
AN APPARATUSAND A METHOD FOR CONTINUOUS THERMAL
HYDROLYSIS OF BIOLOGICAL MATERIAL FIELD OF THE
INVENTION The present invention relates to a method of
and an apparatus for performing continuous thermal
hydrolysis of biological material. BACKGROUND OF THE
INVENTION In most parts of the world waste water from
house holds, industrial processes and agriculture is
biologically treated prior to emission into streams,
creeks and rivers. This is done in order to prevent
certain biological contents to contaminate said
streams, creeks and rivers. Such treatment can be
biological degrading wherein biological particles are
degraded. However certain biological particles are
harder to degrade than others, and thus it is known to
speed up the degrading process by treating the
biological material by heating biological material
comprising the biological material and maintaining it
at a temperature of about 140-160 degrees Celsius for
a predetermined period of time such as for at least
half an hour. Such a process is known as thermal
hydrolysis and causes biological material which
exhibits reliance to biological degrading to be turned
into material which is easily degradable. Such thermal
hydrolysis is normally performed in a batch process in
which batches of sludge is subjected to thermal
hydrolysis and subsequently fed into a digester.
However, it is desirable to be able to perform the
thermal hydrolysis in as a continuous process. An
example of such a continuous process is disclosed in
EP 1 198 424 which discloses a method in which sludge
with a dry solids content of 1-20% is fed into a
reactor. The sludge is maintained in the reactor for a
period of 5-60 minutes at a temperature of 130-180
degrees Celsius and at a pressure of 3-10
Bar.Subsequently, the treated biological material is
cooled by means of a heat 



exchanger so as to ensure that the temperature of the
sludge is sufficiently low to avoid bacteria in the
digester to be destroyed. I n order to recover energy,
the heat exchanger is often arranged to preheat the
sludge prior to being fed into the reactor. Further
background art may be found in WO 96/09882, WO
2006/027062, WO 92/06925 and WO 2004/096866. It is an
object of an embodiment of the present invention to
provide a system for continuous thermal hydrolysis
adapted to treat sludge with a dry solids content of
at least 20%. Furthermore, it is an object of an
embodiment of the present invention to provide a
system for continuous thermal hydrolysis in which no
heat exchanger is needed to cool down the sludge.
Moreover, it is an object of an embodiment of the
present invention to provide a system in which cooling
of the biological material causes no or little
depositing of particles on the inner surfaces of the
tube reactor. Furthermore, it is an object of yet
another embodiment of the present invention to provide
a system adapted to prevent depositing of particles in
supply lines such as steam supply lines, connected to
a reactor for thermal hydrolysis. DESCRIPTION OF THE
INVENTION In a FIRST aspect, the present invention
relates to a method for performing continuous thermal
hydrolysis of sludge comprising organic material in a
tube reactor by continuously: - feeding the organic
material into a feeding zone of the reactor, so as to
increase the pressure and allow a temperature above
100 degrees Celsius without boiling of the organic
material;- feeding steam into the reactor in a steam
feeding zone, so as to increase the temperature to a
temperature above 100 degrees; - maintaining the
pressure in the reactor for a predetermined period of
time, 



- feeding water into the reactor in a cooling zone so
as to decrease the temperature to a temperature below
100 degrees, and - outputting the organic material in
an outputting zone. One advantage of the system
according to the present invention is that no or
little depositing of substances such as vivianite
and/or struvite, occur. Such depositing normally occur
when the biological material is cooled down to an
extend causing the concentration of a given chemical
substance to be supersaturated due t o solubility
decreasing with decreasing temperature.
Supersaturation will normally result in depositing an
amount of the chemical substance sufficient to cause
the substance reach its new saturation level. In the
present invention, the sludge is cooled down by
injecting cooling water, and thus the biological
material is cooled down inside the tube reactor and
not along its inner surfaces. In conventional systems,
the biological material is cooled by means of a heat
exchanger which is adapted to cool down one or more
inner surfaces of the tube reactor, whereby the sludge
contacting said surface(s) is/are cooled down. However
as the inner surfaces are cooled down, the sludge
positioned in the area of or contacting said colder
inner surfaces will deposit the particles on said
surfaces as the biological material is cooled and
passes the abovementioned temperature. The consequence
is that such systems must be cleaned frequently in
order to function properly. Another advantage of the
present invention is that the dry solids content of
the biological material fed into the system may be
higher, as the biological material is thinned at a
point downstream sludge feeding inlet. Due to the
higher level of dry solids content, the capacity of
the system of the present invention is largerelative
to known systems comprising a heat exchanger for
cooling the biological material to a temperature
suitable for processing in a subsequent digester. Yet
another advantage of the present invention may be that
the high temperature and the increased pressure may
lead to desired chemical reactions, 



