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(57) Abstract: The invention relates to a fermentation device for the biological degradation of a substrate containing organic ma-
terial and for the recovery of the biogas that is produced in the degradation process. To circulate the substrate in the fermentation
device and simultaneously remove deposited sediment, mixing units with transversal shafts (11) are arranged one behind the other
in the fermentation device, the distance between their axes being smaller than the mixing unit diameter. This permits the mixing
impellers (7) of the mixing units to pass through an overlap region (13) as the mixing unit shafts (11) rotate. Any sediment that has
been deposited on the floor of the fermentation device can thus be transported from the front end to the removal end of said device.

(57) Zusammenfassung: Es wird eine Fermentationseinrichtung zum biologischen Abbau von organisches Material enthaltendem
Substrat und zur Gewinnung des beim Abbau entstehenden Biogases beschrieben. Zur gleichzeitigen Umwdilzung des Substrats
) in der Fermentationseinrichtung und zum Austrag von abgelagerten Sedimenten wird vorgeschlagen, Riihreinrichtungen mit quer-
liegenden Rithrwellen (11) hintereinander in der Fermentationseinrichtung mit Achsabstidnden anzuordnen, die kleiner sind als der

Rithrerdurchmesser.
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bereich der Fermentationseinrichtung transportiert.
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Description

Fermentation Device Comprising a Coupled Substrate and Sediment

Transport Mechanism and Method for Operating the Fermentation Device

The invention concerns a fermentation device for biol.ogical degradation of a substrate
containing organic material and for recovering biogas generated in the degra-dation
process, comprising an elongate closed container with an inlet opening for the substrate
at one end and an outlet opening for the treated substrate at the opposite end of the
container as well as at least one removal opening for biogas, wherein the container has
several reaction cells that contain, respectively, several individually driven mixing units
for circulating the substrate, with mixing impellers moved on a circular path and with
mixing unit shafts that are positioned transversely to the longitudinal extension of the

container, as well as a method for operating the fermentation device.

When fermenting a substrate containing organic material, for example, biowaste,
residues of food production, or renewable raw materials, a differentiation is made
between the so-called wet fermentation and the so-called dry fermentation. While in wet
fermentation a flowable suspension of the substrate is produced that is treated in a
biogas reactor, for example, a Ioop reactor with internal loop flow, the substrate in dry
fermentation is introduced, for example, at one end into a closed horizontal container, Is
circulated by means of a mixing device with generation of biogas, and the treated

substrate is removed at the other end of the container.

The methods of dry fermentation are used alternatively to those of wet fermentation
when the substrate to be treated anaerobically has a very high solids contents and
therefore the required dilution to the operating range of the wet method with a solids

concentration of less than approximately 15 % is uneconomical or when the frequently
required cost-intensive removal of unwanted material in wet methods is not required for

other process-technological reasons. Dry fermentation is carried out preferably for solids

-1 -
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contents of equal to or less than 35 % at the fermenter inlet and can be performed In

upright or horizontal reactors.

Advantages of dry fermentation when used in waste and residual waste treatment are
the comparatively minimal pretreatment and conditioning expenditures for the received
feedstock before fermentation. After removal of coarse unwanted material and
subsequent comminution of the batch for fermentation to 20 to 60 mm, generally there Is

no need for further removal of unwanted material, for example, wood, plastics, glass as

well as sand and stones.

This minimal technological expenditure for initial treatment is counterbalanced by
possible problems in the fermenter itself. As a result of the biochemical conversion of
organic compounds in the fermentation medium across the fermenter length, the solids
concentrations are reduced between the inlet opening and the removal opening from
approximately 35 % dry material to less than 20 % dry material and the viscosity Is
reduced from 30,000 to 60,000 mPas down to less than 5,000 mPas. While in the
solids-rich feedstock the afore mentioned unwanted materials capable of sedimentation
and floating have been distributed substantially stationarily, they are now mobilized by
the changing material properties of the fermentation medium in the fermenter which

tends to result in the formation of sinking and floating layers. The mixing devices that are

~usually provided in the fermenter for improving the material transfer and degassing of

the medium further enhance this fractioned separation.

Therefore, especially in horizontal dry fermenters there are also special devices

provided for the transport and removal of sediments in addition to the mixing devices.

For example, in EP 0 617 120 B1 special scrapers are disclosed that transport the

sediments at the bottom of the fermenter by means of movements transmitted by push

rods to the end of the reactor in the direction of the thinning medium.

In this known construction, it is thus necessary to provide separate devices for mixing

-2
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and for removal of unwanted materials; this increases the technological expenditure and
the operational expenditure. In particular, servicing and elimination of malfunctions

cause significant problems because t'hey may require removal of the fermenter from the

site.

