed gquantity (25kg/h). A certain quantity of steam was
therefore not condensed in the sludge. These trials confirm the

utility of the present invention.

Finally, it can be noted that the invention can be used to
implement reactors having a volume of 20 to 25% less than the

prior-art volumes.

6.5. Advantages

The techniques according to the first and second embodiments
provides for an optimal hydrolysis of the sludge having a dry

content of over 20%.

The requirements in fresh steam for the thermal hydrolysis is
all the lower as the temperature of the sludge to be hydrolyzed
upstream to the secondary dynamic injector-mixer is high. The
proposed mixing of the recovered steams and sludge to be
hydrolyzed makes it possible to carry out a pre-raising of

temperature of the sludge to be hydrolyzed.

As a consequence, the techniques according to these first and
second embodiments of the invention also have the advantage of

reducing the quantity of fresh steam needed to carry out thermal
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hydrolysis and of reducing the energy consumption required for

the production of this fresh steam.

Since the hydrolyzed sludge is subsequently digested and since
the Dbiogas generated during this digestion is used, in
principle, partly to produce fresh steam for the thermal
hydrolysis, the other part in excess being used to produce for
example electricity, these alternative embodiments enable the
use of a greater part of this biogas in excess for the production
of surplus energy, for example electrical or thermal energy,
that can be used for purposes other than that of thermal

hydrolysis.
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Patentkrav

1. Fremgangsmade til kontinuerlig termisk hydrolyse af slam
der indeholder organisk materiale, som skal behandles, hvilken
fremgangsmade omfatter trinnene:

at afvande og homogenisere slammet som skal behandles for at
opna slam med et t@rstofindhold pa over 20 til 35 vagt-% terstof;
samtidig at indsprgjte genindvundet damp 1 slammet og blande
slammet med den genindvundne damp ved hjelp af en primer dynamisk
injektorblander med et kammer og en skovlrotor for at opna en
primer ensartet blanding af forvarmet slam;

at fremfgre den sekundzre ensartede blanding til en sekunder
dynamisk injektorblander med et kammer og en skovlrotor, og
samtidigt at indspregjte frisk damp 1 den primere ensartede
blanding og at blande den primezre ensartede blanding med den
friske damp for at opna en ensartet sekundar blanding af slam,
der er opvarmet til den gnskede temperatur til termisk
hydrolyse;

at fremfgre den sekundare ensartede blanding til en rgrreaktor
under tryk og fremkalde en i det wvasentlige stempel-type
strgmning af denne sekundere ensartede blanding i reaktoren over
en opholdstid der er tilstrakkelig, og ved en temperatur der er
tilstrekkelig til at muligggre den termiske hydrolyse af det
organiske stof, der er til stede i denne sekundsre ensartede
blanding;

at fremstille den genvundne damp inden for midler til
fremstilling af genvundet damp fra den hydrolyserede sekundare
ensartede blanding, der opnas ved udlgbet fra rerreaktoren;

at afkgle den hydrolyserede sekundere ensartede blanding ved
udlgbet af midlerne til fremstilling af genvundet damp til en
temperatur, der muligggr den efterfglgende nedbrydning af det

hydrolyserede organiske materiale, som den indeholder.

2. Fremgangsmaden ifglge krav 1, kendetegnet ved, at det
nevnte trin der bestdar 1 at fremstille den genudvundne damp,
omfatter:

et trin til at fremfgre den hydrolyserede sekundare ensartede

blanding ved dets udlgb fra regrreaktoren til indlgbet af en
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varmeveksler;

et trin til at fremfgre wvand til et andet indlegb af
varmeveksleren;

hvor den hydrolyserede sekundzre ensartede blanding overfgrer
mindst en del af sin varme til vandet til indirekte at fremstille

den genudvundne damp.

3. Fremgangsmaden ifglge krav 1, kendetegnet ved, at det
nevnte trin der bestar 1 at fremstille den genvundne damp,
omfatter et trin til at fremfere den hydrolyserede sekundere
ensartede blanding ved dens udlgb af rgrreaktoren 1 en
flashreaktor, inden for hvilken tryvkket og temperaturen af den
hydrolyserede sekundare ensartede blanding hurtigt sankes for
direkte at fremstille flashdamp, hvilken flashdamp udggr den

genudvundne damp.

4. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
3, kendetegnet ved, at trykket af den genudvundne damp varierer
fra 1 til 10 bar.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
4, kendetegnet wved, at temperaturen af den genudvundne damp
varierer fra 100 °C til 180 °C.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
5, kendetegnet ved, at temperaturen af slammet der fremfgres til

indlgbet af den primere injektorblander, er under 60 °C.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
6, kendetegnet ved, at temperaturen af den primere ensartede
blanding ved udlegbet af den primaere injektorblander er under 100
°C.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
7, kendetegnet wved, at den sekundare ensartede blanding wved
udlgbet af den sekundare injektionsblander har en temperatur i
omradet pa mellem 100 °C og 200 °C og et tryk pa mellem 1 bar a
og 22 bar a
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9. Fremgangsmade ifglge et hvilket som helst af kravene 1 til
8, kendetegnet ved, at den sekundare ensartede blanding ved
udlgbet af den sekundzre injektionsblander har en temperatur pa
mellem 150 °C og 170 °C og et tryk pa mellem 5 bar a til 15 bar

a.

10. Fremgangsmade ifglge et hvilket som helst af kravene 8 til
9, kendetegnet ved, at dampen der anvendes til at fremstille den
sekundere ensartede blanding, har en temperatur pa mellem 100
°C og 220 °C, fortrinsvis pa mellem 180 °C og 200 °C og et tryk
pa mellem 1 bar a og 23 bar a, fortrinsvis pa mellem 10 bar a

og 16 bar a.