such as enzymatic hydrolysis of long chain carbon
molecules. In the context of the present invention the
term "biological material" shall be understood as any
material of biological origin and which contain
organic material. Examples are waste from industrial
processes, waste from processes in agriculture/farming
(including manure and waste from slaughterhouses) and
sludge obtained from treatment of wastewater from
households, industries and/or agriculture/farming. The
tube reactor will in most embodiments be elongated so
as t o allow biological material to be fed into one
end at predetermined velocity and gradually be moved
inside the tube reactor while maintaining the process
temperature and pressure. It will be appreciated that
for a given feeding rate (mass per unit of time), the
retention time is longer for a thicker tube reactor
than for a thinner reactor - provided that the length
of the reactor remains the same. Additionally, it will
be appreciated that for a given fed rate, thickness
(diameter) and the length of the reactor determines
the retention time. The tube reactor may comprise at
least one horizontal part in which the biological
material flows in a horizontal direction, and/or at
least one vertical part in which the biological
material flows in a vertical direction. As an example
the entire tube reactor may extend in a horizontal
direction or the entire tube reactor may extend in a
vertical direction. In one embodiment, a vertical part
is provided upstream a horizontal part and the steam
feeding zone is provided in the lower part of the
vertical part. Due to the buoyancy of steam relative
to the biological material, the provision of the steam
feeding zone in the lower part of the vertical part
causes the steam and the biological material to be
mixed in a better way than when the steam feedingzone
is provided in a horizontal part. The reason is that
when the steam feeding zone is provided in a
horizontal part, the steam and the biological material
may have a tendency to separate into two layers - an
upper comprising the steam, 



and a lower comprising the biological material. In the
context of the present invention the term "vertical
part" of the tube reactor shall designate any part of
the reactor which has a vertical geometrical
component. Accordingly, the vertical part will extend
in a direction transverse to the horizontal direction.
In one particular embodiment, namely when the vertical
part is arranged exactly vertically, the "vertical
part" only has a vertical geometrical component and no
horizontal geometrical component. I n other
embodiments, the vertical part may be provided at an
angle different from Oand 90 degrees relative to the
vertical orientation. Examples are 30 degrees relative
to the vertical orientation, such as 45 degrees, such
as 60 degrees. In the context of the present invention
the term "horizontal part" of the tube reactor shall
designate any part of the reactor which has a
horizontal geometrical component. Accordingly, the
vertical part will extend in a direction transverse to
the vertical direction. In one particular embodiment,
namely when the horizontal part is arranged exactly
horizontally, the "horizontal part" only has a
horizontal geometrical component and no vertical
geometrical component. I n other embodiments, the
horizontal part may be provided at an angle different
from 0 and 90 degrees relative to the horizontal
orientation. Examples are 30 degrees relative to the
vertical orientation, such as 45 degrees, such as 60
degrees. Static or dynamic mixers may be provided in
the area of or downstream the steam feeding zone so as
to improve the mixing of the steam and the biological
material. One effect is that the temperature is
homogenised. It will be appreciated that such static
or dynamic mixers are highly advantageous when the
steam feeding zone is provided in a horizontal part.
Moreover, it will beappreciated that the provision of
static or dynamic mixers in a vertical part causes the
steam and the biological material to be mixed in an
improved way. 