The present invention has the object to design a fermentation device of the
aforementioned kind as well as a method for operating the fermentation device in such a
way that, in addition to the actual homogenization and degassing functions of the
mixing devices, without impairment of the plug flow characteristics for the solid materiai
stream between the inlet an outlet of the fermentation device, a sediment movement to
the end of the fermentation device is induced and the generation of solidified floating

layers is prevented at the same time.

This object is solved according to the invention in the fermentation device in that the
mixing unit shafts are arranged at axial spacings that are smaller than the diameter of
the mixing unit so that the mixing impellers upon rotation of the mixing unit shafts pass

across an overlapping area.

The invention is based on the prior art device as disclosed in EP 0 617 120 B1. This
known fermentation device has separately controllable transversely positioned mixing
units that divide the fermenter into a series of sequentially connected fictitious reaction
cells (mixing cells). The paddle wheel-like paddle mixers effect in their respective mixing
cell a vertical media exchange inclusive of a floating layer dispersion of the floating
cover by means of the mixing paddles that emerge from the liquid while the horizontal
plug flow Is produced by the combination of fermentation material removal and metered
substrate addition. The sediment transport is realized separately by means of a pusher
frame. The mixing unit shafts in the known fermentation device are arranged in the

fermenter in such a way that the spacing of the mixing unit shafts relative to one another

Is greater than the mixing unit diameter.

Based on theoretical concepts that have been experimentally proven, it has been found

-3 -
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surprisingly that this mixing system can be used also for a targeted sediment transport
along the fermenter bottom. For this purpose, the effect of horizontal shifting by material
transport from luff to lee which effect is known in connection with shifting sand dunes is
utilized. Transport vehicles in this connection are the mixing impellers that for an
appropriately designed spacing to the reactor bottom push the sediments to form a dune
extending transversely to the longitudinal axis of container. For the currently employed
conventional mixing unit geometries and axial spacings, this transportation process Is
however ineffective and can come to a complete stop or can lead to stalling of the
mixing units, depending on the dry substance contents, media viscosity, and proportion

of unwanted maternal.

In a preferred embodiment of the invention, the mixing impeliers have at their outer ends
paddles that are divided across the width of container and are arranged in a staggered
alternating arrangement. It has been found that the sediment dunes should be kept
small enough to remain mobile. For this purpose, the paddles are divided across the
reactor width and arranged alternatingly, preferably staggered at angles of 120 degrees
and 90 degrees, on the mixing unit shaft. In combination with the special geometry of
the mixing system according to which the mixing unit shafts are arranged at axial
spacings that are smaller than the mixing unit diameter, the maximum height of the
sediment collection in the dead spaces between the rotating paddles can be
geometrically predetermined in the desired way. For rotation in the same direction of the
neighboring mixing units, the sediment is collected at one side and is then removed on
the opposite side by means of the meshing staggered-operating paddles of the
downstream mixing unit and transported across the bottom to the next dune. By means
of the paddies that are divided in the transverse direction and positioned in a staggered
arrangement on the shaft, it is prevented that the paddles will simultaneously immerse in
the sediment across the entire width which could cause damage as a result of

mechanical overload. Moreover, no coarse materials can laterally jam between the
paddles and the container.

Expediently, in the removal area of the fermentation device a suction socket is provided

-4 -
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near the bottom for removal of the sediments that have been moved there. In particular

for the treatment of fermentation media with special sediment properties, according to a

further embodiment of the concept of the present invention, in the removal area of the

fermentation device a collecting pocket with slanted walls is formed and the suction

socket ends at its deepest point.

The invention further concerns a method for biological degradation of a substrate that
contain organic material and for recovering biogas produced during degradation wherein
the substrate is introduced into an elongate closed container, flows in the container
through several reaction zones in which it is circulated by means of individually driven
mixing units with mixing impellers that are moved on a circular path about axes
positioned transversely to the longitudinal extension of the container, and wherein

degradation products are removed from the container.

With regard to the method, the object is solved in that the ’mixing impellers of
neighboring mixing units that are arranged at axial spacings smaller than the mixing unit
diameter are controlled such that the mixing impellers operate in a meshing impeller-on-
gap arrangement. In this way it is ensured that the mixing impellers of neighboring

mixing units will not block one another.

Preferably, the mixing impellers of neighboring mixing units are moved in the same
direction. With same rotational direction the sediment is collected on one side and is
removed on the opposite side by the meshing staggered-operating paddle of the

neighboring mixing unit and transported across the bottom to the next dune.

The invention is suitable for all fermentation devices that have a horizontal container

with transversely positioned mixing units. In particular when treating a substrate that has

a great sedimentation tendency, the invention can be used at great advantage.