11. Fremgangsmade ifglge et hvilket som helst af de foregédende
krav, kendetegnet wved, at opholdstiden for den sekundare
ensartede blanding i1 reaktoren er pa mellem 10 minutter og 2

timer, fortrinsvis pa mellem 20 minutter og 40 minutter.

12. Fremgangsmaden ifglge krav 11, kendetegnet wved, at
opholdstiden for den sekundere ensartede blanding i reaktoren
er pa mindst 20 minutter, og ved at temperaturen af den sekundzre
ensartede blanding 1 reaktoren er pa mindst 100 °C, saledes at
den muligggr desinficering af slammet, der er indeholdt i denne

reaktor.

13. Fremgangsmade ifglge et hvilket som helst af de foregédende
krav, kendetegnet ved, at det navnte trin der bestar i at afkosle
den hydrolyserede sekundere ensartede blanding, omfatter mindst
en fortynding med vand og/eller med frisk slam og/eller mindst

ét trin til at udveksle varme 1 mindst en varmeveksler.

14. Indretning til gennemfegrelse af fremgangsmaden ifglge et
hvilket som helst af de foregdende krav, kendetegnet ved, at
indretningen omfatter:

midler (1,2) til at fremfgre slam der indeholder organisk
materiale, som skal Dbehandles, ind i1 en primer dynamisk

injektorblander (5), der er forsynet med et udlgb til den primere
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ensartede blanding og midler til at fremfgre genvundet damp (10,
18);

midler til at fremfgre den primere ensartede blanding (11) ind
i en sekunder dynamisk injektorblander (12) der er forsynet med
et udlgb til en sekunder ensartet blanding og midler (100) til
at fremfegre frisk damp;

midler (13) til at fremfgre den sekundare ensartede blanding til
en rgrreaktor til termisk hydrolyse (14);

midler (1000) til at fremstille den genudvundne damp fra den
hydrolyserede sekundazre ensartede blanding der er opnaet ved
udlgbet af regrreaktoren (14), hvilke midler til fremstilling
omfatter et udlgb til genudvundet damp, der kommunikerer med
midlerne til at fremfgre den genudvundne damp (10, 18);

midler til at afkele den hydrolyserede sekundare ensartede
blanding der kommer fra midlerne (1000) til fremstilling af den
genudvundne damp til en temperatur, der muligggr den
efterfglgende nedbrydning af det Thydrolyserede organiske
materiale, som den indeholder,

hvilken primere dynamiske injektorblander (5) og den sekundere
dynamiske injektorblander (12) hver omfatter et kammer og en

skovlrotor.

15. Indretningen ifelge krav 14, kendetegnet ved, at de navnte
midler til fremstilling af genudvundet damp omfatter mindst en
varmeveksler (90), der omfatter et indlgb (901), som star i
forbindelse med wudlgbet af zrgrreaktoren (5), et indlgb af
kglevand der kommunikerer med midler (91) til at fremfere vand,
et udlegb af genudvundet damp og et udlgb af afkglet hydrolyseret

slam.

16. Indretningen ifelge krav 15, kendetegnet ved, at de navnte
midler til fremstilling af genudvundet damp omfatter mindst en
flashdampreaktor (79), hvis indlgb kommunikerer med udlgbet af

rgrreaktoren (5).

17. Indretning ifelge et hvilket som helst af kravene 14 til
16, kendetegnet ved, at de nevnte midler til afkgling af den

sekundere ensartede blanding omfatter midler til at fortynde den
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sekundare ensartede blanding med vand og/eller med frisk slam
og/eller midler til udveksling af varme i mindst en

varmeveksler.

18. Indretning ifglge et hvilket som helst af kravene 14 til
17, kendetegnet wved, at den navnte rgrreaktor til termisk
hydrolyse er vertikal og har et indlgb ved sin nedre ende og et

udlegb ved sin gvre ende eller omvendt.

19. Indretning ifglge et hvilket som helst af kravene 14 til
17, kendetegnet wved, at den navnte rgrreaktor til termisk
hydrolyse har en fgrste wvertikal sektion der er direkte
forlenget med en anden vertikal sektion, hvor indlgbet af
reaktoren er tilvejebragt ved den nedre del af den fgrste
vertikale sektion, og udlgbet af reaktoren er tilvejebragt ved

den nedre sektion af den anden vertikale sektion.

20. Indretning ifglge et hvilket som helst af kravene 14 til
17, kendetegnet wved, at den navnte regrreaktor til termisk
hydrolyse har en fgrste wvertikal sektion der er forlanget
direkte af en anden vertikal sektion, hvor indlgbet af reaktoren
er tilvejebragt ved den g@verste del af den fgrste vertikale
sektion, og udlgbet af reaktoren er tilvejebragt ved den gvre

del af den anden vertikale sektion.

21. Indretning ifglge et hvilket som helst af kravene 14 til
17, kendetegnet wved, at den navnte rgrreaktor til termisk
hydrolyse har en fgrste wvertikal sektion der er direkte
forlenget af en anden vertikal sektion, hvor indlgbet af
reaktoren er tilvejebragt ved den gvre del af den fgrste
vertikale sektion, og udlgbet af reaktoren er tilvejebragt ved

den nedre del af den anden vertikale sektion eller omvendt.

22. Indretning ifglge et hvilket som helst af kravene 14 til
21, kendetegnet ved, at den omfatter midler der er beregnet til

at opretholde trykket i regrreaktoren til termisk hydrolyse.
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