The steam feeding zone may be provided in the lower
half of a vertical part, such as in the lower third,
such as in the lower fourth, such as in the lower
fifth. In one embodiment, the steam feeding zone is
provided in the bottom of the vertical part. In one
embodiment, a plurality of static and/or dynamic
mixers is provided between the steam feeding zone and
the cooling zone. Such mixers may be evenly
distributed (i.e. substantially equidistantly spaced
apart) or the mixers may be provided in groups. The
plurality of mixers may comprise two mixers, or three
mixers, or four mixers, or five mixers, or six mixers
or ten mixers. In one embodiment, the reactor tube is
designed such that the content of the tube is mixed
along the entire length of the tube. This may be
achieved by providing a plurality of mixers which are
spaced apart at a small distance such as 10 cm, such
as 20 cm, such as 30 cm, such as 40 cm, such as 50 cm,
such as 1 meter. The reactor may be adapted to prevent
backflow of the cooling water in an upstream direction
of the reactor. This may be achieved by providing a
unidirectional valve upstream the cooling zone.
Alternatively, or as a supplement, a restriction such
as a vertical wall may be provided upstream the
cooling zone in a horizontal part of the reactor. The
restriction may be provided in the lower part of the
reactor. Alternatively, or as a supplement, the
reactor may form a vertical part upstream the cooling
zone. In one embodiment, the reactor comprises first
and second vertical parts between which a horizontal
part is provided, such that the first vertical part is
provided upstream the horizontal part and the second
vertical part is provided downstream the horizontal
part. In this embodiment, the steam feeding zone may
be provided in the lower part of the first vertical
part and the cooling zone may be provided in the
second vertical part e.g. in the lower part thereof.
In an alternative embodiment, a further horizontal
part may be provided downstreamthe second vertical
part and the cooling zone is provided is this further 



horizontal part. In one embodiment the length of the
tube reactor is in the range of 5 to 50 meters, such
as in the range of 10-40 meters, such as in the range
20-30 meters. In one embodiment the diameter of the
tube reactor is in the range 50- 500 mm, such as in
the range 100-400 mm, such as in the range 200-300 mm.
In the context of the present invention the term
"continuous thermal hydrolysis" shall be understood as
a process wherein thermal hydrolysis is undertaken
while new unprocessed biological material is fed into
the system while at the same time processed biological
material exits the system. The pressure of the steam
fed into the tube reactor may be above 2 Bar, such as
above 5 Bar, such as above 10 Bar, such as above 15
Bar, or such as above 20 Bar. In one embodiment the
tube reactor is designed so as to allow the
predetermined retention time to be above 5 minutes,
such as above 20 minutes, such as above 30 minutes,
such as above 45 minutes, such as above 60 minutes,
such as above 90 minutes, such as above 180 minutes.
In one embodiment, the method comprises the step of
feeding a chemical agent into at least one chemical
feeding zone of the reactor. In one embodiment, a
chemical feeding zone is provided upstream a steam
feeding zone. Alternatively, a chemical feeding zone
may be provided down stream a steam feeding zone. In
yet another embodiment, a chemical feeding zone is
provided upstream a cooling zone and/or a chemical
feeding zone is provided downstream a cooling zone.
The injected chemical may be an alkali such as NaOH,
which may be injected so as to boost the hydrolysis
reaction of long chain organics (such as
Lignocellulosic components of biomass and microbial
cell wall components). Alternatively, or as a
supplement, the alkali may be injected so as to allow
the hydrolysis to take place at a reduced temperature
(such as 120 degrees Celsius) 



and/or at a reduced pressure (such as 7 Bar).The
alkali may be added when the apparatus is used for
pre-hydrolysis of greasy waste such as fatty waste
from the food industry or from municipal activity. I n
another embodiment, a chemical is added for
acidification for removal of heavy metal from the
biological material. Hydrolysis in acidic conditions
may solubilise metals absorbed in the biological
material of e.g. an industrial waste water treatment
plant. After the thermal hydrolysis, the liquid phase
may be separated from the solid fraction so as t o
allow separate precipitation and removal of the metal
from the liquid and so as t o allow the solid phase t
o be send t o an anaerobic digester after
pH-neutralization. I n yet another embodiment, the
chemical injected is an oxidizing agent such as H2O2
or 0 3 or peracetic acid. The oxidizing agent may or
may not comprise a mineral acid or an alkali for pH
adjustment. Provision of an oxidizing agent may reduce
the toxicity effect of some organics such as BTEX
(Benzene, Toluene, Ethyl benzene, Xylene) or
chlorinated components like PCB (Poly Chloro
Biphenyls). Accordingly biological material which is
not acceptable for agricultural land spreading due t o
harmful organics such as PCB, may be detoxified by
means of the apparatus and/or method according t o the
present invention. I n one embodiment water is fed
into the reactor in the cooling zone so as t o fulfil
at least one of: - decreasing the temperature of the
biological material t o a temperature below 100
degrees Celsius, and - achieving a desired dry solids
content of the treated biological material. I n one
embodiment, the water is fed into the cooling zone so
as t o dilute the concentration in order t o achieve a
predetermined dry solids content which is suitable for
the subsequent treatment in the digester. Such a
predetermined dry solids content may be a dry solids
content below 15%, such as below 12%, such 