As a whole, the invention provides with minimal investment expenditure a technically

elegant solution for simultaneous mixing of fermentation material and removal of the

- 5.
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deposited sediments in the fermenter. A special advantage resides in that the plug flow

characteristics relative to the substrate to be treated in the fermentation device is not

disturbed by the sediment removal.

In the following the invention will be explained in more detail with the aid of the

embodiment schematically illustrated in the Figure.

The Figure shows a fermentation device with a horizontal closed container 1 that has at
the end face end an inlet opening 2 for the substrate to be treated and at the other end
removal openings 3 and 4. The substrate that is comprised, for example, of biowaste or
renewable raw materials is introduced by means of a screw feeder 5 into the inlet
opening 2 of the container 1. In the container 1, mixing units 6 are arranged
transversely to the container axis; they each have a mixing unit shaft 11 that is oriented
transversely to the container axis and is individually driven. On the mixing impellers of
the mixing units 6 paddles 12 are mounted that are divided across the container width
and are arranged alternatingly at angles of 120 degrees relative to one another on the
mixing shaft. Moreover, the mixing shafts 11 are arranged at axial spacings that are
smaller than the mixing unit diameter so that meshing of the paddles 12 is effected. The
overlap area (meshing zone) of neighboring mixing units 6 is identified by reference
numeral 13. By geometric determination of the axial spacings 6 as well as of the mixing
unit diameter in the construction phase, the maximum height of the sediment deposit 14
in the dead spaces between the rotating paddles 12 can be predetermined
technologically in the desired way. For identical rotational direction of the neighboring
mixing units 6 the sediment is collected on one side and is removed on the opposite side
by means of the meshing staggered-operating paddlies of the following mixing unit and
transported across the bottom of the next dune. The biogas that is produced during
treatment in the container is removed through removal opening 15 from the container 1.
The sediment dunes 14 that are transported to the end of the fermenter reach the area

of the removal opening 4 where dry substance and sediment-enriched bottom fractions

are removed by suction from the container 1. Liquid low in solids is removed in the

upper area of the container through removal opening 3. In a downstream container 16

-6 -
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the fermentation material is separated and supplied to a dewatering press 18. The
separated fermentation residues are then removed by a removal line 19 while the
squeezed water is removed through line 20, for example, as liquid fertilizer. By means

of a return line 17, fermentation material and the squeezed water are, if needed,
returned to the end face end of the container 1.

-7 -
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CLATMS:

1. Fermentation device for biological degradation of
substrate containing organic material and for recovery of
biogas prdduced by degradation, comprising an elongate
closed container having an inlet opening for the substrate
and a removal opening for treated substrate at the opposite
end of the container as well as at least one removal opening
for biogas, wherein the container has several reaction cells
that have several individually driven mixing units,
respectively, with mixing impellers that are driven on a
circular path and mixing unit shafts positioned transversely
to a longitudinal extension of the container for mixing the

substrate, wherein the impellers have at their outer ends

'paddles, the mixing impellers of neighbouring mixing units

are moved in the same direction, and the mixing unit shafts
are arranged at spacings smaller than the mixing unit
diameter so that the mixing impellers upon rotation of the

mixing unit shafts pass through an overlap range.

2. Fermentation device according to claim 1, whereiln the
paddles are divided across the width of the contailiner and

are arranged staggered.

3. Fermentation device according to claim 1 or 2, wherein,

in a removal area of the fermentation device, a suction

socket near the bottom is provided for removing sediments.

4. Fermentation device according to claim 3, wherein the

container in the removal area of the fermentation device has
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a collecting pocket with slanted walls wherein the suction

socket ends at deepest point of the pocket.

5. Dry fermentation method for biological degradation of a
5 substrate containing organic material and for recovery of

biogas produced by degradation wherein the substrate is
introduced into an elongate closed container, flows 1n the
container through several reaction zones in which 1t 1s
circulated by means of individually driven mixing units with

10 mixing impellers that are moved on a circular path about

. axes extending transversely to a longitudinal extension of
the container, wherein the mixing impellers have at their
outer ends paddles, and wherein degradation products are
removed from the container, and the mixing impellers of

15 neighbouring mixing units that are positioned at spacings
smaller than the mixing unit diameter are moved 1n the same

direction, and are controlled such that the mixing impellers

operate in an i1mpeller-on-gap arrangement.

20 6. Method according to claim 5, wherein the mixing units
are used for a sediment transport along the bottom of the

container by pushing sediment deposits to form a dune

extending transversely to the longitudinal axis of the

container, by collecting the sediment on one side of the
25 dune, by removing the sediment on the opposite side of the

dune and by transporting the removed sediment across the

bottom of the container to the next dune.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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