as below 9%, such as below 6%. I t will be appreciated
that the ideal dry solids content of the biological
material depends on the subsequent digester and
thatthe dry solids content in most embodiments must be
chosen such that the risk of ammonia poisoning of the
digester is avoided. In one predetermined embodiment,
cooling water is fed into the cooling zone so as to
dilute the biological material to a dry solids content
of approximately 9%. It should be noted that the
addition of steam in the steam feeding zone also
causes the dry solids content level/percentage to drop
relative the level/percentage of the biological
material which is fed into the tube reactor at the
feeding zone. In one embodiment the cooling water is
fed into the cooling zone so as to decrease the
temperature to a temperature below 100 degrees
Celsius, such as below 80 degrees Celsius, such as
below 60 degrees Celsius, such as below 50 degrees
Celsius, such as below 40 degrees Celsius. The water
fed into the cooling zone may be in the range of 1 to
100 degrees Celsius, such as in the range of 10 to 50
degrees Celsius. The water fed into the system may be
tap water and/or processed water e.g. treated waste
water It will be appreciated that in most embodiments
the steam feeding zone is provided upstream the
cooling zone, so as to allow the temperature of the
sludge to be elevated prior to cooling it down. In one
embodiment, the reactor comprises more than one
cooling zone e.g. provided in continuation of each
other. As an example two or more cooling zones may be
provided in a vertical part of the rector such as the
second vertical part described above. Additionally,
the reactor may comprise more than one steam feeding
zone, e.g. provided in continuation of each other. As
an example two or more steam feeding zones may be
provided in a vertical part of the reactor such as in
the first vertical part described above. In one
embodiment, the organic material is continuously fed
from the feeding 



zone to the output zone via the steam feeding zone and
the cooling zone.In one embodiment the reactor is
designed and controlled such that a predetermined
period of time elapses when the organic material is
fed from the steam feeding zone to the cooling zone.
The predetermined time may be at least 20 minutes,
such as at least 30 minutes, such as at least 45
minutes, such as at least 60 minutes. In one
embodiment, the predetermined time may be in the range
of 20 to 120 minutes, such as in the range of 30 to 60
minutes. The system may comprise a controller for
controlling one or more of the feeding speed, the
temperature and the pressure of the steam fed into the
system, the temperature and the pressure of the
cooling water fed into the system so as to cool down
the biological material. In one particular embodiment,
the amount of injected steam is adjusted t o the
incoming flow of waste material/sludge, such that the
desired temperature is obtained. As mentioned
previously, the present invention provides a system
wherein biological material with a large content of
dry solids may be fed into the system, e.g. such that
the organic material provides a dry solid content of
1-50%, such an 10-40 percent in the sludge fed into
the feeding zone. In another embodiment, the
biological material defines at least 20 percent of the
sludge, such as at least 25 percent, such as at least
30 percent, such as at least 35 percent, such as at
least 40 percent. It will be appreciated that upon
injection of the steam, the percentage of the
biological dry solids content decreases slightly. In
one particular embodiment, the liquid sludge may -
upon processing in the tube reactor - enter a digester
with a dry solids content of approximately 9 percent.
Once located in the digester, the sludge may have a
retention time of at least one week, such as at least
two weeks, such as at least four weeks. In one
embodiment, a means for maintaining the pressure
inside the tube 



reactor is provided in the area of the outlet of the
tube reactor. Said means formaintaining the pressure
is adapted to allow biological material to exit the
tube reactor via the outlet while maintaining the
desired pressure. In other words, the means for
maintaining the pressure is adapted to allow the
biological material to exit the tube reactor without
the pressure dropping below the minimum pressure
needed for the process in the tube reactor to take
place. The means for maintaining the pressure may take
the form of a pressure valve e.g. comprising a spring
biased element which causes the valve to be closed
unless the pressure is above a predetermined level. In
an alternative embodiment, the means for maintaining
the pressure takes the form of a progressing cavity
pump arranged to rotate so as to cause the biological
material to be moved out of the tube reactor while
maintaining the desired minimum pressure. In a SECOND
aspect the present invention relates to an apparatus
for continuous hydrolysis of sludge comprising an
organic material, the apparatus comprising a tube
reactor with : - at least one inlet for feeding sludge
into the reactor in a feeding zone thereof, - at least
one inlet for feeding steam into the reactor in a
steam feeding zone thereof, - at least one inlet for
feeding cooling water into the reactor in a cooling
zone thereof, and - at least one outlet for allowing
processed sludge to exit the reactor. The invention
according to the second aspect may comprise any
combination of features and/or elements of the
invention according to the first aspect. As an example
the apparatus may comprise a control unit which is
adapted control feeding of steam into the steam
feeding zone, so as to elevate the pressure and to
allow a temperature above 100 degrees Celsius without
boiling of biological material in the pipe reactor.As
another example, the reactor may comprise static or
dynamic mixers as is described under the first aspect
of the invention. As yet another example, the 



reactor may comprise horizontal and/or vertical parts
as is described under the first aspect. Alternatively,
or as a supplement the control unit is adapted to
control feeding of cooling water into the cooling
zone, so as to decrease the temperature to a point
below 100 degrees Celsius. In one embodiment, the
reactor comprises an inlet for feeding a chemical
agent into the reactor in a chemical feeding zone
thereof. In one embodiment, the reactor is adapted t o
prevent backflow of the cooling water in an upstream
direction of the reactor. The above described examples
from the first aspect which also applies to the second
aspect of the invention are only examples and any
feature and/ element of the first aspect applies to
the second aspect. In a third aspect, the present
invention relates to the use of the method and/or
apparatus according to the first and second aspect,
respectively, for preparing biological material for
the manufacture of a bio product such as biofuel,
biochemicals or biopolymers. When manufacturing such
products, the raw biomass may be difficult to convert
into valuable products, and therefore generally a
first step in the manufacture of such products may be
a thermal hydrolysis of the raw biomass. Such use of
thermal hydrolysis components of the raw biological
material makes them more amenable to chemical and/or
biological transformation into a final bio-product.
This hydrolysis process may be undertaken at a
temperature in the range of 100-200 degrees Celsius,
and/or at a pressure of 1-12 Bar and/or at a
predetermined period of time such as 0-5 hours.
Moreover, the process may beundertaken with or without
addition of aqueous chemical treatments and with the
previously mentioned solids concentration of the
biological material. In a fourth aspect, the present
invention relates to the use of the method and/or the
apparatus according to the first and the second
aspect, respectively, for 



pasteurization of biological material. In one
embodiment, the pasteurization process comprises a
step of heating of the biological material to a
predetermined temperature such as a temperature above
70 degrees Celsius. Moreover, the pasteurization
process may comprise a step of maintaining the
temperature for a predetermined period of time such as
one hour. BRIEF DESCRIPTION OF THE FIGURES The
invention will now be described in further detail with
reference to the drawings, in which : Fig. 1 discloses
an embodiment of the system for continuous thermal
hydrolysis according to the present invention, Fig. 2
discloses a tube reactor according to the present
invention, and Fig. 3 discloses an embodiment of the
tube reactor according to the present invention.
DETAILED DESCRIPTION OF THE FIGURES Fig. 1 discloses a
sludge treatment system 100 for treating biological
material. The sludge treatment system 100 comprises a
reservoir 102 which is suitable for containing
biological material and which is fluidly connected to
a biological material supply system 104. The
temperature of the biological material may be in the
range of 0 to 100 degrees Celsius. The biological
material may have a dry solids content of biological
material of at least 20 %. The sludge treatmentsystem
100 further comprises a tube reactor 106, and a
digester 108. The reservoir 102 is fluidly connected
to the digester 108 via the tube reactor 106 and a
cooler 110 (which is optional and not necessary for
the system to function). The tube reactor 106
comprises a sludge inlet 112 through which the sludge
may be fed into the tube reactor 106, and a sludge
outlet 114 though which the sludge exits the tube
reactor 106 after a predetermined treatment period,
such as 5 minutes t o 5 hours, such as 30 minutes,
such as 60 minutes, 



such as 2 hours, such as 3 hours, such as 4 hours. In
one embodiment the length of the tube reactor is of 5
t o 50 meters, such as 10 meters, such as 20 meters,
such as 30 meters, such as 40 meters. In one
embodiment the diameter of the tube reactor is in the
range 50-500 mm, such as 100 mm, such as 200 mm, such
as 300 mm, such as 400 mm. In one embodiment of the
invention, the diameter of the tube reactor is one
meter, such as two meters, such as three meters, such
as four meters, such as five meters. In one embodiment
of the invention the length of the tube reactor is one
hundred meters, such as two hundred meters, such as
three hundred meters, such as four hundred meters,
such as five hundred meters. During use the sludge
contained in the reservoir 102 is fed into the tube
reactor 106 by means of a feeder 116 for feeding the
sludge into the tube reactor 106 via the sludge inlet
112. The feeder 116 may be adapted to force the sludge
into the tube reactor 106 so as to increase the
pressure inside the tube reactor 106. It will be
appreciated when the pressure inside the reactor is
increased, the temperature of the sludge inside the
tube reactor 106 may be elevated to a temperature
above 100 degrees Celsius without causing the sludge
to boil. The sludge treatment system 100 comprises a
steam feeding inlet 118, through which steam is fed
into the tube reactor 106, so as to increase the
temperature to a temperature above 100 degrees
Celsius. As the pressure in the tube reactor 106 has
been increased by means of the feeder 116, the
temperature may be elevated to a point above 100
degrees Celsius without causing the content in thetube
reactor 106 to boil. In some embodiments, the steam
fed into the tube reactor 106 is fed into the tube
reactor 106 at a pressure of at least 15 Bar. In one
embodiment at least a part of the gas produced in the
digester 108, is used to heat water so as to produce
the steam. Accordingly, at least a part of the gas may
be fed into a steam generator 109 via a gas supply
system 111. 



Due to the outlet pressure valve 120 a predetermined
pressure may be maintained inside the tube reactor
while the sludge is fed from the sludge inlet 112
towards the sludge outlet 114. Said predetermined
pressure must be a pressure sufficiently high to avoid
boiling as boiling of the content in the tube reactor
106 will damage the reactor. Moreover, the tube
reactor 106 comprises means for thermally insulating
tube reactor 106 relative to the ambient temperature.
Accordingly the sludge may maintain substantially the
same temperature during its passage from the sludge
inlet 112 towards the sludge outlet 114 without adding
further heat to the process. In most embodiments, the
pressure downstream the outlet pressure valve 120 is
equal to or substantially equal to atmospheric
pressure. Accordingly, it will be appreciated that the
temperature of the sludge must be lowered prior to
passing through the outlet pressure valve 120, in
order to prevent the sludge from boiling. It will be
appreciated that the temperature should be lowered to
a point below the boiling point at atmospheric
pressure at the site of the system, i.e. 100 degrees
Celsius at sea level. In order to decrease the
temperature of the sludge, the sludge treatment system
100 comprises one or more cooling water inlets 122 for
adding cooling water to the sludge. As is described
previously, one advantage of adding the cooling water
is that the temperature can be lowered. Another
advantage is that the dry solids content of the sludge
entering the tube reactor 106 may be higher than in
conventional systems wherein no water is added and
wherein the sludge is cooled down exclusively by means
of a heat exchanger.The sludge fed through the system
according to the present invention is cooled by adding
cooling water, which causes the sludge to be thinned.
Accordingly, it will be appreciated that the dry
solids content necessarily must be higher upstream the
cooling water inlets 122 in the system according to
the present 



invention. Thus the skilled person will readily
realise, that the concentration of the sludge feed
into the system of the present invention, will be
higher than in conventional systems for the same
concentration of dry solids content in the sludge
exiting the respective system. It will be appreciated
that the cooling water fed into the cooling water
inlets 122 may be tap water, processed water or any
other kind of water which will not disturb or prohibit
the processes which normally take place in the
digester 108. In one embodiment the dry solids content
of the sludge fed into the tube reactor 106 is
approximately 19 percent and the temperature is
elevated to at least 150 degrees Celsius. I n the
latter embodiment, the retention time (i.e. the time
period the sludge is maintained in the tube reactor
106) is in the range of one half or whole hour. In the
latter embodiment, the dry solids content of the
sludge down stream the cooling water inlets 122 is
approximately 9 percent and the temperature is
approximately 80 degrees Celsius. In some embodiments,
the system comprises cooler 110 for decreasing the
temperature of the processed sludge even further. The
cooler 110 may take the form of a heat exchanger which
is used to retrieve thermal energy from the sludge,
such that said thermal energy can be used to heat up
sludge, e.g. prior to being fed into the sludge inlet
112. The final process step in the system is that the
sludge is fed into a digester 108 in which the
bacteriological processes are initiated so as to
biologically degrade the sludge. In order to mix the
processed sludge with the sludge already contained in
the digester 108, the sludge treatment system 100, may
comprise an agitator 124. Alternatively, or as a
supplement, the sludge treatment system 100
maycomprise a recirculation system 126, which is
adapted to mix sludge already present in the digester
108 with sludge exiting the tube reactor 106. As the
temperature of the sludge already present in the
digester 108 normally 



will be lower than the temperature of the sludge
exiting the tube reactor 106, the recirculation system
will also contribute to further cooling of the sludge
exiting the tube reactor 106. As an example, the
sludge exiting the tube reactor 106 and the sludge
already present in the digester 108 may be mixed in a
1:19 relation ship (i.e. each unit of the sludge
exiting the tube reactor 106 is mixed with 19 units of
the sludge already in the digester). If the
temperature of the sludge exiting the tube reactor 106
is 80 degrees Celsius and the temperature of the
sludge recycled from the digester 108 is 55 degrees
Celsius, then the temperature of the sludge entering
the digester from the recirculation system is
approximately 56 degrees Celsius i.e. one degree
higher than the sludge already present in the digester
108. It will be appreciated that in order to prevent
the temperature of the sludge in the digester 108 to
gradually increase due to the higher temperature of
sludge entering the digester 108, the digester 108
must be insulated accordingly, or the temperature of
sludge exiting the tube reactor 106 must be adjusted
accordingly. Moreover, the system may comprise means
for preventing depositing 128 (of e.g. struvite or
vivianite or calcium) in supply lines fluidly
connected to the tube reactor 106, i.e. in the steam
feeding inlet 118 and/or the cooling water inlet 122
and/or the sludge inlet 112. Such depositing may occur
during shutting down of the system. The means 128 may
be adapted to pump oil such as vegetable oil into said
inlets such that when one or more of said feeding
inlets is/are depressurised, sludge will not be
retracted into said inlets and thus possibly cause
depositing in said inlets when the sludge is cooled
down. The means 128 may be automatically controllable
and/or manually controllable. Itwill be appreciated
that due to the low price of mineral oil, the means
128 provides a simple and cheap way of preserving the
more costly inlets. 



Fig. 3 discloses an embodiment of the tube reactor 106
in which the reactor 106 comprises a vertical part 130
and a horizontal part 132. I n the embodiment of Fig.
3 the vertical part 130 is provided upstream the
horizontal part 132. Moreover in the embodiment of the
Fig. 3, the two parts 130,132 are provided at a right
angle relative to each other such that the vertical
part has no horizontal geometrical component 134 and
such that the horizontal part has no vertical
geometrical component 136. The tube reactor comprises
a sludge inlet 112 through which the biological
material is fed and two steam feeding inlets 118 the
lower of which is provided in the lower third of the
vertical part 130 and the upper of which is provided
in the lower half of the vertical part 130. Moreover,
the tube reactor 106 comprises an outlet pressure
valve 120 which is provided downstream cooling water
inlets 122. In order to prevent back flow of the
cooling water, a means for preventing back flow 138 is
provided upstream the cooling water inlets 122. In the
embodiment of Fig. 3, the means for preventing back
flow 138 is provided in the form of a barrier in the
lower part of the tube reactor 106. However as
described previously, the means 138 may be provided as
a unidirectional valve.CLAIMS 1. A method for
performing continuous thermal hydrolysis of sludge
comprising organic material in a tube reactor by
continuously: - feeding the organic material into a
feeding zone of the reactor, so as to increase the
pressure and allow a temperature above 100 degrees
Celsius without boiling of the organic material; -
feeding steam into the reactor in a steam feeding
zone, so as to increase the temperature to a
temperature above 100 degrees; - maintaining the
pressure in the reactor for a predetermined period of
time, - feeding water into the reactor in a cooling
zone so as to decrease the 



temperature to a temperature below 100 degrees, and -
outputting the organic material in an outputting zone.
2 . A method according to claim 1, comprising the step
of feeding a chemical agent into a chemical feeding
zone of the reactor. 3 . A method according to claim 1
or 2, wherein the temperature of water fed into the
cooling zone is between 1 and 100 degrees. 4 . A
method according to any of the preceding claims,
wherein the tube reactor comprises at least one
horizontal part in which the biological material flows
in a horizontal direction, and/or at least one
vertical part in which the biological material flows
in a vertical direction. 5 . A method according to any
of the preceding claims, wherein the steam feeding
zone is provided upstream the cooling zone.6 . A
method according to any of the preceding claims,
wherein the organic material is continuously fed from
the feeding zone to the output zone via the steam
feeding zone and the cooling zone. 7 . A method
according to any of the preceding claims, wherein the
reactor is designed and controlled such that a minimum
predetermined period of time lapses when the organic
material is fed from the steam feeding zone to the
cooling zone. 8 . A method according t o any of the
preceding claims, further comprising the steps of: -
approximating the dry solids content of biological
material fed into the tube reactor, and - feeding
water into the cooling zone so as to ensure that the
dry solids content of processed biological material
exiting the tube reactor is at a predetermined level.
9 . A method according to any of the preceding claims,
wherein the organic material defines a dry solid
content of 1-50% in the sludge which is fed into the 



feeding zone. 10. A method according to any of the
preceding claims, wherein the organic material defines
a dry solid content of at least 20% in the sludge
which is fed into the feeding zone. 11. An apparatus
for continuous hydrolysis of sludge comprising an
organic material, the apparatus comprising a tube
reactor with : - an inlet for feeding sludge into the
reactor in a feeding zone thereof, - an inlet for
feeding steam into the reactor in a steam feeding zone
thereof, - an inlet for feeding cooling water into the
reactor in a cooling zone thereof, and- an outlet for
allowing processed sludge to exit the reactor. 12. An
apparatus according to claim 11, wherein the reactor
comprises an inlet for feeding a chemical agent into
the reactor in a chemical feeding zone thereof. 13. An
apparatus according to claim 11 or 12, wherein the
apparatus comprises a control unit adapted to control
: - feeding of sludge into the sludge feeding zone, so
as to elevate the pressure and allow a temperature
above 100 degrees Celsius without boiling of
biological material in the tube reactor, and - feeding
of steam into the steam feeding zone, so as to elevate
the temperature. 14. An apparatus according to claim
13, wherein the reactor is adapted to prevent backflow
of the cooling water in an upstream direction of the
reactor. 15. An apparatus according to claim 13 or 14,
wherein the control unit is adapted to control feeding
of cooling water into the cooling zone, so as to
decrease the temperature to a point below 100 degrees
Celsius 16. An apparatus according t o any of claims
11-15, wherein inlet for steam is provided upstream
the inlet for cooling water. 17. An apparatus
according to any of claims 13-16, further comprising
means 



for determining the dry solids content of biological
material entering the tube reactor, and wherein the
control unit is adapted to feed cooling water into the
cooling zone so as to ensure that biological material
exiting the tube reactor has a predetermined dry
solids content. 18. An apparatus according to any of
claims 11-17, further comprising means for preventing
depositing in one or more of the inlets of the
apparatus, which means is adapted to feed an oil into
the inlets when the reactor is shut down. 


